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ror SPECIAL TRANSFORMERS

It is significant that, on the whole, difficult transformer jobs
find their way to UTC. A few recent illustrations of accom-
plishment through engineering ingenuity are shown below.

This transformer was designed for laboratory apparatus requir-
ing a frequency range previously unheard of . . . flat within 2
DB 2 cycles to 20,000 cycles, this unit handles 25 watts output.

A manufacturer had the problem of changing his equipment from 400
cycle to 60 cycle power supply, but discovered that 60 cycle transform-
ers are twice as large. UTC developed a unit, hermetically sealed, that
fit his existing chassis, eliminating the need for a complete rebuilding
of the equipment.

Narrow band filters are a commo1 requirement for multiple channel tele-
control purposes. To effect a maximum number of channels in the avdio
range, filters made by UTC employ toroid high Q coils of unique struc-
sure. A typical special filter with 1500 cycle pass band is down 40DB at
1400 and 1600 cycles.

Low power 115 volt appliances such as electric razors, fluorescent desk
lamps, etc. are sometimes requ red to operate on 220 volts. For simplicity
of installation in the application of one manufacturer, a 15 watt plug-in
unit was developed incorporating bott plug and receptacle.

i The UTC engineering department is available for <onsultation on your design problem
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isolate test rooms in laboratory or factory. P

Installed where the electric power service passcs
through the screen, these Filterettes provide high
attenuation from 150 ke to 400 mc, thus permit-
ting -operation of sensitive high-frequency test <
apparatus in close proximity to electric production ¢
equipment, welding generators, repulsion motars,
and high-frequency induction heating equipment.

SPECIFICATIONS
HEAVY DUTY FILTERS
Type Amperes Volts Volt. Drop Freq. Range W eight
Two Wire | 100 o 2volts | 01510400 | 40y,
a-c/d-¢ per circuit megacycles . d
Mechanical design and assembly conform to
™ . 500 2volts | 0.15 to 400
ree Wire 100 N 65 tbs. - . . . .
a-¢/d-c__| percircuit | megacycles practical electrical installation requirements.
':E/g;‘;" DU“; F";TERS (To“;‘; W‘;‘; Outer housings are of welded steel; knockouts
. 1 a-c .9 volts B to .
No. 1137 | 20 | "s00d-c | percircuit | megacycles | 17 1b* at each end accommodate electrical con-
No. 1116 | 50 |110/220 axc| .5 voits 0151020 |, duits; heavy, threaded studs facilitate at-
. 500 d-c per circuit megacycles - tachment of cable IUgS.
Widely used by government, college, and indus- These units employ non-inductive, mineral-oil im-
trial laboratories, Tobe Screen Booth Filters will pregnated capacitors; the inductors, of large cross

, free on request, section, have low series resistance, hence voltage
drop is negligible. Overload ratings are: 1509, of
ampere rating for one hour; 2009, of voltage
rating for one minute.
Tobe Screen Booth Filters are
standard for the electronics indus-
try; there are sizes for every re-
quirement.

meet your need; Bullelin 472 E
gives additional data. For information about the
complete line of Tobe Filterettes and Capa-
citors, ask for our general catalog.

Our specialists will advise on con-

struction of screened test rooms

and on filter installations.

TOBE DEUTSCHMANN Corporction CANTON, MASSACHUSETTS
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Many brilliant projects have been started with a K & E Slide Rule and the back
of an old envelope. Bul between a new conception and its practical execution
of the vital links are always the engineer and the draftsman. For through their
techniques they construct the project on paper with unmistakable clarity and
precision. In this their drafting instruments and equipment become part of their
own hand and brain, and their partners in creating.

For 78 years Keuffel & Esser Co. Slide Rules, drafting equipment and materials
have been partners in creating the greatness of America, in making possible
our nationwide railway system, giant airports, fine radios for nearly every home
... So universally is K & = equipment used, it is self-evident that every engineering
project of any magnitude has been completed with the help of K & E. Could you
wish any surer guidance than this in the selection of your own "engineering
partners''?

In slide rules especially, you will find K & E precision invaluable. For it not
only brings you a slide rule that is a joy to
use, but it adds to your confidence inmaking
every calculation. You will find Don Herold’s
booklet, "How To Choose A Slide Rule",
amusing and very helpful. Write on your

letterhead to Keuffel & Esser Co., Hoboken, N. J.

&
=

«oo the greatest
airports

Drafting, Reproduction,
Surveying Equipment
and Materials,
Slide Rules,
Measuring Tapes.

«..the world’s
safest trains

, B
= S i 2 N

KEUFFEL & ESSER CO.

EBT. 1867
NEW YORK . HOBOKEN, N. J.

CHICAGO ¢ ST. LOUIS ¢« DETROIT « SAN FRANCISCO
LOS ANGELES « MONTREAL

ELECTRONICS — March, 1947 3

www.-americanradiohistorv.com


www.americanradiohistory.com

your

@ ' o r you
% E ant t-e 0. A1 r full
: “today. ACCURATE

j PRING MFG ' 3830 w.

) 24, Illinois.

MCURNTE
Hoodinek
of labniral Date
on Ypringe

Send for your copy of the new Accu-
rate Spring Handbook. [t's full of data
and formulae which you will find
useful. No obligation of course.
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THE 757A LOUDSPEAKER

T°S tops for FM and AM Broadcasting—Recording Studios
— High Quality Musie Distribution and Public Address

Systems.
It's breath-taking in its realism over the full frequency range
of 60 to 15,000 cycles. It incorporates the famous 728B Loud-
speaker and a new high frequency horn. See it at the T.R.E.
Radio Show at Grand Central Palace, New York.
Ask your local Graybar Representative for complete details,
or write to Graybar Electric Company, 420 Texington Avenue,
New York T7. N.Y.

Designed by Bell Telephone Laboratories

Wwestern Eleclric
- QUALITY COUNTS —

ELECTRONICS — March, 1947
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%MZ/MM//
with the FSISE’C

HAMIMARINIINID

Connecl up the FS-135-C in your receiver

and you have a first-class frequency
meter all set to go. You will have the satis-
faction of knowing you are obeying F.C.C.
rules and you’ll get accurate signals

every 100 KC’s to mark the band edges

MANURACTURED BY

: C.
ARLUND MF6. CO.,IN
THE “A':::w YORK , U.$.A.

or make any other checks you want.

You will find the FS-135-C is a cinch to connect and it’s so small it fits in any receiver.
The ingenious circuit and a special crystal permit variation of the crystal frequency
for zero beating with WWYV. Once this adjustment is made you practically have a WWV

junior built right in your receiver.

[
\o*

s [T M A AU IN [

at your dealer’s  ryr nAMMARLUND MFG. CO., INC., 460 W. 34™ ST., NEW YORK 1, N.Y.
MANUFACTURERS OF PRECISION COMMUNICATIONS EQUIPMENT

5 March, 1947 — ELECTRONICS
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THE OPERATION

Induction hardening of 17" five-blade
lown mower reel ossemblies ot REQ
MOTORS INC., Lansing, Michigan.
Discorded method: 15 per hour, New
‘method: one a minvte or 300% goain
in production. Problems of scale for-
motion ond worpage, formerly costly
ond vunpredictable, now negligible.
Additional sovings in aother deporti-
ments such as complete assembly of
blodes, spiders and shaft up to fin-
ished grind,

.

Induction heating may be the answer to your
hardening, brazing, melting, forging and an-
nealing problems. In induction heating as in all
industrial, communication, rectification, electro-

medical, special purpose and experimental

Write Amperex Application Engineering Department

AMPEREX TUBES

THAT DO THE JOB!

Four Amperex TYPE 575A Recti-
fiers: Mercury Vapor, High Voltoge.
An original Amperex contribution

particularly noted for reliability

and long life. Peak inverse volt-
age, rating, 15,000; Plote cur.
rent rating, 1.5 Amps.

Two Amperex TYPE 892 Oscillo-

tors: three-electrode, water-cooled

externo! copper onode; standard for

generation of HF power. Anode

dissipation conservatively rated
ot 10 KW,

equlpment, AMPEREX TUBES are vital for perfor-
mance, long life and economy. As tube special-
Ists concerned with all electronic developments

Amperex ‘engineers are in a position to give

detached counsel and information. *

ELECTRONICS — March, 1947
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SPECIAL WARTIME DEVELOPMENT NOW
AVAILABLE FOR PUBLIC USE .
TYPE P6 DUMONT PAPER CAPACITORS

BUOMEGWRE

DURASEATED o
‘. £Ar. o5 wy“o ; R

b il 4 . Iy A o0k
e . 7 r 3 \ i o %’
. s Lo,
= ._. e "'\_'—‘ & b
gt 2, - -~ »\‘\w/
AC.DC CONTINUOUS
BAKELITE AT HIGH TEMPERATURES
RESINOID
SEALED
CANNOT MELT

BAKELIZED
PAT. PEND. TUBES

HEAT PROOF
MOISTURE PROOF
LONGER LIFE

% Dumont engineers scored in the great-
est single achievement in paper tubular
capacitors . . . meeting the most exact-

ing requirements. This type P6 has the

VACUUM SEALED
ends sealed in BAKELITE RESINOID. LVES SPACE
Leads cannot PULL OUT or MELT OUT. SO S
Bakelite treated tubes sealed in vacuum. PROBLEMS

* % b Ot

DUMONT ELECTRIC CORP. 3¢ HUBERT STRELT

MFR'S OF CAPACITORS FOR EVERY REQUIREMENT NEW YORK, N. Y.
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MULTI-USE
Adjustable Dies

You save press time and speed production by combin-
ing corner notching dies and group dies in the same
set-up with adjustable piercing dies. Press operations
are reduced to a minimum. Engineering changes
effecting relocation or sizes of holes car. be made with-
out delay right on the press.

Whistler multi-use adjustable
dies are available from stock ...
a day or two from your plant
...in all standard sizes from Y2"
to 3" diameters...round, square,
ovals and rectangles. Notching
,,,,, ¥ and group dies to order. In addi-
> tion to mighty attractive sav-
ings in original die costs there

1 o o

MULTI-USE
ADJUSTABLE

ELECTRONICS — March, 1947

PERFORATING DIES

A typical set-up for notchix;g and piercing.

Pierced and notched with Whistler multi-use
adjustable dies.

is this important advantage of eliminating weeks of
production delay.

Re-arrange Whistler multi-use adjustable dies in as
many different set-ups as your production calls for ...
you actually make up die sets from units in stock and
reduce costs per job to an unbelievably low figure. All
parts of like size are interchangeable.

Get all the facts on how Whistler adjustable dies can
speed your production...cut your costs. Write today
for the Whistler Catalogs.

S. B. WHISTLER & SONS, Inc.

752-756 MILITARY ROAD BUFFALO 17, N. Y.
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MAKING TUBES IS

Exhausted
Mount

Sealed-in
Mound

BIG TUBES MAKE LITTLE ONES

That’s right. Big power tubes help build little receiving tubes. Secret of the
electronic tube is its ability to pass a controlled stream of electrons through a
vacuum. During the intricate exhaust process, electronic induction heating assists
in creating that vacuum.

The induction heater (small illustration) is a 750-kilocycle, 6-tube, 10-kilowatt
power oscillator whose tank coil is coupled to the exhaust coils. Four of these
coils poised over Hytron 12SA7GT sealed-in mounts are caught by the camera a
split second before the exhaust machine automatically positions them around
the mounts.

High frequency current in the coils quickly heats red hot by induction the inter-
nal metal parts of the mounts. Gas driven off is sucked through the exhaust tube
of each mount by the vacuum pumps. Heater leads riding in the two circular
tracks supply filament power to activate each cathode. Also by induction heating,
“getters” are flashed to absorb residual gasses. Fingers of gas flame finally melt
and seal off the exhaust tubes.

An intricate machine —assisted by electronics itself—performs the ticklish ex-
haust job easily, speedily. Again know-how supplants the element of human error
with the infallibility of the machine. Machine-paced, a sequence of finely-controlled
precision operations gives you Hytron tubes of typically uniform quality.

SPECIALISTS IN RADIO RECEIVING TUBES SINCE 1921

Hove you received your
copy of the new, compre-
hensive Hytron Minicture
Tube Reference Guide? if
not, write for it today.

MAIN OFFICE: SALEM, MASSACHUSETTS

10 March, 1947 — ELECTRONICS
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Here’s a typical case. The head of a large \\M
manvufacturing organization came to the K-V FTO,- é: . EMO
Transformer Company, presented his problem, Rom. ;L“‘é‘q
gave his specifications to the K-V engineers, — d/ 2 =
and left. Instantly the wheels were put into /E)@
motion . . . @ memo was circulated . . . /% K,

HERE'S THE ASSIGNMENT:

b
A

etarac\eris\ic HERE'S THE SOLUTION:

c
yong®
1ineat P quuenc ondcﬂ\[
4. aghowt t seC 1% This was all in a day’s work at
hroud an witht
e K-V Transformer Company! Every

day we receive and solve similar
problems. Perhaps we can help
you. Our experience and ability is
always at your service. We offer:

e ADVANCED ENGINEERING AT LOW COST

e MANUFACTURING KNOWLEDGE

e ELECTRICAL AND MECHANICAL STABILITY

e MODEL SHOP AND PRODUCTION FACILITIES

I 1}
5= e RIGID INSPECTION AND QUALITY CONTROL
~ e SPEEDIER DELIVERY
= !
— ke Gen e dmb - “E E .——-&-——_.— —————————————————— a—

|

j AUDIO COMPONENTS PHASE SHIFT DEVICES
K-V TRANSFORM WAVE FILTERS HIGH Q INDUCTORS
356 EAST 88th ST S. o ER CO. l  MODULATION TRANSFORMERS TELEVISION TRANSFORMERS
th ST. © NEW YORK 28, N. Y. SHIELDED BRIDGE UNITS ELECTRO-MEDICAL UNITS
n
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%//éﬂ.&’: carbonyl iron powders

i General Aniline & Film Corporation l
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Look what it tells you about the practical

core mateéial—Carbonyl Iron Powder
CONTENTS

How Carbonyl Tron Powders are Made
Microphotographs of Carbonyl Iron Powder

Properties of Carbonyl Tron Powders
Chemical Composition
Particle Size and Density '

Electro Magnetic Constants

Comparisons with Other Magnetic Powders— K%WEWWM SW

a. flux density

b. core density . : )
c. iron packing fraction PW ('A é&—réﬁl MWQW'
_—‘\_
“HP” Carbonyl Iron Powder

a. physical characteristics
b. electro magnetic characteristics
c. Q" values

Carbonyl Tron Powders in High Frequency Cores

a. relative “Q7 values of 5 grades

b. comparison with air-cored coils '\/_\/ﬁau/_w g,dl_ ? 0y Z ,
Effective Permeability of Tligh- . Q . .
Frequency lron Cores 170% Wmm MWZ‘W@%
Types of Cores Made with Carbonyl
Iron Powder

Carbonyvl Iron Powders in Powder % .I ﬂm
Carben Gty Jon Phoetnd ane uted

Behavior at High Temperatures

Formulae Frequently Used in Connection
With Iron Cores

A List of Papers Relating to Powdered Iron
and Its Applications

Index T2 General Aniline & Film Corperation
Special Products Sales Division, Dept. 2
270 Park Avenue, New York 17, N. ¥,

Please send me & free copy of “50A S F. Carbony] Tean
Powders."”

Nume

Address_

/. /  H1 S __ Stale ——
‘ HOTE: T vou wisit the Institute of Radio Engineers

shiovw at Grand Central Palace in New York, March 346,
you are invited to stop at the A &F. Carbanyl Tron
Powder exhihit,

Mail this coupon today B

ELECTRONICS — March, 1947
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ELECTRORK COUNTER
o
s e
oy

COUNTERS AND SCALERS

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

CHECK THESE IMPORTANT FEATURES!

@ Speed and Accuracy
Will count at rates up to a million per second with
absolute accuracy.

@ Versatility
Can be used for measuremeni and control of dis-
crete quantities, length, area, time, velocity and
frequency. Can also be used to totalize counts from
several sources occurring simultaneously and at
random.

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

@ Reliability
Sturdy construction using simple straight forward
reliable circuits and high quality components, As-
sures maximum trouble free continuous operation.
- No moving parts to* wear oul —

If you have a specific application problem or

wish additional information on Potter Elec-
tronic Counter Circuits, write Potter Instrument

Company, Dept. 6A.

tiniing
control
counting
sorting
totalizing

b
o N g
S

1L
leens

[ 3

]
L ]
LT
%
] ;s
i o g s

5
5

.

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

SINGLE PREDETERMINED COUNTERS:
For high speed counting and grouping of
items for processing or packaging i.e. pack-
aging cf pills, buttons, hardware, etc.

Photoelectric Screen
for gating interval
timer in projectile ve-
locity measurements.

INTERVAL TIMERS
For measuring or predetermining intervals
with micro-second accuracy i.e. projectile
velocities-accurate time base generator.

POTTER INSTRUMENT COMPANY © 136-56 ROOSEVELT AVENUE * FLUSHING, N. Y.

March, 1947 — ELECTRONICS
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Check these advantages

of SUPEREX*
Discharge Capacitors

V RATED FOR DEPENDABILITY

v EXCELLENT ENERGY-STORAGE
TO WEIGHT RATIO

VBUlLT FOR THE APPLICATION
Short, heavy, internal leads
Low inherent inductance
Special censtruction to
minimize discharge stresses

v RELIABLE HERMETIC SEALS

v CORROSION-RESISTANT GRAY
LACQUER FINISH OVER HEAVY-
GAGE TERNEPLATE CONTAINERS

* Irade Mark

STOREHOUSES . . .
for BOTTLED LIGHTNING

Man-made lightning flashes for high-speed photography,
display signs, traffic and marine beacons, airport signals,
and a host of other electronic pulsed lighting applications,
all have their heart in the discharge of capacitor-stored
energy through a flashtube.

Pulsed lighting, capacitor-discharge welding, and all other
energy-storage applications where dependability is a

must are the fields in which Solar SUPEREX* Discharge
Capacitors stand supreme.

You'll find preferred listings, with dimensions, complete
rating information and a handy watt-second—microfarad—
voltage chart in Bulletin SPD-300. Write for it today.

Solar Manufacturing Corporation
285 Madison Avenue, New York 17, N. Y.

~ SOLAR CAPACITORS

“Quality Above Al

ELECTRONICS — March, 1947
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GENERATOR ROTORS CAN
o BE OPERATED SAFELY AT

%
g

@

W,
o
i
£,

X

%

et * 125,000 RPM
% 2 i
i !
t__ _ * Cunico is the newest addition to the Arnold high quality permanent
NI A T i magnet line. It is a copper nickel cobalt alloy which has very high
' : i) coercive force. Ductile, machineable and malleable, Cunico can be
E?_. & % e
£ i fabricated into a wide variety of simple and complex designs. Draw-
/ ing, cutting, machining, punching and screw machine operations are
?' 3 practical.
; . Cunico can b¢ magnetized in any direction, and is most efficient
& S s where a large cross section is available to produce sufficient total flux.
é ; Generator rotors are a typical application. A relatively short length
B AR, is required to maintain the flux because of its high coercive force.
: SR TS
g " ; et Jeoce: CUNICO CAN BE PRODUCED IN THE FOL-
. o & LOWING SHAPES AND APPROXIMATE SIZES:
E 3 S R.-‘i' T feodw; BARS—"s" to 1" square
3 : e E{ STRIPS—2” maximum width x
§~ _§ '," apjico T @ |a000 .015” to .312” thickness
S P REIE, et W RODS—Vs"” to 1" in diameter
gy = //“‘ 5 0
L e S ™ 3 Jeg WIRE—No. 2 to No. 24 AWG sizes

. 5 iy, x 7o CASTINGS—Maximum section 17

bl » E : thick ~
R ib! 500 e 190 Y =100 ¢ w20 = ‘.a'". 40750 Write today for details
Dfmm* IZING rgi' H OERSTEDS ENERGY PRODUGT {BHgIMAX

ARNOLD'S TECHMICAL BULLETIN

“‘Permanent Mag-

THE ARNOLD ENGINEERING COMPANY 4 V' tiagests many

ways in which the

war-born improve-
> ments. in permanent
147 EAST ONTARIO STREET, CHICAGO 11, ILLINOIS - magnets can be most
valuable to you. Send

Spocialists in the manufacture of ALNICO PERMANENT MAGNETS for it!

SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION
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Something new vnder
the SUN trade=mark!

The Sun Oil Company invites immediate inquiries
on two new, high guality microcrystalline waxes—
SUNWAX 1290 Brown and SUNWAX 1290 Yellow.

These new Sun waxes were developed for use in the
paper-impregnation, packaging, electrical, electronie,
paint and chemical industries . . . wherever resiliency,

high melting point, and high resistance to shock or

I‘S@Ux} SUN

shattering are required. They are tenacious and uni-
form in physical characteristics. Approximate speci-
fications for both types are:
MELTING PCINT (ASTM D127-30)—175°-185°F,
PENETRATION {ASTM D5-25)—15 MAX.
For full information call your nearest Sun office or

write Dept. CE3, Sun Oil Company, Philadelphia 3, Pa.

INDUSTRIAL PRODUCTS
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Able fingers
know!

Like sculpture, draftsmanship is dependent upon the
right medium in the right fingers—Typhonite Eldorado
pencils put smoother, crisper lines in your drawings—

leave professional satisfaction in your heart.

DIXON’S TYPHONITE

ELDORADO

5 'DIX on's. @«WﬂHMg ELCORADC--
e et e e T T T

B

ca, ?}V’%j'ﬁgw@%g S S st

PENCIL SALES DEPT.59-J3, JOSEPH DIXON CRUCIBLE CO., JERSEY CITY 3, N. J.

wauny americanradiohistory com
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THORDARSON

Transformers

- _-_':Fdr OVer half a cenhry Thordarson has been manufacturing the
finest n transformer equnpmént‘ ‘The oldest company in the field, it has pioneered many new
developmerﬁs, including the superior core and coil materials now wsed throughout its entire line.
This vigorous policy of research and development, tcgether with an unusually high standard of
oroduction, has made the name Thordarson a guarantee of quality . . . an assurance of trouble-
free performance among engineers everywhere.

Thordarson's engineering staff and Thordarson's field men are prepared to assist you with your
transfarmer problems. We are especially equipped to handle those types of transformers which

require a high degree of engineering skill and which must be built to very rigid specifications.
Send us complete details as to your requirements.

P. 8. Deliveries aren't loo bad these days, either!

MAGUIRE INDUSTRIES, weowonsreo

936 N. MICHIGAN AVENUE CHICAGO 11, ILLINOIS

ELECTRONICS — March, 1947
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The clock on the studio wall and the important recording and reproduction.

warning signal below it are two ever-present reminders In this spectacular trend of broadcasting, AUDIO-

on which radio broadcasting depends. DISCS have played a basic role. These recording discs
Today, approximately half the time this warning are the ones most extensively used for instantaneous

signal appears in the broadcasting stations throughout recording, for the original sound recording in making

the country, the studio clock is measuring the time of pressings and for the Master discs used in the electro-

transcribed programs. This large proportion of broad- plating process.

cast time devoted to recorded programs is a significant If it’s worth recording—it’s worthy of an AUDIO-

tribute to the advancement in the quality of sound DISC. See your local AUDIODISC distributor or write :

AUDIO DEVICES, INC., 424 Madison Avenue, New York 22, N.Y.
Export Department : Rocke International Corp., 13 E. 40th Street, New York 16, N.Y.
Audiodiscs are manufactured in the U. S. A. under exclusive license from PYRAL, S.A.R.L., Paris.

March, 1947 — ELECTRONICS

WwWWwWW. americanradiohistorv com


www.americanradiohistory.com

LAPP GAS-FILLED CONDENSER
OFFERS NON-DETERIORATING,
UNIFORM PERFORMANCE

The dielectric of the Lapp condenser is an inert gas, non-deteriorating
and puneture proof. After vears of service, the condenser retains the
same margin of security it had when installed in the circuit. Also, it
offers Tower loss than solid-dielecirie units, with corresponding econ-

it provides constant capac-

omy of power. Not needing to “warm up.’
itance under temperature variation. Variable, adjustable and fixed
capacilance units are available, in current ratings up to 500 amperes
R.M.S., and voltage ratings up to 60 Kv peak. Fixed units have been
made with capacitance up to 60,000 mmf., variable and adjustable

units up to 16,000 mmf.

LAPP INSULATOR COMPANY, INC,, LE ROY, NEW YORK

ELECTRONICS — March, 1947 19
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i A survey of sur-

rounding cities indi-
cates a radiation pattern
approximately as shown by
the shaded area above.
Listeners almost 150 miles
away reported excellent
volume and clarity of re-
ception. The remarkable
coverage is due to the
power gain of Federal’s
Square-Loop Antenna. The
clarity and tone quality is
made possible by the ex-
ceptional fidelity and mean
carrier stability of Federal’s
“Frequematic”* Modula-
tor — an exclusive feature
of every Federal FM
transmitter.

*Trade Mark

Federal’s 8-Element Square-Loop Antenna dominates the gy
Minneapolis skyline from the top of the Foshay Tower —
highest building in the Northwest. Ruggedly constructed to with-
stand heavy winds and icing loads, this 80-foot antenna has already
proved itsdependability in temperatures down to 22 degrees below zero!

/
J

In Canada:—Fedoratl Electric Manufacturlng Company, Ltd., Montreaf.
Export Distributors:—international Standard Electric Corp. 67 Broed 3¢., N.Y.C.

www americanradiohistorv com
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SQUARE-LOOP [Tl ANTENNA
MAKES WORLD DEBUT!

WTCN-FM, Minneapolis, goes on the air with most efficient
FM Antenna installed anywhere .. . boosts 3kw transmitter
to 25kw . . . with coverage of 30,000 square miles

FEDERAL’S 8-Element Square-Loop Antenna made
radio history with the opening of the Twin Cities
FM station, WTCN — the first super-directive an-
tenna of its type and power gain to be installed
anywhere. It gives the 3kw Federal transmitter an
effective radiated power of 25kw — providing ex-
cellent reception over an area of approximately
30,000 square miles. This makes WTCN the world’s
most efficient FM station—and, with an FCC permit
for an output of 400kw, it will eventually be one of
the country’s most powerful stations, too. With

Station WTCN was officially opened by a gala inaugural program featuring
the Minneapolis Symphony Orchestra, Dimitri Mitropoulos conducting.
With FM by Federal, listeners at home were enabled to hear this famous
orchestra with the same brilliance and tonal color as the studio audience.
Insert shows Mr. Mitropoulos and Governor Luther W. Youngdahl of
Minnesota, at opening of ceremonies.

and Radio (Corporation

Newcrk 1, New Jersey

ELECTRONICS — March, 1947

Federal’s high-gain antenna, this maximum rating
of 400kw can be achieved with the installation of
only a 50kw transmitter !

WTCN is among the FM stations with permits for
the most powerful ratings in the country. Others are
KWK, St. Louis, with 369kw —and WTMJ,
Milwaukee, with 349kw. These three stations have
all selected FM by Federal! And Federal can equip
your new FM station, too — from microphone to an-
tenna. Write today for complete information.
Dept. B313.

wor

g

B

“Wonderful! Magnificent! A terrific
step of progress.” This was the com-
ment of the famed conductor, Dimitri
Mitropoulos, when he heard his own
orchestra over an FM receiver, during
an on-the-air rehearsal.

21
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MITCHELL-RAND VARNISHED TUBINGS
meet or exceed SPECIFICATIONS

SET BY VARNISHED TUBING ASSOCIATION and
AMERICAN SOCIETY FOR TESTING MATERIALS

MITCHELL-RAND in its improvement of Varnished Tubings, took as its starting point
the specifications established by the Varnished Tubing Association and the Society for
Testing Materials . . . and today produces Varnished Tubings that meet or exceed the
known specifications for Dielectric, Tensile Strength, Flexibility, Non-Fraying, High
Gloss, Non-Hydroscopic, Resistance to High Temperatures, Qils, Fats, Acids, etc.

#FIBERGLAS AND STAPLE FIBER COTTON YARN

oF

22

M-R FIBERGLAS (INORGANIC) VAR-
NISHED TUBINGS are made in four
grades: Standard; Double Saturated;
Triple Strength and Impregnated.

STANDARD GRADE for maximum flexibil-
ity, has little varnish and is recommended
for high temperatures where dielectric
strength is not a factor.

DOUBLE SATURATED has all qualities of
the Standard Grade but with additional
coats of varnish to bring the dielectric rating
up to 1500 volts.

TRIPLE STRENGTH is built up with coats of
especially flexible insulation varnish for
dielectric ratings up to 2500 volts and is par-

-»

Write today for your free copy of the M-R
WALL CHART with its engineering tables,
electrical symbols, carrying capacities of con-
ductors, dielectric averages, thicknesses of in-
sulating materials, tubing sizes, tap drills, etc.

ticularly svited where assembly operations
include the possibility of rough handling.

IMPREGNATED is the Optimum in Superi-
ority for high gloss, non-hydroscopic, re-
sistance to high temperatures, oils, acids,
etc. IMPREGNATED has a dielectric rating
beyond 7000 volts and is unequalled for
Long Life Under Most Severe Conditions.
Write For Samples.

FOR USERS OF COTTON YARN VAR-
NISHED TUBINGS The Mitchell-Rand
MIRAC and HYGRADE Varnished Tubings
of long staple fiber yarn are comparable
to Fiberglas Tubings in dielectric ratings,
tensile strength, flexibility and long life.
Write For Samples.

MITCHELL-RAND INSULATION CO. Inc.

51 MURRAY STREET . COrtlandt 7-9264 - NEW YORK 7, N. Y.

& PARTIAL LIST OF M-R PRODUCTS: FIBERGLAS VARNISHED TUBING, TAPE AND CLOTH - INSULATING PAPERS
AMD TWINES + CABLE FILLING AND POTHEAD COMPOUNDS + FRICTION TAPE AND SPLICE + TRANSFORMER COM.
POUMDS » FIBERGLAS SATURATED SLEEVING + ASBESTOS SLEEVING AND TAPE - VARNISHED CAMBRIC CLOTH AND
TAPE « MICA PLATE, TAPE, PAPER, CLOTH, TUBING - FIBERGLAS BRAIDED SLEEVING - COTTON TAPES, WEBBINGS AND
SLEEVIMNGS « IMPREGHATED VARNISH TUBING < INSULATED VARNISHES OF AlL TYPES - EXTRUDED PLASTIC TUBING

March, 1947 — ELECTRONICS
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Type BCS-1A
Master Switching System

This system consists of one Master Switching
Console (above, right—shown with an RCA
76-B4 Consolette) and one or more sub-
control units (below). It contains all the re-

lays nceded for any combination of switching
functions.

Up to five sub-control rooms can be used
with the master console, each of which can
handle from one to three studios.

Status lights give accurate picture of “On
Air,” “In Use,” “Ready,” and “On-Off” con-
ditions in all control rooms for each outgoing
line. Unique design features prevent feeding
more than one program to any one line, al-
though supporting program material can be
handledasremotesfrom theoriginating studio.
Sub-control units act as relay control stations
between studios and master control unit.

www_americanradiohistorv com
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These new RCA consolette switching systems

co-ordinate all studio-station functions

Here’s another example of RCA’s pro-
gram of providing “packaged” broad-
cast equipments having the flexibility
and performance of custom-built jobs.

The two Switching Consoles shown,
in connection with standard RCA Con-
solettes of identical styling, give you suffi-
cient latitude to perform intricate AM,
FM and network programming opera-
tions—easily, precisely and quickly.
Choice of model depends upon the
complexity of your station’s operating
requirements.

The BCS-1A Console is designed for

the more elaborate station . . . switching
the outputs of as many as five control
consolcttestothree outgoing lines. Many
combinations are practicable. Inputs
from studios, network, recording rooms
or frequent remotes can be monitored
and switched to transmitters or network
lines. Flectrically interlocking controls
have reduced the possibility of switch-
ing error to the vanishing pcint.

Managers of stations requiring only
two coasolettes will find the RCA Type
BCS-2A Console the ideal switching sys-
tem. Used with two RCA 76-B4 Conso-

BROADCAST EQUIPMENT

RADIO CORPORATION of AMERICA

ENGINEERING PRODUCTS DEPARTMENT, CAMDEN,N.J.

In Canada: RCA VICTOR Company Limited, Montreal

ELECTRONICS — March, 1947
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Type BCS-2A
Switching System

Two studio inputs may be
switched independently to
either of two outgoing lines.
Mechanical interlocking pre-
vents feeding two inputsto same
line. Handles up to four studios
and two announce booths. Two
examples of the layouts possible
are shown at left.

lettes, program material from up to four
studios and two announce booths is
routed to desired outgoing lines (AM
and FM, or either transmitter and a
network line).

Both types of RCA Switching Systems
are designed for long-range station plan-
ning. They have sufficient flexibility to
take care of future expansion. Complete
details may be obtained from Engineer-
ing Products Dept., Section 30-C, Radio
Corporation of America, Camden, N. J.

25
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The patented crimp Ward

Leonard puts in Ribflex

r2sistcnce ribbon gives a gieater
crea for faster heat dissipafion.
Size for size: Ribflex Resistors have
€5% to 95% greater wattage

rating than ordinary wire-wound
rasistcrs — maoking them ideal for
kEoth continuous and infermittent daty.
Write “or Bulletin. 19.. Nard

Leonard Electric Co., Mt

Vernon, N. Y. Offices in

prircipal cities of U. S.

cnd Canada.

WARD LEONARD ELECTRIC CO.

March, 1947 — ELECTRONICS
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You can easily eliminate these annoying and costly
problems in your industry if you will call on*‘dag?®
for help.

Many years of experience in the development of
new uses for ‘*dag?’ collcidal graphite have given
Acheson Colloids Corporation the knowledge and
skill to help you solve these and many other trouble-
some pro.iems. There are 18 different dispersions
of ‘*dag?’ colloidal graphite, one or more of which

DIAMOND-DIE
WEAR AND WIRE
BREAKAGE

DRY-FILM
INSTRUMENT
LUBRICATION

SHIELDING
LAYERS

BLEEDINC
STATIC
CHARGES

LIGHT-SENSITIVE
CELL
ELECTRODES

will surely be useful to you. The properties of
‘‘dag? colloidal graphite are perfectly suited for
forming electrically conductive films, for coating
and impregnation, for conduction of heat and elec-
tricity, for resistance to high temperature, and for
many other purposes.

Why not send in the coupon below for these fact-
filled booklets and discover for yourself what ver-
satile **dag?’ colloidal graphite can do for you?

it e,

e,

ACHESON COLLOIDS CORPORATION, Port Huron, Michigan

I == e e e e e e e = e e e e e e e e — e —

ACHESON COLLOIDS CORPORATION
PORT HURON, MICHIGAN DEPT, C-5

Pleass send me without obligation, a cony of each of the bulletins checked:

{ This new literature on “dag’ colloidal graphite is

l yours for the asking:

l‘ | 460] A data and reference booklet regarding **dag*

| ———  colloidal graphite dispersions and their applica- D

FACE COATINGS.

CF ELECTRONICS.

I‘ |432|

tions. 16 pages profusely illustrated.

Facts ubout *‘dag’® colloidal graphite in the FIELD E

. ; NAME_ = . _

———l Facts about ‘*dag® colloidal graphite
a4a21 for ASSEMBLING AND RUNNING-IN

L. ENGINES AND MACHINERY. POSITION. ==

Facts about **dag®’ colloidal graphite FIRM__
S lln | as a PARTING COMPOUND. D
VERSATIOTE o UREFULNGSS 3 . ADDRESS
I— _—— Facts about **dag*’ colloidal graphite
423 | asa HIGHTEMPERATURE LUBRICANT. TENE [ SR
Facts about ‘*dag’’ colloidal gra- LI
431 | phite for INPREGNATION AND SUR- [: OUR PRESENT Oil SUPPLIER IS

(Lubricants containing ‘‘dag’’ colloidal graphite are
available from major oil companies.)

JMLcoA - C-1

e = ST T T it
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ANNOUNCING

Centralab’s Revolutionary New
First Commercial Application of

Coupling Cap.
"g p Grip
BLLEY

it Plate Plate RF Grid .

Load A 4 €3 — Coupling Capacitor, .01
?e:‘i’sfor < (}3‘3 Page Cap; Ees's*m o ! i : mfd. is standerd.
®, ! 2 S C2—Plate RF. By-Pass Ca-
3 - pacitor, 250 mmf. * 209 is
standard.

+ £ ¥ e R;—Plate Load Resistor, 250,
Plate Supply = v : 000 Ohms * 20% 1/5 watt

AN — is standard.
SO EFFICIENT ... SO COMPLETE! A \ : Rz Grid Resistor, 500,000

Ohms * 20% 1/5 watt is
standard

Other Valnes Avatlable

Here is the schematic diagram of Cen-
tralab's “Couplate”. Note: four soldered
connections instead of the usual eight
or nine!
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THE COUPLATE

Interstage Coupling Plate . ..
Printed Electronic Circuit!

the

New Multi-Unit “Couplate” Saves up to Five Soldered
Connections . . . Increases Labor Efficiency 50% . . .

Assures Fast, Precision Wiring on Interstage Couplings!

A. S REVOLUTIONARY as the Multi-Pur-

pose Tube—that's what electronic en-

gineers are saying about Centralab’s new
Couplate. First commercial application of the
printed electronic circuit, the Couplate marks
the beginning of a new and greater era in

electronic design and engineering!

Now available to manufacturers for the
first time—Centralab’s new Couplate is a com-
plete interstage coupling circuit which com-
bines into one compact unit the plate load
resistor, the grid resistor, the plate by-pass

capacitor and the coupling capacitor.

Think of what that means to you in terms
of time and labor savings in the production
of electronic equipment! Only foxr soldered
connections are now required by the Coxplate

instead of the usual eight or nine. That alone

gives you: 1) increased employee productiv-
ity, 2) automatic decrease in the percentage
of wiring errors, 3) important space-saving,
4) lower cost, more compact, more depend-
able finished equipment than you've ever been
able to design and build before!

Integral Ceramic Construction: Each Cox-
plate is an integral assembly of "Hi-Kap”
capacitors and resistors closely bonded to a
steatite ceramic plate and mutually connected
by means of metallic silver paths “printed” on
the base plate. All leads are always the same
length, each plate is an exact duplicate of the
original or "master”.

Future applications of this "printed” circuit
principle are almost unlimited. For all the
facts on how the Couplate can simplify your
production —-and cut your costs, write today
for Bulletin 943!

LOOK TO CENTRALAB IN 1947!

First in component research that means lower costs for the electronic
indusiry. Before you place your order, get in touch with Centralab!

Cen

DIVISION OF GLOBE-UNION INC.,, MILWAUKEE, WIS.

wwweamericanradiohistorv.com
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WILLIAM HOLLIDAY

JOE DAVIDSON @ / Q\

Joe Davidson & Associates ‘3?
P. O, Box 108
Sovth Gate, Calif.

Tel: Kimball 7244

Holliday-Hathaway Sales Co.

238 Main Street
Cambridge 42, Mass.
Tel: Eliat 1751

GEQRGE T. WRIGHT
19859 Beach Cliff Blvd.
Cleveland 16, Ohia
Tel: Boulevard 9554

H. R. MENEFEE
Vice Pres. & Sales Mgr.
Tel: Sterling 3-3406

ALLEN |. WILLIAMS, JR,
230 Cooper Building
Denver 2, Col.
Tel: Ma. 0343

E. M. SMITH
Engineering Sales Co.
124 No. Montgomery St.

M, S. YARRIN
J & M Appliance Co.

516 North Field

Dallas 1, Texas
Tel: Riverside 9641

Trenton 8, N. J.
Tel: Trenton 9885

H. H, HARRIS i
Harris-Hanson Co. fm
427 No. Euclid Ave. ¢
St. Llovis 8, Mo. 5
Tel: Forest 5841

FRANK W. YARLINE
Frank W. Yarline & Co.
20 No. Wacker Drive
Chicago 6, I,
Tel: State 0347

Salesmen fér Eastern Air Devices?
Yes! But more than that, these E. A. D. representatives,
thoroughly familiar with the electrical industry, are servicemen as
well . . . willing and able to help you with your motor problems.
E. A. D., with its vast experience, modern production facilities and skilled workmanship,
stands ready to serve you with precision motor
control devices for electrical, electronic and
mechanical applications . . . our sales and

EAD, MoTOR APPlICATIUNS

engineering departments invite your inquiries. Alrcandltlanmg
:lr Craft Equipmgp : ’::Wders
@ Ontrol Apparatys o Tel M Changers
EASTERN AIR DEVICES, INC. | “®izru gy, ~ 22
585 DEAN STREET - BROOKLYN 17, N. Y. e"d'”gmchines
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" IYPE HB 2.0 WATT
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ALLEN-BRADLEY
SOLID MOLDED
o FIXED
RESISTORS
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30 90 10 B0 150

1 msTIC
O-TOLEMANCE TYRICAL TEMPERATURE CHARACTE

Hered a a‘/adq Re/e/umce Chanrt

for selecting your fixed resistors

This Bradleyunit resistor chart Bradleyunits will sustain an
is a valuable source of resistor overload of ten times rating for
information. It lists over 450 re- several minutes without failing.
sistors, in accordance with RMA  Wax impregnation is unnecessary
standards, part numbers for var- to pass salt water immersion tests.
ious tolerances, voltage, and The leads, tempered near the re-
TYPE J BRADLEYOMETERS wattage ratings. Temperature sistor to prevent sharp bends, are
characteristics and derating curves  €asily soldered. The honeycomb
are also included, as well as di- shipping cartons keep the leads
mension diagrams for the * watt, straight and speed up assembly
1 watt, and 2 watt Bradleyunits. ~©oPerations.

Continvously Adjustable Resistors
with 2 watt rating and high
safety factor

The resistor material is molded with insulation,

terminals, face plate, and bushing into a one- We shall be g|0d to send you a A”en'BrOd'ey CO.,

piece unit. It is not a film or paint type resis- copy to fit your 8% x11 ring binder. 110 W. Greenfield Ave., Milwaukee 4, Wis.
tor. During manufacture, the resistor material

is varied throughout its length to provide

the desired resistance - rotation curve. Once &B_

molded, the curve does not change. Heat,
cold, or moisture cannot affect the depend-

‘ N\Qusin/
ability of the Type J Bradleyometer,

3 FIXED & ADJUSTABLE RAD RESISTORS
/QUQUW\
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LET BENTLEY, HARRIS WAR-TIME RESEARCH PAY DIVIDENDS FOR YOU TODAY.

One of the leading television laboratories
required a flexible, coated insulation of high
diclectric strength. They said: “Give us tubing
that will not react to heat conducted through wire

. will not crack or split when bent . . . will
not fray at the ends.” They asked for a sample

Ben-Har is extremely flexible in comparison
with lacquer-coated or varnish-coated Fiberglas
tubings. Can be spread to cover knobs or terminals
without cracking. Non-fogging. Non-corrosive.
Now being used in a wide variety of applications
—from hearing aids to electric motors, from watt-
hour meters to movie projectors.

of Ben-Har Special Treated Fiberglas Tubing and
here is what they found:

“Ben-Har Special Treated Fiberglas Tubing
consistently exceeds ASTM specifications for per-

formance. We are now specifying this like Ben-Har.”

Try Ben-Har Special Treated Fiberglas Tubing

in your own plant, in your own product—under
tpal service conditions. Learn why America’s
ding manufacturers say “'never before a tubing

{0., CONSHOHOCKEN, Pa.

*BH Non-Fraying Fiberglas Sleevings are made by an exclusive Bentley, Harris process (U. S. Pat. No. 2393530). “Fiberglas'™ is Reg. TM of Owens-Corning Fiberglas Corp.

——————————————————————— USE COUPON NOW-—————

Bentley, Harris Mfg. Co., Dept. E-8, Conshohocken, Pa.
1 am interested in Ben-Har Special Treated Fiberglas Tubing for.
(size) ( product)
operating at temperatures of °F. at_____volts. Send samples so I can see for myself
how Ben-Har will not crack in a bend, will not support combustion.

NAME . COMPANY

ADDRESS

32
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Send samples, pamphlet and prices
on other BH Products as follows:

[0 Cotton-base Sleeving and Tubing
[J Non-fraying Fiberglas Sleeving
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for broadcast,
communications,
and other work

. . . better built for
more hours of

topgrade performance!

RATINGS
GL-8008

Cothode voltage 5v

current 7.5 amp 10 amp
Typical heating time 30 sec 30 sec
Anode peak inverse voltage 10,000 v 15,000 v

peak current 5 amp 6 amp

avg current 1.25 amp 1.5 amp

Heavy-duty bases, with large pin-con-
tact area, are one of many features
that give these mercury-vapor phano-
trons the dependability needed for
24-hour broadcast-station use—extra
reliability for police-radio, aviation,
and other exacting communications
work—the steady efficiency required
to convert power foe small d-c indus-
trial equipment ooerating on full
schedule.

Minimum temperature rise is an espe-
cially valuable characteristic of Types
GL-8008 and GL-673. Installation of
these tubes reduces the cooling prob-
lem for broadcast-station and factory
engineers.

Less mounting space needed . . . thisis
an important result of the straight-
side envelope design in contrast to
the bulb shape of clder types. Main-
tenance men, too, report that the

GENERAL

straight-side contour make: Types
GL-8008 and GL-673 easier to han-
dle, and helps ward off accidental
tube breakage.

Sturdy, shock-resistant . ., . these qual-
ities stem from the modern s-ructural
design of the GL-8008 and GL-673—
their strongly braced cathodes, and
their nickel anodes which, lighter in
weight than others, put less strain on
the seal above them, enabling the
latter to withstand shocks and vibra-
tion better.

General Electric builds a comglete line
of phanotron rectifier tubes—15 types
in all, matching every broadcasting,
communications, or industrial need.
Your nearby G-E tube distributor or
dealer will be glad to give you prices
and full details. Phone him today!
ElectronicsDepartment,General Electric
Company, Schenectady 5, N. Y.

GL-673

G.E."s new Transmitting Tube Manual

is the most complete book in.its fleld!
Profusely illustrated; packed with ap-
plication data. Over 600 large pages.
Price $2, with-an annual service charge
of $1 for new and revised pages to
keep the manual up-to-date. Order
direct from General Electric Compeny,

ELECTRIC

161-F3-8850

FIRST AND GREATEST NAME IN ELECTRONICS
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EXCEPTIONALLY SMALL AND COMPACT
YET EXTREMELY RUGGED!

@ R-B-M announces a new line of general purpose magnetic relays, with either
A.C. or D.C. shunt coils or series coils, for electronic applications.

Relays are available in standard contact arrangement of single and two pole
normally open, normally closed; or double throw with light and heavy contacts.
Four and six pole double throw relays are available with 3 ampere contacts at
32 volts or less.

Insert shows two pole, double throw contactor rated 13 amperes, 115 volts, A.C.,
and 6.5 amperes at 230 volts, A.C. This relay is designed in accordance with Un-
derwriters’ specifications and will ultimately carry Underwriters’ Approval for

Small Devices classification.

For further information R-B"M DIVISION
write fOI‘ Bulletin 570. Ad- Essex WIRE CORPORATION
dress Department A-3 ... NS ERERENR,, |[FEERE

ST

MANUAL AND MAGNETIC ELECTRIC CONTRO_€ — FOB
AUTOMOTIVE, INDUSTRIAL, COMMUNICATION AND JLECTROSIC WSE

wwWw._americanradiohistorv. com
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sk RICHARDSON MEANS MMIN PLASTICS -

*RESEARCH

we.a continuous transfor-
mation of possibilities into
practical ideas in plastics.

*DESIGNING

... Artistic visualization.
Creative engineering.
Practical planning for
efficient plastics production.

l "
6 ® - “e B ess” ' <o« Complete machine shop
's 's w h e ' e ‘ ® Sfacilities for manufacturing

our oun dies, molds, tools.

*PRODUCTION

This is the bath in resin...the

saturation that sets the pace for other things

to come. If the control is good...and we make sure it
is at Richardson...your Laminated INSUROK

sheets, rods and tubes are well on their way to perfection.

This is as it should be. And maybe this Richardson

. . . *
brand of determination is what has helped us to develop, among DL
A . .o. Rubber and bitumi-
many others, Laminated INSUROK T-725. This grade nous plastics; and synthetic
. S . . . . . resin plastics... Beetle,
has uniformly low moisture absorption and high insulation resistance Bakelite. Durez, etc.

under humid conditions. With proper technique, intricate
parts can be successfully fabricated. Get
the full story. It’s interesting!

INSUROK ?eccivion Plactics

*FABRICATING
T v« . Complete equipment for
e A drilling, punching, sauw-
- ing, turning, milling, etc.
Sales Headquarters: MELROSE PARK, ILL. FOUMDED 1858 LOCKLAND, CINCINNATI 15, OHIO
NEW YORK 6, 75 WEST STREET : ROCHESTER 4, N. Y., 1031 SIBLEY TOWERS BLDG.
PHILADELPHIA 40, PA., 3728 NO. BROAD STREET Sales Offices MILWAUKEE 3, WIS., 743 NO. FOURTH STREET

CLEVELAND 15, OHIO, 326-7 PLYMOUTH BLDG. - DETROIT 2, MICH., 6-252 G. M. BLDG  + ST. LOUIS 12, MO, 5579 PERSHING AVENUE
Factaries: MELROSE PARK, ILL. » NEW BRUNSWICK, N.J + INDIANAPOLIS, IND.

wwwweamericanradiohistorv.com.
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3828 XENON HALF-WAVE
 RECTIFIER

" Maximum Ratings:

PEAK INVERSE ANODE VOLTAGE
10,000 VOLTS

AVER. ANODE CURRENT .25 AMPS
PEAK ANODE CURRENT 1.0 AMP
AMB. TEMP. RANGE —55°C to 4-90°C

~ 4B32 XENON HALF-WAVE

RECTIFIER

Maximum Ratings:

PEAK INVERSE ANODE VOLTAGE
10,000 VOLTS

AVER. ANODE CURRENT 1.25 AMPS

PEAK ANODE CURRENT 5.0 AMPS.

' AMB. TEMP, RANGE ~55°C 10 +90°C

B

5594

Mane ). 5. 0
K LS.
Wiiam ELEC

l' 1 P WRITE FOR CATALOG
Type 5594, an exclusive development of CHATHAM
ELECTRONICS, is an Xenon filled thyratron with
characteristics suitable for diversified applications. Xenon
gas eliminates the need for auxiliary equipment to main-
tain bulb temperatures and also removes most of the
limitations usually associated with mercury vapor recti-
fiers. The 5594 operates through an ambient tempera-
ture range of from —55° C. to +90° C. For complete
information on this tube or any other in the complete
line of CHATHAM rectifiers and thyratrons, call or

write today; there is no obligation.

CI'IA'I'I-IAM EI.EC'I'RONICS

SR, A

475 WASHlNGTON ST NEWARK 2, NEW JERSEY

March, 1947 — ELECTRONICS
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The famous Model 80 Even Speed Alli-
ance Phonomotor operating on 110 or
200 volts is made for 40, 50 or 60
cycles, 16 watts input, 78 RPM. It has no
gears—runs at an even speed—has a
smooth, quiet, positive friction-rim drive.
Amply proportioned bearings with large
oil reservoirs assure long life. A slip-type
fan gives cool operation—avoids any
possible injury.

The Alliance Model K Phonomotor, a 25
cycle companion to the Model 80, oper-
ates on 110 volts, 25 cycles at 12 watt
input. Motor and idler plate on Alliance
phonomotors are all shock mounted to
the cabinet mounting plate, to minimize
vibration.

WHEN YOU DESIGN—KEEP ““

ALLIANCE

ELECTRONICS — March, 1947

MANUFACTURING

Drive your products to market

—use Alliance Motors to drive vital component

parts. Big advantages for the Alliance Powr-Pakt
line are compactness, light weight, versatile perform-

ance characteristics, and mass production at low cost.

Alliance Powr-Pakt Motors are rated from less than
1/400th h. p. on up to 1/20th h. p. They'll supply just
the right amount of power at strategic points to impart

automatic action, instant control and greater usefulness
for your products and processes.

MODEL 80

MOTORS IN MIND

COMPANY * ALLIANCE, OHIO

37
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" SILVER
SOLDERS BE
/én

SPEED « ECONOMY « DURABILITY

WIRE OR ROD .

The D. E. Makepeace Company has long
pioneered in the development of silver
solders. With more than a half century of
accumulated experience behind us, we have,
today, developed a variety of silver-brazing
*  alloys to meet practically every industrial
SOLDER STRI? L requirement.

SO.PER WASHERS

These solders flow easily, penetrate
deeply and diffuse evenly. The joints so
affected are stronger, in most instances, than 3L oex FilkeD
the parts joined and the junction is durable, WIRE

ductile, leakproof, corrosion resistant, and
high in electrical and thermal conductivity.

Today, preplaced solder rings or solder
washers and induction heating are revolu-
tionizing former soldering methods. Like-
wise, modern alloys and light gauge metals,
likely to be damaged by high temperature
brazing or welding, have been particularly
aided by the use of our low temperature,
fast spreading silver solders.

POWDERED SOLBER

Should you have o special soldering or
brazing ploblem, our fully equipped re-
search and testing laboratory is at your SOLCER FLUSHED
. . . - SHEET = JISCS *+ WIRE
service. Our informative folder listing pre-
cious metal solders, with helpful melting and
flow-point tables, will be sent you upon
request.

 PRODUCTS

SHEETS - WIRE - TUBING < SOLDERS - FABRICATED PARTS AND ASSEMBLIES

D. E. MAKEPEACE COMPANY
Main Office and Plant, Attleboro, Massachusetts
NEW YORK OFFICE, 39 CHURCH ST. CHICAGO OFFICE, S5 EAST WASHINGTON ST,

38 March, 1947 — ELECTRONICS
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put ourselves

into our work...

Skilled workmen always take great pride and
satisfaction in performing effort that creates
extra touches of quality.

We are fortunate in the high calibre of
craftsmen who serve our organization. Here

are men who like their work and who approach
each new project with enthusiasm and confi-
dence...who are forever working out new and
ingenious methods of doing something a
bit better,

Time and time again keen minds and
skilled hands in our plant have licked that
familiar old bugaboo, “It can’t be done”
by figuring out ways to do the unusual or
the “impossible.”

Have you a tough problem in sheet metal?
We may have the solution waiting for you. Let
us quote on your cabinets, housings, chassis,
racks, boxes and enclosures—however unusual
the design.

Wetite for our new catalog. Visit us at Booth 62, 5
I. R. E. Show. .

K(II‘ METAL PRODUCTS €O., INC.

124 - 30th STREET, BROOKLYN 32, NEW YORK

ELECTRONICS — March, 1947 39
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4 TRIO OF
LITTELFUSE ‘“FIRSTS’’
IN FUSES ...

QUICK-ACTING 3AG Littelfuses for low
time-lag applications. Elements of fraction-
al amperage fuses are protective coated to
prevent oxidization, and promote a clean
break.

LITTELFUSE -

4781 EAST RAVENSWOOD AVE.

These Littelfuse 3AG fuse mountings offer sharply increased safety
and convenience. Typical of the complete Littelfuse line of fuses,
mountings and accessories, they represent smooth coordination of
sound engineering and original thinking. This assures efTective cir-
cuit protection and lasting satisfaction.

LITTELFUSE 3AG EXTRACTOR POsTS eliminate unsightly exterior fuse clips
on appliances, equipment or instruments. The fuse is held in the end
of the removable knob. Unscrew it, and the fuse is safely changed
without irritating inconvenience. Their dead front construction pre-
vents accidental electrical shocks. Extractor Posts are easy to install.
They conserve space in panel layouts—can be ganged in rows with
a common bus.

Littelfuse 3AG Extractor Posts are available in finger-operated types
with and without 315” flexible cord or “keep chain,” and in a
screwdriver type.

STEEL-COVERED 3AG SIZE FUSE MOUNTINGS prevent accidental damage to
fuses, prevent injury by exposed terminals. Available with conven-
ient hinged cover in single and double pole types, and in single pole
and spare fuse holder combinations, these mountings all have fatigue-
resistant nickel plated phosphor bronze elips. A double-pole type
with removable non-hinged cover also is offercd.

Both types meet Underwriters’ requirements, and solve your fuse-
mounting problems with thrift and efficiency. Send for your new
Littelfuse catalog number 9 today!

SLO-BLO 3AG Littelfuses have high time- “TINY-MIGHTY 3AB Littelfuses are bakelite-
lag to withstand heavy surges—quick on enclosed, arc-quenching, powder-filled fuses. In
shorts. Anti-fatigue construction. In 1/100 10, 12, and 15 amp. ratings. The smallest Un-
to 20 amp. ratings. derwriters' lLaboratories approved fuses in rat-

ings this high.

gwwmw

CHICAGO 40, U.S.A.

WRCUIT p
C 2o,

&

S
(=)
]

RITE-T-LITE » SWITCH LITE « IGNITION FRITZ « NEON INDICATORS - SWITCHES - CIRCUIT BREAKERS - FUSES, MOUNTINGS AND ACCESSORIES

40
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FRACTIORED Ho

- A5,

WHY YOU SHOULD LET G-$
MAKE YOUR SMALL GEARS

we make. They give added dependabi¥ity 1o the devices in wh _ch they are used.

Thke superior advantages of G-S Small Gears ate the resuk of more than a
quarter cenrury of specializadon . . years of developing men. materials and ma-
chinery 10 <Lei- present high degree of efficiency. Here, the best possible solutions
to your small gear problems :an be determined by our skilled emgineers. Specifi-
cations and production procedures, however exacting, will be established and
carried out quickly and at moderate cost. Discuss your needs with a G-S Small
Gear Specialist. Get suggestions, ideas, and cost estimates. This friendly service
doesn’t obligate you at all.

sMOOT}{ER, better performance and longer life characterize the Small Gears

The G-S Catalog Bulletin describes
many different types and applico-
tions of G-$ Small Gears. Please ask
for @ copy on company stationery.

ELECTRONICS — March, 1947
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JOHNSON Uomponent

[

el ¥) “BEHIND THE GOOD NAMES
‘BEmmaN "> ON TRANSMITTERS”

1. Type C dual section
capacitor

2,3. No. 124-212 sockets
for 833 tubes

4,5. No.104-251 flexible
couplings

6. Type D dual section

capacitor You're invited to judge us by the company we keep because you’ll
7-12. Steatite cone insula- find JOHNSON components behind the best names on transmitters.
tors and lead-in bushings That’s the new advanced RAYTHEON 1 KW AM Transmitter above -- a

beauty inside and out. And, if you judge this transmitter by the company
capacitor it keeps, you'll know that quality came before all other Fonsidgratiqns in

. the selection of components. That's why Raytheon points with pride to
14. No. 204-101-2 Vari- Modern components, operated at well below their maximum ratings...”
able inductor Fourteen of these “modern components” are identified in the interior view
above and listed to the left. They're the finest money can buy in variable
capacitors and inductors, insulated couplings, tube sockets, and radio fre-
quency insulators. All bear the Viking Head symbol of JOHNSON quality.

13. Type C dual section

HWew Catalog 969 D You’ll find it in equipment where quality is more than a claim --- where
Free on EW there’s a reputation to maintain. Look for it if you’re an electronic equip-
ment buyer; insist on it if you're an electronic equipment manufacturer.

JOHNSON PRODUCTS INCLUDE
Transmitting Capacitors o Inductors ® Tube Sockets @ R.F. Chokes ® Q Antennas o [Insulators e Connectors
Plugs and Jacks ® Haordware e Pilot and Dial Lights e Broadcast Components o Directional Antenna Equipment

NSON...@/&Wﬂdmzc’n Radéo

e JOHNSON CO. WASECA, MINNESOTA
P
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The full Revere facilities, including the
Revere Technical Advisory Service, are
made available to you through the
Offices listed here.

In addition Revere Distributors in all
parts of the country are eager to serve

REVERE

COPPER AND BRASS INCORPORATED
Founded by Paul Revere in 1801
230 Park Avenue, New York 17, New York

Mills: Baltimore, Md.; Chicago, 1il.; Detroit, Mich.; New
Bedford, Mass.; Rome, N. Y.—Sales Offices in PrincipalCities,
Distributors Everywhere,

DIVISION OFFICES AND MILLS

BALTIMORE DIVISION
P. O. Box 2075

1301 Wicomico Street
Baltimore 3, Md.
Phene: Gilmor 0222
Teletype: BA 164

MICHIGAN DIVISION
5851 West Jefferson Avenve
Detroit 9, Mich.

Phone: Vinewood 1-7350
Teletype: DE 237

ROME DIVISION

Rome, New York

Phone: Rome 2000
Teletype: ROME NY 447

MAGNESIUM-ALUMINUM DIVISION
P. O. Box 2075

1301 Wicomico Street

Baltimore 3, Md.

Phone: Gilmor 0222

Teletype: BA 164

DALLAS DIVISION

2200 No. Natchez Avenue
Chicago 35, 1L

Phone: Merrimac 2600
Teletype: CG 957

NEW BEDFORD DIVISION
24 North Front Street

New Bedford, Mass.

Phone: New Bedford 8-5601
Teletype: NB 87

CHICAGO MANUFACTURING
DIVISION

2200 No. Natchez Avenve
Chicago 35, Ill.

Phone: Merrimac 2600
Teletype: CG 957

ROME MANUFACTURING
COMPANY DIVISION
Rome, New York

Phone: Rome 2800
Teletype: ROME NY 449

—AT YOUR SERVI

o ——— T ————— — —— —— T ——— = - . " " St e o ————— o T s vt o Ao

DISTRICT SALES OFFICES

At above Mill Points and in the following cities

ATLANTA 3, GA.
Rhodes-Haverty Bldg.
Phone: Main 2142
Teletype: AT 96

BOSTON 10, MASS.
140 Federal Street
Phone: Hubbard 7190

BUFFALO 7, N. Y.
1807 Elmwood Avenue
Fhone: Delaware 7616

CINCINNATI 2, OHIO
Carew Tower

Phone: Main 0130
Teletype: Cl 171

CLEVELAND 15, OHIO
Midland Bldg.

Phone: Cherry 3930
Teletype: CV 572

DALLAS 1, TEXAS
Tower Petroleum Bldg.
Phone: Central 8681
Teletype: DL 88

DAYTON 2, OHIO

Mutual Home Bldg.

Phones: Hemlock 3271 & 8921
Teletype: DY 107

GRAND RAPIDS 2, MICH.
Keeler Building

Phone: Grand Rapids 9-3301
Teletype: GR 376

HARTFORD 3, CONN.
410 Asylum Street
Phone: Hartford 7-8174
Teletype: HF 87

HOUSTON 2, TEXAS
Mellie Esperson Bldg.
Phone: Fairfax 7932
INDIANAPOLIS 4, IND.

Circle Tower
Phone: Riley 1322

waany americanradiohistory com

LOS ANGELES 15, CALIF.
714 W. Olympic Blvd.
Phone: Richmond 9314

MILWAUKEE 2, WIS.
626 E. Wisconsin Avenue
Phone: Marquette 1440
Teletype: M| 292

MINNEAPOLIS 2, MINN.
Metropolitan Bldg.
Phone: Atlantic 3285

NEW YORK 17, N. Y.
New York Central Bldg.
75 East 45th Street

Phone: MUrray Hill 9-6800
Teletype: NY 1-1222

PHILADELPHIA 3, PA.

Sixteen Sixteen Walnut St. Bldg.

Phone: Pennypacker 5-6133
Teletype: PH 206

PITTSBURGH 19, PA.
Gulf Bldg.

Phone: Court 4342
Teletype: PG 572

PROVIDENCE 3, R. L
Industrial Trust Bldg.
Phone: Gaspee 8110

ST. LOUIS 8, MO.
3908 Olive Street
Phone: Newstead 0300
Teletype: SL 191

SAN FRANCISCO 4, CALIF.
Russ Bldg.
Phone: Sutter 0282

SEATTLE 1, WASH.
1331 Third Avenue
Phone: Main 8372

10-1-46
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SEAMLESS MOLYBDENUM TUBING

99.9% PURE

Now Available in Commercial Quantities

IN ALL DIAMETERS UP TO 0.5”

" e = i — s s
’ i &W AT G S S @'g&
s R S o YL TR Rt b i e i
8 o X e a T 0. &
s o o i
R
| BRIEF SPECIFICATIONS
Purity: 99.9% pure molybdenum
;?‘2? Other Qualities:

h Callite Tungsten molybdenum tubing is readily

Er machinable; can be worked and shaped within
o reasonable tolerances; welds to iron, nickel and
i similar materials; will not react with hydrofluoric
acid and hot aqueous solutions of sodium and
- potassium hydroxide. Moly tubing will also with-
: stand high tensile stresses at elevated tempera-
L tures when sustained in o protective atmosphere.
. SPECIFIC GRAVITY 10,2
1 MELTING POINT  2,620° C.
¢ TENSILE STRENGTH  From 180,000 —250,000 psi,

depending upon diameter
. HARDNESS  160-185 Brinne!l {10 mm. ball 3,000
g Kg. load)
} THERMAL EXPANSION 25° to 500° C.
{4.7-5.7) x 10 per °C.
THERMAL CONDUCTIVITY 1,46 watts per cm/°C.
at 20° C.
SIZES — Now being produced in diameters up to
.500”. Other diameters to specifications. Avail-
able in lengths up to 9.0".

©0.D. AND L.D. FOR VARIOUS SIZES

Outside Inside Outside Inside
Diameter Diameter Diameter Diameter
b 500" .290” to .295" .140" .077” to .079"”
- .427” .257” to0 262" .110” 062" 10 .064"
. 375"  .220” 40.225"  .090”  .051” to0.053”
. 3127  .182" t0.187”  .075”  .041”to0 .043"

.250" .142” to 147" .060" .033” to .035"”
187" .104” t0 . 107" .050” 027" to .029"
.040" .022" to .023"

i N HE i G S
G - SN L o
& b i e - Ty

ELECTRONICS — March, 1947

Callite engineers have developed —and can now produce in
commercial quantities — seamless molybdenum tubing. To the
best of our knowledge, this is the first time that seamless
moly tubing has been made available on a production basis.
All of our experience convinces us that this new development
has any number of applications in the field of electrical and
electronic manufacture.

May we consult with yon? Samples available, Write: Callite
Tungsten Corporation, Union City, New Jersey. Branch offices
in Chicago and Cleveland.
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CLARE RELAYS

Help Provide Accurate and
Dependable Operation for
RAYTHEON Electronic Welding Control}

® Resistance welding is speeded up
by this new Raytheon Electronic Syn-
chronous Control. Spot, seam or pul-
sation timing are also provided from
the same cabinet.

Clare Relays were chosen by Raytheon
Manufacturing Company of Wa_tham,
Mass., for this new modern unit be-
cause of their accurate, efficient and
dependable operation. Clare com-
pact, clean-cut design met Raytheon
demands that all components ccatrib-
ute to the ease and convenience of use,
the flexibility of applicatioa and
streamlined appearance.

Four Clare Type “C” d.c. Relays and
one Clare Type “"A” a.c. Relay, shown

in this drawer type se-
quence timer, are supplied
by Clare with coil wind-
ings, comtacts and all spe-
cial adjustments to meetex-
actRaytheonrequirements.

This use of standard Clare Relays
with modifications to meet the job at
hand is what we mean by Clare “cus-
tom-building.” It is available to you
for your unusual relay requirements.
Expert Clare sales engineers are lo-
catzd in principal cities. Let us know
your problem. Address: C. P. Clare &
Co, 4719 West Sunnyside Avenue,
Chicago 30, Illinois. In Canada:
Canadiar Line Materials Ltd., Toronto
13. Cable Address: CLARELAY.

llust-a-ion shows use of
Clare Felays in Raytheor

Synchromous Cont-ol Cadinet
A EY n

CLARE RELAYS

“Custom-Built” Multiple Contact Relays for Electrical and Industrial Use

. 3 o — T —— -
o waaany amaarrcanradiohictony. com
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Efficient VHF radio communications is a must in modem railroading. Used to
expedite freight and express service, i: is cutting hours from schedules,
i and eliminating waste time and money in switchinc operafions.

Designed principally for use in the 152-162 mc band by railroads for
"train-to-fixed-station” and “end-to-end” communications, the new Ground Plane Antenna
illustrated is foremost among many new VHF radio components and
accessories perfected by Amphenol engineers.

Providing maximum power radiation at low initial cost, this extremely rugged
antenna consistently out-performs other antennas under normal and extreme conditions. It is
easily and quickly installed, and has been thoroughly tested in main-line railroad installations.

fé Danger from lightning or contact with power lines is eliminated, as
el 1 this antenna is at ground potential. The nature of its radiction pattern
- “ insures uninterrupted service during sharp “U” or “S" turrs.
b The Amphenol Ground Plane Antenna is clsc widely used by police and fire
\\ departments, by forestry, geophysical, power and petro.eum field crews, for mobile
\ marine installations, and many others. It is available wik Ground Plane Skirt, as shown,
\ {for installations where a large metallic mounting surface is not available. i
L \\ Write today for complete technical datc on the Ground Plane Antenna, or for {
3 \‘ engineering aid in solving your VHF radio communications problems. .
L ~

s e e
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New Printing, 2nd Edition Now Ready!
“*"REFERENCE DA'I'}A for RADIO ENGINEERS”

“A'must’foranybodyinthe communicationsindustry.”
ALLEN B. DU MONT, PRESIDENT, ALLEN B. DU MONT LABCGRA-
~NC. “Certain to meet with universal accldim
from all technical people.” ¥. L. ANKF'\'BRA.\'FT,
BRIG. GEN,, L. 8. ARMY. '

Eularged from a First Edition of 200 pages 1o a Sccnncﬂ Edi-
tion of 330 pages, with over 400 charts and diagrams, it rnakes
available quickly the answers to problems that normally arise
in practical radio work. In addition 1o 50,000 of the |First
fidition sold, the 1st Printing of the Second Edition of 2%,00()
is alrcady exhausted. This Second Edition with its wealth
of new material has evoked most favorable comments from
practicing radio engincers, educators, and communiqaliml
Tor instance, herc are a few:

experts

* Indispensable to radio engineers and technicians.” —DR. LEE DE
FORES “Should be in the library of everv radio engineer.”—
W. L. KAERITF, U. oF 1LL. " Covers complete field of radic engi-
neering.”—TOM C. RIVES, BRIG. GEN_, U. &, AL Tlelpful addi-
tion to library of active radio engineer.”—blk. ALFRED N. |GOLD-
ssiTit. < Non-theoretical material which a practicing | radio
engineer needs on top of his desk continually.” — xerrs ngNNey,
EDITOR, BLECTRONICS. Il be a very handy and valuakble aid
10 the radio engineer.”—pIDWIN 1. ARMSTRONG, €COLUMBIEA
UNIVERSITY. Radioenginecrs should find it an extremely useful
addition to their libraries.” —L. ¢. ¥. HORLE, CUIEF ENGINEER,
RADIO MANUFACTURERS’ aAssociaTioN. CFirst stop for] most
radio engineers in any search for design data in the commaynica-
tion field.””—RALPH BAFCHER, EDITOR, ELECTRONIC ENG]NL]C](S.

The new, Seeond lidition of “Reference Data for Badio
Engineers”in green cloth binding, revised and enlargdd to
include much new data developed during the war, is ready—
in a new printing, just completed. Many purchasers have
taken advantage of the low quantity price for group orders of
12 or more. To order any number, merely fill in thelcon-
venient coupon.

PRICE$2 (In lots of 12 or more, $1.60 each)

Federal Telephone and Radio Corporation
- ?? |
Publication Depariment. 67 Broad Street. New York 4, N. Y.

ELECTRONICS — March, 1947

|

General Information. Conversion TFae-
tors, Greek Alphabet, Electromotive
Force—Yeries of the Elements, Position
of Metals in the Galvanic Series, Rela-
tive Humidity. Weather Data, Power
Supplies in Foreign Countries, World
Time Chart, Radio Frequency Charts,
Frequency Band Widths Occupied by
Enii-~ions, Tolerances for the Intensity
of Harmonies of Fixed, Land. anid Broad-
casting Stations, Classifications of Emis-
<ions, Decibels.

Engineering and Material Data. Wire
Tables. Insulating Materials. Plasties,
Trade Names, Wind Velocities and Pres-
wure. Temperatiure Chart of Heated Met-
als. Physical Con-tants of Various Alloys
and  Metals, Thermoeouples.  Melting
Toints of Solder. Spark Gap Voltages,
Heal of Water in Feet, Approximate
Discharge Rate. Materials and Finishes
for Tropical, Marine Use, Torque and
Huorsepower,

Audio and Radio Design. Licsistor and
Capacitor — color codes, Inductance of
Single-Layer  Solenoids, Magnet Wire
Data. Reastanee Charts. Tmpedance For-
mula~. Skin Effect. Network Theorems,

Circuits. Attenoators, Filters.
Rectifiers and Filters. Typical Rectifier
Circuit Data, Rectifier Filter Design.

tron-Core Transformers and Reactors.
Major Types. Tempeiature, lumidity.
Pressure Effects, General Limitations,
Design of Power-Supply Transformers.
Vacuum Tubes. Formulas. Performance
Limitations, Electrode Dissipation Data,
Filament Charaeteristics, Ulira-Tigh-
Frequeney Tubes, Cathode-Ray Tubes,
Preferred Radio Electron Tubes.
Vacvum Tube Amplifiers. Graphical De-
jun Methads, Classification of Amplifier
Cirenits, Cathode Follower Data. Resist-

PARTIAL OUTLINE OF CONTENTS

ance-Coupled Audio Amplifier Desigi,
Negative Feedback, Distortion.

Room Acoustics. Gond Room Acoustics,
Optimum Reverberation Time, Compu-
tation of Reverberation Time. Elrctrical
Power Levels Required for Public Ad-
dress Requirements.

Wire Transmission. Telephone Trans-
mission Line Data, Frequency Alloca-
tion Charts, Noise Measurement— Wire
Telephony, Telegraph Data.
Radio - Frequency Transmission Lines.
Attenuation Due to Misiwatch on T'rans-
mission Lines, Tmpedanee Matching with
Shorted Stub. Open Stub, and Coupled
Sections, Army-Navy List of R-F Cables,
Attenuation of Stanilard R-F Cables, Re-
cictance of Tran-mission Lines at Ultra-
Iligh Frequencies,

Wave Guides and Resonators. Propaga-
tion of Electromagnetic Waves in Hollow
Wave Guides, Reetangular Wave Gnides,
Circular Wave Guides. Electromagnetic
llorns, Resonant Cavities,

Radio Propanation and Noise. I’ropa-
gation of Long. Medinm. and Very Short
Waves, Great Cirele Caleulations, Time
Intersal Between Trawsmission and Re-
ception of Reflected Signal. Radio Noise
and Noise Mcasurement.

Antennas. Ficll inten-ity from Elemen-
tary Dipole, from Vertically Polarized
Antenna with Base Close to Ground,
Vertical Radiators. Field Intensity and
Radiated Power from a lali-Wave Di-
pole in Free Space, Radiation from End-
Fed Conduetor of Any Length, Maxima
and Minima of Radiation.
Non-Sinusoidal Wave Forms. Relaxa-
tion Oscillators, Eleetronic Integration
and Differentiation  Methods,  Fourier
Analysis of Recurrent Wave Forns,
Analysis of Common Wave Forms.

Use This Coupon — Order Your Copy Now!
Verleral Teleshone and Radie Corporation
Publication Dept. All, 67 Broad Street
New York 4 NOYL

()

Copies, at S2.00 per copyv®

Tenclese. dollars. for which send me.

NAME
ADDRESS. -

STATE
the price per copy is $1.60.

CITY S . ZONE

#Far 12 or more copie=. ~ent o a single address,

wwwan americanradiohistorvy. com
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THE *VITAL LINK IN EVERY

WILCO PRODUCTS INCLUDE:

CONTACTS
Silver - Platinum - Tungsten - Alloys
Sintered Powder Metal

THERMOSTATIC BIMETAL
All temperature ranges, deflection
rates and electrical resistivities,

SILVER CLAD STEEL

JACKETED 'WIRE
Silver on Steel, Copper, Invar or
other combinations requested.

ROLLED GCLD PLATE AND WIRE

NI-SPAN C*
New Constant Modulus Alloy

SPECIAL MATERIALS

* Reg. Trade Mark, The International Nickel Co., Ine.

INDUSTRY...
g’-"ﬁ N

They keep the power flowing.!

In applications where life itself may be involved, as well as in
every-day industricl applications, WILCO CONTACTS assure a
steady, uninterrupted flow of power. WILCO CONTACTS
function dependably in every range of frequency operations
by bringing to each operation requisite ductility, hardness,
density, freedom from sticking, low metal transfer, high
conductivity and arc-resistance.

® Yoy, too, can depend on WILCO CONTACTS to keep the
power flowing in your products through the matchless qualities
provided by exclusive WILCO processes. WILCO engineers
will gladly help you select from a great variety of available
WILCO contact materials the particular contacts suited to your
needs—or develor new alloys for special purposes.

THE H. A. WILSON COMPANY

105 Chestnut Street, Newark 5, N. J, ® Branch Offices: Chicago, Detroit, Los Angeles, Providance

SPECIALISTS FOR 30 YEARS IN THE MANUFACTURE OF THERMOMETALS o ELECTRICAL CONTACTS o PRECIOUS METAL BIMETALLIC PRODUCTS

48
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Pord Fess

PBard Eleminaliorn
Sow Pess

Hegh Fass

FILTERS

—designed to fill your
exact requirements

Chicago Transformer’s engineering and manu-
facturing facilities are now available to des gn
and build wave filters on quantity orders. Any
specific filter problem within the range gov-

erned by commercial limits in condensers is 9
yfrioed Exampile o
welcomed. Tyt Sz fdrel.
Known for their sharp discrimination, end C. T.FILTER DESIGN

for delivering maximum output, compact znd
efficient C. T. filters are recognized as leaders.
Sahlient feature of C. T. filter enginecring is the

- . . -y
use of toroid coils wound on powdered nic<el =
alloy cores. Th=ir characteristic small size, low BAND PASS FILTER. Mid-band fre- =

py— 1. : 2 b 2 quency 355C cycles. low frequency

loss, and case of balancing xntl} capacitors COLof ot 3160 eycles. high fre. &
assure supericr performance with unusual quency cut-off at 3990 cycles.
compacliness. Nominal impedance of 600 ohms.

M tine th . i e n veal e Attenuation 40 DB at 3110 cycles

Mounting the units in drawn steel cases, and 4080 cy=les. Case dimensions,
using C. T.’s Sealed in Steel construction, as- 43" x 3.6" < 3.3".
sures effective shielding and long-lasting |de-
pendability.

For prompt attention, write Chicago Trans-
former today outlining the specifications you
are interested in obtaining,.

Sigh 2

g/a,éili[;/
y ndwolanc"
se of Mo T

m/l(lvlne

CHICAGO TRANSFORMER

DIVISION OF ESSEX WIRE CORPORATION

3501 ADDISON STREET - CHICAGO 18, ILLINOIS

o L ikt . aag«m\?,

J{a'a’la

THAGE wmARN ALK,
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ELECTRONICS

Augmenting the many sintered and cast
Alnico alloys, 4 additional General Electric
magnet materials greatly extend magnet de-
sign possibilities.

‘e e B e g
8

1

1. VECTOLITE. This light-weight, high-resistance magnet material is a com-
bination of iron oxide and cobalt oxide. High in coercive force, it is finding
wide application as a rotor magnet for d-c selsyns and in many types of
moving magnet instruments. A number of shapes are shown in illustra-

tion 1.

2. CUNICO. An alloy of copper, nickel and
cobalt, Cunico is malleable, ductile, and ma-
chinable and is supplied in wire, strip, or
rod stock. Illustration 2 shows a rod of
Cunico, and screw-machine magnets ma-
chined from it.

3. CUNIFE. Cunife has all the physical ad-
vantages of Cunico. However, this alloy of
copper, nickel and iron has directional
properties, and to secure best magnetic re-
sults must be magnetized only along the
direction in which the material has been
worked. It is supplied in wire stock in
round, square, and rectangular form. Duc-
tility of Cunife is shown in illustration 3.

4. SILMANAL. High in coercive force, this
alloy of silver, manganese, and aluminum is
most useful in instruments where service in

o o bt e oo -
& ¢ ¢ ¢ J
2
3
. —

4

strong electrical fields is necessary. The Silmanal magnets in illustration 4
were rolled, punched, and machined from the ingot shown. For more infor-
mation about these magnetic materials, write for Bulletin GES-3337.

RELAYS THAT ARE

REALLY SENSITIVE
For electronic applications where
switching functions must be performed
by small amounts of power, General
Electric has a complete line of current-
sensitive, d-c relays. These relays are
built to withstand shock and vibration
and will operate in ambient tempera-
tutes from —70F to 200F. They cover
the range from 10 mw to 180 mw; 0.47
ma to 1470 ma; 0.07 ohms to 67,000

ohms coil resistance; and weigh from
0.1 to 0.7 pound. Contact ratings from
12 volts to 110 volts a-c/d-c with a
contact rating at 24 volts d-c of 2.0
amperes non-inductive and 0.5 ampere
inductive. Installation is easy with either
the plug-in base or the solder-lug ter-
minals. Write for Bulletin GEA-3819.

ONE SWITCH
CONTROLS MANY CIRCUITS

For transfer and control switching there
is a G-E (Type SB-1) switch to do al-
most any job. Standard Type SB-1
switches are available from single-stage
models to 12-position, 16-stage models,
For more complex switching, special
models are furnished up to 100 stages.

Precision construction makes opera-
tion easy, even in the larger models.
Rated at 600 volts, 20 amp continuous,
or 250 amp for 3 seconds, the long-
lived, cam-operated silver contacts have
stood more than 1,000,000 test opera-
tions without excessive wear.

Stages are isolated by dielectric bar-

50
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riers. There 1s ample space for easy con-
nection. Two types of locks permit lock-
ing in any position, and standard
switches are dead front. Write for
Bulletin GEA-1631.

PUTS A LOT OF COIL
IN A LITTLE SPACE
When product design puts a premium
on space, G-E Formex* magnet wire
lets you wind more compact coils.

Where coils wound in rectangular
shapes crack enamel insulation, the
tough film on Formex stands up. In
fast winding operations, too, Formex
takes the punishment. When coils must
stand up year after year, depend on
Formex, because age has little effect
upon this polyvinyl-acetal insulation.
Round Formex is available in standard
sizes from 6 AWG to 44 AWG and in
ultrafine sizes of 134, 114, 11/ and
down to 1 circular mil in copper area.
Rectangular Formex is also available.
For full information on shapes, sizes
and application methods, write for Bul-
letin GEA-3911.

LECTROFILM CAPACITORS
AT NEW LOW PRICES

Circuit designers now have complete
freedom to use either high or low capa-
cities in r-f blocking and by-pass appli-
cations — without paying a premium for
high capacity—because General Electric
case-style 65 Lectrofilm* capacitors are
_now all at one new price, approxi-
*Reg. U.S. Par. Off.

ELECTRONICS — March, 1947

mately half of the previous level! Simi-
larly, all listed ratings of case 70 de-
signs are offered at one new, low price.

General Electric’s development of
Lectrofilm, a new capacitor dielectric,
and the advanced methods used in man-
ufactuxing these capacitors have resulted
directly in these new low prices. Lectro-
film capacitors are now the answer to
new c.rcuit economies, better circuit
designs, lower over-all equipment costs.
Bulletin GEA-4295.

TO| SELL RADIO LISTENING
BY THE HOUR

Dispensing 2 hours of use for each coin
deposited, the General Electric Type
TSC-9| coin-switch mechanism is suit-
able for installation in table-model
radios such as hotels provide for guests.
Powered by the widely used, reliable
Telechron motor, and: with silver con-
tacts rated 2 amp, 110 volts a-c, the

switch |is constructed for long, mainte-
\

O G:E COMPONENTS

q )
..... /FM‘* AR e e 2

| o o« « @ ¢ ¢ 0 0
s

nance-free service. The Type TSC-9
switch may be connected to allow inter-
mittent use of the radio until the time
paid for has been exhausted. As many
as 6 coins, providing a maximum of 12
hours use, may be deposited at one time.
A continuous coin counter registers de-
posits up to $25.

TRAINS BETTER WELDERS
IN LESS TIME

Visual methods of employee education
have proved their ability to increase out-
put and decrease rejects. Now General
Electric has produced a new, full-color,
sound movie that uses animated draw-
ings to teach the principles and applica-
tions of spot, projection, and seam re-
sistance welding. The flm takes you
inside fifteen different industrial plants,
and shows more than 100 applications
of resistance welding where it is speed-
ing production and cutting costs. Ac-

o

companying the film is an interesting
“refresher” bulletin covering the salient
points of the film.

Ask your local General Electric office
to lend you (This Is Resistance Weld-
ing); no charge or obligation to you.

WAL L americanradiohistorv. com
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| GENERAL ELECTRIC COMPANY, Sec.A 642-14 I

| Apparatus Dept., Schenectady 5, N. Y. =

| Plegrse send me: |

I ...+ GES-3337 (Magnet materials) ....GEA-1631 (Type SB-1 switches) |

I ... GEA-3819 (Current-sensitive ....GEA-3911 (Formex magnet wire)

| | relays) ....GEA-4295 (Lectrofilm capacitors) |

| NorE: More data available in Sweets’ File for Product Designers I

|

N

1 urr\e |

| Company_ |

| Address -

| cit State =

| 8010

e e e e J
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This'18 Hole
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%k Actually this pictured unit is

Obstacle Course””

ONE

piece in
ONE
operation!

a Switch Base . . .
molded for the
Hart Manufacturing
Company,
Hartford, Conn.

Enlarged
Approx. 50%

Molded of general purpose phenolic material, the experienced Consclidated moldmanship in plastics.
above complicated Switch Base required the utmost
skill in mold design . . . precise mold construction . .
and over-all plastic know-how. Though the “obstacles”
were many, the course was “par’d” . . . and another
Consolidated triumph was scored!

As a result of this and countless other Consolidated-
solved problems, we invite the opportunity to apply
our plastics craftsmanship to any and all custom mold-
ing assignments. Our staff and complete facilities stand
ready to follow ‘thru for you —in plastics!

As it was impossible to prepare the mold cavity as
one piece, it became necessary to design sectional
parts — each to mesh together with the highest degree

lidated
of accuracy. Reaching the production stage entailed g o n S o I u e

difficult hobbing . .. intricate milling ... and |f - MOLDED PRODUCTS Cosporclion
309 CHERRY STREET, SCRANTON 2, PA.

Branches: NEW YORK, 1790 Broadway * CHICAGO, 549 W. Randolph 5¢. « DETROIT, 550 Ma:cabeea Bidg. « CLEVELAND, 4614 Psospect Av. ¢ BRIDGEPORT, 21! Siate Sirset.
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so many iaboratory features
in a portable oscilloscope

HIS REMARKABLE new cathode-ray oscillo-
scope is packed with features previously
found only in large and expensive laboratory

equipment. The WO-79A has:

@® A wide frequency range — flat (¥2 db) from 10 cycles
10 5 megacycles.

® Triggered sweep with delay network as well as saw-
tooth time base—line frequency deflectionand blanking.

@ A vertical deflection sensitivity of 0.18 rms volis per
inch.

@® A horizonmal deflection twice che screen diameter—
permits signal expansion and centering of any portion
of a complex wave-form for close study.

® A calibration meter for voltage mecasurement.

GRIZONTAL,
ENTERING

YH
Fiug i O8CILATDR

® A new cathode-ray tube featuring small bright spot and P 4-"’;-/

distortiontess focusing. / p s } o
Traces produced by this three-inch scope are - ’ &
strong, sharp, easy to photograph. Extremely i -
short, steep-fronted pulses and high-speed iy, PR
transicnts can be closely examined. Voltages - Aiaea - \* “omzonmay
produced by television synchronizing and de- . ‘ﬁ::n
flection circuits, ignition systems, pulse genera- bt
tors, radar equipment and industrial devices = W

can be quickly and accurately measured.
A new, cight-page bulletin on the WO-79A
fully describes the many pace-sctting innova-

CaLIbRAT)
Wrrags

tions incorporated in this portable time-saver. Q/r“w
Detailed application information is given on o
how these features can be used by the labora-

toryv rechnician, service engineer, and broad-

caster to simplify test and measuring problems. Y,

Be sure to get a copy. Write: Dept. 30-C, Test Z5 N vy
and Measuring Equipment Section, Radio Cor- Q) oo

poration of America, Camden, New Jersey.

= = = : e e e . =zt l e 5 e - o

A 30-cycle square wave as scen on How a 100-kc¢ square wave looks Wave-formresulting from condenser The WO-7%2 is helpful in television

the WO-79A. There is no visible onthe WO-79A. Note thatovershoot discharge. Internal synchronization work. Thistrace of a horizontal sync

curvature. The frequency response isinsignificant. The vertical amplifier and expansion as high as 500 times pulse has been expanded to show de-

of the instrument is flat down to 10 is flat to 5 mc. Traces are brighit, enables the WQO-79A to produce a tails of pedestal. Note clarity of front
cycles. easy to photograph. trace like this. and back porches.

TEST AND MEASURING EQUIPMENT

a\| RADIO CORPORATION of AMERICA

ENGINEERING PRODUCTS DEPARTMENT, CAMDEN. . N.J.

In Canada: RCA VICTOR Company Limited, Montreal
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Direct Reading, Direct Control

Carrier frequency in mc may be directly
set and read on the large central frequency
dial. R-f output from the reflex klystron
oscillator is also directly set and directly
read, in microvolts or db, on the simplified
output dial. No calibration charts or inter-
polations are necessary. And because the
unique coupling device causes oscillator
repeller voltage to automatically track
frequency changes, no voltage adjustments
are nccessary during operation. Even the
bolometer circuit is automatically compen-
sated for temperature changes.

C-W, F-M, or Pulsed Output

R-f output ranging from 0.1 volt to 0.1
microvolt is available. Qutput may be con-
tinuous or pulsed, or frequency modulated
at power supply frequency. Maximum de-
viation is approximatcly *5 megacycles.
Pulse modulation may be supplied from an
external source or provided internally.
Pulse rate is variable between 40 and 4000
cps, and pulse width ranges from 1 to 10
microseconds. Internal pulsing may be ac-
curately synchronized with either positive
or negative external pulses, o~ external sine

ELECTRONICS — March, 1947

rst time

direct readings
1800 to 4000 m¢

t time is an
es direct re
and ¢-W, P
h a wide frequency

tput wit !
- pged, compact design-

o REET WO

. POWER BET

uhf signal gen
ading scales:
ulsed, or @

waves. R-f pulse may be delayed 3 to 300
micro-seconds with respect to the external
synchronizing pulse. Output trigger pulses
are also available. They may be simul-
taneous with the r-f pulse or delayable
from 3 to 300 microseconds with respect to
the r-f pulse.

Wide Range, Great Stability

A twist-of-the-wrist precision tunes the -hp-
Model GIGA to any frequency between
1800 and 4000 mc. Accuracy of calibration
is within £ 19, and stability is of the order
of 0.005% per degree centigrade in am-
bient temperature. Line voltage changes of
+109% cause frequency changes of less
than 0.02%. 1380

PULSE DELMY.

PULSE PATE

FM prass

A

fa ANPLTUOE

SrNe. SYNC,  OELAYED 3
) oul  SYat.adr W

.50

by

Wide Applicability

The -hp- Model 616A UHF Generator is
ideal wherever precision ultra-high fre-
quencies are needed for measuring pur-
poses. Some of its many uses include
determining of receiver sensitivity, signal-
noise or standing-wave ratios, conversion
gain, alignment, antenna or transmission
line characteristics. The instrument is light
and compact, occupying minimum bench
space. It is unusually rugged of design for
long-term, trouble-free operation. Repairs
and replacements, when necessary,are made
extremely easy by straight-forward circui:
layout and ready accessibility of all com
ponents.

The -hp- Model 616A UHF Signal Gen-
erator is available for early delivery. Write
or wire today for full technical details.

HEWLETT-PACKARD COMPANY
1380A Page Mill Road, Palo Alto, California

Export Agents: FRAZAR AND HANSEN
301 Clay Street, San Francisco 11, California, U.S. A,

Audio Frequency Oscillators
Noise and Distortion Analyzers
Square Wave Generators

WAWW-americantadiehistorv-com

Signal Generators
Wave Apalyzers
Frequency Standards

Vacuum Tube Voltmeters
Frequency Meters
Attenuators Electronic Tachometers
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e Paper Tubular Capacitors, molded N . o
in Thermo-Setting Plasticl Designed for use !},}"f L
: - £% N
. . . -4 F g % s P
in all circuits calling for Paper Tubulars. Pagad - X N
. R T B e .
. « - . o Sy ._*-r . .
Plastic Molding méans no leakage. Capacity 5T A & .
.values remain more stable and moisture is 7 o

fikid T

completely sealed out. No wax to run at

o
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i .
A [ .
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; = higher ambient temperatures Smooth ﬁnish 2
: iy, ;
[y Pl Y prevents catching dirt and dust. A!L‘m"alf,
PlasticMolding assureslonger life and lower- %
] i . . P
1 /;.’;” power factor. Specify Sangamo Plastic
\\ ,:/" Molded Capacitors wherever you use Paper
) ./' Tubulars.

m zdm teats

m‘

©. WITH SANGAMO PI.IISTI( 'I'IIBI.II.IIHS 5000

»
s - =
[ _
ES
NO WAX TO MELT....even heat as in- LEADS WILL NOT PULL OUT...Plastic e
tense as is encountered in soldering, Molding so tightly seals the leads in
WRITE NOW for the New Sangamo will not cause leakage in the case or place, that under all conditions of nor-
Capacitor Catalog for full information at the lead joint, mal use, leads will stay put.
on the Sangamo Line.
3
: -
43
1 SANGAMO ELECTRIC COMPANY “Livos
b ; ILLINOIS
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RAW .. . EQUIPPED BY iangevirl

witt, BE EXACTLY wHAT You NEED
EXACTLY wHAT You waNT

Custom Built Langevin audio facilities for broadcast studios are designed
and manufactured to fit the requirements and specifications of the individual
broadcaster.

Using Langevin FM quality amplifiers as the basic building blocks, complete
audio facilities, including the type console you want, can be engineered and
fabricated in our “custom built” department. The Langevin service also includes
on-the-job installation supervision, if desired.

In many cases a Langevin custom built audio system, tailored to fit your needs,
is no more costly than a combination of standard packaged speech input units.

A Langevin Audio Facilities Engineer is always on call . ..

Let him help you with your equipment planuing ...
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This new Stackpole material is 30% harder
than conventional Silver-Graphite contact types. It
greatly prolongs contact life under short circuit condi-
tions, assures far better contact drop, and tremendously
improves wearing qualities. It contains from 314,% to
10% graphite and can be made in practically any needed
contact shape or size for a wide variety of circuit breaker,
contactor and relay applications. On particularly diffi-
cult high-amperage applications the use of one of these
contacts operating against an FW-41 silver-tungsten
contact may provide truly outstanding efficiency.

Through the efficiency of this Stackpole silver-
tungsten contact material, the interrupting capacity of a
circuit breaker made by a leading manufacturer was in-
creased from 10,000 to 15,000 amperes. On special test,
it interrupted 21,000 amperes without apparent harm
to the contacts! Not only that, but Stackpole’s FW-41
contact formula paved the way to constructing this same
circuit breaker to a size one-third smaller by volume and
with half as many parts! Write for details.

NOTE: Stackpole Contacts are sold only for original
equipment purposes— not as replacements.

Write for Stackpole Contact Catalog and Data Book No. 12
STACKPOLE CARBON COMPANY, ST. MARYS, PA.

BRUSHES AND CONTACTS (All molded carbon, graphite, and metal composition types) « RARE METAL CONTACTS « SINTERED

ALNICO Il « WELDING CARBONS « MOLDED IRON CORES « PACKING, PISTON and SEAL RINGS + CHEMICAL CARBONS, etc.

ELECTRONICS — March, 1947
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TYPE 11 SYSTEM
Range Receiver and VHF Transmitter.

or TYPE 17 SYSTEM
VHF Receiver and VHF Transmitter.

TYPE 15

VHF Omni-Directional
Range Receiving Equipment,

Ameng the A.R.C. ELECTROMIC COMPONENTS AND ACCESSORIES are

“MUSIC-BOX’’ TYPE i - o CERAMIC-INSULATED PLUGS
SELECTOR SWITCHES 1S e 6 ("3 < AND RECEPTACLES

For low-voltage control circuits. * 24 combinations.
Unusually positive detent action.

lever-type control handle.

* 2 to 19 contacts.

CERAMIC-INSULATED DRY ELECTROLYTIC.
MINIATURE DC RELAYS SEALED CONDENSERS >

|

|

| N

l .
1%" long. : " Terminals mounted on mica.

|

|

|

SPST. SPDT, DPST, SPST-SPDT,
and DPDT.

No bokelite-rubber seals.

. e e e —— —— e —— s — —— . — S - P e A A A S S S i - . s SRS S o S o e o o At e . AMY = — S o — —

MINIATURE PIN-PLUG 3 ﬂ
CONNECTORS ]

g -
Specially designed to @

minimize spring fatigue.

¢ SNAPSLIDE FASTENERS

7/16" wide size, for heavy loads.
V4" wide size, for light loads.

TYPE H-10 TEST SET
for the 1.2 ¢cm band

and various assemblies for the 10 cm,
3.3 cm, and 1.2 ¢m bands.

S __,_,..,.,_,_,H:
lrcraﬂ' Radlo Corpora'l'ion‘_'
; ; i Eann’mn N .l
; 3 R §\> 5
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FRANKLIN ANNOU

57 A 11 and 57 A 12 Miniature Laminated Sockets have

TELEVISION
spring type contacts that GRIP and hold the tube securely
without the need for locking devices. These contacts, be- DUO DECAL
ing longer and spaced wider apart, permit greater ease
in soldering thus lower production costs. 57 A 12 is inter-

changeable with Octal Sockets of like mounting center

enabling chassis design for use with either.

ELECTRONIC
COMPONENTS

43-20 34th STREET « LONG ISLAND CITY 1, NEW YORK
SOCKETS e TERMINAL STRIPS ¢ PLUGS * SWITCHES * PLASTIC' FABRICATION o METAL STAMPINGS ¢ ASSEMBLIES

ELECTRONICS — March, 1947
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Now... FERRANTI

ELECTROSTATIC VOLTMETERS

FOR AC AND DC MEASUREMENTS
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Y

2Y;" PORTABLE TYPE
Also made in FLUSH and
PROJECTING TYPES

ZERO CURRENT CONSUMPTION * READING FROM

20 to 25,000 VOLTS « AC OR DC UP TO 3,500 VOLTS

SELF-CONTAINED ¢« OVER-VOLTAGE PROTECTION -«

2% in. DIALS * SINGLE, DUAL AND TRIPLE RANGES

* MAGNETIC DAMPING « PRECISION BUILT, ACCURATE
* THOROUGHLY RELIABLE

f - R 3
A Praduct of ever 65 wears of Ferrant; evferience

FERRANTI ELECTRIC INC., 30 ROCKEFELLER PLAZA, NEW YORK 20, N. V.

March, 1947 — ELECTRONICS
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We have designed many cables which
have solved a multitude of problems.
When you come to Ansonia for some-
thing original in cables, our enginecers
will turn out a product to mect your

specific requirements.

i A
- THE ANSONIA ELECTRICAL DIVISION
} ANSONIA,.“_CON‘NECTICUT of

l NOMA. ELECTRIC CORPORATION

§

ELECTRONICS — March, 1947 6l
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= ST

'SENSITIVE LOW-POWER RELAYS
in a newly improved design
FOR USE ON AC AND DC

Engineering superiority in every mechanical and electrical detail makes Struthers.

Dunn Type 112 Relays far and away “tops” for sensitivity and durability for
low-power operation on the order of a few milliwatts o A “fool-proof” micrometer
adjustment assures exceptionally reliable setting of the contact spring « All parts
are of low-inertia, quick-acting design « Contacts are easy to adjust and stay “put”
once adjusted e Coils are well insulated and vacuum impregnated o These new
relays are built throughout for easier installation, higher sensitivity, longer life ¢ Avail-
able in single-pole double-throw and double-pole double-throw contact combinations.

Write for Data Bulletin 112,

STRUTHERS-DUNN

STRUTHERS-DUNN. Ine¢.. 150 No. 13th St., Phila. 7, Pa.

ATLANTAZBALTIMORE«BOSTONG*BUFFALO+ CHICAGO « CINCINNATI+« CLEVELAND «DALLAS
DENVER+DETROIT«HARTFORD sINDIANAPOLIS«LOS ANGELESMINNEAPOLIS« MONTREAL
NEW YORKsPITTSBURGH «ST. LOUIS* SAN FRANCISCO » SEATTLE «» SYRACUSE » TORONTO

62 March, 1947 — ELECTRONICS

WWW americanradiohistorv.com


www.americanradiohistory.com

N
3

b

A Statement
of Major Importance
regarding

)

T
]

N
(6
MvL

BN QONNR

“Exs
o Pnited Btagy, o

Electrical Resistance Wire

FROM TIME TC TIME, a praduct is
developed which—by virtue «f its
originality, overall superiority and
general acceptance—meets with in-
stantaneous and lasring success. In
so doing, it estzblish2s itself a: the
standard of quality by whict all
other similar produc-s are jud:ed.

In industry, an cotstanding ex-
ample of this is N.CHROME.

NICHROME is a nickel-chromium
alloy electrical resis tance wir= which
is made only ty D+ver-Hari: Co.

Further, it is a zrade mark. offic-
ially registered by the U.S. Patent
Office on Au3ust 11, 1908 mare than

thirty-eight years ago. Its leader-
ship in the electrical resistamce field
brilliantly reflects the highly
specialized kncwledge of techmical
processes and precisz metallurgical
controls which havz made possible
Driver-Harris’ outstznding z lcy de-
velopments for more than 47 vears.

Although there are several
excellent nickel-ctromium alloy

*Trade Mark Reg. U.S. Pat. Off.

combinaticns, there is only one
NICHE.OME—ani] it is made only
by the Driver-Herris Co.

R>member th.s when next you
buy electrical resistance wire. Be
sure your supplier understands that
you want the genuine NICHROME
made >nly by Driver-Harris, for no
other company manufactures
NICHROME.

<&
/ &

2, = N
T

Diriver-Harris
COMPANY

E>clusiva Manufacturers of Nichrome
HARRISON, N. J.
BRAMCHES: Chicago @ Detroit ® Cleveland
Le: Angeles @ San Francisco @ Seattle

The B. GREENING WIRE COMPANY, LTD.
Hamilton, Ontario, Canada
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' /Mﬂf BY DESIGNING YOUR

EQUIPMENT AROUND
HIGH-EFFICIENCY G-E TUBES
LIKE THE NEW, COMPACT

GL-592 POWER TRIODE...

HERE’S good business ahcad—
as well as now—for builders of
electronic-heating equipment! And
the heart of this equipment is the
tubes. As industry finds wider appli-
cations for high-frequency heating
—develops revolutionary new proc-
esses, like stitching plastic sheets
electronically and cooking foods in
seconds instead of minutes or hours
—General Electric keeps step by its
tube research. For everv high-fre-
quency heating application, therd’s a
G-E tube ready to do the job!

Type GL-592—NEW efficient
power triode—typifies G-E progress.
Designers today are considering
higher frequencies for dielectric-
type heating . . . and the GL-592
will operate up to 110 megacycles
at max ratings! Many heating jobs
call for small to medium-size instal-
lations, with economy paramount.

So the GL-592_besides being low
in first cost— conserves power with
its anode input of 600 warts and
dissipation of 200 watts!

The tube is sturdily built for hard
service. Cathode, grid, and anode
are solidly mounted and braced. All
leads are short. Fernico metal-to-
glass seals make possible (1) elimi-
nation of a base with its dielectric
losses, (2) the non-soldered anode
terminal that withstands high tem-
peratures. All contacts are silver-
plated for efficiency.

Whether your heating application
be induction or dielectric—whether
large or small—G.E. has the right
electronic tube for you. And G-E tube
engineers are glad to work closely
with your designers. Sce your near-
est G-E office, or writc to Electronics
Dept., General Electric Company,
Schencctady 5, N.Y.

RATINGS
Cathode voltage 10 v
Cathode current 5 amp
Max anode ratings:

voltage 3,500 v
current 250 ma
input 600 w
dissipation 200 w
Type of cooling forced-air

® The G-E line of power triodes
for high-frequency heating is com-
plete, covering every need and
application. There are 17 types.
Max anode voltages range from
2,000 v to 20,000 v—current
from 250 ma to 10 amp—dissi-
pation from 125 'w to 100 kw.
Prices and details on any or all
types are available on request.

GENERAL g9 ELECTRIC

162-L8-8880

ELECTRONICS
March, 1947 — ELECTRONICS
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entirely NEW and improved PHONOGRAPH
C_A_ETRIDGE ...the Model “"QT.”

THIS “QUIET TALK” CARTRIDGE IS DESIGNED ESPECIALLY
FOR HOME USE AND IS EQUIPPED WITH A REPLACEABLE
NEEDLE OF THE MOST ADVANCED TYPE.

THE improved design of this needle, al-
lowing appreciably more vertical compli-
ance than has heretofore been possible,
results in a VAST REDUCTION in the amount
of surface noise which is ordinarily radi-

;-‘7

S ated directly from the needle. Pleasing

reproduction and the absence of acoustic
TYPE "QT” AVAILABLE noise, together with low order of distor-

IN TWO MODELS . ” . .
_ _ tion, make the “QT" Cartridge ideally
Model “QT-M" is supplied with

precious metal-lipped stylus; Model suiied for home use.
"QT-]" with sapphire-tipped (Jewel)
stylus. Both models are identical in

Simple Method Devised for the
Removal and Insertion of Needles

every other respect.

Needles in the “QT' Caitiidge may be re-

t WE'LL SEE YOU moved quickly by placing knife blade beneath
AT THE needle and prying gently upward. Replace
CONVENTION!? menis are made by inserting shank of needle
Astatic’s complete in socket and pressing down gently.
line of products will
be ondisplay at the
Noational I.R.E.Con-
vention, ot Grand &
Central Palace,
New York City, “QT”
March 3 to & Li
- 1 . iterature
st oy (m CORPORATION
is Available CONNEAUT, OHIO
INCANADA CANADIAN ASTATIC LTD. TORONTO ONTAMO
Astatic Crysial Devices Masutaciused
under Brush Development Co- patenis.
e
t
ELECTRONICS — March, 1947 &7
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carhost: &M%@My

PLAYS AN
IMPORTANT ROLE IN INDUSTR
H b Y

bos 1n designing ©of {esting devices {or supplyind short electrical
shock pulses o a fence conductor, it is essential 10 know the maxi-
mum voltage. shape and duration of each pulse. as well as the
repetition rate. The Type 947 Cathode-13Y Oscillograph is ideal

for this application-

pOWER E

(+3

ation of the closing action of relay contacts may
pe 247 Oscillograph- This will

al whether the contact closing is positive of subject to &
duration of the entire bouncing period can be accu-

rately determined by supenmposmg time markers on the applied
signal, and the effecls of corrective adjustments may be instantly

EG%MPL\.EI*EKS

A detailed examin
easily be made when using a TY

. There is 0O quicker way 1o determine phase, frequency and am-
- plitude distortion in an amplifier than by applying 2@ square-wave
signal 1o the amplifier input and visually observing the output
waveform. Both the input and outpul signal waveforms may be

viewed sxmultaneously on the Type 5P Cathode- .ray Tube when

driven by twWo Type 208-B, 241 247 or 248 Oscillographs: ot most

combinations of these 1ypes-

Aw\;s_ncs‘

X7a%3

DU MONT CHHOBLMY

FQUIPMENT MAY BE
15 Sweep Generator

208-B combined witha Type?2

IHE LOGICAL ANSWER By using a TYP®
o 10 YOUR PROBLEW! orbyusing 2 Type 947 Cathode-13Y Oscﬂlograph when conducting
a reverberation test, accuraie information may be obtained as 10
L' s the dampmg time of sound waves. 1t is also possxble to plot any
**dead spots’- L1t remedial measures for either condition are neces-

ts of the corrections can be seen instantly.

© ALLEN
B.
DU MONT LABORATORIES.
, INC

« PASSAIC,
NEW JER
G by Al i :
e 1 . E‘l'. CABLE ADBEESS WESPE
XLIN, wE¥
YOREK

M
arch, 1947 — ELECTRONICS
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CUSTOM MADE TECHWNICAL CERAMICS

For bonding metal to ceramics . .

Prompt deliveries of Metalized AISiMag Ceramics are
currently available due to completion of expanded fa
cilities for this work

Metalized AlSiMag Ceramics creale a mechanically
strong join because the metal is fired to the ceramic.
According to your requirements, silver, gold or platinum
is used. Where desirable, copper or silver plating is
added to build up metal to the optimum thickness for
the individual application.

. or ceramics to ceramics

Sectional view shows method of hermetically seal-
ing Shalcrass precision resistors using AlSiMag
metalized cores and AlSiMag metalized shells

Metatized AlSiMag Ceramics can be soft solder sealed
to otker metalized AlSiMag Ceramics or to any metal
which can be easily wet. Hermetic seals with a high
degree of permanence are readily accomplished.
American Lava Corporation engineers will be glad to
cooperate in developing the ceramic and the metalizing
specifications which are best suited fo your reqquirement

AM.ERICAN VA CORPORATION

CHAT
45 th’

'I’A'_NQOGA 5, TENNESSEE

CERAMIC LEADERSHIP

Y EAR “OF

SALES OFFICES- ST LOUIS, Ma., 1123 Washington Ave, Tel Garfield 4958 = MEWARK, N I, 671 Broad St., Tel Mitchell 2-8159
CAMBRIDGE, Mass., 38-B Brattiz St Tel: Kirkland 4498 © CHICAGO, 9 5 Chaton Si, Tel Centraf 1721 ® SAN FRANCISCO,
163 Szcord Ct, Tel: Douglo: 2464 » LOS ANGELES, 324 N. San Pedro $1., Tel. Mutual 9076 » PHILADELPHIA, 1649 N. Brecd Street

lils
b
3

I
|
I
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BEAT
FREQUENCY
GENERATOR

TYPE 140-A

This instrument has found universal acceptance because STAdB'“TY: About 5 "Y"esl drift below 1000 cycles. On ';’W range,
o q rift becomes negligible percentage with increasing requency.
of its wide frequency coverage from 20 cyclfes to 5 mega- On high range, drift is 3% or fess.
cycles. A five step decade attenuator provides a means
. ADJUSTMENT: High and low ranges have individual zero beat
by which ex"emel‘y smo!I_OUfpu‘t volfcges can be accu- adjustments, Low range may be checked against power line
rately set and a six position switch enables any one of frequency with front panel 1 inch cathode ray tube.

a variety of output impedances to be quickly selected. OUTPUT POWER AND IMPEDANCES: Rated power output: One wath,

SPECIFICATIONS: available over the low frequency range from eutput impedances
of 20, 50, 200, 500, 1000 ohms, and over both high and low
FREQUENCY RANGE: 20 cycles to 5 megacycles in two ranges. frequency ranges from an output impedance of 1000 ohms.
Low range: 20 to 30,000 cycles.
High range: 30 kc to 5 megacycles. DISTORTION: 5% or less at 1 watt output, 2% or less for 14 voltage
output.
FREQUENCY CALIBRATION: Accuracy 12 cycles up to 100 cycles, P
1+2% above 100 cycles. VOLTMETER ACCURACY: =3% of full scale reading.
s -

ki

- . PR NEN BRI

For turther details write for Catalog D g ) - ;

QX-CHECKER 7YPE 110-A

This production-test instrument is specifically des gned to compare
relative losses or Q simultaneously with inductance or capacitance in
one operation and with a single setting. Built > Icboratory precision
standards, the GX-Checker is a sturdy, foolproof irstrument for use in
production work by any usual factory personnel.

SPECIFICATIONS:

FREQUENCY RANGE: 100 kc to 25 mc in 6 ranges usiag plug-in coils.

ACCURACY OF COIL CHECKS: May be checked against standard 1o within
about 0.2% with coil values of 10 microhenries to 10 millihenries and
Q of 100 or grzater,

CAPACITANCE RANGE: Capacitance values r ing b approxi ty
2-1000 mmf may be checked against a standard 1o en accuracy of a few
tenths of one m=f if the Q of the capacitor is high,

F = ' Ay PR AN
D ERE : WA

1 DESIGNERS AND MANUFACTURERS OF
L] THE Q" METER ... QX-CHECKER BOONTO ADIO
b FREQUENCY MODULATED SIGNAL GENERATOR

BEAT FREQUENCY GENERATOR BOONTON-N-J- U-S-A /()f@&;';z

AND OTHER DIRECT READING TEST INSTRUMENTS

66 March, 1947 — ELECTRONICS
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your Noise Problems,
«an be Solved Better
with 0D Quietones

Just because Mom wants to bake a cake
is no reason why she shouldn’t hear her
pet soap opera. And sooner or later
she’s bound w0 find out that some
mixers don’t cause radio interference.
Mixers equipped with C-ID Capacitors,
for example.

C-D’s experience in designing and
building noise suppressors is unequalled
in the capacitor industry. We are now
manufacturing hundreds of types of
noise filters for electrical appliances
and equipment. It’s possible, of course,

MICA . DYKANOL .

TYPICAL NOISE SUPPRESSORS

b

CAPACITORS #1 AND 2
Two of the Type MC Filter Capacitors designed for heavy
duty service on buses, trucks, etc. for spark and noise sup-
pression. Mechanically rugged, oil filled and impregnated and

hermetically sealed.

ELECTRONICS — March, 1947

PAPER o

that the exact unit for solving your
noise problem is not included. In that
case, our engineers are ready and
anxious to design and build the sup-
pressor best suited to your specific
requirements—belter, faster, more eco-
nomically. Consult with them.

Catalog of standard types will be
mailed on request. Cornell-Dubilier
Electric Corporation, Dept. K3, South
Plainfield, New Jersey. Other large
plants in New Bedford, Brookline and
Worcester, Mass., and Providence, R. 1.

CORNELL-uygyygp

world’ ‘
orld s largest Manufacturey o

CAPACITORS

ELECTROLYTIC

=t

CAPACITOR #3

A general purpose filter effectively controls radio noise energy
created by fluorescent lamps. This capacitive — inductive type
filter is compact and can be quickly installed in a variety of
positions. Convenient leads simplify installation.

59
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This rugged Westinghouse pliotron WL-473 is
being successfully used in R-I‘P heating equipment
and FM transmitters by many of the country’s
most prominent manufacturers of electronic equip-
ment. It has established a fine reputation for de-
pendable operation in rigorous industrial service.

In order to render prompt and efficient replace-
ment tube service, Westinghouse Quality Con-
trolled tubes are stocked in Westinghouse district
warehouses and with Westinghouse distributors
throughout the country.

For the best performance of your electronic equip-

70

AFTER HOUR!'!

ment, be sure to order Westinghouse Electronic
Tubes. For further information consult your near-
est Westinghouse office or any Westinghouse Elec-
tronic Tube distributor.

All inquiries from foreign countries except Canada

should be directed to: Westinghouse Electric Inter-
national Co., 40 Wall St., New York 5, N. Y., U.S.A.

Vestinghouse

March, 1947 — ELECTRONICS

www americanradiohistorv com


www.americanradiohistory.com

HERE'S 2
REASON
IS UNIFORM

This simple electro-mechanical strudure . . . the critical element of the UNIMAX Precision
Switch . . . embodies the nece:sary Featares for consistency of response to actuating force.

This one-piece switch blade, secured to a
heavy brass insert in the phenolic base,
withstands millions of flexures without
fracture, and has low electrical resistance
to carry full rated current without over-
heating.

The switching member is

a strip of heat-treated

beryllium copper with a
silver button contact at

the free end.

The dimensions, form, and position of the
| actuating member are strictly controlled
to assure accurate conformity to perform-
ance requirements.

The actuating member
is a rigid tongue integral
with the switch blade.

The flat gradient of the stress-inducement
spring assures negligible change in stress
thru-out the working range, thus provid-
ing consistency of characteristics during
the long life of the switch.

The stress-inducement
spring is a convolute of
extremely flat gradient
and low stress.

This folded, flat spring is rigid in its longi-
tudinal plane and its long, side elements
with knife-edge bearings provide lateral
rigidity; thus the spring resists deforma- |
tion in any but the desired direction. The |
stability of the spring and the negligible
friction in the knife-edge bearings con-
tribute to consistency of operating point
and to low differential operating force..

The stress-inducement
spring is proportioned
for stability. Knife-edge
pivots are provided be-
tween the spring and the
actuating and switching
elements.,

The entire UNIMAX is
constructed of compon-

The design and structure of UNIMAX |
make it an inherently dependable product,
suited to most requirements for compact,
precision switches. To receive new
UNIMAX data, as released, mail this
coupon TODAY.

ents held to close toler-

ances in fabrication and
assembly. Hence it is
truly a precision switch.

UNIMAX SWITCH 2ot sorcszen

A SUSSIDIARY ©O

The W.L.Maxson Corporation 460 West 3Bth St. New York 1, N. Y.

ELECTRONICS — March, 1947 70
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among the Superior Features

Z%of w Varnished

Tubing Producis... is Good

COMPLETE
IMPREGNATION

DIELECTRIC COMPLETENESS
STRENGTH OF LINE

An important factor in both cost and high
production of electrical devices is ease of as-
sembly. Dieflex varnished tubings and saturated
sleevings are non-fraying products with unusu-
ally good push-back characteristics. It is easy
to solder and join connections and to splice
with Dieflex due to these push-back and non-
fraying qualities.

The physical properties of Dieflex Varnished

Tubing Products are unusually good because of |

the specially formulated oleoresinous impreg-
nating type baking varnish used. Both cotton
and glass fiber types offer advantages in assem-
bly time saved and increased product life. Be
sure of getting the best . . . specify “Dieflex.”

SMOOTH
INSIDE BORE

\."',)"
S

UNIFORMITY
OF PRODUCT

DIEFLEX PRODUCTS LIST

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

MADE WITH BRAIDED GLASS SLEEVING BASE
VTA Grade A-1 Magneto Grade Varnished Fiberglas Tub-
ings—VTA Grade C-1 Extra Heavily Saturated Fiberglas
Sleevings—VTA Grade C-2 Heavily Saturated Fiberglas
Sleevings—VTA Grade C-3 Lightly Saturated Fiberglas
Sleevings—Silicone-Treated Fiberglas Varnished Tubings
and Saturated Sleevings.
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USTRY-WIDE BARGAINING....

Death Trap for Business, Suicide for Free Labor

to prevent strikes in key industries from devas-

tating the nation, it will have to put a crimp in
industry-wide collective bargaining. This kind of bar-
gaining is designed to apply agreements between em-
ployers and organized workers on wages and working
conditions to an entire industry.

Further, if extension of this type of bargaining is
not curbed, there is reason to believe that it will
undermine the freedom of both American business
enterprise and American wage earners. For, while
increasing the destructive power of labor disputes,
the general spread of industry-wide bargaining would
so concentrate the fixing of wages—by far the largest
element in the cost of production—that government
regulation would be a next short step. With that step
taken, freedom for business enterprise and freedom
for labor would be well on the way out.

Unfortunately, industry-wide bargaining is com-
monly regarded as presenting a general conflict be-
tween organized labor and employers, with unions
favoring it and employers opposed to it. This mistaken
notion raises the heat of much of the discussion with-
out increasing the light. The fact is there is no such
general conflict. Employers and organized workers
are on both sides of the argument about industry-
wide collective bargaining. For example, while some
union leaders are characterizing as labor baiters all
those who raise the slightest question as to the desir-
ability of industry-wide bargaining, organized work-
ers in the air transport industry are strenuously
opposing that type of bargaining; and the employers
are advocating it.

IF CONGRESS is to succeed in its present efforts

Some Employers Like It

The reason there is in fact no clear cut issue be-
tween employers and unions over industry-wide bar-
gaining is readily understandable. It presents certain
advantages to both sides in the bargaining process.
For example, union advocates of such bargaining
generally stress the fact that industry-wide agree-

ment on wages protects wage standards from being
undercut by lower wage areas and lower wage em-
ployers. By much the same token, however, employ-
ers who like it often emphasize the fact that industry-
wide bargaining may save certain well-managed and
prosperous companies from being singled out for
particularly heavy wage exactions. This general point
has been underlined in both the full-fashioned ho-
siery industry and the West Coast paper and pulp
industry. There, local unions, affiliated with interna-
tional unions, have protested that industry-wide col-
lective bargaining prevents them from getting from
especially prosperous employers wages as high as
they could get if allowed to go it alone in collective
bargaining.

So long as employers remain subject to the federal
antitrust laws while unions are exempted, the bal-
ance of power in industry-wide bargaining would
seem to be heavily weighted on the side of the unions.
If, for example, employers were to announce an inten-
tion to match an industry-wide wage increase by an
industry-wide price increase, there is no doubt that
they would promptly be indicted for violation of the
federal antitrust laws. Even so, the fact remains that
some employers favor industry-wide bargaining
while some segments of organized labor are against it.

A Clear Cut Public Issue

The industry-wide bargaining issue as it affects the
public, however, is clear cut. It is concentration of
economic power (in the hands of both unions and
management) which can make industrial conflict
devastating to the public welfare. At least five times
within about a year—in steel, on the railroads, in the
maritime industry and twice in the soft coal industry
—strikes prompted by union efforts to impose indus-
try-wide agreement about wages and working con-
ditions have paralyzed large parts of the nation’s
economic life.

In soft coal about 90% of the production workers
are members of the United Mine Workers. In steel
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www.americanradiohistory.com

about 80% of the production workers are members
of the United Steelworkets, C. I. O. In some other key
industries there is a comparable degree of concen-
tration of union control. In the face of such concen-
tration many employers see no alternative but to
get together on their side for industry-wide bargain-
ing. But when they do so in key industries, the odds
are lengthened that failure to agree on wages and
related matters, will result in generally ruinous con-
flict. If agreement is reached, the chances are in-
creased that it will take too little account of the wel-
fare of the consuming public.

It is possible to have industry-wide bargaining on
many subjects other than wages. But the main inter-
est is wages; and the main drive is toward industry-
wide and ultimately nation-wide uniformity. Such
uniformity is the deadly enemy of industrial decen-
tralization and the pioneering expansion of industry
in new areas. Why pioneer, with inexperienced work-
ers, if the wage rate must be uniform for the whole
industry? Moreover, it would also be hard to con-
ceive of a more effective way to put a blight on local
efforts to improve industrial relations than to make
wage rates and other working conditions uniform
throughout the industry and then the nation. How-
ever, among many other dangers, the overshadowing
danger in industry-wide bargaining lies in its con~
centration of economic power.

‘Wages Monopolized

On the average, the cost of labor accounts for about
two-thirds of the total cost of all industrial products.
The universal spread of industry-wide bargaining
would thus concentrate in relatively few hands con-

trol of the greater part of the cost of industrial pro-

duction. There is no reason to believe that even with-
out disastrous strikes, such concentration would long
continue free from government regulation. That
would turn more earth for the graves of American
business enterprise and American working men’s
freedom.

Those who believe that industry-wide bargaining
serves the public well-and many sincere people do
—stress the fact that, on the whole, it has worked in
the industries where it has been tried over a con-
siderable period. Most of the industrjes of which this
is true, however, are not key industries. The pottery
industry, the glassware industry, and the silk and
rayon dyeing industry—to cite a few in which indus-
try-wide bargaining has been practiced with consid-
erable success—are important industries. But they are
not industries in which strikes would have a ruinous
impact on the nation. In contrast, a strike in the soft

coal industry as the result of a breakdown of in-
dustry-wide negotiations quickly becomes a national
disaster. The dangers inherent in industry-wide bar-
gaining are multiplied accordingly.

England No Guide

Those who think extension of industry-wide bar-
gaining would be good for the public often emphasize
the fact that it has worked smoothly in England,
where it has been extensively practiced. Not the least
of the things it has smoothed in England, however, is
the transfer from private enterprise to state socialism
of industries in which industry-wide bargaining by
monopolistic unions and employer groups had so
badly undercut competition that private enterprise
had lost much of its justification. A general extension
of industry-wide bargaining could be expected to
have the same consequences in this country.

The best way to curb industry-wide bargaining is
a question which lies beyond this discussion. Much
would be accomplished if the federal government
would discontinue its active promotion of industry-
wide adjustments, in the fields of both labor and
management, at which it has been busy ever since
N.R. A. days. Still more would be accomplished if
the federal antitrust laws were applied with even-
handed justice both to unions and employers—a course
urged in the 53rd editorial in this series. Perhaps a
definite limitation of the scope of labor agreements
would also be necessary.

The effects of industry-wide bargaining in increas-
ing the extent of public regulation of industry will
vary. They will, of course, be less pronounced in rail-
roads and other public utilities, which are already
extensively regulated, than they will be elsewhere.
For unregulated industries, however, industry-wide
bargaining carries the threat of extensive regulation
and, along the way, of industrial conflict devastating
to the public. In these excited times, to say what I
have said here is to invite characterization by over-
heated partizans as a foe of legitimate union progress.
That is perhaps not so bad, however, as to qualify as
a pall bearer for both American business enterprise
and some of the basic freedoms of American working
men. That may well be the fate of those who blindly
accept the expansion of industry-wide collective bar-
gaining as being “in tune with the times.”

President McGraw-Hill Publishing Company, Inc.
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OR PROFITABLE ASSEMBLY

ez TINNERMAN er/m/ddﬁw?%w
BEFORE You Leave the “Mock-up” Stage

Just as the Galvin
Manufacturing Corp.
did with their new

Motorola Auto Heater

These 14 Fasteners did the Trick
To take full advantage of the SPEED NUT System of Fastening,
Galvin engineers brought the "mock-up” and prints of their new

& i % Motorola Heater to Tinnerman for a fastening analysis before building
tools and dies. They sat right in with Tinnerman development en-
: gineers who went over the heater part by part—explored every

possible production short cut—planned its assembly from start to finish.
Q The final design of the heater was modified to take advantage
of standard SPEED NUTS wherever possible. Where standards could
not be used, new SPEED NUTS were created for a more efficient
assembly. The result was assembly perfection. Many parts were
attached with SPEED CLIPS and merely snapped into position under
spring-tension. Others were fastened by simply pressing SPEED NUTS
over unthreaded studs. And where it was necessary to use screws,
SPEED NUTS made the attachments simple and fast.

This engineering service is available to you, too—at no cost. For
the utmost in assembly savings, contact our Sales Engineering Depart-
ment before you leave the “mock-up’ stage. But in any event, check
the SPEED NUT System of Fastening before you go into production.

Our new Bulletin No, 214 goes into detail on this

Motorola job and is available for the asking. Since TINNERMAN PRODUCTS, INC. 2106 Fulton Road
you may be able to use to advantage many of the 4 .
fastening ideas illustrated, write for a copy today. Cleveland 13, Ohio

* InCanada: Wallace Barnes Co., Ltd., Hamilton, Ontario

In France: Aerocessoires Simmonds, S.A., Paris
In England: Simmonds Aerocessories, Ltd., London
In Australia: Simmonds Aerocessories, Pty.Ltd.,, Melbourne

*

. PATENTED
Teode Mark Reg. U. S. Pat Off,

FASTEST THING IN FASTENINGS MORE THAN 4000 SHAPES AND SIZES
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Betten
HTI.AS SOUND

quupmenl

DOUBLE REENTRANT
PROJECTOR
Many sizes. From 15 in.

air column to 6 foot air
column,

360 RADIAL,
CHANDELIER
PROJECTORS

Double Reentrant. For
driver units. 3 and 4
foot air column lengths.

&7 e ki .
TR SR et e ooy § SOOI sl

DRIVER UNITS

Various Power Handling
Capacities. Newest
types of Indestructible
Phenolic Diaphragms.

MINIATURE TYPE
REENTRANT
PROJECTORS—

BOOSTER SPEAKERS.
High-efficiency, Weath-
er-proof. Complete
with Driver Unit and
Universal Bracket.

CONE TYPE
PARABOLICS and

CHANDELIER RAFFLES

for all size cone speak-
ers. Wooden and Metal
Cone Speaker Enclos-
ures, Baffles, Carrying
Cases, Loud Speaker
Support Stands and
Brackets.

m. B
MICROPHONE
SUPPORT STANDS

20 types and sizes. All

Fittings, Adapters and
Accessories. Floor
Stands, Desk Stands,
Banquet Stands, Room
Stands.

Write for New [llus-

trated Catalog Sheets

TLAS SOUND

CORPORATION

1449 39th St., Brooklyn 18, N. Y.
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BUSINESS BRIEFS

By W. W. MacDONALD

Marine Radio Equipment should
be as hot as a stove this summer.
Mixing business with pleasure
(we have a subminiature auxiliary
sloop out on Long Island Sound),
we took in the boat show at New
York’s Grand Central Palace.
At least a dozen manufacturers of
ship-to-shore phones, d-f equip-
ment, underwater sounding de-
vices and other electronic navi-
gational instruments exhibited
and interest in their gear was
running high.

Speaking Of The Palace, IRE’S
ambitious exhibit there this month
will just about fill two of the
three available floors. Originally
planned for a New York armory,
the shindig quickly outgrew its
quarters and is certain to be
highly successful. It will not,
however, be a sellout. A few po-
tential exhibitors were discour-
aged by the higher-than-usual
booth cost and the three-buck ad-
mission charge for non-members.
(The Palace’s take must be consid-
erable.)

Selenium Rectifiers will replace
notoriously short-lived 117-volt
tubes in the majority of 3-way
portables built this year. Chief
engineers with whom we have
talked in the past month say
cooler operation and instant start-
ing are distinct advantages in
this type of receiver.

In other types of sets such rec-
tifiers are not expected seriously
to challenge the tube at this time

despite the fact that they are
smaller and deliver more output
voltage. They will, however, be

seen in a number of straight pho-
nographs above the jitterbug-
portable class, and in some ac-dc
consolettes, consoles and even
combinations designed for the
medium-priced market.

Factors which at least tempora-
rily limit the acceptance of the
ingenious little dises, particularly
for use in ac-dc table-type receiv-
ers, include the somewhat higher
overall cost (when substituted for
a tube in a 5-tube set a dropping

www americanradinhictory caom

resistor must be added to the heat-
er string), the difficulty of han-
dling pilot lights, and uncertainty
about shelf-life.

A Three-Day Trip to New Eng-
land convinees us that textile ma-
chinery manufacturers are pro-
rressive. Looms in particular do
not lend themselves to electronic
control as readily as do certain
other machines but we did see
some very practical laboratory ap-
plications of stroboscopes and
high-speed cameras using the Edg-
erton principle. And an applica-
tion of strain gages about which
we can say no more at this writing.

Total Output Capacity of the
3,000-0dd electronic induction and
dielectric heating units in use in
the United States in 1946 is es-
timated to be over 42,000 kw.
These figures are from a NEMA
brief recently filed with the FCC.
The Association is planning a
1947 survey on the subject.

Patents issued to ten major in-
dustries up to November 1946
break down as shown in the fol-
lowing chart:

THOUSANDS
0 100 200

ataalevaadia el iy

AUTOMOTIVE
ELECTRICITY
CHEMICALS
RAILROADS

FARM MACHINERY
COMMUNICATION
TEXTILES

PLASTICS

PRINTING AND
PUBLISHING

——
i —
METALLURGY E

The National Patent Council,
from whom the figures were ob-
tained, says the Communication
bar includes 22,750 patents for
telephony, 14,491 for radio, 10,114
for telegraphy, and 408 for elec-
tric signalling.

Miniature Tubes will show up
in more broadcast-band sets this
year than a lot of people expect.
It seems that while they cost a
few pennies more than conven-
tional types when socket cost is
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ANOTHER

EIMAC TETRODE

Industrial
Heating

Communications
Airline
Police
Emergency
Broadcast

Medical
Diathermy

Experimental r-f

EIMAC 4.750A POWER TETRODE
Electrical Characteristics
Filament: Thoriated tungsten
Yoltage - - - - - - - - - - 7.5 volt
Current  « - « - - - - - . . 20 amp
Direct Interelectrode capacitances (av.)
Grid-plate - - - - - . - - - .24 ppf
nput - - - - - - - - - 26.85 upf
Output « - - - - « - . - . . 7.78 ppt
Maximum Ratings
D-C Plate Voltage - - - 6000 max. volts
D-C Plate Current - - - 700 max. ma.
Plate Dissipation - - - - 750 max. watts

EXPORT AGENTS: FRAZAR AND HANSEN, 301 CLAY STREET

I Iere's a new Eimac tetrode—the power step-up you have
been asking to have added to the Eimac line.

Capable of 2-kw power output at 4000 plate volts, with less than
15 watts of grid drive, the 4-750A opens a new field of possibili-
ties to designers of electronic equipment. A pair of these tet-
rodes, driven by low cost, low-power tubes, will supply more than

4-kw output.

A potential workhorse for communications and industrial use,
the 4-750A has the ability to deliver its maximum power over a
wide range of frequencies. Inherent characteristics include the
familiar attributes of Eimac tetrodes—stability, economy, and
dependability.

Comptlete technical data and performance characteristics will
soon be available. Write now for your copy.

EITEL-McCULLOUGH, INC., 1401 San Mateo Avenue
San Bruno, California

Follow the Leaders to

SAN FRANCISCO 11, CALIFORNIA, U. S. A
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0ffer Low=Cost Magnetic
Recording with

Brush Paper Tape and
Magnetic Heads

® Low-cost magnetic recording-reproducing components developed by
the pioneer and leader in this field open a new world of listening
pleasure. Simply constructed erasing, recording and reproducing heads
offer “hum-bucking” characteristics. When required the cartridge
alone (pole piece and coil unit) may be supplied for incorporation

into manufacturers’ own head structure.

Brush Paper Tape

1+ Easy to Handle

+” Extremely low-cost

+»” Can be edited . . . spliced
+” Greater dynamic range
»* Minimum wear on heads

» Excellent high frequency re-
production at slow speed

+” Permanent —excellent repro-
duction for several thousand
play-backs

UNEQUALIZED FREQUENCY RESPONSE OF BK 914 COATED PRPER TAPE
WITH BK 919 HERD
| | I

a4 UNDISTORTD OYTOUT AT 1000

These latest develop- y, e
ments in magnetic

N,
recording equipment = g
P =

e

can now be obtained
for radio combinations
and other uses. Write

today for further
TADE VELOEITY - 1 FT /SEC.

information.
/ AECORDING CURDENT D3 mm

s MAY. AECOADING CURRENT 0.8 ma
BIAS CURAENT 2.0 mn . 30 kC/s

Quieus oa asove

NOISE LEVEL RPPROX 45 08
ERA3E CUBRENT (WITH BK-9¢5 HEAOD)
APPAGX. 20 mn_ 30 ke 3
1 1 it

EQ Taos Tece oy repls
CYCLES BER BLCORD

The Brush Development Co.

3405 Perkins Avenue e Cleveland 14, Ohio
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BUSINESS BRIEFS {continued)

included, manufacturers can
sometimes get quicker delivery on
them. And at least one tube maker
appears willing to cut profit corn-
ers in order to support mass pro-
duction.

Annual Profit of eight indus-
tries, expressed as a percentage of
investment by RMA excise tax
committeeman Joe Gerl (Sonora)
is as follows:

Toilet articles 16.52 percent,
Automobiles and trucks 15.72, Me-
chanical refrigerators 13.99, Oil
7.03, Firearms, 5.60, Tires 5.28,
Electricity 4.81, Radio receivers
2.67.

Figures are an average based on
the four-vear period ending De-
cember 31, 1938.

Power Companies may prove to
be powerful allies in the promo-
tion of television, because the re-
ceivers build attractive load.
Judging from what utilities have
done in the past to promote cer-
tain electrical appliances, their
help could be considerable.

Commonwealth Edison of Chi-
cago says it looks like the average
television receiver will consume
280 watts. Deducting load loss
due to the fact that a radio would
probably not be used at the same
time (deduction for loss of light-
ing load is not necessary since
modern television receivers oper-
ate in a normally lighted room)
the net load is 215 watts. Assum-
ing that the average television re-
ceiver will be in use 3.4 hours in
24, each one would use 731 watts
per day.

Antenna Tower Steel is still
short but fabricators expect the
situation to ease up somewhat this
month. Light towers should soon
be available 30 to 60 days after
placement of orders, heavy ones
in 60 to 90 days.

Insulators and wire, rather than
steel, are holding up deliveries in
some instances.

Embarrassment Of Riches
plagues high-frequency heating.
So many things can be done with
it in industry and elsewhere that
engineers are tempted to take a
whack at all of them at once.

The smart boys in management
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are beginning to realize that while
concentration on the half-dozen
applications having top-drawer
market acceptance may not be ro-
mantic the volume pays the rent.

Airplane Crashes have made the
flying public jittery, even though
few scheduled American flights
are involved. Aviation’s current
headache may be a boon to elec-
tronics, speeding international ac-
ceptance of PICAO recommenda-
tions (p 80, Feb.). Members of
Congress are exercising their
vocal chords about other safety
devices. And we note with satis-
faction that a large airline has
just bragged in the newspapers
that soon all its ships will have
radio altimeters.

1946 Receiver Production is es-
timated at 15,000,000 by RMA. The
following tabulation does not add
up to that because the Associa-
tion’s report service did not get
into full swing until several
months had elapsed but it does
shed light on the relative impor-
tance of various receiver types:

PRIVATE

TYPE BRAND FACTORY
Electric
Table (under
$12.50 billing
rice) .. .eo.0n 436,091 1,841,572
Tagle over $12.50
billing price)
AM ..oeivnenen ,065,159 4,940,083
AM-FM . ..coee saannene 18,174
FM (including
converters) .. <...oces 2,527
Consoles
M ..ovivnnnns 23,644 39,865
AM-FM ....... 85 39,182
Table Radio-Phonos
AM .. ecievenes 139,273 1,076,629
AM-FM ..o conenens 22
Console
Radio-Phonos
........... 104,161 591,089
AM-FM ....... 2,494 123,235
Battery
Portable AC-DC.. 105,338 917,351
Table ........... 201,125 503,586
Consoles ........ 3 647
AULO ~rrerrrreenn 1,109,508 43,950
Television
COnVerters ... .... ..oeeves seconoses
Radio Table
Models ....... cooevinn 5,070
Radio Consoles
Direct viewing.. ........ 1,344
Projection ..... ........ 10
Radio Phonos
Direct viewing.. 155600000
Projection ..... ........ 51
Phonographs
Phono enly....... 223,886 234,468
With radio
attachment .... 82,706 423,656
TOTAL ..ovve vuns 3,494,240 10,974,461

We Heard A Speech the other
night that somehow tickled us,
right from the start. It began:
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Ingenuity and skill in applying sound engineering principles
and combining them with modern streamlined styling have
made Turner the top name in microphones. Whatever your

need for accurate pickup and true life reproduction of
voice or music there’s a Microphone by Turner to do the job.

TURNER MODEL 211 BROADCAST QUALITY DYNAMIC

Engincered for the critical user who is satisfied only by finest
reproduction, the Turner Model 211 Dynamic utilizes an
improved magnet structure and acoustic network. The high
frequency range is extended and the extreme lows raised
2 to 4 decibels: A specially designed precision diaphragm
results in extremely low harmonic and phase distortion with-
out sacrifice of high output level. Very sensitive to variations
in tone and volume, its accurate pickup and smooth response
is free from peaks or holes from 30 to 10,000 c.p.s. Ideal
for both voice and music, the Turner 211 is recommended
for quality recording, sound system, public address, and
remote control broadcast work. It may be used with utmost
confidence indoors or out, in any climate or temperature.

CIFICATIONS:

TURNER MICROPHONES GIVE YOU Alla

@ Output Level: 54db below 1 volt/dyne/ sq. cm. at high impedance.
@ Response: Substantially flat within =5db from 30 to 12,000 c.p.s.
® Impedance: 50 ohms, 200 ohms, 500 ohms, high impedance.

@ Directivity: Semi-directional. Non-directional when tilted full 90°,
® Case: Salt-shaker type in rich satin chrome finish.

@ Cable: 20 ft. shielded heavy duty 2-conductor removable cable set.
@ Stand Coupler: Standard 54"-27 thread.

Ask your dedler for details or write

THE TURNER COMPANY

905 17th Street N. E., Cedar Rapids, lowa

ey
TURN TO TURNER FOR THE FINEST IN ELECTRONIC EQUIPMENT

LICENSED UNDER U. S. PATENTS OF THE AMERICAN TELEPHONE AND TELEGRAPH COMPANY

AND WESTERN ELECTRIC COMPANY, INCORPORATED

WA ameticantadiohisteorns=com
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A New, Better I.EVER ACTIUN SW”CH

with positive indexing|
or spring return

Although only recently developed and placed on the
market, this lever action switch is in big demand. No
wonder! It is ideally suited to intercommunications,
centralized radio, sound distribution and public address
equipment. It gives you a choice of positive indexing
or spring return. It is us dependable as the leaf spring
telephone type switch, yet available at much lower cost.

ce

Consider some of the other “plus” features that set this
switch apart: Self-holding terminals of exclusive design
are securely clinched to the stator without rivets or eye-
lets (just try to pull them loose!). All terminals, contacts
and ground rings are silver plated for low contact resis-
tance. Constant tension ol rotor contacl members pro-
vides a dependable, self-cleaning aetion. Insulation is of

the highest-grade phenolic.

Positive indexing types ol this swilch have 48 standard
circuit combinations, 24 shorting and 24 positive non-

... and just try to

work this terminal

loose!

shorting. Spring return types have 17 standard shorting
and 17 positive non-shorting circuit combinations. Write
for engineering data folder or see your nearest Mallory
distributor,

T MOUNTING BASES -
100-8200 SERIES 5100-5200 SERIES.

{3 POSITIONS MAXIMUM) {4 POKTIONS MAXIMUM |

12 MOUNTING CenTERs 2510 2} mOUNTING CENTERS

N00-7200 SE01ES V]
PRING RETURN TTPES

TERMUNAL (WRING) SIDE

3 MAx. —————nf

MIG. ‘""‘““T".“—
e
[

% 2 rounow swien
0" 1 rosmon swiron
it bt g st

20

e
[ Tt e
. ; <, b P N\ e
25 max 2N et K -
13 f =y
ovir (S bS] =1 {
TERMNALS vk t = 4
1 A ‘4 Y
1 ) AW W I3
y 432 o, 2000 0 R
i > en o,
comtacr ot S\ NS 1| TN e e —t ~ oG Trees
e woat ittt \ St 3 peoet semiars ok L !
PARALIL TO $1A10RY,  (-xp _pyppenoicuian C ANGLE OF LEVER
9 stator 2 sidrs IN POSITION Na 1

— CHCUT NG HIMMAL
SENT AWALD TOWASD CENTIE

Send for Engineering Data Folder

I'kkte Engineering Data Folder for the new Mallory Lever Action Switch
containg complete specifications, available circiit combinations with
respective  terminal locations, dimensional drawings- ~everything  the

78

\ (ELECTRONIC, INDUSTRIAL and APPLIANCE)

P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA

engineer needs 10 assist in selection of the partic-
ular Mallory Lever Action Switeh to best handle
the application,
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CROSS

» GUIDES . . . The transition of microwaves from-
military to civilian roles brings up the important mat-
ter of waveguide dimensions. During the war, the
Army-Navy R-F Cable Coordinating Committee estab-
lished eight standard sizes of guide. This diversity was
necessary because each size is operable over a fre-
quency range of less than two-to-one, whereas the
microwave spectrum extends over a range of 15-to-1.
Three sizes of guide came into most widespread use,
covering the important radar bands at 3000, 10,000 and
80,000 mc. But the civilian spectrum is not so localized.
Since the FCC has assigned important services
throughout the microwave region, coordination is
needed to assure that the bands assigned to the most-
used services shall be contained within the coverage of
particular sizes of guide. Unfortunately this is not the
case. As Moreno has pointed out (ELECTRONICS, p 100,
May 1946) several of the fixed-mobile non-government
microwave bands can be served only if two sizes of
guide are provided for each service. When one consid-
ers the complication of providing two sizes of guide,
with all the joints and fittings that go with them, for
a single line of equipment, it would appear wise to con-
sider either reassigning bands in line with standard
waveguide sizes, or alternately, standardizing the
wave-guide sizes in terms of assigned services. So far
as we have been able to discover, there is no industry
or scientific group working on the problem. IRE, ASA,
RMA? Who carries the ball?

» SERENDIPITY . .. Irving Langmuir, discussing
the recent production of man-made snow by dropping
dry-ice pellets through clouds, reveals that the discov-
ery was an unlooked-for bonus in a routine investiga-
tion. He blamed the good fortune on ‘“‘serendipity”, a
word coined by Walpole to mean the gift of finding
valuable or agreeable things not sought for. The his-
tory of all science, and particularly of electronic sci-
ence, is studded with such serendipitous occasions. The
gift is not arbitrarily bestowed. It comes to those who

TALK

follow the “procedure of the 10 per cent”, a program
first brought to our attention by C. J. LeBel: a device
(or technique) may be radically improved either by
radical redesign, or merely by improving every part
(or procedure) by 10 percent. It is on those who con-
scientiously seek the 10 percent that the goddess of
serendipity most often smiles.

» VETERANS ... Among the hundreds of thousands
of soldiers and sailors trained in electronics during
the war, many sustained wounds and injuries. They,
it seems to us, deserve first consideration in plants
and laboratories which can use their skills. The Vet-
erans Administration, listed under U. S. Government
in your phone book, can put you in touch with quali-
fied applicants, will provide funds for on-the-job
training. Records show that the handicapped worker
meets the competition of his able-bodied neighbor in
production, outdoes him in loyalty to the job.

» TOO MANY ... The use of television as an indus-
trial tool is coming into the news, but it’s not all good
news. We hear, for example, that television is being
used to monitor the water level in the boilers of a
power-generating station. Without inquiring into the
merits of this particular case, we are impelled to ask:
Is this necessary? The simplest television system we
know of (Block III) uses 55 tubes in a single trans-
mitter and receiver. Simple telemetering systems, fully
capable of monitoring water level or any other single-
valued quantity, employ a lot fewer than 55 tubes, or
no tubes at all. Television has plenty of uses in indus-
try, as a substitute for the human eye, but not as a
substitute for a meter, or even a dozen meters. The
cause of electronics in industry is not served by such
over-engineered applications. The simpler the circuit
and the fewer the tubes, consistent with necessary per-
formance, the better. And if a job can be done well
without tubes (we admit to a few of these), that’s the
way to do it.
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FCC vViews

Television Advances

Color vs black-and-white contest sharpens as industry demonstrates competing equipment

at hearing. New monochrome equipment shows great increases in brightness and con-

trast. “Mixed highs” technique for simultaneous color system revealed
g q y

OR THE FIRST TIME in its long

history of adjudicating the
standards and allocations of tele-
vision, The Federal Communica-
tions Commission recently brought
operating equipment into the court
room tor a first-hand check on the
claims of conflicting systems, The
ovcasion was a three-day session at
the District Court House in New
York and at the RCA Laboratories
in Princeton., during which black-
and-white and color systems were
demonstrated while technical meas-
urements  of the brightness and
resolution of the images and their
ability to withstand external light
were made by engineers,

The major issues under discns-
sion have already been treated in
these pages” *. The Columbia Broad-
casting System has petitioned for
immediate commercialization of
their sequential color system, while
the opposition has argued that this
system cannot at present ofTer the
same service as the existing black-
and-white system. In particular, the
Radio Corporation of America has
urged that the simultaneous system
of color is preferable to the sequen-
tial system, since it can be inte-
grated with the present black and
white standards, thus avoiding ob-
solescence of equipment now being
sold to the public. The demonstra-
tions were intended to illustrate
both sides of the controversy.

Sequential Color Systems

During the first day of the dem-
onstration, CBS and Bendix showed
sequential color receivers of iden-
tical internal design, picking up
both live and film programs from
the CBS transmitter about two
miles away. It was shown that thes»
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pictures (on ten-inch tubes, magni-
fied optically to 12-inch size) had a
highlight brightness of 10 to 20
foot-lamberts, and that they had
high resistance to external illumi-
nation because of the protection af-
forded by the rotating filter disk.
On the second day of the session,
DuMont Co. showed black-and-white
pictures on a comparative Dbasis.
Three sets having 12, 15 and 20-
inch tubes with aluminum-backed
phosphors, and operating at about
20,000 volts, were shown, The high-
light brightness of the 12-inch tube
was measured at 500 foot-lamberts

A neutral-gray optical filter, admit-
ting about 9 percent of the light
and matching the average transmis-
sion of the color disks, was placed
before the monochrome images and
the protection against ambient il-
lumination, similar to that of the
color receivers, was demonstrated.

At Princeton, RCA demonstrated
its simultaneous color system, pro-
ducing a 15-by-20-inch picture of
about 5 foot-lamberts highlight
brightness, The interchangeability
of the simultaneous system with
the present black-and-white stand-
ards was demonstrated by receiv-

and on one occasion as high as 750. ing the commercial monochrome
THREE VIDEO COLOR SIGNALS
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FIG. 1—By transmitting all fine detail of the image through the green channel,
RCA mixed-highs system reduces bandwidth requirements of simultaneous system
by 2mec. achieves effect of black plate in color printing.
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Television enters the court-room.
units,

NBC transmissions from New York
on the color receivers, and (by the
use of an r-f converter) receiving
the color transmissions in mono-
chrome on standard production
model monochrome receivers. The
channel width employed by RCA
was 14.5 me, as compared with 16
me for the CBS system.

""Mixed-Highs" System

Following this a new proposal for
transmitting color images on a still
narrower bandwidth was revealed,
the so-called “mixed-highs” system.
As shown in Fig. 1, the high video
frequencies produced by the three
color chains are separated and com-
bined, then transmitted over the
green r-f channel, which has full
bandwidth. The red and blue chan-

~DIRECTIONAL
REFLECTING
\ SCREEN

\
\ TO AUDIENCE

LOUD —— METALLIC
SPEAKER MIRROR

PROJECTION
C-R TuBE —

,/Y&
SPHERICAL~] ~.

MIRROR S~
CORRECTION
PLATE

A N Vi

FIG. 2—Projection system of new Philco

receiver, shown at Princeton for first time.

The directional reflector confines light to

eye level, thus increasing brightness and

contrast four times over comparable projec-
tion units
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as Peter Goldmark (at

left of woman court

nels twansmit only the low-fre-
quency components. As a result,
the fine detail of the image, repro-
duced by the high frequencies, is
reproduced in shades of gray,
whereas the broad areas of the im-
age (larger than 1sth to &th-inch
on a 15 by 20-inch screen) are re-
produced by the low frequencies of
the three channels in their respec-
tive colors. This technique is very
similar to that employed in color
printing, in which the detail of the
image is carried by a fourth plate,
the so-called black-printer, which
carries black ink and reproduces the
detail in shades of gray, over three
primary colors imprinted by three
other plates.

The system permits a 525-line
color image to be transmitted over a
12.5-me channel, while still preserv-
ing conformity of the green channel
with the black-and-white standards,
so that the green image may be re-
ceived in monochrome on existing
receivers. According to E. W. Eng-
strom, who conducted the demon-
stration, no difference between the
images of the normal simultaneous
system and the mixed-highs sys-
tem can be seen at a viewing dis-
tance greater than four times the
picture height. No difference was
noted by the viewers when the im-
age was switched from one system
to the other.

Curved Viewing Screen

The final demonstration at
Princeton was something of a sen-
sation, the first public showing of
the long-rumored Philco projection

wwnanar oo e dinictan . oo

reporter)

FCC commissioners view Bendix and CBS color receivers side by side with DuMont monochrome

testifies

black-and-white receiver, shown
schematically in Fig. 2. A full pro-
gram of live-talent, remote pick-up,
and film programs transmitted by
NBC in New York was reproduced
for the Commission, press and other
witnesses. This receiver produced a
15 by 20-inch picture, from a four-
inch projection tube and Schmidt
optical system, arranged within the
cabinet to fit into a minimum of
space. The picture had about 4
times the brightness of similar pro-
jection pictures previously shown
and displayed a vast increase in
contrast and resistance to external
light. The picture was viewed com-
fortably with sun streaming in the
windows.

The secret.of this receiver is the
use of a directional viewing screen,
consisting of a coating of unan-
nounced composition on a curved
aluminum back. This screen con-
fines the reflected light to a small
angle, measured in the vertical
plane, while permitting it to spread
over a range of perhaps 100 degrees
in the horizontal direction. Thus
many viewers around the set, seated
with their eyes at screen level re-
ceive an equally bright picture, but
little light is lost in the direction
of the floor and the ceiling. The
screen action also prevents external
light from being reflected into the
eyes of the observers and thus pre-
serves high contrast even when the
ambient light is very high.—D.G.F.
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(1) Fink, D. G., Where Color Television
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HEATING

Experimental Westinghouse setup of microwave heating equipment. Liquid
in container held near opening in wavequide is heated by rf energy

ANY worthwhile applications
M of dielectric heating are im-
practical at the present time be-
cause of limitations in heating
speed imposed by the necessity for
use of radio-frequency power at
conventional frequencies. Frequen-
cies in the microwave region offer
possible future solution to these
types of applications if means can
be found for generating sufficient
power on a continuous rather than
pulse basis. The purpose of this
paper is to look into the future of
microwaves and expose insofar as
possible at this time the techniques
that appear to be rational for in-
dustrial heating applications.

The only microwave tubes in
large-scale production at present
are resonant-cavity magnetrons for
pulsed operation. Though they
give peak power outputs of a mega-
watt or more, the average power is
seldom over 1 kw, which is just
on the verge of being useful for
heating purposes. Furthermore,
pulsed operation is seldom useful
for heating, as the work piece is
subject to large voltages during the
operating time and must be suita-
bly arranged to prevent breakdown.

The two tubes which show the
greatest promise for future work in
dielectric heating are the split-
anode magnetron and the resna-
tron. The split-anode magnetron
will develop 10 kw continuously
with an efficiency of 50 percent at
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wavelengths of 40 to 90 em; though
there is no production of this tube
at present, it could be made if the
need arose,

The resnatron type of tube is the
only source available in the 50-kw
range. It is a beam-type tetrode
which can be used either as an
amplifier or oscillator at wave-
lengths of 10 to 100 cm, with con-
tinuous operation at an efficiency of
25 to 60 percent. It was put into
small-scale production by Westing-
house, some twenty tubes having
been made.

Assuming a suitable source of
r-f power, the problems of making
this power available for dielectric
heating differ considerably from
those commonly encountered with
conventional frequencies, it is no
longer possible to use the ordinary
open-wire transmission line to con-
vey the power from the source to
the work, due to the excessive loss
by radiation from such a line at
microwave frequencies.

Coaxial type transmission lines
are satisfactory for wavelengths as
low as 10 centimeters or less under
certain conditions, but at wave-
lengths around 10 c¢m and some-
times up to 60 cm or above it be-
comes of material advantage to use
waveguides for the transmission of
power.

The problems of impedance
matching in waveguides are similar
to those for cogxial lines., Variable-
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length stubs may be used, and there
are many ways of terminating a
waveguide so that mo reflection will
occur from the termination.

If the load to be matched is con-
stant, a fixed diaphragm may be
soldered into the guide at the cor-
rect place to effect a match. If the
load is constantly changing, then
one must have a continuously ad-
justable matcher, such as a two-
stub tuner.

Textile Applications

In many industries we have di-
electric heating problems involving
the drying, curing, or setting of
resins or glues in continuous proc-
esses, Take the textile industry as
an example. They dry cloth after
dyeing, both in bulk and on a con-
tinuous basis. Printed fabric re-
quires a rapid drying cycle for the
dyes and inks used. In the paper
industry we also encounter drying
of the material on a continuous
sheet basis at high speed.

At conventional frequencies where
power in sufficient quantity may be
available to accomplish the drying
of paper and textiles we are still
limited by the inability to get that
power into the work. The amount
of power transferred into the work,
once frequency is set, varies with
the square of the voltage across the
electrodes. Actually, power is pro-
portional to the product of fre-
quency, loss factor, and the square
of the voltage.

For thin materials such as paper
and cloth it is impossible to apply
sufficient voltage across the elec-
trodes at conventional frequencies,
as flashover between the electrodes
takes place long before any appre-
ciable amount of power is coupled
into the dielectric work material.
The answer obviously is to use a
much higher frequency.

Figure 1A illustrates how a cav-
ity resonator might easily be used
to put power into rapidly moving
thin sheet material. We have a di-
electric field of uniform character
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WITH MICROWAVES

Suggested methods of utilizing waveguides for applying microwave energy to moving or

stationary wires and threads. sheets, or irregularly-shaped objects to achieve uniform

dielectric heating, and survey of tubes offering possibilities for continuous operation

lescarch Laboratories

only in one dimension, in the plane
of the E field which is a maximum
at the center of the cavity or guide.
By passing the material through
slots at the top and bottom of the
cavity we subject it to the strong
dielectric field, but because of the
standing wave effect along the
length of the cavity the material
will be heated unevenly if passed
straight through the cavity. By
making the entry and exit points a
half-wavelength apart we obtain a
condition which insures uniform
heating as the material passes
through the cavity.

Heating Sheets of Material

It is easy to picture this method
of coupling microwave power as be-
ing used to perform many commer-
cial heating jobs, including the
bonding and drying of wallboard
materials, floor covering materials
such as linoleum, and plastic-bonded
cork materials. Continuous curing
of sheet rubber, plastics, and syn-
thetic materials and production of
plywood on a continuous basis are
still other likely applications.

By J,. MARCUM and T. P. KINN

Industrial Electronic Enginecering

Westinghouse FElectric Corporation
Fasgt Pittsburgh, Pa. Baltimore, Md.

It may be possible and in some
cases desirable to heat sheet mate-
rial as shown in Fig. 1B. Here the
microwave or radar antenna is put
to work as a means of coupling en-
ergy into a material to be heated.
An outstanding property of micro-
waves is this ability to concentrate
them into a narrow pencil-like beam
by means of a reasonable antenna
structure. A so-called bedspring an-
tenna designed to have uniform dis-
tribution of field can be used to
heat large sheet material. The
shape of such an antenna is flexible
to a degree and therefore lends it-

self to the efficient heating of vari-
ous widths and shapes of material.

Drying Applications

If we turn from sheet material to
such items as wire and thread we
again find innumerable problems
where microwaves may be applied.
Textiles such as rayon and nylon
must be cured, dried, and the twist
set. Rubber thread material, both
synthetic and pure Latex, must be
cured. Many insulating coatings
on wire, either rubber, synthetic, or
enamel, must be dried or cured. All
of these operations must be accom-

ke — WIRE OR THREAD - —
TO BE HEATED

RECTANGULAR CYLINDRICAL
SAVITY CAVITY
RESONATOR RESONATOR
L .
(A) (8)

(6) (0} (£)

FIG. 2—Five methods to transferring microwave energy from a wavegquide to a wire
or thread for dielectric heating
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FIG. 1—Running continuous strip material through a resonant cavity at an angle as at A gives uniform dielectric heating. At B is
shown one possible method of using a radar bedspring antenna for dielectric heating of moving material
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plished by heat applied at high
speed. Again, with conventional
frequencies it has been impossible
to couple energy into such materials
at a rate suitable for production
requirements.

Such production problems may
some day be solved by microwave
energy applied as shown in Fig. 2A
and 2B. Here we have a long cav-
ity through the center of which we
can pass the wire or thread that is
to be heated. The possibilities of
such an arrangement are easily
visualized. Energy transfer of such
a system may be rather inefficient,
in which case the arrangement
shown in Fig. 2C, 2D, or
2E may become more practical.
These .same means of increasing
coupling efficiency could be applied
to sheet material.

In the lumber industry we find
many problems of gluing waiting
for solution by dielectric heating.

FIG. 3—Arrangement of wavequide with
radiating holes for spot-tacking of glue
line simultaneously at many points in
edge-glued lumber

Spot gluing and edge gluing could
be accomplished readily by the con-
centrated flelds made possible
through the use of openings in
waveguide structures. Holes in
waveguide structures would apply
concentrated fields to the glue line
as illustrated in Fig. 3. The contin-
uous bonding of plywood by a
method similar to either Fig. 1A or
Fig. 1B would make possible a proc-
ess which to date has not been tack-
led because of the major difficulties
encountered by conventional press
designs and curing methods.

Preheating Plastics

The plastics industry is now a
big user of r-f energy for preheat-
ing material prior to molding. Con-
ventional frequencies adequately
supply the heating rates normally
used for hand-fed press operation.
High-speed automatic operation
could now use r-f energy to advan-
tage, however, if sufficiently fast
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heating rates could be obtained.
The answer again will probably be
microwave energy, possibly applied
as shown in Fig. 4A. Jet molding
on an automatic basis could easily
become one of the faster means of
molding thermosetting material.
The problem of preheating mold-
ing material is one of uniform heat-
ing. Because of the uneven field
distribution in a guide or cavity,
special means are necessary to pro-
vide a uniform field for uniform
heating. Figures 4B, 4C, 4D, and
4E illustrate possible ways of ob-
taining this uniform field. Figure
4B shows two electrode plates with
strap tuning inductance so placed
in a guide that the inductance
straps couple to the magnetic or H
field. Figure 4C shows the elec-
trode as a part of a quarter-wave-
length antenna located within a
cavity. Similarly, Fig. 4D suggests
adjusting the thickness of the cav-
ity in the E field dimension to suit
the thickness of material, the ma-
terial being confined to only the
central part of the guide. The re-
moval of energy from a guide to
apply it to external electrodes can
be accomplished by coupling at two

points a half wavelength apart and
selecting proper odd quarter-wave-
length leads as shown in Fig. 4E.

Microwave energy piped to num-
erous press positions from one cen-
tral generator may be the future
answer to many a molder’s present
problems. A central generator sup-
plying many operating positions, as
in Fig. 4F, has not proved too satis-
factory at conventional frequencies
because of the many switching,
matching, and voltage problems en-
countered. The ease with which
any degree of energy desired can
be removed from a waveguide
makes such problems as voltage and
switching simple. There is still the
problem of suitable match of the
guide to the generator, but here
again the problem is actually sim-
plified by the relatively simple
means we have of obtaining adjust-
able capacitance and inductance at
microwave frequencies as compared
with the limitations of lumped im-
pedances at conventional fre-
quencies.

In the field of plastic and syn-
thetic materials there is the rap-
idly growing demand for bonding
or sewing of sheet material such
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FIG. 4—Suggested methods of utilizing microwave energy in molding of plastics
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FIG.

(A)

6—Method of curing automobile tire by means of micro-

wave energy

TIRE RQTATED
AT
Al

FIG. 5—A method

as the vinylidene chloride mate-
rials. Here again conventional fre-
quencies are relatively slow and
microwave energy properly applied
may be the answer. By concentrat-
ing extremely high frequencies it
may be possible to bond such sheet
materials at an unbelievable rate
with rather simple handling equip-
ment. By making use of presently
available flexible waveguide mate-
rial, such a bonding operation could
be made semiportable. Figure 5 il-
lustrates two such possibilities of
the future where concentration of
power is desired or when larger
surfaces must be bonded.

Curing Rubber

The rubber industry is also a
large user of r-f power at conven-
tional frequencies. Many produc-
tion problems in this industry, how-
ever, await solution by the use of
higher frequencies. Being a very
poor thermal conductor, rubber
lends itself naturally to dielectric
heating. Where speed and quality
are of prime importance, r-f energy
supplies the answer. Probably one
of the most desired places for qual-
ity in a rubber product is the tire
we put on our own automobile.
Radio-frequency curing of rubber
in that tire could give that extra
something we are all looking for in
a tire. Microwave energy may
again be the final answer, and Fig.
6 illustrates one possible method
for accomplishing such a produc-
tion problem. The field distribution
within a cavity is put to advantage
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of concenirating microwave energy at a

narrow joint by means of a flexible waveguide is illustrated

at A, and use of a divergent taper at the waveguide aperture
for spreading the heating energy is shown at B
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to assist in a uniform heating and
therefore uniform curing job.

Food Industry Applications

The largest industry of them all,
the food industry, is just becoming
conscious of the potential advan-
tages offered by r-f heating. The
sterilization, blanching, and cook-
ing of foodstuffs are all possible
applications for r-f energy. Recent
development work indicates that
very large advances in quality may
be possible in the future by using
r-f energy for blanching and steril-
izing. These same developments in-
dicate the need for higher frequen-
cies in the microwave region to
produce the desired results at the
volume and speed normally used in
processing foods.

The future is sure to bring pres-
sure on the electronic industry for
equipment to process all types of
foodstuffs. This pressure will be-
come apparent as the food technolo-
gists progress in their present
studies of r-f blanching and steril-
ization.

Many other applications will pre-
sent themselves in the food indus-
try. For example, much speculation
on the cooking of various foods has
stimulated the imagination and
even brought forth the desire to
rapidly defrost and cook a plate
full of frozen meat, potatoes, and
vegetables. Unequal heating of the
various foodstuffs when subjected
to an r-f field makes this problem
impractical at conventional fre-
quencies. By using the unequal field
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distribution found in a cavity reso-
nator it may just be possible that a
suitable combination of frequency,
cavity size, food stuffs, and proper
orientation of the food in the field
of the cavity would give a means of
accomplishing the desired result.

Conclusions

Throughout this paper it has
been the attempt to show the pres-
ent techniques of generating and
handling microwave energy and
speculate on how these known tech-
niques might be applied to indus-
trial heating problems. Some of
the suggested methods of use may
appear somewhat fantastic, but it
is believed that the principles in-
volved are fundamentally sound.
Therefore, the ideas presented
should serve to stimulate thought
and development.

It must be clearly recognized that
this paper is in the nature of an ex-
ploratory trip into the future and is
not intended to indicate that pres-
ent techniques utilizing presently
available frequencies will in any
sense have to be completely re-
placed.

It is more necessary that the
heating development engineer study
the use of microwave energy in in-
dustry and thereby create a de-
mand, a big demand for high power
at microwave frequencies. If this
demand is sound the tube develop-
ment engineer will have incentive
to create what is needed, and micro-
wave techniques in industry will be-
come a reality.
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UHF TELEVISION
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UR ENGINEERS have recently

completed and tested a radio
relay system suitable for the trans-
mission of black-and-white televi-
sion signals, The basic aim of the
project was to provide equipment
for intercity multiple-link radio re-
laying, and to develop similar equip-
ment suitable for studio-to-trans-
mitter or remote pickup relaying.
The present equipment operates in
the 1,850-mc band and consists of
two basic combinations of compo-
nents, outlined in the block dia-
grams of Fig. 1 and 2.

Figure 1 is a block diagram of
the studio-to-transmitter link. A
composite television signal (video)
of one volt peak-to-peak value, with
the synchronizing signal negative,
is required at the input. This in-
put signal is applied to a deviator
unit, which amplifies the video sig-
nal and uses it to deviate oppositely
a pair of reflex klystron microwave
oscillators. The output signals from
these oscillators are mixed in a
crystal to produce a difference fre-
quency.
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By WILSON BOOTHROYD

Project Engineer, Research Division
Philco Corporation
Philadelphia, Pa.

The difference frequency consti-
tutes an f-m signal in the 115-mec
region, The peak input signal, cor-
responding to the voltage difference
between the tip of the synchroniz-
ing signal and the peak white of
the video signal, will cause a swing
of 183 mec in the difference fre-
quency. The difference frequency
corresponding to the synchronizing
pulse peak is established at 107 mec.
The minimum difference frequency
of the microwave oscillators is con-
trolled by an afc circuit, so that the
sync pulse is transmitted at a con-
stant frequency, regardless of pic-
ture content.

The difference-fr.quency signal
is amplified in a wideband i-f am-
plifier having a pass band from 105
to 125 me. The output signal from
this i-f amplifier and an r-f carrier
are applied o a pair of output tubes
which serve as a heterodyne con-
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verter, from which is derived an
r-f output signal whose frequency
is the sum of the frequencies of the
two input signals, i.e., a signal in
the 1,350-me region having an out-
put spectrum 20-mc wide. The r-f
output is radiated from a 48-inch
parabolic reflector antenna system.
For convenience of installation and
portability, flexible cable is used to
connect the antennas to both the
transmitter and receiver.

The receiver is a superhetero-
dyne using a crystal mixer, a veloc-
ity-modulated local oscillator tube,
an i-f amplifier having a pass band
greater than from 65 to 85 me, a
discriminator and video amplifier,
and an afc circuit for controlling
the local oscillator.

Figure 2 is the repeater station
diagram. Here, in comparison with
the receiver of the studio-to-trans-
mitter-link, the discriminator of
Fig. 1 has been replaced by an i-f
converter and a crystal-controlled
amplifier. The r-f carrier oscilla-
tor for the transmitter is also used
as a local oscillator for the receiver.
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RELAY SYSTEM

Wideband frequency-modulation equipment operating on 1,350 mc handles black-and-

white video signals. Equipment is equally useful for intercity multiple link or studio-to-

transmitter work. Heterodyne modulation and remodulation are employed

Several characteristic features
of the equipment will be apparent
from the foregoing discussion.
Most important is the elimination
of all video amplifiers except the
simple ones at the transmitting and
receiving terminals. Next is the
provision for wideband deviation
and amplification. A third feature
is the use of heterodyne modulation

and remodulation, which provides
for faithful frequency conversion
without demodulation to video fre-
quencies or to an amplitude-modu-
lated signal. Other important cir-
cuits which will be discussed herein
include the following:

(1) Design of i-f amplifiers for
good phase response.

(2) Use of sync-tip afc circuits

1,350 MC
115-MC HETER@_@ v 9_ 75-MC VIDEO
+{DEVIATOR DYNE - MIXER [~ - DISC.
f AMP OUTPUT 4 AMP AMP
] N
VIDEO 4-FT
INPUT PARABOLAS
AFC e DISC. VIDEO
OUTPUT
R-F |
0sc [*BUFFER 0sc e—1 AFC |—e—

FIG. 1-—Block diagram of studio-to-transmitter link equipment, showing video trans-
mitter, at the left, receiver at the right, and the radio path between them

with a frequency-modulated carrier.

(3) Use of constant-impedance
coupling networks between chassis
units.

(4) Novel circuitry for i-f ampli-
fier design.

(5) Novel design of r-f hetero-
dyne mixer stage.

Transmitter Circuits

The various transmitter compo-
nents are described in the order of
their use in a studio-to-transmitter
link. The video amplifier, which is
conventional, includes an input
cable impedance-matching resistor,
a gain control (for adjusting devi-
ation), and a push-pull video am-
plifier having a gain of 10. With 1
volt peak-to-peak input, the ampli-
fier output tubes will deliver 7.5
volts in each plate circuit. These
signals, of opposite polarity, are ap-
plied to the repellers of a pair of

1,315 75-MG T HETERO-| ,1,355
TRANSMITTING], { 1* , REGEIVING
EmNAL a{-mce- MIXER aMp  [FONVERTERI “ayp’ (> DYNE Mcl}-h TERANAL
A A 4
190- MG
o5 BUFFER
3
Y
1240-MC
' - AFGC
R-F 0SC

Y

FIG. 2—Diagram of 1.315-mc television relay system. Transmitting terminal block at the left and receiving terminal block at the
right are similar to the units in the studio-transmitter equipment diagrammed in Fig. 1
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VIDEO AMPLIFIER

CHASSIS AFG CHASSIS

e

|
|
|

75-MC i-F AMPL!?IER

Front (left)

2K28 oscillator tubes to deviate
these tubes oppositely and thus in-
crease their frequency difference
compared to their frequency differ-
ence during the peak of the sync
pulse.

Conventional a-¢ coupling from
the video amplifier to the oscillator
repellers is unsatisfactory, because
it would permit the drifting of the
frequency which corresponds to the
peak of the syne pulse, with changes
in picture signal content. Hence
leveling diodes are employed across
the coupling resistors so that the
repeller voltage (and hence the os-
cillator frequency) during the sync
pulse is determined by d-c¢ bias. By
this means the sync pulse is always
transmitted at the same i-f fre-
quency. This makes possible the
type of automatic frequency control
described below, as well as other ad-
vantages.

In order to obtain linear devia-
tion of the oscillator frequency over
an adequate range, without requir-
ing excessive voltage swing, the os-
cillators are loaded by short trans-
mission lines which are coupled to
the oscillators and serve as dissipa-
tive elements to broaden the oscil-
lator frequency characteristic. Fig-
ure 3 shows the typical curve of one
of the oscillator stages under vari-
ous load conditions, as well as the
construction of the dissipative lines.

The microwave oscillator output
signals from the deviator are mixed
in an untuned mixer assembly
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and back views of a typical relay receiver chassis

mounted on the i-f preamplifier.
The first four stages are conven-
tional single-tuned stages whose
frequencies and Q values are as
prescribed by the overall amplifier
pole diagram to be described. To
change from a single-sided ampli-
fier to a push-pull stage, susceptance
coupling, using a capacitive suscep-
tance in one arm and an inductive
susceptance in the other, is used.
This simple coupling arrangement
has been found to give good per-
formance.

Because the i-f preamplifier and
power amplifier were constructed on
separate chassis units, the preampli-
fier output circuits were so designed
that variations in distributed ca-
pacitance across the power ampli-
fier input terminals may be easily
tuned out. Figure 4 shows the
preamplifier output and power am-
plifier input circuits. The power
amplifier consists of two stages of
push-pull amplifiers terminating in
a single-ended connection for driv-
ing the grids of the tubes in the
output cavity resonator. To obtain
maximum  mutual conductance,
these i-f amplifier tubes are oper-
‘ated from a 200-volt supply at max-
imum current. The transition from
push-pull to single-ended output is
again accomplished by susceptance
coupling.

The i-f amplifier (including both
preamplifier and power stages) con-
sists of a number of single and
double-tuned circuits whose reso-
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nant frequencies and Q values are
arranged in accordaunce with the
polar diagram of Fig. 5. As shown,
the tuned circuits are symmetri-
cally disposed about the axes, and
produce the indicated amplifier re-
sponse. This amplifier was designed
for best phase response with pairs
of poles assigned to appropriate
stages. Each amplifier in the system
was designed for optimum phase re-
sponse and good amplitude response,
consistent with efficient use of avail-
able tubes. Additional poles re-
quired by the r-f and antenna cir-
cuits are tuned to center frequency
and made adequatelv broad. To
facilitate alignment of the 115-mec
power amplifier, all stages are de-
signed so as to permit lowering of

30 T ’ ‘
LOOPZ INCH IN cavnyj,
= | LOSSY MATERIAL:, b
§ | e /|
b3 i i T N // |
= HALF SECTION OF | /
5 50| CAVITY WITH LOADING 4 1{
i Loor | /7 //
3 |LooPisINGH IN<|_/ /
& |cAvITY LS 7/
2 VAl
§ / /> Vel
< / e v
| i e i
FOf— s
b St
o / <
f ~NO LOADING ON CAVITY
o T
| |
0 | I J
-65 -75 -85

REPELLER VOLTAGE
(NEGATIVE WITH RESPECT TO CATHODE)

FIG. 3—Typical reflex kylstron oscillator
tuning response with various degrees of
loading
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their screen voltages. Then grid
currents may be successively me-
tered while a sweep-frequency sig-
nal is applied to the amplifier for
alignment.

The afc and a monitor are in-
cluded in the i-f chassis. The dis-
criminator on this chassis is un-
usual in that it is tuned for an un-
symmetrical response, as shown in
Fig. 6A, having no output at 107
mc and a linear characteristic for
frequencies from 165 mc to 119 me.
This response curve is desirable for
two purposes. First, for afc pur-
poses, the discriminator output is
d-c coupled to a 1N34 crystal which
is poled as shown in Fig. 6B to
pass only signals of positive poten-
tial. If the i-f signal is within the
proper frequency region of the spec-
trum, the crystal will pick off only
the peaks of the syvnc pulses. These
sync pulse peaks are then amplified,
detected, and applied as d-c bias to
a 63SJ7 d-c amplifier. This amplifier
is operated between such potentials
that its plate voltage is at the proper
potential for the repeller of one of
oscillator tubes of the deviator.

A variable resistor in the ampli-
fier cathode is used to obtain the
initial adjustment. The circuit op-
erates in such a manner that, should
the frequency difference of the two
deviator oscillators at the time of
the syne pulse be other than normal,
more or less sync pulse will be
picked off from the diseriminator
circuit and used to provide a cor-
recting voltage for application to
the grid circuit of the d-c amplifier
to modify the frequency of one of
the oscillators by repeller tuning.
Both the amplifiers in the afe cir-
cuit are operated at high gain, so
that drift will be negligible, and
hence the intermediate frequency
will be held constant within the
limit of accuracy of the diserim-
inator tuning.

The second function of the un-
usual diseriminator curve is to pro-
vide a means of monitoring the
deviation. When the deviation is
normal, the video signal viewed at
the monitor output point will show
slight saturation of the peak white
signal when viewed on a standard
oscilloscope. This is caused by the
frequency corresponding to the

ELECTRONICS — March, 1947

negative peak of the discriminator
curve. If deviation is subnormal
there will be no saturation, or if
overnormal the saturation of the
peak white signals will be severe.
Since this circuit is only a monitor
circuit and is not a part of the sig-
nal amplifier, there will be no dis-
tortion of the output signzl even
with saturation in the monitor
channel.

R-F Power Amplifier

The power amplifier terminates
in the circuit of Fig. 7, which shows
the heart of the transmitter, the r-f
heterodyne output stage. The final
stage of the i-f amplifier is an 829B
tube, with the output coupled by
susceptance into the single-sided
circuit which drives the output
stage grids.

The output stage consists of a
cavity resonator housing a pair of
2C39 tubes. The main body of the

cavity is a cylinder with its axis
perpendicular to the grid plane. The
grid plane, insulated from the cav-
ity shell, is supported in the equator
of the cavity and contacts the out-
put tube grids, thus forming sepa-
rate plate and cathode cavities with-
in the main shell. The cathode cav-
ity includes transmission lines
whereby the filament connections
are made, each line being tunable
by means of capacitance adjust-
ments. The cathode cavity is ex-
cited by a carrier-frequency signél
from the oscillator and buffer stages
in the second order TE, . mode, in
such a way that an equipotential
plane extends between the two
tubes.

The grid plane is effectively
grounded at the carrier frequency
by a pair of open-circuited quarter-
wave lines which are tuned by
means of polystyrene slugs. These
lines also form the principal me-
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FIG. 4—Preamplifier ouiput, and power amplifier input connections
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FIG. 5—Transmitter i-f amplifier response curve
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chanical support for the grid plane.
The grid plane is excited at the i-f
frequency. Contact from the i-f
final amplifier to the grid plane is
provided by a rod which lies in the
equipotential plane within the cav-
ity. The capacitance of the grid
plane is resonated with the induc-
tor L, which is actually within the
cavity, the d-c lead being brought
out through a feed-through bypass
capacitor. Thus the cathodes of the
output tubes are driven in push-pull
by a balanced r-f carrier signal,
while the grids are driven in
parallel by the frequency-modulated
i-f signal. High-level signals are
applied to both cathode and grid
circuits, and the tubes are biased
by grid current to approximately
three times normal cutoff.

The plate cavity is tuned by slug
tuners to either the sum or the dif-
ference frequency of the two input
signals. The r-f output, comprising
a frequency-modulated carrier hav-
ing a deviation equal in megacycles
to that of the i-f signal, is obtained
through a coupling loop. The output

cavity is loaded to a bandwidth in
excess of 20 megacycles. Normal op-
erating conditions for this stage are
approximately as follows: B volt-
age, 700 volts; plate current 0.060
amp per tube; grid bias, 30 volts
(due equally to carrier and i-f
drive) ; carrier frequency approxi-
mately 1,240 mc; i-f drive fre-
quency, 105 to 125 mc; output fre-
quency, 1,345 to 1,365 mc; power
output, in excess of 25 watts; car-
rier-frequency output (without ad-

ditional filters), about 35 db below
output signal. '

Receiver Circuit

The receiver circuits (Fig. 1)
are all conventional or similar to
those of the transmitter, except that
the i-f amplifier consists of 12 stag-
ger-tuned stages. Its polar diagram
is shown in Fig. 8. Additional poles
are required for input and output
coupling networks. Single-tuned
stages were used throughout be-
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FIG. 7—Heterodyne r-f output stage of the television relay equipment, including
part of the preceding i-f amplifier
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cause of the simplicity of the layout
and the ease of alignment and serv-
icing. This amplifier has a mean
gain per stage of about 2.7 and is
so simple in construction that its
coils can be preadjusted on a Q-
meter before installation.

As tubes may be replaced with-
out retuning, the circuits are effec-
tively fixed-tuned. The amplifier op-
erates effectively on an r-f input of
approximately 95 db below 1 watt,
although its normal operating range
is at a much higher level. The re-
ceiving output is 1 volt peak-to-peak
across 70 ohms (corresponding to
the input level). Thus the output
signal corresponds in all respects
to the input signal.

The i-f frequency bands are se-
lected primarily for their adaptabil-
ity to the double superheterodyne
amplifier of the repeater station. An
input signal (from a previous
transmitter) is heterodyned against
an r-f oscillator signal to obtain a
75-mc i-f signal. This is amplified
in an amplifier identical to that of
the receiver and fed to an interme-
diate converter, where it is again
heterodyned against a crystal-con-
trolled 190-mc signal to produce a
115-mc signal. Again a 115-mc am-
plifier identical to that of the trans-
mitter is used to drive another out-
put stage. By maintaining a differ-
ence between the r-f input and out-
put frequencies equal to the differ-
ence between the i-f frequencies,
and by transposing the local oscil-
lator frequency from below the in-
coming signal to above the incoming
signal on alternate repeaters, a
minimum number of amplifier de-
signs are required. In repeater sta-
tions, either the afe is locked on the
incoming carrier, or else stabilized
oscillators are used.

Operating Characteristics

The system described has no op-
erating controls other than an in-
itial deviation adjusting control. In
fact, no additional controls have
been found necessary because of the
inclusion in the equipment of am-
plifiers of adequate bandwidth.
With a d-¢c maximum carrier swing
of 13 mec, only the first-order side-
bands of the f-m signal are trans-
mitted when they occur at the limits
of carrier swing. At the high devia-
tion ratio employed, this condition
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SYSTEM PERFORMANCE
Transmitter Power (0 watts). . . ....................... +13.0 db
Transmitter Cable Loss (30 Ft of RG-17/U cable). ....... — 1.5db
Space Loss (31 miles, one 4-ft and one 8-ft parabolic an-
tenna with 65 percent antenne efficiency). .......... —76.5 db
Receiver Cable Loss (120 Ft of RG-17/U cable). . ....... — 6.5 db
Signal Level. . ... ..o —71.5 db
Crystal Conversion Loss (this figure is 6 db below minimum
due to the bandwidth and impedances of crystal circuits). .. ...... ... —10 db
Receiver Noise Level................................ —1925 db
Crystal Noise Factor. . . .............................. + 6 db
—119 db —81.5db
RFS/NRatio. ...t it 375db
Improvement Due to Wideband F-M.............. ... ... ... ........ +12 db
Effective S/N Ratio(RMS). . ............................. +49.5 db
For a television signal:
Ratio of Peak Signal Voltage to RMS Noise Voltage................. +58.5 db
Further Improvements:
(Use of two 8-ft antennas instead of one 8-ft and one
Aftantenna). . ... ... + 6.0db
(Elimination of RG-17/U cables). ............................. + 8.0db
Max S/NRatio........... ... i, 72.5 db
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FIG. 8—Receiver i-f amplifier response curve

is satisfactory. The amplitcde re-
sponse is controlled throughcut the
system, while special attention
has been paid to the phase response
of the amplifiers. For single link
pickups a signal-to-noise ratic of 50
db is obtainable at a range of 30
miles provided that no more than a
reasonable length of flexible an-
tenna cable is used. System per-
formance data is given in an ac-
companying table.

The performance of the system
in the presence of multipath sig-
nals is also good. Under test condi-
tions, with signal levels below nor-
mal levels, unique patterns resem-
bling grained wood patterns may be

vy americanradiohistory com

observed, in which the change of
picture shading due to the echo will
be related to the frequency shift of
the carrier during the time inter-
val equal to the difference in the
propagation times over the two sig-
nal paths. The change of shading is
most pronounced following a sharp
signal change in the picture pat-
tern. Under normal operating con-
ditions, but in the presence of an
echo signal of approximately 5 per-
cent of the strength of the prineipal
signal, essentially complete sup-
pression of the echo is achieved and
performance is superior to that of
an amplitude-modulated system un-
der equivalent conditions.
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PRODUCTION TESTING

Power with which to operate instruments at any one of 21 calibration speeds is obtained

from a tuning-fork oscillator, electronic amplifiers, synchronous motors and unique elec-

tromagnetic generators.

HE PURPOSE of aircraft tachom-
Teters is to indicate the rota-
tional speed of the engines. The re-
moteness of the engines from the
instrument panel generally makes
mechanical means of transmission
impractical and calls for the appli-

Remote control of test frequencies is available to each operator

By HERBERT F. STORM-

Control Engincering Division
General Bleelric Co.
Scheneetady, N. Y

cation of electrical
techniques.

The telemetering system usually
consists of a synchronous, three-
phase generator which is mounted

telemetering

on and driven directly by the air- .

craft engine, and a synchronous
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FIG. 1—Block diagram of the testing system
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three-phase motor located in the in-
dicator instrument on the instru-
ment board and energized by the
tachometer generator.*? The in-
strument motor rotates an assembly
of permanent magnets which pro-
duce an electromagnetic torque 1n
an aluminum alloy disc. The disc is
displaced by the electromagnetic
torque against the restraining
torque of a spring with linear elon-
gation characteristic. Therefore,
by coupling a pointer to the disc,
a deflection can be obtained that
is proportional to the speed of the
aircraft engine.

The indicator instruments are
assembled from interchangeable
subassemblies. Each subassembly
must be tested before it is placed on
the main assembly line. Finally, the
fully assembled instrument is
tested. Terts include exposure to
vibration, various angular posi-
tions in space, temperature as low
as —55 C and as high as 70 C. These
tests must be conducted at various
predetermined speeds and at nar-
row tolerances.

After the instrument has passed
through all the preliminary tests,
it is calibrated at a speed of 3,000
rpm, corresponding to two-thirds
full scale, by partially demagnetiz-
ing the rotating permanent mag-
nets. The calibration is then
checked for increasing and decreas-
ing speeds. While some tests are
required to be made at only four
predetermined speeds, other tests
require as many as twenty-one pre-
determined speeds.

The requirements for a tachom-
eter testing system handling large

* The testing equipment described was de-
veloped, built, and operated by the Sunbeam
Corp.. th(‘ago, with which the author was
formerh affiliated.
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TACHOMETERS

Equipment for the production testing of aircraft tcchometers. Pole wheels are an the floor, in the background, with frequency-selector
relays and stepping switches in the foreground. Powerpacks are on the first shelf, two-phase amplifiers on the second and synchron.

ous motors driving tachometer generato:s on the third

quantities of instruments at high
accuracies may be stated as fol-
lows:

(1) Selection of the predeter-
mined speeds must be a simple op-
eration.

(2) Test speeds must be of an
accuracy exceeding the accuracy of
the instrument under test.

(3) It must be possible to operate
simultaneously a multitude of test-
ing stands.

(4) A test going on at one test
stand must not interfere with tests
being conducted simultaneously at
other test stands.

(5) Test equipment must stand
up under almost continuous use.

Basic Solution

In Fig. 1 a tuning fork oscillator
of an accuracy of 0.001 percent and
50 cycles per second is used as a
standard frequency reference.® The
single-phase output of the tuning
fork oscillator is fed into two phase
splitters consisting of resistance-
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capacitance networks which split
the oscillator voltage into two com-
ponents electrically approximately
90 degrees apart. The two volt-
ages are applied to the inputs of
two two-phase amplifiers. The two
output transformers of the two-
phase amplifiers are in Scott con-
nection, resulting in three-phase
power output.! This three-phase
power is used for energizing two
synchronous motors driving a total
of 21 two-phase generators (called
pole wheels) which produce volt-
ages at 21 different frequencies, cor-
responding to the 21 different
speeds at which the indicator in-
strument is to be operated under
test.

The voltages generated hy the 21
pole wheels are routed to a bus sys-
tem from which they can ke picked
up by rotary switches or relays and
fed into two-phase amplifiers. These
two-phase amplifiers are identical
with those used for energizing the
synchronous motors which drive the

www americanradiohistorvy com

pole wheels. Their three-phase out-
put is used to energize synchron-
ous motors driving standard tach-
ometer generators. Because of the
application of synchronous motors
and generators all the way through,
the accuracy at which the instru-
ment motor will run equals the
accuracy of the tuning fork oscil-
lator. The output of the tachom-
eter generator is wired to the test
or calibrating stands of the indi-
cator instruments. The test stands
are equipped with means for the
remote control of the associated
amplifier and for the selection of
any speed necessary for testing.

Two-Phase Amplifiers

Both phases are independently
amplified throughout the system,
but the output sides of the output
transformers in each two-phase am-
plifier are connected in Scott trans-
formation in order to obtain a
three-phase output.

The first stage of each amplifier
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used for the amplification of the
small voltages obtained from the
pole wheels (or from the phase
splitters) operates on an input sig-
nal of between 0.1 and 1 volt. These
rather small voltages require high-
gain amplification which is obtained
from a 6SJ7 tube in pentode con-
nection as shown in Fig. 2. The fre-
quency range is 8% to 75 cycles per
second. Because of the low fre-
quency, unusually large capacitance
values have to be chosen for the by-
pass capacitors shunting the
cathode bias resistor and the screen
resistor, as well as for the coupling
capacitor to the following stage.

The second stage uses a 6L6G
tube, connected as a class-Al am-
plifier to provide driving power for
the final stage. The final stage
consists of a push-pull amplifier in
class-AB, connection, using 807
tubes. It was necessary to connect
radio-frequency chokes in the plate
and screen grid leads in order to
suppress parasitic oscillation.

The output transformers were
especially designed in order to per-
mit operation at very low frequen-
cies and also to provide the correct
winding ratio for Scott transforma-
tion. With variable speeds of the
synchronous motor (energized from
the amplifier), the load resistance
of the motor reflected between the
plates of the 807’s also varies. At
the higher speeds of the synchro-
nous motor, where relatively large
amounts of power are required for
pulling into synchronism, rematch-
ing of the output impedance be-
comes necessary. For this purpose
additional taps at the output trans-
former are provided and these are
automatically switched by the speed
selector.

The synchronous motor driven
by the amplifier is rated 3-horse-
power, 220 volts, three-phase, 1,500
rpm at 50 cycles. Power-factor cor-
rection capacitors adjusted for full
compensation at full load were used
to unburden the amplifier from car-
rying inductive reactive power.

Powerpack

Each amplifier has a powerpack,
as shown in Fig. 3. Two 5Z3 tubes
are used to provide the plate power
for the two 807 push-pull amplifiers.
Another rectifier produces the plate
power for the first and second
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stages and the various screen cur-
rents. A third rectifier is used for
obtaining the bias voltages for the
second and third stages. The power-
pack is remotely controlled from the
test stand by means of a relay whose
contacts control the 115-volt power
supply. In order to protect the am-
plifier against overload in case of
loss of bias, a protection relay is
energized from the bias voltage.
The contacts of this relay are in se-
ries with the 115-volt supply. In
case of bias voltage failure, this re-
lay becomes de-energized, opens its
contacts, and thus disconnects the
rectifiers from the 115-volt, 60-cycle
power supply.

Figure 4 shows, from right to

WA~ americanradiohistorv-com

left, the powerpack, the amplifier,
and the synchronous motor-gener-
ator section. The relay between the
two output transformers, visible on
the amplifier chassis, is the auto-
matic impedance rematching relay.
The two knobs at the front end of
the amplifier chassis control the
potentiometers for the input to the
first amplifier stages. A tuned fly-
wheel serves to subdue torsional

oscillations of the synchronous
motor.

Pole Wheels
The two synchronous motors

shown in the upper section of the
block diagram (Fig. 1), have four
poles and hence rotate at 1,500 rpm
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when energized by 50-cycle power
from the tuning fork oscillator.
Gears reduce the motor speeds to
100 rpm on one machine shaft and
to 200 rpm on the other machine
shaft.

A number of discs are mounted
on the two shafts, as shown in Fig.
5. Various numbers of teeth are
cut into the discs. Each of these
discs or pole-wheels is straddled by
one pair of pickup coils. Each
pickup coil has two windings. One
winding is energized by d-c and
serves to magnetize the pole-wheel,
whereas the other is used to pick up
the a-c voltage induced in it by the
variable magnetic flux, caused by
the teeth and slots in the pole
wheels,

If a pole wheel has, for instance,
36 teeth and is rotating at 100 rpm.
the frequency picked up by the coils
will be 86 x 100 = 3,600 cycles per
minute or 60 cycles per second. This
is the frequency for a tachometer
generator and instrument motor
running at 1,800 rpm. Since the
tachometer generator is coupled to
the cam shaft of the aircraft engine,
the engine runs twice as fast,
namely, 3,600 rpm. Consequently,
the indicator will also indicate 3,600
rpm as the speed.

It follows that the number of
teeth per pole wheel of the 100-rpm
machine has to be 1/100 of the speed
to be indicated by the instrument.
On the 200-rpm machine the num-
ber of teeth per pole wheel has to
be 1/200 of the speed to be indi-
cated by the instrument.

The application of two pickup

-

coils per pole wheel serves to obtain
two voltages of the same frequency,
but of a phase displacement of ap-
proximately 90 electrical degrees.
Thus 21 pairs of voltages are gen-
erated, each pair having a diferent
frequency corresponding to the 21
different speeds to be obtained for
the instrument motor.

In order to minimize megnetic
stray fields and at the same time
to provide mechanical protection,
guards made from soft iron are
placed over the pole wheels.

Test Stands

In order to test tachometers in
production 18 test stands are re-
quired. Eight test stands are op-
erated at four predetermined
speeds, whereas the remain:ng ten
require 21 predetermined speeds.
Besides obtaining 21 speeds, it is
necessary that these speeds can be
obtained in increasing and cecreas-
ing sequence.

In order to select the frequencies
allocated to the various speeds, re-
lays and stepping switches were
chosen which are remotely con-
trolled from the test stands. For
the four-speed test stands. relays
were used for frequency selectors,
whereas in the case of the 21 speed
calibrating stands, rotary switches
were applied.

Each four-speed test stand has a
selector switch to energize any of
the four selector relays which are
assigned to the specific test stand.
Contacts of these selector ralays es-
tablish electrical connections be-
tween one of the 21 different fre-

quencies from the bus system and
the input of the two-phase amplifier
which is allocated to the test stand
under consideration. The power-
pack belonging to this amplifier is
turned on by remote control from
the test stand. By operating the
selector switch for the selection of
a given speed, the corresponding se-
lector relay energizes the two-phase
amplifier with the correct fre-
quency. This amplifier energizes a
three-phase synchronous motor
which belongs to the test stand
under consideration, and makes it
run at the desired rotational speed.
A tachometer generator coupled to
the foregoing synchronous motor
provides the energy to be used for
operating the instrument motor in
the instrument under test.

In order to provide 21 speeds in
increasing and decreasing sequence,
one rotary stepping switch was as-
signed to every one of the ten cali-
brating stands. This switch is of a
standard telephone type, having 50
positions and four levels. Two levels
of the rotary switch connect the
standard-frequency busses to the
input of a two-phase amplifier of
which one amplifier (with power-
pack) is assigned to each calibra-
ting stand. The frequencies are
connected to the rotary switch in
such a way that the brushes will
connect the frequencies in sequence,
increasing from 500 rpm to 4,400
rpm and then declining from 4,400
rpm down to 500 rpm. The third
level of the rotary switch energizes
indicating lamps located at the cal-
ibrating stand, identifying the

FIG. 4—From left to right: synchronous motor tachometer generaior chassis, two-phase amplifier, and powerpack
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speed selected by the rotary switch.
The fourth level is reserved for the
control of the selector switch.

If a test should be made in which
every speed is needed for increasing
as well as decreasing values, the
operator pushes a step-button on
the panel of the calibration stand
shown in Fig. 6. If the rotary
switch is in its home position, no
voltages are fed into the input of
the amplifier and the synchronous
motor is standing still. As soon as
the operator actuates the pushbut-
ton, the rotary switeh will step into
a position where the amplifier input
is connected to one of the 21 fre-
quencies, resulting in the lowest
speed (500 rpm.). If the operator
wants, at this time, to go to the
next speed (600 rpm), all he has to
do is to again push the same push-
button. The rotary switch will now
make one more step, connecting the
amplifier to a frequency correspond-
ing to 600 rpm. Every time the op-
erator pushes the button the next
higher speed will be obtained, un-
til the top speed of 4,400 rpm is
reached. After that the speed will
be reduced, step by step, every time
the operator pushes the button.

In the majority of tests, however,
certain speeds can be skipped. In
order to maintain the same simple
operation and yet obtain automatic
skipping, a two-position selector
switch was provided on the calibra-
ting stand. If this selector switch
is switched into local position, every
one of the 21 speeds is obtained. If,
however, this selector switch is
turned into express position, volt-
ages are supplied to certain contacts
on the control level of the rotary
switch. Any time the brush of the
control level finds a contact which
is energized by the selector switch
.
E’

it will energize its electromagnet,
resulting in a further step of the
rotary switch. Thus, if the operator
wants to obtain the next speed, all
he does is to push the step pushbut-
ton once, as usual.

If it is desired to test an instru-
ment at only one speed, for instance
3,000 rpm, it is not necessary to use
the step pushbutton to step the ro-
tary switch by multiple operation of
this pushbutton until the speed of
3,000 rpm is reached. In order to
avoid such loss of time another
pushbutton, up to 4,400 rpm, is pro-
vided which when pressed, makes
the rotary switch step up automa-
tically. As scon as the desired speed
is obtained, readily visible from the
indicating lamps, the pushbutton is
released and the rotary switch re-
mains in the desired position.

In order to return the rotary

FIG. tachometer calibrating

6—Typical
stand at which an operator remotely con-
trols test frequencies and adjusts instru-
ments by rotating the demagnetizing con-
trol wheel at the right

switch to zero from any position,
it is not necessary to push the step
pushbutton until the rotary switch
is brought back step by step to the
zero position. A special pushbutton
marked back to zero is provided
which energizes all contacts of
the control level except the home
contact. The rotary switch then
runs into its home position within
one or two seconds, depending
on the contact point at which
the rotary switch was standing be-
fore this pushbutton was operated.

In the calibrating stand pictured
a dual tachometer indicator is un-
der test. The changeover switch on
the left side of the panel permits
the energization of either or both
instruments. The two a-c electro-
magnets surrounding the instru-
ments serve to partially demagne-
tize the permanent magnets for the
purpose of establishing one point of
the calibration. By operating the
changeover switch the electromag-
net belonging to the indicator mo-
tor under calibration becomes ener-
gized. The current in this electro-
magnet is controlled by means of a
variable transformer. The front
panel of the calibrating stand shows
21 indicating lamps corresponding
to the 21 available speeds. The
pushbuttons for the control of the
rotary switch and the local-express
selector are shown in the lower sec-
tion of the panel.
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FIG. 5—These two pole wheel arrangements electromagnetically generate 21 tuning-fork-controlled test frequencies
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RADIO DISPATCHING

WwWO0-WAY radio between dis-

patcher and cabs in a taxi
fleet furnishes an important new
market for communications equip-
ment, effects important economies
in fleet operation, and provides bet-
ter, cheaper service for the riding
public.

A study of several recent instal-
lations now operating under experi-
mental licenses indicates a need for
overall engineering of systems op-
erating in any given area, an
awareness on the part of FCC of the
rapidly growing problem of fre-
quency assignments, and, particu-
larly in the initial stages, a strong
spirit of good will and active coop-
eration among users of the new
technique.

Potential users must consider the
specific sort of taxi service they ren-
der and tailor their demands upon
equipment manufacturers accord-
ingly.

Representative System

One particular set of operational
problems is faced by the Hacken-
sack Taxi Service, covering the area
in and around Hackensack, Bogota
and Teaneck, New Jersey. Meticu-
lous records have always been kept,
so that it is easy to assess gains or
losses with any innovation.

Since installation of the two-way
radio system, fares have averaged
6 percent more for the same fleet,
with the number of completed trips

ELECTRONICS — March, 1947
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Taxicabs

Companies using two-way radiotelephone equipment in
newly opened 157-megacycle region find it pays for itself in
a short time. A system using commercially available f-m

transmitters and receivers is described
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per hour correspondingly increased.
On the basis of these figures, it is
anticipated that the whole radio in-
stallation will pay for itself in ten
months. “Over the meter” charges
on out-of-town calls have been
dropped since radio dispatching was
installed. This means that the cus-
tomer who formerly paid a meter
charge from the taxi terminal to his
home, as well as the regular home-
to-destination charge and twenty-
five cents in addition, now pays only
for the actual mileage from home to
destination. Radio dispatching elim-
inates the wunproductive return
mileage formerly run up by the cab
on such calls,

The tyvpe of community served
dictates the sort of dispatching
service needed. Hackensack and its
suburbs are typical of many small
cities everywhere that do a ‘“tele-
phone” rather than a ‘“pickup” taxi
business. Because the majority of
users initiate requests for service
by telephone, as early as 1924 a
telephone call box dispatching sys-
tem was installed that increased
earnings 20 percent and also im-
proved service. The telephones were
available to the public as well as to
reporting drivers. A portion of the
telephone system has been retained
as a service to customers, but in no
way competes with the radio dis-
patching svstem. In fact, the radio
svstem has increased the utility of
the telephone. All instruments are
connected in parallel on one line so
that when a customer fails to hang
up the system goes dead. Now the
dispatcher can send the nearest car
to the phone last used with instruc-
tions to hang up the receiver!

Dispatchers’ desk showing dual telephone positions for incoming calls, radio micro-
phone, and remote control unit that is operated by foot switch

It is the feeling of the company
that the type of dispatching opera-
tion best suited to the situation is
now in use. The number of cabs (11
at present) does not require a se-
lective calling system of the sort
that may be desirable in a larger
fleet, and in fact, would slow down
operations under the present sys-
tem without adding to its service-
ability. While no sort of lockout
system is now in use, again be-
cause of the relative smallness of
the fleet, it may be considered de-
sirable to install a simple system as
business expands.

Because all the cabs share pickup
and telephone business equally, it
has been desirable to equip each
cab with two-way radio. Present
experiments in larger cities may
possibly show that a law of dimin-
ishing returns begins to operate

Mobile transmitter (left) and receiver (right), mounted in rear deck of taxi
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before a whole fleet is radio
equipped.

At the present time, 11 separate
companies centered in as many com-
munities of northern New Jersey
are operating two-way radio sys-
tems with all dispatchers’ transmit-
ters operating on the experimental
frequency of 152.27 megacycles and
all cars on another experimental
frequency of 157.53 me, assigned to
taxicab service over the whole coun-
try.

Each installation was a separate
job, with antennas generally erected
in locations dictated by conditions
of expediency. For this reason sig-
nals from several dispatchers can
be heard in any cab. Operations are
sometimes difficult and would have
been next to impossible without the
formation of an association of the
various owners, who have standard-
ized calling procedures and as-
signed numbers with which the in-
dividual number of each cab in a
given fleet is prefixed. For instance,
Hackensack cabs use the dispatch-
ing numbers 9-1 through 9-11. Call
letters assigned by FCC to the dis-
patcher, W2XKG, and the cars,
W2XKH, are employed only as
often as legal requirements demand.

Equipment Installation

Physically, the present Hacken-
sack radio plant has been adapted to
existing facilities. The dispatchers’
office is located in the center of the
city near rail and bus terminals.
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Fixed station transmitter-receiver located

near foot of antenna and a half mile from

dispatchers office. From top to bottom,

chassis contain transmitter, receiver, and
power supply

Here the incoming subscribers’ tele-
phone lines, radio control unit and
microphone are located. The an-
tenna used for transmitting and re-
ceiving is atop a 60-foot mast
mounted on a one-story building
used for repairs, maintenance and
garaging, about half a mile from
the dispatchers’ office. The compact
transmitter-receiver unit, itself
locked, is fastened to the wall of a
locked room in the garage and is
connected to the control equipment
by two pairs of wires furnished by
the telephone company. One line is
used for audio signals, incoming
and outgoing, while the other serves
to operate the send-receive switch-
ing mechanism built into the locked
unit.

A complete log of all transmis-

sions is kept by the dispatcher on
duty, who is required to hold a
restricted radiotelephone operator
perm.it. The individual taxi drivers
are not required to be licensed for
radio operation inasmuch as their
equipment is tamper-proof. One ex-
perienced technician, on call 24
hours a day, is the only person al-
lowed to adjust the transmitting
equipment and he holds a Radio-
telephone License, First Class, as
required by the FCC.

Fixed Station Details

The fixed station equipment is
remotely controlled by the dis-
patcher. It comprises a phase-shift
f-m transmitter and a receiver.
Provision is made to switch the
transmission line from the antenna
to either unit as the wire line is
connected to receiver or transmit-
ter. The bandwidth of the antenna
has been designed to provide ade-
quate gain for both fixed and mo-
bile frequencies. The circuit ele-
ments making up this equipment
are shown as a block diagram in
Fig. 1.

The phase-shift transmitting sys-
tem shown in Fig. 1A provides a
frequency-modulated signal with
sufficient deviation to reduce noise
and allow reasonable audio quality.
A deviation of 20 kc each side of the
carrier frequency (as contrasted
with the broadcast standard of 75
ke) is adequate to provide an over-
all audio response that is essentially
flat from 350 to 5,000 cycles. At the
same time, stringent legal and prac-
tical problems of frequency stabil-
ity are solved by using this circuit.

152.27 M
1.586 MC 3172 MC 12.689 MG 25.378MC 50.757 MG
xTaL | [ R-F amp R-F AMP | | R-F aMp R-F AMP “POWER
AND MOD X2 pmt X4 X2 = X2 = AMP X3
(7rF7) | (7¢7) | zen | | (705) (2E26) (B298)
(A) 4
15753 MC 49,17 MC 4947 MC 5MC 5MC i
1 ST 15T 2 ND | 2nND 15T 2 ND
MIXER Fe— I-F AMP |=— MIXER 1-F AMP LIMITER |~ LIMITER
(6AKS5) i (7867) (7a67) | | (7A67) | (TAGT) | (7a67)
54.18MC | ]
108.36 Mc T 54.18MC | | i
DOUBLER | | XTAL 05 DISCRIM NOISE | sQueLcH A-F
(7ag7) [ 903MC INATOR RECTIFIER=— AND (= AMP o
| | |mutieues | (74e) (746) A-F AMP | | (785) |1
| X6 (7AG7)] =——mga || W) AUDIS
(8) OUTPUT

FIG. 1—Block diagram of Hackensack system circuit elemenis used in both fixed and

mobile transmitters (A) and receivers (B).

A single crystal furnishes conversion

frequencies for the double-detection superheterodyne receiver
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The number of frequency multi-
plications (96) is readily accom-
plished with 5 tubes. Nominal
power output is 15 watts, but per-
formance of the system can later be
enhanced by the use of a higher-
gain antenna or a more favorable
antenna height or location.

The receiver is crystal controlled
in order to insure optimum signals
from unattended equipment. The
block diagram of Fig. 1B shows the
layout of circuit elements. A double-
conversion superheterodyne makes
use of a single crystal operating at
9.03 megacycles for both local oscil-
lator frequencies. The double i-f
system gives good bandpass charac-
teristics and a favorable image
ratio. A squelch circuit can be
switched in or out to quiet the audio
output of the receiver during the
period when no signal is being
received.

Since the transmitter-receiver op-
erates on 115 volts and power con-
sumption varies between 125 and
320 watts, no special wiring is
necessary.

Mobile Stations

Circuitwise, the mobile equip-
ment is identical with that em-
ployed in the fixed station, but is
differently packaged. A loudspeaker
is normally operative in the taxi,
but the receiver of a telephone
handset can be used for conversa-
tions once communication is estab-
lished. A switch on the handset op-
erates a relay to shift the antenna
connection from receiver to trans-
mitter when the cab operator
wishes to talk back. The antenna
itself is a quarter-wave whip
mounted through the roof of the
cab and works against the metal
roof as a ground. Power is taken
from the car storage battery and
the total standby power drain is
about 10 amperes at 6 volts. An ad-
ditional 23 amperes is required dur-
ing periods of transmission from
the cab.
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TELEMETERING
From V-2 Rockets

Time-modulated pulse system in nose of rocket samples successively up to 23 instruments
and transmits readings to ground station over 1,000-mc radio link using 2C43 disk-seal

tube as oscillator. Airborne circuits are given here; Part 1I will cover ground circuits
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Part I

NE of the most important
O problems which must be solved
in eonnection with the use of a roc-
ket as a vehicle for upper-atmos-
phere research is that of making
available to the observer informa-
tion obtained at the rocket during
flight. Radio telemetering equip-
ment designed by the Rocket Sonde
Research Section of the Naval Re-
search Laboratory has been em-
ployed for this purpose during all
of the V-2 firings at White Sands,
New Mexico.

Typical of the basie research
data telemetered by the system are
temperatures and pressures in the
upper atmosphere, various charac-
teristies of the primary cosmic radi-
ation, and properties of the
ionosphere. For studies of rocket
performance, data are telemetered
on such quantities as speed, rocket
acceleration and altitude, skin tem-
peratures at various critieal points,
and motion of the control fins.

The system was designed to tele-
meter, by means of independent
time channels, as many as twenty-
V-2 rocket taking off at White Sands, New
Mexico, with radio telemetering equip-

ment in nose, The AAF program calls for
firing a total of 50 of these guided missiles
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three separate quantities by sue-
cessively sampling a corresponding
number of data voltages obtained
from instrumentation installed in
the rocket. The sampled voltages
are converted to a form suitable
for radio transmission, radioed to a
ground station, reconverted to their
original form, and recorded.

Time-Modulated Pulse System

To obtain reliable telemetering
over ranges in excess of 100 miles
with limited allowances for size
and weight of the rocket-borne
equipment, a time-modulated pulse
system was chosen. The pulse sys-
tem delivers a higher peak power
with a lower average power con-
sumption and oceupies less space
than a comparable continuous-car-
rier system. The system used in
the V-2 operates at about 1,000
megacycles, a frequency which is
high enough to penetrate the iono-
sphere and which at the same time
is clear of other frequencies used
in the flights.

The data voltages are converted
into time intervals, defined by volt-
age pulses, corresponding in length
to the magnitude of the data volt-
ages. The data voltages are sam-
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Mobile telemetering ground station.

The trailer carries a 1,000-mc
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pled in a specific order and are used
to generate a series of pulses, the
time intervals between which mea-
sure the sampled data voltages.
The intervals maintain the same
time sequence as the sampled volt-
ages, the pulse marking the end of
one interval serving as the initial
pulse of the succeeding interval.

A complete sampling of all data
voltages is used to form such a
group of time intervals periodically.
A master keyer initiates the sam-
pling process at a uniform rate.
The distinction between different
groups is made possible by allowing
for a sufficiently long time between
the initial pulses of each group. In
this manner, the interval between
the last pulse of one group and the
first of the next is made to be very
much longer than any of the mea-
surement intervals.

Airborne Unit

In Fig. 1 is a block diagram of
the airborne unit which converts
data voltages into appropriate form
and transmits a corresponding
radio-frequency signal. A master
keyer, which is a freely running
multivibrator of constant period,
generates the first pulse of each
group. This pulse is fed to a chan-
nel collector, a circuit common to
the outputs of each time channel,
and at the same time is used to
trigger time channel multivibrator
1.

The multivibrator for each chan-
nel is of the self-returning type, the
recovery time of which is deter-
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mined by the corresponding data
voltage. The first, upon recovery,
delivers a pulse both to the channel
collector and to channel 2 multivi-
brater, which in turn triggers that
of the next channel and delivers an
output pulse to the collector. The
process is repeated in appropriate
sequence until all time channels
have operated, after which the cir-
cuit is quiescent until the master
keyer again initiates the sequence.
The output pulses delivered to the
channe] collector by the various
multivibrators are fed to a power
modulator which in turn pulses the
vhf power oscillator, feeding the
antenna.

Ground Station

In Fig. 2 is a block diagram of
the ground station. which receives,
decodes, and records the data. The
antenna is trained to follow the air-
borne radiator by both optical and

signal-maximizing techniques. The
detected output of the receiver,
suitably amplified, is fed into a
decoder unit, the purpose of which
is to recover the original voltage
forms from the time-modulated sig-
nals. The original data is then sep-
arated into the various channels,
displayed on meters, and recorded
by various methods.

The use of several different meth-
ods of recording provides safe-
guards against the possibility that
the whole record be lost due to
the failure of any one method. The
principal record is made on a mov-
ing strip of photographic paper by
means of Hathaway magnetic
string oscillographs. Auxiliary
records are obtained by photograph-
ing the meter panel with a 35-mm
movie camera, An oscillographic
record is made of the output of the
video amplifier with a continuous
film camera. The same signal is

SOURCE OF DATA

SOURCE OF DATA

SOURCE OF DATA

VOLTAGE | VOLTAGE 2 VOLTAGE N ANENND
> l
CALIBRATOR
MASTER KEYER CHANNEL 1 GHANNEL 2 | CHANNEL N
MULTIVIBRATOR ™ |MULTIVIBRATOR| ™| MOLTIVIBRATOR] ==~ ~~"| MULTIVIBRATOR
1 & Y P 1 1

CHANNEL
COLLECTOR

POWER POWER
QSCILLATOR

MODULATOR

FIG. 1—Block diagram of airborne telemetering unit used in V-2 rockets

____ oy amaricanradiohistornzs.com

101


www.americanradiohistory.com

recorded on a magnetic wire re-
corder from which the data can be
recovered later in the event of de-
coder failure. Timing signals are
impressed on all of the recording
media from a time signal receiver.

The pulse discriminator in the
decoder may be adjusted to reject
pulses of other than a specified dur-
ation. The discriminator output is
fed to both the synchronizing pulse
generator and to the input of each
channe] separator via the pulse in-
verter. The synchronizing genera-
tor output consists of one pulse at
the start of every group of received
pulses, which goes to channel] 1 sep-
arator, triggering a multivibrator.
This multivibrator is returned to
its original state by the second
pulse of the pulse group now arriv-
ing from the inverter. On returning
to its original state, separator 1
delivers a pulse which triggers sep-
arator 2. The return of separator
2 is effected by the third pulse of
the incoming series relayed by the
pulse inverter. This aection con-
tinues, each channel separator trig-
gering the following channel while
being itself returned by the signal.

During the conduction period for
any channel separator, the corre-
sponding metering circuit is fed a
constant voltage, the same for all
channels, for a length of time equal
to the interval representing the
corresponding data voltage. A ca-
pacitor is charged thereby to a po-

Interior of trailer serving as mobile ground station. At left foreground is a standard
12-channel Hathaway magnetic string oscillograph, Me'ers above it read individual
channel output voltages, and are photographed by a movie camera (not shown)

during each test. Upright instrument

decoder.

behind meters ond facing right is the
Instruments on table at rear are, left to right, video amplifier, monitoring

scope, antenna servo control unit, and timer unit

tential which depends upon the
duration of the voltage applied. By
suitable circuits, this potential is
measured with a vacuum-tube volt-
meter, the magnitude being a linear
funetion of original data voltage.
Calibrator units are placed in the
transmitting station to determine
any shift in the absolute response
of the system. The calibrator peri-
odically breaks the connection from
the data voltage source to the pulse
time modulator channel, and con-
nects in its stead first a ground or
zero voltage and then a stable ref-
erence potential of 3.5 volts. Two

¢ ——— — —~DEGODER ~ ~—~ - S'GNAL]
T VIDEO | .. L[PULSE wiDIH SYNC PULSE SCOPE
AMPLIFIER [ 1™*{DISCRIMINATOR GENERATOR MONITOR
RECORDER“PULSE INVERTER
VIDEO
Vo RECORDING — e
! SCOPE
i v CHANNEL METERING CHANNEL
— \ / SEPARATO CIRCUIT 1 HATHAWAY
ANTENNA \ / RECORDER
SERVO \ ll 4
DRIVE vy CHANNEL 2 METERING 1 1o-
! ! SEPARATO CIRCUIT 2 CHANNEL
y i HATHAWAY
3 ) b RECORDER
CONTINUOUS L__I CHANNEL N METERING
FILM CAMERA SEPARATOR l CIRCUIT N
ANTENNA -
CONTROL \ METER /
PANEL \ PANEL,
3 35-MM
MOVIE
TIME CAMERA
SIGNAL » TIMER RELAY —
RECEIVER .

FIG. 2—Block diagram of equipment located in trailer serving as ground station
for V-2 telemetering system
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such calibrating units are built into
each transmitter.

A large number of slowly vary-
ing quantities such as temperature
and pressure may be measured
through a single telemetering chan-
nel by mechanical commutation.
When used, such mechanical com-
mutators are provided as part of
the instrumentation of the experi-
ment concerned. For one V-2
rocket, temperature and pressure
measurements utilized 16 commu-
tated subchannels compressed into
two telemetering channels.

Data taken by telemetering is
correlated with radar tracking
plots, optical data, and photographic
records of the missile’s trajectory
by means of a master timing signal,
so that telemetered information
may be plotted as a function of the
altitude of the rocket for the entire
flight.

The timing signals originate at a
special installation provided by a
group from the Army’s Aberdeen
Proving Ground. A timing pulse is
provided every half second above a
100-cycle background, beginning at
the time of the rocket takeoff, with
every twentieth pulse after takeoff
omitted.

At the telemetering ground sta-
tion, the time signals are fed to
one of the Hathaway osecillograph
recording channels to make a per-
manent time reference along with
the telemetered data. The time sig-
nal also triggers time marking de-
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vices used with the movie camera,
wire recorder, and continuous film
camera.

The ground station antenna,
located at the center of the trailer
roof, can be directed either by an
observer on the roof or by an op-
erator inside the trailer. For the
most part all operations work auto-
matically during a telemetering
run except for directing the an-
tenna which is done both optically
and by listening to the signal and
maximizing the output. More than
one ground station is used to lessen
the chance of a break in the tele-
metering service. In all of the fir-
ings to date, there have been two
mobile stations in operation.

Circuit of Airborne Telemetering
Unit

The pulse time modulator in the
airborne unit is designed to gen-
erate a time interval over the range
of from 50 microseconds for zero
voltage input to 200 microseconds
for + 5 volts input signal. These
times are measured from the lead-
ing edges of the two pulses defining
a time interval.

To maintain satisfactory differ-
entiation between groups, it is

necessary that there be a spacing
of at least 600 microseconds be-
tween the last pulse of one group
and the first pulse of the next. Fur-
thermore, the full 200-microsecond
period, corresponding to a + 5-volt
input, might conceivably be re-
quired for all channels in one sam-
pling cyele. Thus, the time required
for the formation of a single group
of telemetering pulses may be as
long as 5,200 microseconds for a 23-
channel system. In such a case, the
maximum allowable repetition rate
is 192 cycles a second. With such
an arrangement, data voltages fed
into the telemetering channels are
sampled 192 times a second.

The circuit diagram of the air-
borne unit appears in Fig. 3, and
corresponding wave forms at ten
different points in the circuit are
shown in Fig. 4. All electronic cir-
cuit functions are initiated by a
master keyer, which is simply a
freely running multivibrator. The
period of the multivibrator of the
master keyer is the pulse group
repetition period, and is set by ad-
justing R,. The output from the
master keyer (point A) consists of
square waves which are coupled
through short time constant cir-

cuits to channel 1 and the channel
collector,

The positive surge from the keyer
does not affect either channel 1 or
the channel collector. The surge
does not affect V, because the grid
is already at full conduction poten-
tial. It does not pass to the channel
collector because it is blocked by
diode crystal X, At time ¢, the
negative surge from the keyer, act-
ing on the blocked multivibrator of
channel 1, triggers it from its nor-
mal state to a temporary state
(from a state in which V, is con-
ducting to a state in which V; is
conducting). As a result of the neg-
ative surge impressed on the grid of
V., the potential of the common cath-
odes drops until V, begins to con-
duct. Conduction of V, produces a
negative surge at its anode, which
is coupled to the grid of V, to drive
that grid still further negative.
Channel 1 now remains in its tem-
porary state until the charge im-
pressed upon this grid leaks off
through resistors R, and R,.

During the temporary state of
channel 1, the grid potential of V,
rises at an exponential rate deter-
mined by C,, R, and R, At time
t., after the grid of V, has returned

Two views of airborne unit out of housing. At left is the oscillator cavity (upper section) with 2C43 disk-seal tube operating at 1,000
mc, and 3E29 modulator tube mounted upside down below it. At right are two groups of pulse time modulator circuits and the high-
voltage supply battery., Three of the plug-in ptm units are removed from their sockets to illustrate the use of subminiature tubes.
Motors in upper corners drive the calibrator units that apply known voltages at reqular intervals in place of instrumentation voltages
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Complete telemetering airborne unit in 14 x
14 x 20-inch pressure-sealed case weighs
only 150 1b, including 1,000-mc dipole

sufficiently positive, conduction in
V. again begins; the cathode poten-
tial rises, a positive surge is gen-
erated at the anode of V, which is
coupled to the grid of V,, the circuit
returns to its steady-state condi-
tion, and a negative surge is gener-
ated at point D. This surge, coupled
through short time constant cir-
cuits to channel 2, initiates in chan-
nel 2 an action similar to that which
took place in channel 1. Such action
continues from one channel to the
next, the return of a channel to its
stable state triggering the succeed-
ing channel to its temporary state,
and simultaneously delivering a
pulse to the channel collector cir-
cuit. When the last channel is
reached the action stops and does
not repeat until a pulse from the
master keyer once more triggers
channel 1.

The length of time during which

each channel remains in its tem-
porary state is determined by the
voltage input to that channel. Each
channel is calibrated so that with
0 volts applied to the input, the
temporary state is of 50 microsec-
onds duration, and with 5 volts ap-
plied to the channel the temporary
state is of 200 microseconds dura-
tion. The calibration procedure, as
illustrated in connection with chan-
nel 1, consists of first setting the
input voltage to zero and adjusting
R, until the temporary-state dura-
tion is 50 microseconds. Then with
a positive voltage of 5 volts applied
to the input, R, is adjusted until the
temporary-state duration is 200
microseconds. Fixed resistances
matching the values of R, and R,
are then mounted in place of the
temporary variable resistances.
The applied voltage is effective both
upon the triggering and the return
of each channel.

A positive voltage on the grid of
V, produces a much heavier con-
duction in that tube when the chan-
nel is triggered. Hence, a larger
negative signal is impressed on the
grid of V, and therefore takes a
longer time to leak off through
resistors R, and R, . Furthermore,
the level to which the voltage must
leak before conduction in V, begins
is raised. As a consequence the volt-
age which is effective in determin-
ing the temporary-state duration is
the input voltage which is applied
during the temporary state, With
this system of pulse-time modula-

tion the duration of the temporary
state of each channel can be made a
linear function of the input voltage.

Upon the return of each channel
to its normal state a negative pulse
is transmitted through a small crys-
tal diode to the common line G
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Section of typical telemetering record. Num-

bers on time reference trace (second from

bottom) indicate elapsed time in sec-

onds since takeoff. Time reference pulses
are a half second apart
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Sketch of V-2 rocket equipped for study of ionosphere, showing location of telemetering unit in nose and telemetering antennas behind
tail fins. In the first successful flight made for this purpose, all instruments recorded continuously until the huge missile landed 13
miles away after reaching an altitude of 63.5 miles

104

WAAMAA-a e kearradieohistars-com

March, 1947 — ELECTRONICS


www.americanradiohistory.com

E
.4

160,000

GHANNEL | INPUT:

X1

X

(]

t

e |
E

1 :

[ +8v .

=i & V4

N T

o TO ANTENNA

CHANNEL N INPUT-

f\ll

b 100,000

L) =
pé: |N34+-“

2 EQUIVALENT
= i = OSCILLATOR
CHANNEL | 505 CHANNEL N CIRCUIT
—+
(]

+1,500v

(=]
8s 8 e
G S o 50 .
(=] o
Q =4 LuF ©
H
Vv, TOV9 ARE ° Vg
SD-828-A S
SUBMINIATURE S
PENTODES of

:—
2100,000

0.2
§ o
0.2

MEG

j=—
-
—

1,500

250V
+750V

Vie

2,200
puF

CHANNEL COLLECTOR

MODULATOR SECTION

FIG. 3—Circuit of airborne telemetering unit.

of the channel collector. The pur-
pose of the crystal diodes is to pre-
vent interference between channels
and to allow a pulse of sufficient am-
plitude to reach the amplifier of
the channel collector. Further-
more, only the negative pulse on the
return of each channel to its normal
state is transmitted through the
diode to common line G. Thus, for
23 channels, 24 pulses in each group
are transmitted to the grid of am-
plifier tube V., where they are am-
plified and inverted in phase to trig-
ger the blocked multivibrator of the
channel collector.

Operation of Channel Collector

The channel collector is similar
in action to the channels themselves,
except that its temporary state is
made very short. The pulse gener-
ated by the return of each channel
triggers the channel collector to
produce an output pulse at I which
is of constant duration and ampli-
tude, regardless of the variation in
the signal received from each chan-
nel. The periods between collector
trigger pulses therefore occur sim-
ultaneously with the periods at
which the respective channel multi-
vibrators are in their temporary
states. The information has thus
been converted to a pulse spacing.

ELECTRONICS — March, 1947

Positive pulses from point I of
the channel collector first pass
through cathode follower V,, and
trigger the Dblocking oscillator
Vs, which in turn generates sharp
pulses of one microsecond duration.
Since the blocking oscillator is of a
type commonly used in television
synchronization circuits, its opera-
tion will not be described here. The
one-microsecond pulse from the
blocking oscillator is fed through
cathede follower V.,; and hence at
low impedance to the grid of the
3E29 modulator tube, both halves
of which are connected in parallel.
The grids of the modulator tube are
driven to zero bias thereby causing
the tube to conduct. A pulse
transformer steps up the output
pulse from the modulator tube and
applies it to the r-f oscillator.

The antenna feeder line is capa-
citively coupled to the oscillator
cavity. A peak pulse power output
of approximately 750 watts is ob-
tained at 1,000 mc, with a pulse
width of approximately 0.8 micro-
second at the half-power level.

Crystal diodes X, and X, are con-
nected to the input of each channel
to limit the input voltage to the
range from 0 to + 6 volts. Too high
an input voltage will cause a
channel to oscillate, sending out a

__wanw amerticanradiohistans com

First and last channels are shown, others being identical
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FIG. 4—Waveforms at various points in
airborne telemetering circuit of Fig. 3

series of equally spaced pulses,
while a negative voltage will com-
pletely stop the action of the multi-
vibrator and prevent triggering of
all subsequent channels in the sys-
tem.

Part II will cover circuits used at
the ground station for decoding
pulses and metering circuits of vari-
ous channels.
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Subminiature

Characteristics of a tetrode requiring only 13 milliwatts of filament heating power and

having an input resistance of millions of megohms are presented. Applications to meters

for measuring ion-producing radiations illustrate ways of simplifying power supply

URING THE LAST SEVERAL YEARS,

the need for a subminiature
low-current vacuum tube capable of
electrometer service became in-
creasingly apparent. Ordinary tubes
were unsuitable for a number of
reasons. Tubes previously designed
specifically for electrometer serv-
ice were too bulky and in addition
required prohibitively large fila-
ment currents for portable equip-
ment. Smaller and more conven-
tional types, such as the type 30,
were capable of serving as elec-
trometers if specially selected and
processed, but even their size and
filament requirements were unde-
sirably large.

Electrometer Tube Requirements

Considerable experimentation was
carried on to determine the feasi-
bility of using hearing-aid tubes,
but results were on the whole quite
disappointing. Very few of them
were adequately pumped, with the
result that gas current was prohi-
bitively high for the exacting re-
quirements of electrometers. Fur-

thermore, their characteristic in
the low-current, low-voltage region,
mandatory to electrometer opera-
tion, showed such wide variations
that it was almost impossible to
design a circuit in which any rea-
sonable percentage of a given num-
ber of tubes would operate; and,
finally, the drift encountered in
these tubes was of a magnitude
that would have prevented their use
even in the absence of other factors.
Such drift has an almost inappreci-
able effect on the operation of an
a-c amplifier, such as a hearing-aid
or miniature radio, but in a d-c
amplifier it is hardly an exaggera-
tion to say that anything else can
be tolerated providing drift is
small.

Having made an exhaustive sur-
vey of existing tube types, it was
finally decided to embark on the
development of an entirely new
tube specifically for portable elec-
trometer service. Two requirements
were to be met: (1) the tube was
to be capable of electrometer oper-
ation with total control-grid cur-
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FIG.1—(A) Diode characteristics with both grids connected to plate indicate cathode

emission characteristic, (B} With 10 milliamperes filament heating current, 250 micro-

amperes first (space charge) grid current. and 10 microamperes plate current, this
second (control) grid input characteristic is obtained
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rent of less than 10 amperes,
and (2) the filament was to require
no more than 10 ma at 1.3 volts, the
arbitrarily set end-point of a 1.5
volt dry cell. The advantages of a
filament capable of such operation
were so numerous (one-month op-
eration from an ordinary flashlight
cell, to name but one) and it was
felt that the time and effort re-
quired to develop it would be
justified.

Several requirements for such a
filament followed immediately from
the 10-ma specification. (1) It
must have a high specific resistance
and the minimum possible cross-
section to achieve the 130 ohms
resistance necessary within the
length allowable. (2) Oxide coat-
ing of some sort was a necessity
because adequate emission could
not possibly be secured otherwise
with the filament power available
(normally 13 mw). (3) The com-
position of the wire must be such
as to yield adequate emission in
combination with the oxide coating.

Characteristics of Tube

Experiments finally produced a
filament with a nickel-chrominum
base wire and an oxide coating of
equal parts of barium and stron-
tium carbonate, all commercial fila-
ment mixes having proved unsatis-
factory for one reason or another.
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