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STEPDOWN AUTO TRANSFORMERS

To reduce line voltage of 200-240 volts, 50-60 cycles, to 100-120 volts
50-60 cycles for operating radios, amplifiers, appliances, etc. Will safely
handle any device consyming wattage up to the ratings shown. With
six foot cord and female receptacle.

Type No. Application Wat. Lbs. List Price
R-41 85 watt capacity 4 $7.50
R-42 125 watt capacity 5 8.50
R-43 175 watt capacity 5, 9.50
R-44 250 watt capacity 12.50
R-45 500 watt capacity 20.00
R-46 1200 waott capacity 35.00
R-64 2500 watts (no cord} 70.00

LINE VOLTAGE ADJUSTERS

with meter

The perfect answer to abnormal or fluctuating line voltage. Adjust switch
so that meter reads at red line and you know that your equipment is
working af correct voltage.

These units combine a tapped auto-transformer with a switch and meter
in a compact, rugged assembly.

The nine tap switch provides for line voltages of 60 to 140 volts on
115 volt output models and 160 to 240 volts on 230 volt output models.
All units are designed for 50/60 cycle service and come complete with
6 foot input cord and plug and outlet receptacle.

Type No. Primary Voltages Sec. Volts Watts Wgt. Lbs. List Price
R-78  60,70,80,90,100,110,120,130,140 115 150 6 $18.00
R-79 60,70,80,90,100,110,120,130,140 115 300 9 22.00
R-80  60,70,80,90,100,110,120,130,140 115 600 13 30.00
R-81  60,70,80,90,100,110,120,130,140 115 1200 21 60.00
R-83  160,170,180,190,200,210,220,230,240 230 150 6 18.00
R-84  160,170,180,190,200,210,220,230,240 230 300 9 22.00
R-85  160,170,180,190,200,210,220,230,240 230 600 13 30.00
R-86 160,170,180,190,200,210,220,230,240 230 1200 21 60.00

ISOLATION TRANSFORMERS

Ideal for isolating line noise, test equipment, AC-DC sets, etc. Excellent
electrostatic shielding. 2000 volt breakdown test. With six foot cord
and female receptacle. Primary 110-120 volts, 50/60 cycles—Secondary
110-120 volts,

Type No. Rating Wat. Lbs. List Price
R-73 100 watts $13.00
R-74 250 watts 24.00

y R-75 600 watts 35.00

R-76 1200 watts 55.00

R-77 2500 watts (no cord) 95.00

150 VARICK STREET . NEW YORK 13, N. Y.
EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y., CABLES: *“*ARLAB"”’
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UHF TELEVISION RELAY EQUIPMENT . . .. 0iiuntnninnnneennennnennnn.. tesetisssrasseasssscsenesasss Cover

Checking transmitter of wideband f-m system designed for intercity relaying of black-and-white television signals
on 1,350 mc, in Philco research laboratory. (See p 86, March)

A NEW APPROACH TO F-M/A-M RECEIVER DESIGN............cc0vuvn. ... 5600A0000000090G0aa0aC P -1

Double superheterodyne with one crystal oscillator has unusual features

INTERVAL TIMER, by E. L. Deeter and W. K. Dau....... 8008 00000600000000 5800060600680 8008 600000060000000 L1
A practical electronic device constructed from available components controls equipment down to 0.1 second

TRIPLE XANTENNA FOR TELEVISION AND F-M, by L. J. Wolf..........cu.o.u..... S .. 88

Method of using single four-bay superturnstile antenna for simultaneous operation of three transmitters

TONE BURST GENERATOR, by R. G. ROUSR. ..ot viit tteenienenieentene et ieeneenennennneennnnenees 92

Universal electronic switch initiates short bursts of tone for code intelligibility research

METAL-CERAMIC BRAZED SEALS, by R. J. Bondley.........cooveeenenunnnennnennnnnn. 60000006600 6600000 i

Titanium hydride and silver give gastight seals stronger than ceramic, ideal for microwave tubes

CENTRAL SIGNAL GENERATOR FOR PRODUCTION TESTING, by Fred Miller. .. .. 5500600 A0000 0090030000 ...100

Eight modulated signals are supplied to 25 test stations in a radio recejver manufacturing plant

SENSITIVE PHOTOELECTRIC PHOTOMETER, by Frank T. Gueker, Jr. ... .ouueevernnanennnnenn... R [ 1

Electronic techniques used to detect smoke before it can be seen

CLIPPING AND CLAMPING CIRCUITS, by N. W. Mather. ... ..... 5000 00a000 0009560 406 00A0 0088630000 e

Collection of basic circuits for removing portions of signals and for restoring or changing average values of signals

EXTERNAL CAVITY KLYSTRON, by Paul G. Bohlke and Francis C. Breeden. ... .......coveuunn... 00000000000 114
Tube and cavities tuning continuously from 7 to 14 cm are described

VOLTAGE-REGULATED POWER SUPPLIES, by Paul Koontz and Earle Dilatush .......cooueruerennnnnn.. 5000 oLk

Practical treatment of a unit comprising a d-c pack followed by series, control and cathode-bias tubes

IMPEDANCE MEASUREMENTS AT VHF, by E. G. Hills...... 50 006600 0000600000630 P 1)

Technique using slotted line and reactance balancer measures antenna characteristics

CATHODE-FOLLOWER IMPEDANCE NOMOGRAPH, by Melvin B, Kline ...........ccvvveveneeennnennnas..130

Relates output impedance, transconductance, and cathode load resistance to facilitate circuit design

BUSINESS BRIEFS..................... 74 ELECTRON ART...................... 136 NEWS OF THE INDUSTRY............ 144
CROSSTALK .............coviniin.e. 79 NEW PRODUCTS.................c.u.. 140 NEW BOOKS ..........vuvueeurnnnnn. 258
TUBES ATWORK..................... 132 INDEX TO ADVERTISERS............. 271

DONALD G. FINK, Editor; W. W, MacDONALD, Managing Editor; John Markus, Vin Zeluff, Associate Editors; Frank Rockett, A. A, Me-
Kenzie, Assistant Editors; Gladys T. Montgomery, Washington Editor; William P. O'Brien, Make-up Editor; Dexter Keezer, Director Economics
Department; John Chapman, World News Director; Harry Phillips, Art Director; Eleanor Luke, Art Assisfant

KEITH HENNEY, Consulting Editor

H. W. MATEER, Publisher; WALLACE B. BLOOD, Manager; D. H. Miller, H. R. Denmead, Jr.. New York: Wm. S. Hodgkinson, New Eng-
land; F. P. Coyle, R. E. Miller, Philodelphia; C. D. Wardner, Chicago; E. J. Smith, Cleveland: J. W. Otterson, Son Francisco; Roy N. Phelan,
Los Angeles; Ralph C. Maultsby, Atlanto; Paul West, London, England; J. E. Blackburn, Jr., Director of Circulation

e e e e o e T e e e

Contents Copyright, 1947, by McGraw-Hill Publishing Company, Inc. All Rights Reserved. McGRAW-HILL PUBLISHING COMPANY INCORPORATED,
JAMES H. McGRAW, Founder and Honorary Chairman ¢ PUBLICATION OFFICE 99-129 North Broadway, Albany |, N. Y., U. S. A. EDITORIAL AND
EXECUTIVE OFFICES 330 West 42nd St., New York 18, N. Y.. U. S. A.—Member A. B. P. Member A, B. C.

James H. McGraw, Jr., President; Curtis W. McGraw, Senior Vice-President and Treasurer; Nelson Bond, Director of Advertising; Eugene D.feld, Editorial Assistant to
the President; Joseph A, Gerardi, Secretary; and J. E. Blackbum, Jr., Vice-President for circulation operations. ) R

ELECTRONICS, July, 1947, Vol. 20: No. 7. Published monthly, with an additional issue in June, price 75¢ a copy. Directory issue $2.00. Allow at least ten days
for change of address. All communications about subscriptions should be addressed to the Director of Circulation.

Subscription rates—United States and possessions, $6.00 a year, $9.00 for two years, $12.00 for three years. Canada (Canadian funds accepted) $7.00 a year, $!!.00 for
two years, $14.00 for three years, Pan Americah countries $10.00 for one year, $I6.00 for two years, §20.00 for three years, All other oountries $15.00 for one year, $30.00
for three years. Please indicate position and company connection on all subscription orders. Entered as Second Class matter August 29, 1936, at Post Office, Albany,
New York, under the Act of March 3, 1879. BRANCH OFFICES: 520 North Michigan Avenue, Chicago !I, IIl.; 68 Post Street, San Franolsco 4; Aldwych House,
Aldwych, London, W.C. 2; Washington, D. C. 4; Philadelphia 3; Cleveland 15; Detroit 26; St. Louis 8; Boston 16; Atlanta 3, Ga.; 62| So. Hope St., Los Angeles 14;
738.9 Oliver Building, Pittsburgh 22.



...
‘ D ]

o

\NDUSTR\AL TYPES

WER TYPES lup to 60
amperes

» TYPES {mechanic
eledrico\ re-set)

SENS\TNE LOW-POWER

IHE RIGHT RELAY

“ MEMORY al latch,

|NSTRUMENT CONTROLLED E
MERCURY gg;rgc':;cp(egnng types. OR YOUR | g
multipole APPLICATION %

£

ENCE (ratchet and
)

types
“Nu!crocker" types!

DIRECT CURRENT {
HlGH-VOLTAGE LAMP CONTROL

seQU

™. GENERAL PURPOSE TYPES
POLARIZED CLOSE DlFFERENTlAL
SISTANT OVERLOAD
3

V\BRATION-RE
\NDUSTR\AL MOTOR REVERSING
TELEPHONE AUX\L\ARY S\GNALL\NG
COMB\NAT\ONS
y (inertia, motor-oper

TIME DELA
and thermal types)

ated

he tremendous number
| of
. Struthers-Dunn Relays
it possible to meet most y
st specificati
ions

EXACTLY
and from standard types All
. are highly

adaptable as to cont |
act, coil and mounting
arrangemen
ts.

= N

UWrite
for Data Bullette ou any Lyfc

STRUTHERS DUN

ATLANT
AcBALT
IMORE®*B
0OSTO
DEN NeBU
VER*DETROIT* HARTFO FFALO®*CHICAGO * CIN
RD* N CINNA
DIANAPOLIS*LOS AN TI e CLEVELAND * DAL
s M INNEA
POLIS ¢
MONTRE
Al

NEW YO
RK ® PITT
SBURGH
ST. LOU
1S »
SAN FRANCISCO * SEA
TTLE +
SYRACU
SE * TO
RONTO

2
July, 1947 — ELECTRONICS



@ Creative men...engineers and engineering draftsmen...plan and build things
to last. By the same token they look for instruments and equipment that will last.

The tracing paper they draw on must be permanent. Their drawings must serve

as lasting records. They may even have to use these same drawings years later

to make new reproductions.

«». high oxtane
gasoline For 79 years there has been a lasting partnership between Keuffel & Esser Co.

equipment and materials and the engineers and draftsmen of America. This

partnership has been so general, that there is scarcely an engineering or construc-

o tion project but what K & E products have played their part in it.

..electric One of these products is ALBANENE* Tracing Paper. lts 100% pure white rag

household appliances fibers are stabilized and transparentized
with Albanite, @ K & E synthetic solid

partners in creating e s m

it cannot “bleed” nor lose its transparency

with time. For complete details, write to your nearest K & E distributor or to

II'J<=|',L.E Keuffel & Esser Co., Hoboken, N. J.
I \ *Reg. U. S. Pat. Off. v

Drafiing, Repreduction,
Surveying Ecmipmert
and Materals.
Slide Ruls,
Measurinz Sapes.

.aﬂoi-"{ e T

i,fK 'B{a#hj.m.;l ) 2
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Weslerm

25B SPEECH INPUT

KANS KDTH KUSC

Wichita, Kansas Dubuque, lowa Los Angeles, California

WMBD . WMBR WNBF

Peorig, lllinois Jacksonville, Florida Binghamton, New York

Here you see a few of the more than 150 new 25B Speech Input
Consoles which have been shipped to stations all over the coun-
try. 25B’s are now coming off the production line in a steady
stream 1o fill orders being received from other broadcasters eager
to install this high quality, economically priced equipment.

Broadcast studios choose the 25B because: its two main chan-
nels handle FM and AM programs simultaneously —its noise and
distortion are well within all requirements for high quality FM

4 July, 1947 — ELECTRONICS
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WDAE ” WGST

Bay City, Michigan Tampa, Florida Atlanta, Georgia

WROV WSAV | W W C

Roanoke, Yirginia Savannah, Georgia Columbia, Missouri

operation over a 15,000 cycle range —all controls are arranged
for maximum operating flexibility and convenience—it’s com-
pletely wired for plug-in cable connection—all parts are accessible
for inspection and maintenance—and its modern styling makes
it really eye-appealing.

For early delivery of your 25B Console, get your order in
now to your local Graybar Broadcast Representative or write
Graybar Electric Co., 420 Lexington Ave., New York 17, N. Y.

— QUALITY COUNTS —

ELECTRONICS — July, 1947




with the

FOUR-20

TRANSMITTER
' © You can be on the air with the Four-20

Transmitter five minutes after it is unpacked. All you need is a crystal and
a key and you are all set to go with a full 20 watts output at the antenna

terminals.

Stability is assured by an improved oscillator circuit that allows
less than five milliamperes of R.F. current to pass through the crystal.
A special resistor network keeps the load on the transmitter constant with

the key up or down.

And in the Four-20 the matching problem is solved by the special

output coil which will match any transmission line from 50 to 600 ohms.

You will be amazed when those reports come in—RST=599X.

25
4 Write for Descriptive Booklet For phone operation use the FOUR-11
: Modulator, companion unit to the FOUR-20

S ARG

N 2 THE HAMMARLUND MFG. CO., INC., 460 W. 34™ ST., NEW YORK 1, N.Y.
sTaBLISHD 1310 MANUFACTURERS OF PRECISION COMMUNICATIONS EQUIPMENT
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Get iuto Production in a few hours
“% WHISTLER
ADJUSTABLE DIES

Whistler Adjustable .
Perforating Dies are

in use everywhere...

working in both large:

and small presses.

Whistler perforating dies now offer @ coyble-barreled ad-
vantage in getting into production faster. Standard sizes
of round hole punches and dies. .Y32 to 3”...can be shipped
promptly. Special shapes...squares, ovals, rectangles,
group and notching dies, are qaickly made to order.

Equally important, set-ups are simple. .take only a short
time. Same units can be reamanged or units added in
setting up different jobs. Produztion is -hus speeded while

WSk R FSg C Slier GREDJIEREs [ (20 die costs are amortized througk confinued re-use.
Whistler Adjustable Dies. It makes sense to get

;he complets story. .And it's easy to do. Write No special tools are needed. All parts a-e interchangeable.
or your WhistleniCatalogsatoddy: The heavy duty series of punches anc dies easily pierce
materials up to 14" mild steel.
(-3
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HERE'S nothing like troubls to bring people together.

That's how some of Revere’s closest friends were
gained—through a mutual scruggle against difficulties,
troubles such as occasionally beset any business.

Take the case of an important electronic product, origi-
nally developed for war use, since the war finding increasing
applications in peacetime services. When manufacture
began, rejections ran extremely high, over 40%, costs were
skyrocketing, and badly-needed production was being lost.
The maker asked if we would care to collaborate in solving
the problem. Of course we would! After studying the
subject in derail (and also under conditions of the greatest
secrecy), we suggested a radical change in the properties
of a non-ferrous product used in the manufacture of the
vital parc with which so mach uouble was being expe-
rienced. New processes of manufacture were developed,
and in a short time test runs of the recommended material
proved successful. Rejections of finished units dropped to
less than 1%. Thus an expensive and vexing bottleneck was
broken, and we gained a new customer and a firm friend.

Let Trouble
be our
Introduction

This success story demonstrates that Revere has an open
mind as well as an informed one, and is always ready to
question the customary, find new answers to new problems,
or to old ones, for that matter. If something is worrying you
in your employment of non-ferrous metals in electronics, get
in touch with Revere, not for ready-made answers, but for
wholehearted cooperation, a joint search for better results.
This help is given freely, without obligation, through the
Revere Technical Advisory Service, which has at its command
the knowledge and facilities of our laboratories, and the
accumulated experience of the entire Revere organization.

REVERE

COPPER AND BRASS INCORPORATED

Founded by Panl Revere in 1801
230 Park Avenue, New York 17, New York

Mills: Baltimore. Md.; Chicagn, 1Il; Detroit. Mich., New Bedford, Mass.;
Rome, N, Y,—Sales Offices in Principal Cities, Distributors Everywhere,
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BROADCASTING that
earns the approva of
station managers and
listeners a ke under o1y
and all local condit'ens
for reliability, efficiency
and econamy.

ELECTRONICS — July, 1947

COLLINS 21A 5Kw Air The new Collins ZIA hos beev th: choice of keen
Cooled BROADCAST executives for clote 1o o sco e of installaticas in
TRANSMITTER made by recent months. \Knowlecge and.exper ence gained by
COLLINS RADIO COM- Collins engineers duriag war line are reflected in

improved design, Isnger life, Figter safety fae ors

PANY, 11 West 42nd Street,
- and unusval standards of troube free operatior .

TUSE SPECIALISTS SINCE 1925

GLECTRONIC CORPORATION

25 WASHINGTON STREET, BROOKLYN 1, N. Y., CABLES: “ARLAS"
in" Conado end Newfoundlond: ROGERS MAJESTIC LIMITED, 622 Fleet Street Wast, Toronto 28, Canado




Three types of terminals for
flexibility, convenience

ROD TYPE:

160" diameter rod type
terminals. Designed for
use with conventional fuse
or clip-type connections.
Terminals are solid brass,
silver-plated.

SLOT-AND-THREAD
TYPE:
.160" diameter with X"
x ¥s" slot in one terminal.
Other terminal tapped
6-32, ¥, deep for
‘‘twinning'’ or convenient

DUO-THREAD TYPE:

one terminal tapped 6-32,
X" deep full threads.
Other terminal, 6-32, male
thread 14" length. De-
signed forconvenient series

ortapped series connections.
chassis mounting.

Centralab in response to stated requirements of television project  voltages (not for use in temperature compensation or resonant
engineers, "Hi-Vo-Kaps”, made with high dielectric constant circuits). For complete information about these important new

l Another “first” for Centralab! Designed and developed by  amplifiers for high DC voltages with small component AC
Ceramic-X, are for use as filter and by-pass capacitors in video  capacitors, send for bulletin 946.

Cutaway view shows
integral ceramic construction

Solid brass termi-
nals, soldered direct-
ly to electrodes.

Metallic silver elec-
trodes fired directly
to high dielectric
constant Ceramic-X.

Low loss, mineral
filled phenolic resin,

Three terminal types
for strong, fast con-
nections,

flash test, 500 mmf, +50% — 20% at Flat, horizontal design saves valuable space, allows short leads, convenient
1 megacycle (214% higher at 1 kilo- location to coils, reduced lead inductances for increased efficiency in low and

2 Ratings: 10,000 WVDC, 15,000 VDC 3 Centralab’s new Slide Switch promises improved AM and FM performance!
cycle). Diameter —.990”, length — 510", high frequencies. Designed for maximum reliability and long service life,

10 July, 1947 — ELECTRONICS



Electronic Industry

Coupling Cap.

PLaTE
2%

Plate Plate RF,
16ad wmemsn By Pass Cap, S Resistor
Resistor .,
R,

+9 .
Dla+e'3u?p|\"

first time, Centralab's new Couplate ofters a complete interstage coupling crcuit required by the Couplate insicad of the
which combines into one unit the plate load resistor, the grid resistor, the usual eight or nine . . . (sce above).

l First commercial application of the “printed cireuit” and now available for the 5 Only four soldered connections are now
plate by-pass capacitor and the coupling capacitor. e That means fcwer errors, lower costs!

conunuing research in high dielectric

omy, small size and extreme dependa-
constant ceramics. Order bulletin 933,

bility.

pass and coupling capacitors. Soon avail-
at your nearby Centralab distributor!

Watch for something new in CRL's line There's none better than this line of Made from Centralab’s original Ceram-
of dependable, high quality ceramic by- ceramic capacitors which combines econ- ic-X, this complete line is result of cur

o

Look to Centralab in 1947 First in component research that means lower
costs for electronic industry. If you’re planning new equipment, let Centralab’s
sales and engineering service work with you. Get in touch with Centralab!

Centy;

DIVISION OF GLOBE-UNION INC., MILWAUKEE, WIS,
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COMPLETE &'

Here is a complete transmitter maintenance group —
providing every measurement necessary for top-flight operation
from microphone to antenna! Three fast, accurate precision
instruments in one compact whole — specifically designed for
years of trouble-free performance worthy of the finest FM
broadcast equipment.

These are the -bp- instruments that comprise this group.

1. -hp- 335B Frequency and Modulation Meter.
Continuous measurement of carrier frequency and
modulation swing. Low distortion audio output for
measuring and monitoring.

2. -hp- 206A Avudio Signal Generator.

Provides continuously variable audio frequency vol-
tage having a total wave form distortion of less
than 0.1% from 50 cps to 20 ke.

3. -hp- 330C Noise and Distortion Analyzer.

Measures harmonic distortion and noise level from
demodulated carrier or audio channels. Built-in-vac-
uum-tube-voltmeter measures audio level, frequency
response and gain.

All instruments have identical panel sizes for convenient
mounting in relay racks. Can be delivered in colors and finishes
to match your equipment.

GET FULL INFORMATION...WRITE TODAY
HEWLETT-PACKARD COMPANY

1481A PAGE MILL ROAD « PALO ALTO, CALIFORNIA

TEST EQUIPMENT

Carrier Frequency: Continuously moni-
tored with accuracy well within
F.C.C. limits.

Modulation Swing: Continuously meas-
ured at instrument installation and
at control console.

Modulation Limit: Alarm lamp flashes
on instrument and console when
pre-set level is exceeded.

Aural Monitor: Demodulated signal pro-
vides listening check for operator.

Harmonic Distortion: Measured frone ¢-f
carrier or audio channel.

Noise: Measured accurately from FM
carrier or audio channel.

Frequency Response: Overall response,
microphone to antenna, of individ-
ual units in transmitter set-up.

This -hp- Maintenance Group Makes These Essential FM BROADCAST MEASUREMENTS

Audio Transmission: Accurately meas-
ures gain of audio channels.

Audie Level: Measured over range from
+ 50 db to —60 db at 600 ohm level.

Equalizer Circuits: Characteristics of
circuits and lines can be checked
accurately, swiftly.

Oscilloscope Connections: Facilitates
visual study of noise and distortion.

July, 1947 — ELECTRONICS




BRIEF SPECIFICATIONS

Frequency Range: Any single frequency,
88 to 108 mc.

Deviation Range: + 3 kc to — 3 ke.

Accuracy: Better than 71000 cps.

Modulation Range: Modulation swing
100 kc.Scale calibrated 100% at 75 ke.

Audio Qutput: Supplied with 75 micro-
second de-emphasis circuit, flat within
Y, db of standard curve, 20 cps to
20 ke.

Monitoring Output: 1 milliwatf into 600
ohms, balanced, at 100% modulation.

Size: Panel 10%;"'x 19”. Depth 13”.

Precision accuracy, unique stability,
new convenience and compact size —
those are but a few of the reasons
why this -bp- 335B is the finest in-
strument ever developed for FM
broadcast monitoring. Here are addi-
tional advantages that help make this
new -bp- instrument an ideal com-
ponent of the -hp- FM group.

Simple to Operate. No adjustments re-
quired during operation.

Independent of Signal Level. Readings
of frequency or modulation meter are unaf-
fected by variations in transmitter level.

Unusual Stability. Low temperature co-
efficient crystal in temperature-controlled
oven combined with specially developed

electronic linear counter circuits provides
accuracy far beyond that required. Meas-
urements do not depend on accuracy of
conventional discriminator circuits.

Remote Modulation Meter. Modulation
may be monitored at control console or
other remote point.

Low Distortion. Audio output for meas-
uring purposes has less than .25% residual
distortion.

Low Noise Level. Residual noise and
hum in audio output are at least 75 db be-
low 100% modulation.

Meets F.C.C. Requirements.

This instrument is small in size, easy
to install, suitable for cabinet or rack
panel mounting. Can be furnished to
match your transmitter color scheme.

BRIEF SPECIFICATIONS

Frequency Range: 20 cps to 20 k¢, 3
bands.

Output: + 15 dbm to matched resistive
loads. 10 volts available for open
circuit,

Output Impedance: 50, 150, 600 ohms
center-tapped and balanced. 600 ohms
single-ended.

Frequency Response: Better than 0.2 db
beyond output meter at all levels.

Distortion: Less than 0.1% above 50 cps.
Less than 0.25% from 20 cps to 50 cps.

Hum Level: At least 70 db beiow output
signal, or more than 100 db below 0
tevel, whichever is larger.

Size: Panel 10%;”'x 19”. Depth 13",

ELECTRONICS — July, 1947

The -hp- 206A Audio Signal Gen-
erator provides a source of continu-
ously variable audio frequency vol-
tage having a total distortion of less
than 0.1%. This feature, combined
with high stability, flat frequency re-
sponse, and great accuracy of output
voltage, makes it an ideal component
for FM station maintenance. Here
are some of this instrument’s unusual
advantages:

Distortion less than 0.19 between 50
cps and 20 kc.

Continuously variable frequency range,
covered in 3 bands, micro-controlled dial,

effective scale length 47", ball-bearing
smoothness for tuning ease.

Output meter monitors output voltage
signal with accuracy of at least 0.2 db.

Special low temperature co-efficient fre-
quency determining elements provide high
stability and excellent accuracy over long
periods of time.

Precision attenuators vary output signal
level in 0.1 db steps over 111 db range.

This new -hp- generator is con-
venient to use, compact in size. It can
be provided for rack or cabinet
mounting, in colors matching your
installation.

1481




anclher “break” in the bollle-nock.

After the speaker the next major limitation in the ordinary sound
system is the output transformer. New techniques in inter-modu-
lation testing have shown it to be the factor causing non-linear
distortion in many commercial amplifiers.

But the same Altec Lansing that developed the famous Duplex
Speaker with its wide range, undistorted reproduction, also gives
you a line of output transformers which will deliver POWER within
1 db of rating from 40 to 10,000 cycles; POWER within 2 db of
rating from 25 to 15,000 cycles; and POWER within 3 db of rating
from 20 to 20,000 cycles. This outstanding feature of power handling
capacity is practically exclusive with Altec Lansing.

Break the bottle-neck on transmission—Go Altec Lansing all the way.

ALTEC LANSING
ar

c/ I e

ALTEC LANSING MAKES A COMPLETE LINE
OF INPUT, OUTPUT, POWER, INTERSTAGE,
MATCHING TRANSFORMERS AND CHOKES.

For full technical data,

write us or see your dealer.

LANSING CORPORATION

1161 N. Vine St., Hollywood 38, Cal.
250 W. 57th St N.Y. 19, N.Y.

K E E P A DY ANICI NG W I T H A LTESTC LANSING"
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That's the

name fo

remember in
PERMANENT

MAGNETS

There are values in the use of permanent magnets—
increased efficiencies and economies—that should be
investigated by many a manufacturer of electrical and
mechanical equipment. The past decade has seen great
strides in the scope and utility of permanent magnets,
and this progress is important to you.

Equally important are the extre values you’ll find in
Arnold Permanent Magnets—the natural result of
specialization and leadership, and of complete quality
control in every production step from melring furnace
to final test. ® Call in an Arnold engineer to help with
your design and planning—write direct or to any
Allegheny Ludlum office.

Wap 1099
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HIGH-VOLTAGE
IGNITRON

for radio-transmitter and industrial
power recfification. A three-in-one tube
with large capacity that—

Rectifies.

phase control.

L

Regvlates voltage by accurately timed

V Provides one-cycle circvit-breaker action in
case of transmitting-tube failure or other

overload cavse.

His brilliant G-E development in

ignitron rectifiers solves an im-
portant power-supply problem for
broadcast stations, users of induction
heating, laboratories emploving cy-
clotrons and synchrotons—others
which require substantial amounts of
d-c current at high regulated volrages.
A special plus-feature of the GL-5630
is its fast circuit-breaker action, offer-
ingimproved protectionagainstshort-
circuits or sudden current overloads
from any cause.

Outstanding new design charac-
teristics of the tube are (1) use of a
control grid which times the flow of
current with split-cvcle accuracy, giv-
ing the tube its voltage-regulating and
rapid circuit-breaker qualities, and
(2) addition of a special potential-
dividing grid that lowers the voliage
gradient berween anode and cathode,

enabling Type GL-5630 to handle
very high voltages successfully.

Construction matches the high
standards of sturdiness and efficiency
set by other G-E ignitrons. Outer and
inner jackets are of stainless steel to
minimize corrosion. “Water-spiral”’
cooling keeps heat dissipation uni-
form. All tube seals are the strong,
lasting fernico metal-to-glass type.

Detailed information about Type
GL-5630, including price, complete
ratings, and performance curves,
gladly will be supplied on request.
Also, the aid of G-E tube engineers is
available, should you need on-the-
spot advice in applying this advanced
rectifier ignitron to circuits now on
your drawing-boards. Address Elec-
tronics Department, General Electric
Company, Schenectady 5, N. Y,

RATINGS, TYPE GL-5630

Peak voltage, forward or inverse 20,000 v

Peak current
Average current

200 amp
50 amp

GENERAL @) ELECTRIC

162-F6-8850

FIRST AND GREATEST NAME IN ELECTRONICS
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STAN DARD HADIO

one-coar WRINKLE

is Standard for Radio-Efectronic Instruments

Yes,mls the most-used finish for Instruments cnd cab nets In the radio and electrcics
Industrles, becouse . . .requlres no stricce oreparation. One ocoating
ofmwlpped or sprayed) covers minor surface mperfections in sheets, cas-ings,
stampings, forgings, die castings, etc., cutting unto d hours ond dollars from

producticn finishing costs..

M|S also the Industry standard for office mad-Ines and
equipment, for precision tools and Instruments, for sc entific apparatus,
for photographiz equipment, for electric motor cases, for
electric and pneumatic tools, machine tools.

suy [ZZEETIN . . . Hour saver . . . Dollar maker . . .
from any of the more than 200 licensed manufccturars

Testimonial . , .
*“low reflective valve NEW WRINKLE, IMC,, 137 N. Perry St., Daytor 2, Ghio

« « « better camouflage 2 ® Please tell me akout the app'icatian of Wr nkle
for scrotches and bet-
ter wear for field work
« . . any irregularities : f Name =~ Title_
in material or assem-
bly and fabrication are
minimized.” Street
RADIO: CORPORATION

OF AMERICA

coatings an
Campany .

City Zone __State
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STYTANDARD I-F

TRANSFORMER
455 ke

OSCILLATOR
THANSFORMER
35-50 ke

!

¥

3 BAND
ANTENMA
con

i §Mp@ﬁ’ &

ELECTRIC PRODUCTS CORP. /

These electronic components are examples of the
superiority of SUPER design and craftsmanship tech-
niques. Built into each is the kind of durable quality
and performance that compliment the units in which
they are used.

In addition to the components described, SUPER will
build to customer specification.

_ OSCILLATOR

USE OF THE FOLLOWING
SUPER ELECTRIC €O.
COMPONENTS
Indicoted by dots

420 mmfRMA STANDARD GANG

365 mmfRMA STANDARD GANG

35 mmf
[ TUNING
TUNING RANGE TUNING RANGE RANGE
§35- 1.6- 5.6- 535~ 2,0~ 6.0- 8-
TELEV
1620 ke 5.6 me 19.25 me 1620 ke 6.0 me 18.0 mc 12 me Fustel

OSCILLATOR COIL

LOOP ANTENNA

ANTENNA cOIL

MI-VOLTAGE COIL

R-F INTERSTAGE
TRANSFORMER

BAND PASS ANTENNA
COIL (Double Tuned)

BAND PASS R-F COIL
(Double Tuned)

.~ 2 BAND
ANTENNA
colL

:

3 BAND ; :
OSCILLATCOR COIL 5
&
i
i
i

LOOP ANTENNA

STANDARD I-F TRANSFORMERS 455 kc

STANDARD F-M COILS

I-F 10.7 me (%" x %" and 1Y x 1V”’ Square Can}
COMBINATION AM-FM |I-Fs, 455 kc and 10.7 mc

TELEVISION COILS

VIDEO I-Fs 12.75 mc and 26.4 mc
VIDEO I-F ASSEMBLIES CENTER FREQUENCY 23.52 m¢
SOUND I-Fs 21.9 mc

SOUND DISCRIMINATOR — 21.9 mc
VIDEO PEAKING AND FILTER COILS

LOOP ANTENNAS by SUPER

1. MULTI-BAND COMBINATION LOOP ANTENNA AND RADIO BACK

2. BROADCAST LOOP ANTENNA AND RADIO BACK COMBINATION
WITH PHONE JACK, OUTSIDE ANTENNA CONNECTION, ALIGNING TRIMMER

3. HIGH Q LOOP ANTENNA, POLYETHYLENE INSULATED WIRE
4. BASKET WEAVE LOOP ANTENNA




Centralab Announces a New and Revolutionary

LEVER SWITCH

With « Minimum Life Test of 25,000 Cycles!

8 Basic Combinations of

Indexing Available!

COMPARE the outstanding features of Centralab’s
new lever switch, and you'll see why it’s the finest
product of its kind available today!

New, exclusive coil spring design with cam and
roller offers you new dependability, long life and re-
sistance to hard service for inter-com and test equip-

Ceramic Trimmers
Bulletin 630

NEW COIL SPRING DESIGN
FEATURES SMOOTHER ACTION,
MORE POSITIVE INDEXING!

See how easily this coil spring
can be replaced withoul remov-

ing switch from chassis. Note

simplicity of engineering and

rugged construction to give you

long life and dependability.

ment use. Guaranteed minimum life of 25,000 cycles.

Combinations of spring return and positive index-
ing provide a flexibility which makes it adaptable to
almost any circuit requirements. Available with
shorting or non-shorting contacts, or combination of
both. Low capacity. 30 degree indexing. Rated at 6
watts. Brass silver-plated clips and contacts. All
other metal parts cadmium-plated steel.

Send today for complete information and bulletin
number 970,

Ceramics Variable Resistors ~ Ceramic Capacitors Selegtor Switches
Bulletin 720 Bulletin 697 Bulletin 630 Bulletin 722

ELECTRONICS — July, 1947




This is truly a practical
D.C. amplifier! It opens
new uses for your Brush
Direct-Inking Oscillograph. As
with all Brush products this new
instrument represents years of
intensive research in engi-
neering and design. Write today for
the complete story . .. Brush
representatives will be glad
to demonstrate.

a product of

Specifications includa

1~ Frequency Response —uniform from D.C. to 100
cycles per second

1 Voltage Gain—1000 Approximately (one chart
millimeter pen displacement per millivolt signal)

1~ Stability—drift—less than one chart mm. per hour

1 Calibration Circuit—for convenient determination
of input signal levels

1# Centering Control—to position pen elecirically to
any point on chart

1 Power Requirements—115 volts, 60 cycles
1 Portability —Weight 30 pounds

3415 Perkins Ave., Cleveland 14, Ohio

e Bt Dasclopmert O

Canadion Representatives: A. C. Wickman, (Canada) Ltd., P. O. Box 9, Station N, Toronto 14

20
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Do you know all the extra

advantages of this

EDISON sealed-in-glass

Here’s how sealed-in-glass features solved one manufacturer's problem

Fieldcerest Mills (Division of Marshall Field Company, Inc.) needed a
control for their new “Fielderest”™ Thermostatic Blankel. So they asked
EDISON engineers to work with them. ED1soN adapted one of its sealed-
in-glass controls, a thermal relay, to fit this special need, made use of
its extra advantages, and solved the problem completely. This hlanket
control is now produced in quantity by EpISON exclusively for Field-
crest Mills.

An EDISON sealed-in-glass control might solve one of your problems

The EDISON sealed-in-glass thermal relay limes, delays, limits, or se-
quences aulomatically over a considerable range. 1t displaces magnetic
relays in many applications. It integrates pulses and intermittent cur-
rent into accumulated heat energy to operate controls.

Tt controls loads Lo eliminale magnetic relay chatter and resultant
false starting. It continues, starts, or delays the operation of certain ele-
ments afler a main circuit is opened or closed.

control ?

The extra advantages of
this EDISON sealed-in-glass
control are:

1. Protects working parts from dust,

dirt. corrosion, and tampering,
2. Minimizes contact fouling,
pilting. or transfer,
3. Equal AC or DC ratings.
4. Compensates for ambient
lemperatures.

5. Safer operation in hazardous
almospheres,

6. Small size.

7. Light weight,

8. Rugged simplicity,

9. Silence.
10. Operates in any position.
11. Operates at am altitude.
12. Insensitive to transients.

13. Operates continuously or
intermittenth.

14. Freedom from maintenance
or adjustment.

15. Long, consistenl operating
life.
16. Low cost.

EDISON sealed-in-glass thermal relay

ELECTRICAL HEATER (5 walls nominal; 150 volts
AC/DC max.) deflects a bi-metal to actuate a moving
contact,

CONTACTS are s.p.a.t.. normally open or closed. Rated
at 6 amperes at 250 volts AC DC for delays less than 1
minute. For longer delays, rating can be increased to
450 volts AC/DC if reduced to 3 amperes.

SPRING PRESSURE ARM. on which one of the con-
tacts is mounted. applies contaet pressure immediately
and noiselessly,

PRE-SET OPERATING TIME, {rom 5 seconds to 8
minutes.

AMBIENT TEMPERATURE COMPENSATION, from
—060° C. o +70° C,

CUSHIONING SPRINGS, hetween ceramic internal sap-
port and glass envelope, absorh vibrations and shocks.
DIMENSIONS : 1L3” diameter; 314”7 lieight (seated).
WEIGHT: 0.08 1b.

MOUNTs: 4-pin or octal radio tube base, or special
mount and lead-in arrangements. if required.

— —

The services of EDISON engineers are available to help you work out vour electrical eontrol
problems. Please include all pertinent data with your inquiry. Write for deseriptive literature.

EDISON

ELECTRONICS — July, 1947
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CAUTION ON HIGH YOLYS

nNa
{"2.9v- 1000V

1000-5000V 10 AMP

250V
SO0V,
$0vam

! /_“,.ourwr. : qf)
/""“." : ”_omqs

/  —DC ¥
— 18,000 8/¢
g A

OMA-
pCv2
2000000

2,50
4000

1000MA §
#100MA- |
-TOMA [

Al

LONG SCALE, MODEL 623-N VOLT-OHM-MIL-AMMETER

DOUBLE SENSITIVITY
Ir. C. VOLT RANGES
0-1,25-5-25-125-500-2500 Volts,
at 20,000 ohms per volt for greater accuracy on
Television and other high resistance D.C. circuits.
0-2.5-10-50-250-1000-5000 Volts,
at 10,000 ohms per volt.
A.C. VOLT RANGES
0-2.5-10-50-250-1000-5000 Volts,
at 10,000 ohms per volt.
OHM-MEGOHMS

0-400 ohms (60 ohms center scale)
0-50,000 ohms (300 ohms center scale)
0-10 megohms (60,000 ohms center scale)

DIRECT READING OUTPUT LEVEL DECIBEL
RANGES
—30 to +3, +15, +29, +43, +55, +69 DB

TEMPERATURE COMPENSATED CIRCUIT FOR
ALL CURRENT RANGES D.C.MICROAMPERES

0-50 Microamperes, at 250 M.V,

Write for descriptive folder — Address Dept E-77

D. C. MILLIAMPERES
0-1-10-100-1000 Milliamperes, at 250 M. V.

D. C. AMPERES
0-10 Amperes, at 250 M, V.

OUTPUT READINGS

Condenser in series with A.C. Volts for output
readings.

ATTRACTIVE COMPACT CASE

Size: 215" x 514" x 6”. A readily portable, completely
insulated, black, molded case, with strap handle.
A suitable black. leather carrying case (No. 629)
also available, with strap handle.

LONG 5” SCALE ARC

For greater reading accuracy on the Triplett
RED @ DOT Lifetime Guaranteed meter.

SIMPLIFIED SWITCHING CIRCUIT
Greater ease in changing ranges.

ELECTRICAL INSTRUMENT CO. srLurrron, onto

July, 1947 — ELECTRONICS



DRIVER-HARRIS g

Wire and Ribhon

Resistor and Radio Alloys

FOR RESISTANCE

There are Driver-Harris Aloys for every electrical resistance requirement.
Most widely used are:

... Nichrome* and Nichrome* V, for winding large value resistors where
overall size is limited, but dependability is a must.

...Manganin, when specifications require fixed stability and constant
resistance under normally variable operating conditions; examples being
precision bobbins, potentiometers, National Bureau of Standards type
resistance standards.

... Advance*, most frequently specified for precision resistors in electric
meters and laboratory testing devices, because in its finer sizes it has a
temperature coethicient of only #+.00002/°C.

... Plus a total of more than 80 electrical beat and corrosion-resistant
alloys which singly, or in combination fill any electrical resistunce
specifications.

FOR RADIO

Always abreast of the latest developments in radio metallurgy, Driver-
Harris has been headquarters for Radio Alloys since the earliest days of
the industry. In greatest demand are:

...Nickel and Nichrome*, for plate strip. Thin but rigid, they take a
tightly adhering heat radiation coat.

... Filnic* Alloys, in both fine wire and ribbon, take a tightly adhering
oxide coat. They are spooled and packed with unusual care to assure
retention of original properties in transit.

... Gridnic* Alloys, having a very low electron emission — especially
suitable in tubes where back-emission is involved.

...Cathode Sleeve Material: special melted Nickel Alloys 10 meet any
emission requirements,

Other widely accepted D-H Alloys, meeting or exceeding most radio
specifications are: Nilvar®, #42 Alloy., #52 Alloy, and Nickel "A".
I!D'!. HE}’. !IZI"

For efficiency and dependability —
s Aitor, Specify Electrical Resistance and Radio Alloys by —

Driver-Harris

COMPANY
HARRISON  *  NEW JERSEY

BRANCHES: Chicago ® Detroit ® Cleveland ® Los Angeles ® San Francisco
The B. GREENING WIRE COMPANY, LTD., Hamilton, Ontario, Canada

Seattie

/;

/

/7 ’
/*Trade Mark Reg. U.S. Pat, Off



J0kw.FM..

High Band FM Comes Of Age..

Here’s How It Is Done . . -

TYPE 12500A3

Above. Four Eimac 4X500A tetrodes in
push-pull parallel raise! the power level
from 50 watts to 3 kilowatts.

Right. A pair of Eimac 3X2500A3 tri-
odes in a grounded-grid circuit provide
12 kilowatts of driving power for the
final amplifier.

24

1PA 1PA PA
MODULATOR - 50w EIMAC 4X500A’s | 4. .1 EIMAC 3X2500A3’s L1 2kwi EIMAC 3X12500A3's L 50kw =
3 kw 12 kw 50kw
OPERATING CONDITIONS
(Two Tubes)
D-C Plate Yoltage - - - - -4000 volts
D-C Plate Current - - - . |44 amperes
D-C Grid Voltage - - - - - -620 volts
D-C Grid Current - - - - - 1.9 amperes
Driving Power (Approx.) - 12 kilowatts
Plate Dissipation (total}) - - (5.4 kilowatts

Plate Power Input - - - - - 574 kilowatts
Useful Power Output - - - 54.4 kilowatts
Apparent Efficiency - - - - 94 per cent

'Actual  power delivered to water-cooled
load. Amplifier output estimated to be 3
kw higher, due to resistance and radiation

losses between amplifier and load.

July, 1947 — ELECTRONICS



ON THE AIR

. With Eimac Tubes,

When KSBR put the first 50-KW high-band FM trans-
mitter on the air Eimac tubes were in every important
socket. This was only natural, as Eimac tubes have been
associated with every FM transmitter development, in-
cluding the original historic 1935 demonstration before
the IRE.

KSBR’s 50-KW amplifier was designed and built by
Eimac to demonstrate the capabilities of the new Eimac
3X12500A3 multi-unit air cooled triode. A pair of these
new triodes in a grounded-grid circuit easily delivers 50-
KW at high-band FM frequencies, with power to spare.
Performance of this sort is made possible by sound vac-
uum-tube engineering. Because of its unique multi-
unit design, the 3X12500A3 combines high power capa-
bility with close electrode spacing and low lead induc-
tance, thus making it possible to produce high power at
VHF with low plate voltage and high over-all efficiency.
These same features make the 3X12500A3 an outstand-
ing performer at low frequencies.

Data on the 3X12500A3 and the 50-KW amplifier are
available. Write to

EITEL-McCULLOUGH, INC.
1761 San Mateo Ave., San Bruno, California

o

The final amplifier at KSBR—the amplifier
that made FM history—consists of little more
than two Eimac 3X12500A3 triodes and a pair
of shielded, low-loss tank circuits.

The unit is extremely compact considering
its power capabilities. Width 36"; Height
70"; Depth 25",

ELECTRONICS — July, 1947

Of Course...

TYPE 3X12500A3
ELECTRICAL CHARACTERISTICS

Filament: Thoriated tungsten

Yoltage - - - - - - - - - - - .« - . - - 75 v
Current - - - - - « - - - - - - . - - - - 192 amp
Amplification Factor (Aver.) - - - - - - - - - - 20
Direct Interelectrode Capacitances (Av.)
Grid-Plate - - - - - - - - - - - - - - - - 95 wuf.
Grid-Filament - - - - - - - - - - - - . - - 240 upfd.
Plate-Filament - - - - - - - - - - . - - - 5 ppfd.
Transconductance (e, =3000 v, i, = 4a) 80,000 umhos

PRICE $700

TYPE 3X2500A3
ELECTRICAL CHARACTERISTICS

Fitament: Thoriated tungsten

Voltage - - - -*. - . o . - - - o . - 75 v

Current - - - - - . - - o o o o - o - - - 48 amp
Amplification Factor (Av.) - - - - - - - - . - - 20
Direct Interelectrode Capacitances (Av.)

Grid-Plate - - - - - - - - - - - - - - - - 20 puf.

Grid-Filament - - - - - - < - - - . . . . - 48 uuf

Plate-Filament - - - - - - - - - - . . - . 1.2 paf.

Transconductance (i, =830 ma, E = 3000 v)

PRICE $165

TYPE 4X500A
ELECTRICAL CHARACTERISTICS

Filament: Thoriated tungsten

Yoltage - - - - - - - - - 4 - - - - - -« 50V
Current - - - - - - - - - - o o . . - - . 13.5 amp
Screen-grid amplification (Av.) - . - - - . - . . 6.2
Direct Interelectrode Capacitances (Av.)
Grid-Plate - - - - - - - - - - o - - . . . 0.05 uuf.
Input = - - - - - - - - - . . L . . . . s 12.8 wuf
Qutput - - - - - - - - . . o L ..o 5.6 uut
Transconductance (i, =200 ma., E, =2500 v, E .=500 v) - 5200 unmhos

PRICE $85

Follow the Leaders to

[
o



Avutomatic Tuning. The Collins Type 496E Autotune is an
automatic repositioning mechanism designed specifically for
tuning quality-built home radio receivers and for control of
industrial equipment. Its guaranteed accuracy is one part in
36,000. Age, use, wear, and normal changes in operating con-
ditions do not affect its precision or reliability.

The 496E is a commercial adaptation of the Collins Auto-
tune system originated and patented more than a decade
ago. The Autotune reached a high state of development dur-
ing the war years and was a major contribution to the reli-
ability of thousands of military radio communication equip-
ments designed and built by Collins.

Remote Control. The 496E provides ten automatically reset
positions and one position for unlimited manual adjustment
of a rotating shaft. Each reset position is independently ad-
justable to any setting within the full range of ten revolu-
tions of the shaft. Initial settings and desired changes can be

BETTER INDUSTRIAL CONTROLS BY...

performed by unskilled personnel. No tools are required.
Control is by means of push-buttons or a tap switch located
either at the unit or at any remote position. Only electrical
connections are necessary between the 496E and its con-
trol unit.

Easy to Use. The operating time is a maximum of six sec-
onds. Reset accuracy is 0.1 degree. This Autotune can be
built for operation from any a-c or d-c source. Power con-
sumption is very low. Installation is simple, requiring a sin-
gle shaft coupler for connecting the Autotune to the posi-
tioned shaft.
* * *

We will be pleased to furnish engineering services to aid
you in applying the Autotune to your needs. Engineering
models of special designs are available at reasonable cost.
Write us for further information.

COLLINS RADIO COMPANY, Cedar Rapids, lowa

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

-
m o) =]
7

458 South Spring Street, Los Angeles 13, California

20
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STOPPER-

for PROBLEMS
like these. ..

4

REG.U.S: PAT.OFF,

COLLOIDS

‘‘dag?? colloidal graphite is a specific remedy for

many troubles that eat into efficiency and profits.
12 the broad fields of general and extreme tempera-
ture lubrication, parting of molded materials, im-
pregnation, opaquing, and electron behavior, there

are many applications of unique, practical value.

(7 s
Bleeding '.

Static Charges

Dry-Film
Lubrication

Lubricating

Assemblies Eliminating
Undesired
Thermionic

Emissions

Lubrication
of Electrical
Contacts

Yet the possibilities of ‘‘dag®® colloidal graphite
are so farfrom fu_lly realized that a staff of Acheson
engineers is constantly attacking new problems...
industry’s problems and your problems. You have
not “tried everything’’ until Acheson engineers
have had a chance to stop your problems with
‘‘dag’® colloidal graphite in one of its 18 disper-

sions...or to develop a new dispersion if needed!

ACHESON COLLOIDS CORPORATION, Port Huron, Michigan

ACHESON COLLOIDS CORPORATION gMEco Gl

PORT HURON, MICHIGAN, DEPT. G-5
Please send me without obligation, a copy of each of the bulletins checked:

—
| This new literature on “‘dag’ colloidal graphite is
| yours for the asking:

| 460 | A data and reference booklet regarding ‘“dag?
| colloidal graphite dispersions and their applica-

tions. 16 pages profusely illustrated.

FACE COATINGS.

Facts about **dag? collcidal graphite in the FIELD

OF ELECTRONICS.

: (432

ELECTRONICS — July, 1947

Facts about ** dag?*? colloidal graphite
as a PARTING COMPOUND.

Facts about **dag?’ colloidal graphite
as  HIGHTEMPERATURE LUBRICANT.

Facts about ‘*dag’? collioidal gro-
phite for INPREGNATION AND SUR-

460 |

Facts about **dag? colloidal graphite
for ASSEMBLING AND RUNNING-IN
ENGINES AND MACHINERY.

NAME .
421 [| posimion. R
422 [ | rrm_ _ I

423 [ | srreer

431 [ ] arr ZONE
432 [ | sTATE




One of the largest placer dredges ever built in the United
States is intended for tin mining service off the East Indies.
Massive equipment of this order presents a problem in
maneuvering, particularly under such variable conditions
as dredging. Where loads are massive and maneuverability
tough—the Ward Leonard system of control has always been

recognized as the only truly dependable means of regulating
motor speeds. Hence its selection for this particular jcb.

Result : highest over-all efficiency under a wide range of severe
operating conditions. j

Where Busic Devipns ine Eedtiic. Continly




RESULT-ENGINEERED Without
“CUSTOM-ENGINEERING" Costs

Knowing the resul= you want to sbtair with an 2lectric cor-
trol, it is often possible to modify a Ward Leonard basic desiga
to meet your specific requirements more efficiently and witaout
the usual high cost of a ‘“special”’.

BLUE MEANS |l | ngimecting

™=~ In resistors, rheostats, relays and other electric controls, -he
' distinétive blue identifies Ward Leonard ‘‘result-engineering’’.

«,FREE BULLETINS o1 ““‘Result-Engimeered”” Rheosfats

Please request ore business letterhead, mentioning your itle

I WARD LEONARD ELECTRIC CO.

‘ #Mount Vernon, New Yedk ¢ Offices in principal sities of U. S_ and Conmia
RESISTORS o ‘RHEQSTATS o RELAYS <« CONTRDOL DEVICES




0%,
PREDETERMINED COUNTER

....the PACKAGED electronic control

POTTER electronic control can be easily applied to any new
or old machine or process which has a requirement for high
accuracy of MEASUREMENT or CONTROL of discrete
QUANTITIES, LENGTH, TIME, VELOCITY and FRE-
QUENCY. In most applications the equipment pays for itself
in a few weeks through the savings in labor and the elimina-
tion of spoilage and overages. Counting rates up to 1,000,000
per second and control rates up to 15,000 .per minute and
higher are available. Photoelectric, electromagnetic and other
types of detectors are also available to provide a complete
package unit. POTTER electronic control provides an effec-
tive means of counteracting rising production costs by sub-
stituting unattended automatic output for slower manual or
mechanical control.

& FOR PACKAGING IN PRECISE QUANTITIES ® MEASURING
AND CUTTING LINEAL FOOTAGE ® WINDING PREDETER-
MINED TURNS @ PILING IN PRECISE QUANTITIES @ CON-
TROLLING MACHINES.

COUNTING)
ACTUATING!
MEASURING!

TOTALIZING!
CONTROLLING!

AUTOMATIC
HIGH SPEED STACKING CONTROL:
L COUNTER: Another labor saving
n s application, a POTTER installation.

dOTTER  predetermined
zourtz- and ghotoelectric

Sheet metal strips con-
veyed from flying shears

detextor coun and batch
pills at rate: to 15,000
per minute. Numbered
dials permit the rapid
selez-ion of any count.

are automatically stacked
in piles of exact quanti-
ties. In many cases the
shearing operation, too,

is automatically actvated.

For additional information and consultation on your counting, timing
or control problem write to Potter Instrument Co. Dept. 6C,

POTTER INSTRUMENT COMPANY
136-56 ROOSEVELT AVENUE, FLUSHING, NEW YORK
July, 1947 — ELECTRONICS
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264t by the plastics industry which go about performing a routine,
workaday service as they help the machines in our factories and
homes to function more efficiently.

Like many of the others, it doesnt show. The experience and
know-how that went into its production do not show either. By
today’s standards it is a routine, run-of-the-mill plastics applica-
tion. So study it for a moment and see how far the industry has

Thermostat base shown progressed. Here are bosses, shoulders, lettering and thin-
molded for Friez instru- walled sections, and both round and rectangular holes — all
ment Division, Bendix molded to close tolerances in an enclosed four-cavity, semi-
Aviation Corp. automatic mold. A single operation . . . fast and economical
for no supplementary finishing is required.

Routine? Yes . . . to the men of Consolidated, but only because
they have kept apace with plastics progress, gaining the know-
how that comes through years of experience with knotty mold-
ing problems.

Whether your new plastics project is one for show or for hid-
den service . . . routine, or one to ‘stump the experts” . . . the
Consolidated staff brings you a custom molding
service custom-tailored to the need. Inquiries invited.

A

Material: Consolidated
“Arcolite’” ¥4929—gen-
eral purpose wood flour

phenolic.

MOLDED PRODUCTS Corporclion
309 CHERRY STREET, SCRANTON 2, PA.

PRODUCT DEVELOPMENT +» MOLD DESIGN ¢ MOLD CONSTRUCTION + PLUNGER MOLDING  TRANSFER MOLDING ¢ INJECTION MOLDING + COMPRESSION MOLDING
Branches: NEW YORK, 1790 Broodway ¢ CHICAGO, 549 W.Rondolph 5. «+ DETROIY, 550 Maccobees Bidg. « CLEVELAND, 4614 Prospect Av. » BRIDGEPORT, 2!} Stale Sireet.

m

ELECTRONICS — July, 1947 3l




LET BENTLEY, HARRIS WAR-TIME RESEARCH PAY DIVIDENDS FFOR YOU TODAY.

Study the insulation problem illustrated ubove
-1 90° bend subjected to 350° F ... protection

of the thermostat lead and heating clement Jead

... protection of the heater cord from internal heat.

This problem was brought to Bentley, Harris
by Century Precision Works, Inc., makers of the
“Glide-O-Matic™  Electric Tron. After receiving
and testing samples of BH Fiberglas Sleeving, this

is what the manufacturer reported: “"We have

selected BH Fiberglas Sleeving becau

resistance and excellent insulation qualities. In in-
sulating the 90° bend in the thermostat lead, the
flexibility and non-fraying qualities have speeded
assembly and increased production.”

Therc are two great names in Iiberglas Sleeving
-~ BH Extra Flexible iberglas Sleeving and BH
Special Treated Fiberglas Sleeving, the latter for
ilation requiring heat resistance up to 1200° F.

‘t us give you full details

“TLEY, HARRts Mrg,_Co., CONSHOHOCKEN, PA.

*BH Non-Fraving 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-—————=

Rentley, Harris Mfg. Co., Dept. E-12, Conshohocken, Pa.
I am interested in BH Non-Fraying Fiberglas Sleeving for

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

NAME COMPANY

ADDRESS _

32

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

[0 Cotton-base Sleeving and Tubing

O Ben-Har Special Treated Fiberglas
Tubing

July, 1947 — ELECTRONICS



ALSO
NO ION SPOT
o
NO CATHODE
GLOW

BRIGHTER PICTU

with far greater contrast

—with General Electric’s great new 10FP4

television tube featuring an aluminized screen!

N important G-E develop-
ment, the aluminum-backed
direct-view screen used on Type
10FP4 has greater brilliancy of
image, increased clarity, and
sharper definition. Here is the
cathode-ray tube that is helping

television ““come into its own’’!

The aluminum backing is a film
of microscopic thickness, which
not only permits free passage of
the electrons to the screen, but by
its reflective qualities increases
their light-giving effect. At the

same time, there is no ion penetra-

tion. Therefore, no ion spot can
develop on the screen, and no ion-
trap magnet is required. Cathode
glow is invisible because it is in-

tercepted by the aluminum film.

Widen the market for your tele-
vision receivers—increase their
popular appeal—by installing
10FP4’s! General Electric tube
engineers will be glad to work
closely with you, to help you profit
by applying this new bright-image
tube. Write Electronics Department,
General Electric Company, Schenec-
tady 5, New York.

ES

TYPE 10FP4

CHARACTERISTICS

Max bulb diameter 10%z in:hes
Min useful screen diameter S inzhes
Heater voltage €3 w
Heater current C6 amg
Focuting methed nmgaetie
Defle:ting method mmgnetic
Max deflecting angle 50 degrees
Screen fluorescent color white

Over-all length 18 inches (max}
Bulb zontact recessed small-cavity cap
Base small-shell 7-pin deodecal

Maximum Ratings (design-center values)

Anode voltage 10,000 v
Grid No. 2 accelerating

electrode, voltage 410 v
Grid No. 1 control elec-

trode, voltaga —-—125 v

Typical Operating Conditions

Anode voltage 9,000 v
Grid No. 2, voltage 250 v
Grid No. 1, voltage for cut-off —45 v
Focusing coil current, d-¢, epprox 100 ma

General Electric's extensive line of cathode-
ray tubes is complete as to types and sizes,
including:

@ Television types for all applications, such

as the popular 5TP4, 7GP4 and 10BP4 for
home receivers.

@ Oscilloscope types . . . a full range, includ-
ing Types GL-3BP1-A, GL-5CP1-A, ek.

@ Roador types from 5 inches to 12 inches in
screen diameter, of both electrostatic and
magnetic designs.

GENERAL g ELECTRIC

FIRST AND GREATEST NAME IN

ELECTRONICS — July, 1947
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With Civilian Plane-Builders

AND OWNERS, TOO

.. AMERICAN PHILLIPS SCREWS “Win Wings”

through High Style — Peak Performance —
*Stratospheric Production Savings!

American Phillips Screws give you “air age” fastening — fast, fumble-psoof,
slip-proof, reject-proof. Both the work and worker are out of harm’s way — drivi=g is
automatically straight. When these engineered screws “button up’ your products, aime-
savings soar *as high as 509, — volume booms and your net looks nicer!

The decorative, straight-set, unburred head of the American Phillips Screw

can’t catch clothes or hose — but it does catch the eye! Customers know, too, that tkey’re

CAN'T sup OUT
A.‘N\;‘G:‘ DRN% pERED RECESS
Of P

buying top serviceability — they can see it! And long life — they expect it! Join the many

makers of appliances, cars, radios and other products who are cashing in.on the dexble

advantages (Production and Promotion), provided by American Phillips Screws.

AMERICAN SCREW COMPANY, PROVIDENCE 1, RHODE ISLAND
Chicago 11: 389 E. Wlinois St. Detroit 2: 502 Stephenson Building

ALL METALS: Steel,
Brass, Bronze, Siuin-
less Steel, Aluminum,
Monel, Everdur {sili-
con bronze)

34 July, 1947 — ELECTRONICS



THREE THINGS
EVERY ENGINEER
SHOULD KNOW

about

Federal Selenium Rectifiers

FOR CONVERTING AC TO DC

THEIR DEVELOPMENT. The Selenium Rectifier was devel-
oped by IT&T — and was first manufactured in this country by
Federal, in 1938. For the past 9 years Federal has continually
improved and perfected the Selenium Rectifier — has developed
every major advance in its design and construction. As a
result, the Federal Selenium Rectifier is now the most efficient,
compact, and economical means of converting AC to DC.

. THEIR APPLICATION. Federal has pioneered the application
of the Selenium Rectifier to new jobs in practically every field
of the industry. From milliwatts to kilowatts — wherever you
need DC from an AC source — you can now save space, time,
and money with Federal Selenium Rectifiers.

. THEIR DESIGN. These features make Federal your best buy
in Selenium Rectifiers:
Center-Contact Construction — permits entire stack to be permanently
protected against corrosion.

Higher Voltage Plates — give extra breakdown strength, extra de-
pendability.

Aluminum Piate Designs — for use where extremely light weight js
desired.

Long Life — constant use in all types of applications prove Federal’s
superiority and long life.

Available in Wide Range of Standard Ratings — for information,
write to Federal today. Dept. F 113,

Federal Ilephone and Radio (orporation

100 KINGSLAND ROAD, CLIFTON, NEW JERSEY

In Canada: — Federal Electric M acturing Company, Ltd., Montreal.
Export Distributors: — International Standard Electric Corp., 67 Broad 5t., N.Y.C.

research and engineering organization, of which the Federal

HEEPING FEDERAL YEARS AHEAD...is IT&T s world-wide
Telecommunication Laboratories, Nutley, N. J., is a unit.

ELECTRONICS — July, 1947 5
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lﬁ) aomponantg ’

CALLITE TUBE AND LAMP COMPONENTS have two basic qualities—uniformity and
dependability. Other than that, the sky’s the limit. No matter how unusual the shape—or size—
of the required contact, we can design and manufacture them quickly and economically. For 27
years we have specialized in the field of metallurgical research, May we translate this rich experi-
ence for you into substantial savings on your assembly line? Callite Tungsten Corporation,
544 Thirty-ninth Street, Union City, New Jersey. Branches in Chicago and Cleveland.

CALLITE ""M*' SHAPED FILAMENT —Designed

for high-power projection lamps, this filament
has found many uses in other types of lamps
where high wattage requires excellent heat

dissipation. It employs a tungsten wire of
.010" diameter wound on a .035” molybdenum
mandrel at 55 turns per inch,

CALLITE COILED-COIL HEATER — A highly efhi-

cient heater for miniature tubes with emission
properties equal in performance to filaments
normally used in larger-envelope tubes. It em-

ploys a .375-mg tu wire heater wound on a
.004” molybdenum mandrel at 800 tpi. It is
then re-wound on a .030” steel mandrel and
skip-turned every 68 tpi.

CALLITE CONE-SHAPED TUNGSTEN FILAMENT
1 —Because of the limited distortion of its coils
—even at elevated ambient temperatures—

C-T's cone-shaped tungsten filaments are
widely used in high vacuum metal evaporators
and special lamp types where a high level of
luminosity is required.
—————————————————————————— e o e o o o o e e o e

CALLITE MINIATURE DOUBLE HELICAL HEATER .
—-Uniformly wound, of high tensile strength, = )
good ductility and uniform resistance, this =

filament is well-adapted to high and ultra-high %,
frequency applications, such as radar and mic-

quency app Q:__-:.

=

g

rowave transmitting tubes. The molybdenum-
tungsten-alloy wire is .0048" in diameter and
133 mm. in length, coated with alumina. e

4
7
Vo
Yosa eaaanse ool
LR ARG

Hard glass leads, welds, tungsten and molybdenum
wire, rod and sheet, formed parts and other com-
ponents for electron tubes and incandescent lamps,

WRITE FOR CATALOG No. 156

July, 1947 — ELECTRONICS



%Ié"‘ RCA OSCILLOSCOPE

adds “electronic vision’ to measuring,
inspection, comparison and control

Here’s a scope that’s really diffzrent—a “work horse” de-
signed to maintain its sensitivits and precision regardless
of vibration, shock, dirt, fumes, dampness, and fluctuating
voltages.

Only the finest parts are used —heavy-duty components
that can withstand severe overloads. It’s packed with time-
saving features. For example, th2 cathode-ray tube can be
interchanged with one of a different screen persistence in
ten seconds! Finger-tip accessib.lity of all parts, controls,
and connections simplifies its use.

Profitable applications range from measuring engine
and pump pressures to the designing of supersonic =quip-
ment. Hours can often be slashed off measuring jobs in-
volving very small or rapidly chamging quantities and short
time intervals. You get practically unlimited speed of re-
sponse, wide range (0.5 to 300,J00 cycles), and smooth,
stepless control. There are no moving parts to wear out.

A new bulletin is now available. Included is information
on how the WO-60C can help to do a faster and more
accurate job of electrical, mechaaical, hydraulic, or pneu-
matic measuring at low cost. Write Department 30-G, for
your free copy and the name of your nearest distributor.

ELECTRONICS —-July, 1947

The new RCA WO-60C oscilloscope as used to adjust the
ignizron circuit of a resistance welder.

Avugilable fram your RCA Laboratory

Measuring Equipment Distributor

TEST AND MEASURING EQUIPMENT
RADIO CORPORATION of AMERICA

ENGINEERING PRODUCTS DEPARTMENT, CAMDEN. N.J.

in Canada: RCA VICTOR Company Limited, Monireal

37



VARNISHED TUBING™

5!
IF IT': TURBO - IT SAFEGUARD

..keeps the volts
where they helong!

TRuL

ASK THE ELECTRICAL MANUFACTURER! The prob-
lem—to supply an insulating tubing flexible enough to sleeve
over electrical conductors without cracking or peeling ... strong
enough to -withstand pulling and tearing...uniform enough
to insure smooth fit... highly resistant to heat, flame, acids
alkalies and other reagents... AND, at the same time, an al-
most ideal dielectric. That’s the problem...and the result—
TURBO Varnished Tubing—a superior cotton braid insula-
tor processed with impregnating varnishes...recommended
for most insulating requirements. Note: Check the other
TURBO insulating products listed below.

Fabricated of flexible fibrous glass yarn braided aond impregnated with flexible varnishes and

Fibro"s Glass T“bing . i."’" baked to form an ideol insulator, highly resistant to most reagents and to physically and elec-

® ® % jrically destructive elements. Four grades (ASTM Test) from 1200 V. to 7000 V.

An all purpose insulation for any but the higher dlelectric ranges. Varnish impregnated catton

saturated SIeeving E yarns. Flexible, strong, resistant to acids and oils. Good moisture and flame resistance. Di-
®o e o0

® ® 8 clectric breakdown—1200 V., per ASTM test,
° ° | All forms—plate, block,segments, films. Rigid control in all stages—grading selection, fabrica-
Mlca & Mlca Prod“cts | tion and testing insures uniformity and quality in finished products. Meets all tests involving
® ® &S % %% physicol and electrical stability. Specific problem-collabaration is invited.

A superior braided cotton insulation featuring saturation impregnation of flexibie varnishes.

° °
Varnlshed T“blng Strong, flexible, non-peeling, non-cracking, moisture, oil, acid and flame resistant, Diefectric
L B

breakdown ASTM test—Magneto grade—7000 V., Radio grade—4000 V.
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Hew T SPEAKER

MODEL HNP=51 Ceaxial with frequency range
control adjusts performance to program quality

For home entertainment, studio, monitoring erd moderately high-level sound reinforcement
Jensen Medel HNP-51 Coaxial has no equal at amy price. Actually it is.a loud speaker “system”
consisting of two loud speakers and a fsejuency-dividing network. Frequency selector switch
permits adjustment to program quality and insu~es correct frequency response whether operating
with “FM,” “AM,” phonograph records or transcriptions. Cut-away section shows low precision
construction and workmanship is combimed wi-L the achievement of Jensen engineering tradi-
tionally committed to the highest standards in :ke acoustic industry. The result creates another
superlative Jensen product heading the family cf Jensen Coaxial speakers ranging in price from
$30.00 to $125.00.

All Jensen Coaxials are available in a variety of *“Bass Reflex” Cabinets to make
complete Reproducers. List prices of complete reproducers range from $84.00 to
$212.00.

Ask for Data Sheet No. 136 and gel complete information about Jensen
Coaxial Speakers and Reproducers— all are rcw ready for immediate
delivery. A new 24-page Jensen Catalogue alse awaits your request.

=Trade mark registered

R

3 % o JL
i 3 z
v of 5, ¢ -~ : H H
Designers and - Mariefuclurer: op'
Fone «deceeslic Equifpment
o - =

o o

JENSEN MANUFACTURING CO., 6607 . LARAMIE AVE.,, CHICAGO 38, U.S.A.
IN-CANADA: J. R. LONGSTAFFE, LTD." 11 KING STREET, TORONTO
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SERVICE-PROVED
COMPONENTS

g

I
\

r_————-"'

—

The extensive experience gained RESONANT REACTORS, OIL-FILLED, |

i ol . | HERMETICALLY
by General glectric in design and | SEALED o radar service. Usuale |
\| manvfacture of electronic compo- | = re ly required in Fatiogs |
| nents for the Armed Forces is now esonant-charging T& ¢ 40 kv and below, 1 |
. . i o actors, accurately de- 4 below and
\ available to builders of commercial signed and constructed ampere and €O \
. . 300 henries and below.
\ electronic equipments. In many A )\ eher ratings ase e |
\ cases the range of available ratings \ 25 - ing built, and can be
is wider than ever before. i :!"-’ considered. When re- “
quired, small- and me- \
dium-size designs caf \
[ ]

be provided with3to 1

range of inductance ad-

justment.

PULSE TRANSFORMERS, OIL-FILLED,
HERMETICALLY SEALED

FILAMENT TRANSFORMERS, OIL-FILLED,
HERMET'CALLY SEALED

Pulse transformers for
use with either hard-
tube or line-type mod-
ulators: Available in
voltage ratings of 10

Filament transformers avail-

able with or without tube

kv or above.Theseunits
are ideal for radar ap-
plications, stepping up

socket mounted integral

with the high-voltage ter-

or down, impedance

matching, phase revers-

ing and plate-current television and numer-
measurements. Also ous specialapplications
suitable for auclear in and out of the com-
physics research work, munications field.

minal: Low capacitance:
Ratings to match any tubes;

insulated to practically any

required level.

\____._—-——________,_-———-—""‘

For price a "
nd deliver
; y on com,
write your near ponents fo meet .
B e i eé' General Electric District g;—w requirements,
+» General Electric Company, Sch ice or direct to
» Schenectady 5, N. Y.

\
|

40 RAL §3 ELECTRIC

401-46
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or Prompt Service

CONTACT THESE

REPRESENTATIVES

JOE DAVIDSON & ASSOCIATES
P. O. Box 108
South Gate, Calif,
Tel: Kimbalt 7244

L]

ALLEN 1. WILLIAMS, JR.
230 Cooper Building
Denver 2, Col.
Tel: Ma. 0343
L]

FRANK W. YARLINE & CO.
20 No. Wacker Drive
Chicago 6, Il
Tel: State 0347

L]
HARRIS-HANSON CO.
427 No. Euclid Ave.

5t. Louis 8, Mo.
Tel: Forest 5841

*
ENGINEERING SALES CO.
124 No. Montgomery St.

Trenton 8§, N. J.
Tel: Trenton 9885
L]

HOLLIDAY-HATHAWAY
SALES CO.
238 Main Street
Cambridge 42, Mass.
Tel: Eliot 1751

GEORGE 7. WRIGHT
19859 Beach Cliff Bivd.
Cleveland 16, Ohio
Tel: Boulevard 9554

L]

WILLIAM ). COTTRELL CO.
309 S. W. Third Avenue
Portland 4, Oregon
Tel: Broadway 3120

.

AIRPARK CORPORATION
412—51h Street, N.W.
Suite 501
Washington, D7 C.
Tel: National 4642

L]
STANDARD PARTS &
EQUIPMENT CORP.
904 North Main
Forth. Worth, Texas
Phone 2-4459

Zold that MWotar Onden

/

Mr. Manufacturer.

Before Ordering those Small Motors for Your Fall Production it will
Pay You to Study this New E.A.D. Fractional H.P. Motor—the Type 93.

Specifically designed for the ‘“‘big” jobs in industry’s
products, this new induction motor represents an impor-
tant stride forward in small motor design. Experienced
engineers, after intensive research and development,
have consolidated in one motor all of the improvements

you have been asking for . . .

EASILY MOUNTED IN ANY
POSITION

CONSTANT SPEED
QUIET OPERATION

OVERLOAD DEVICE OPTIONAL

AMPLE RESERVE POWER,
COOL RUNNING

EXTRA RUGGED CONSTRUCTION

ATTRACTIVE LINES WITH
EYE APPEAL LOW COST

Tow Ready Production
n the gollowing ranges
112 HP. | o CAPACITOR
TO * SHADED POLE
1/25 H.P. 3 % SPLIT PHASE

Send us your requirements and specifications today
and ask for information on the new Type 93!

EASTERN AIR DEVICES, INC.

585 DEAN STREET ° BROOKLYN 17, N. Y.

Y
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PLAX POLYETHYLENE. SHEET AVAILABLE NOW

Give your designers the go-ahead signal.
Here is a “natural” that is available now.

Numerous manufacturers are already
capitalizing on Plax Polyethylene’s versa-
tility and outstanding properties in sheet
form, and we know that its availability
in quantity will heighten demand. How-
ever, we are prepared for it. You can plan
for its use with assurance.

Plax Polyethylene, with its exceptional

WRITE FOR THIS POLYSTYRENE DATA

How to Machine Plax Polystyrene Products.

How to Use Coolants with Plax Polystyrene Products.

How to Cement Plax Polystyrene Products.

How to Polish Plax Polystyrene Products.

Notes on Design and Assembly of Plax Polystyrene
Products.

Die-cut Parts from Plax Polystyrene.

How to Form Plax Polystyrene Rod.

AND THIS PRODUCT INFORMATION

Data Sheets on Plax Cellulose Acetate, Cellulose Ace-
tate Butyrate, Methacrylate, Polyethylene, Polysty-
rene and Ethyl Celiulose Products.

Article on Plax’s Blown Products.

New special plastic shapes by Plax.

SBE7ITYTES - WA

electrical characteristics, toughness and
high resistance to moisture transmission
and chemical artack, is supplied in gauges
from .001" to .020".

It comes in rolls 500 to 2000 feet long
and 36 inches wide. If desired, rolls can be
slit according to customer specifications.

For additional information on Poly-
ethylene sheet, rod, and tubing, please

write Plax.

=

133 WALNUT STREET “ HARTFORD 5, CONNECTICUT
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AM-FM-TV

Broadcasters keep on buying mere and more
) o - . of these popular Western Electric Cardioids.
sisle th e l’deal m l’ke That’s because they deliver quality performance, are

attractive in appearance, and offer six pick-up patterns
fo ra ll . . . omni-directional, bi-directional, true cardioid
and three medified cardioid patterns . . . which

enable you ‘to master “most any pick-up assignment

in AM, FM, or Television broadcasting. Far all-

around quelity of pick-up—there’s nothing better
than a 639B Cardioid. For full information, get in
touch with your local Graybar Broadcast
Representative or write Graybar Electric Co.,
420 Lexington Avenue, New York 17, N. Y.

Weslern

Electric
639B CARDIOID

Performance. .. Appearance
... Versatility

These six pick-up pat-
terns are available with
the 6398 Microphone.

CrsIR W @
GraybaR

OFFICAS IN 93 PRINCIPAL CITURS
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PRODUGT DORABILITY

Problem: To improve life and service of gibs and re-
tainer plates on high speed sanders. Parts must be
able to withstand considerable abuse.

Solution: The problem was solved by the use of plas-
tics. From the big family of INSUROK Precision
Plastics, Richardson Plasticians selected Lami-
nated INSUROK, grade CG. For this material
has a high natural graphitic content and is
especially suited for parts subject to friction and
hard usage.

900099000000 000000000000060000000an

“he RICHARDSON

LOCKLAND, CINCINNATI 15, OHIO FOUNDED 1858

NEW YORK: 75 WEST STREET, NEW YORK 6, NEW YORK
Soles omces] CLEVELAND: 326-7 PLYMOUTH BLDG., CLEVELAND 15, OHIO
DETROIT: 6-252 G. M. BUILDING, DETROIT 2, MICHIGAN

For many years Richardson has been
helping to solve the plastics problems
of industry. Our experience is at your
service. You will find it a diversified
service, with skilled plasticians ready
to help you mold or laminate what-
ever grade and type of INSUROK
is best for your application.

Courtesy,
Sundstrand Machine Tool Co.,
Rockford, Ill.

COMPANY

Sales Headquarters: MELROSE PARK, JLL.

(MELROSE PARK, ILLINOIS
Factoriesd NEW BRUNSWICK, NEW JERSEY
{INDIANAPOLIS 1, INDIANA
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From actual records of the Federal Com-
munications Commission...of 873 applic-
ations on file during a 6-weeks period
early this year, 761 applications specified
some make of tower. Of these 761, more
than half specified Wincharger towers.

In other words...more than all the others
combined.

We say no more......

ANTENNA TOWER DEPARTMENT
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Type SK

The SK relay for DC is an improved
version of the small telephone types.
As the illustration above indicates
although the SK occupies as small
an area as most relays of this type
i} features a’ larger coil. Another plus
feature of the SK is the novel hinge
arrangement which improves the mag-
aetic  clrevit. Various arrangements
and several types of insulation are
available. Normal power rating .500
watts. Contact rating is 1 ampere.at
24 volts DC or 115 volts AC, non-in-
ductive. Approximate maximum weight:
2-1/8 ounces. Length 1-19/32” Max-

Yus variatio™
p\ications-

Imum height 1-17/32”, Width 31 /az”J

\

Type B

The B is a single pole sensitive type
relay porticularly adaptable to op-
plications where the source of power
is limited. The base is of wax im-
pregnated molded bakelite, Contact
gap and spring tension are adjustable
in the fleld. The magnetic structure
of the B relay Is a special heat
treated alloy. Nominal rating .012
watts. Available AC or DC. Contact
arrangement normally open, normally
closed or double throw. Contact ra-
ing 2 amperes at 24 volts DC or 5
amperes at 115 volts AC. Weight 7
ounces. Length 2-3/4”. Height 1-3/4”.
Width 2-3/8”.

-

Type AS

The AS single pole relay is a small,
light, medium power rz2lay. It has a
nominal power rating of 1 watt. The
AS is insuloted from the frome. An-
other version, the AR, is alike in all
characteristics  except that it is
grounded to the frame. The AS has
many applications in all types of con-
trols and is available in AC or DC.
Contact arrangement Is .normally
open, normally closed or double
throw. Contact rating is 5 amperes at
24 volts DC or 110 volts AC non-
inductive. Weight 50 grams. Length
1-5/8”, Height. 1-3/16" Wld'h]S/lé”

L

Type F

The F relay is a single pole relay
for DC particularly adaptable in ap-
plications where space is limited.
Bakelite insulation is used. May be
supplied with other contact combina-
tions. Silver is stondard contact mo-
terial, alloy contacts can be substi-
tuted. Contact rating is 3 amperes
at 24 volts DC or 115 volts AC non-
inductive. Nominal power rating is
750 watts. Weight 1-7/8 ounces.
Length 1-3/32”, Width 1-3/16”.
Height 1-11/32”.

~

Type BO

The BO relay is an all purpose, in-
dustrial type relay. Like other Allied
types it is ruggedly designed, yet
features compaciness and minimum
weight. This reflay utilizes molded
bakelite insulation throughout. The BO
can be furnished for AC or DC double
pole normally open, normally closed,
double throw. Nominal rating 2.5
watts. A three and four pole combi-
nation is available which is known
as the PO 9 and PO 12. Contact rat-
ing 15 amperes of 24 volts AC or 110
volts DC, non-inductive. Weight 4 oz.,
Length 1-5/8”, Height 1-7/8”. Width
1-13/32~,

y,

_J

@ ALLI

\

Type UB

The Type UB relay is an improved mul-
tiple-type relay which has mony ap-
plicatlons because of its ruggedness
and ability to -operate even under
severe service requirements, The UB is
available with a number of contact
arrangements up to 4 pole double
throw and is available in either AC
or DC. Nominal power rating is op-
proximately 2.1/2 watts, depending
on the pile-up arrangement. Standard
contacts are rated at |5 amperes at 24
volts DC or 115 volts AC non-inductive,
Weight 6 ounces. Llength 2-9/167.
Helght 2-11/16”. Width 1-1/16”.

J

For complete information on these and other
Allied Relays, write for the new catalog.

AL-113

ED CONTROL CO., Inc.

2 East End Avenue, New York 21, N. Y.
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! Heavy duty
resistors

a

Too often, the resistor is the weakest part of an assembly
. . . and the insulator the weakest part of the resistor. To
overcome that difficulty many resistors are being re-de-
signed around AlSiMag custom made insulators.

One of the most important, factors of AlSiMag resistor
insulation is its uniformity. It does not vary. All production
is carefully checked and held to strict standards of char-
acteristics and dimensions. For example: AlSiMag's coeffi-
cient of expansion is always uniform. This advantage is
teadily understood by any manufacturer who has tried to
work with less uniform material.

Since AlSiMag is custom made, the design can often facil-
itate heat dissipation. Some designs provide minimum con-
tact area between element and core and free air circula-

PROPERTY CHART covering the more
frequently used AlSiMag compositions
sent FREE ON REQUEST

4 6 T H

Y E AR

AMERICAN LAVA (O

tion around core. Cruciforms and edge wound strips answer
some design problems. AlSiMag has a major advantage in
its ability to withstand repeated heating and cooling. It has
good resistance to heat shock. It is strong, permanently
rigid, cannot char. lts insulating qualities are in the top
bracket of materials used in resistors.

In many instances, the fact that AiSiMag insulators are
uniform and are made to close tolerances will more than off-
set their higher first cost. This cost is picked up through faster
assembly, fewer rejects . and by far longer life, more de-
pendable operation, the reduction of equipment failures and
the elimination of wasteful shut-downs.

@ The American tava Corporation does not maoke resistors. 11 is the cus.
tom maker of AlSiMag insulation which is sold only to manufacturers.

(O CERAMIC Lk ™A Bt R S H-I.P

PORATION

CHATTANOOGA 5, TENNESSEE

SALES OFFICES: ST.LOUIS, MO., 1123 Washington Ave.. Tel: Garfield 4959 « CAMBRIDGE, MASS., 38-B Brattle St., Te!: Kirkland 4498 e PHILADELPHIA, 1649 N. Broad S§., Tel: Stevenson 4.2823
NEWARK, N.J., 671 Broad St., Tel: Mitchell 2-8159 e CHICAGO, 9 S Clinton St., Tel: Central 1721 o SAN FRANCISCO, 163 2nd. St., Ted: Douglas 2464 « LOS ANGELES, 324 N. San Pedro St., Tel: Mutual 9076



RCA 1 KW FM
Broadcast Transmitier

~ RCA KILOWATT FM
BTF-1C e T




Tis is o Transmitrer Mans TRANSMITTER

You know what is meant by a ballplayer’s ballplayer. He
looks good to the public. Sure...but more than that,
he looks good to other ballplayers. He makes every play
in just the right way—and he makes them look easy,

not hard.

The RCA 1KW FM Transmitter (Type BTF-1-C) has a
similar standing among transmitter men. It looks good
(RCA has always been the leader in styling)—and it
sounds good, too (performance specifications are unex-

ACCESSIBILITY is the keynote of the mechanical
design. True vertical-chassis construction (used
by RCA since 1935) makes every component
easily reached (and easily removed) —provides
unimpeded up-draft ventilation. Unit-type assem-
bly makes for easy installation, flexibility and
simple modification for higher power.

celled). But more than that, it has the engineering fea-
tures which your engineer appreciates and wants. Some
of these features, such as the mechanical design and the
control circuits, are common to all RCA transmitters and
are already well-known to him. Other features, listed be-
low, are particular to this new FM transmitter.

DIRECT FM-type exciter. No fussy, complicated circuits.
No trick tubes. (There are only four r-f tubes—an oscil-
lator, two triplers and a buffer amplifier). Frequency con-
trol circuits provide crystal-equivalent stability, but are
completely independent so that a failure in these circuits
does not affect modulation or take the transmitter off the
air. Because it uses fewer tubes, does not involve phase
multiplication, this exciter is inherently capable of lower
noise and distortion than any type yet developed.

ONLY 8 R-F TUBES in the whole transmitter (one oscil-
lator, two triplers, one doubler, four amplifiers). There
are two audio tubes, and seven tubes in the power sup-
plies (not including voltage regulators). Thus there are
only 17 tubes whose failure can take the transmitter off
the air (thirteen additional tubes in regulator and con-
trol circuits do not contribute to outages). The total of
30 tubes is, we believe, the lowest number of any similar
transmitter of this power.

GROUNDED GRID CIRCUIT used in final amplifier, re-
quires no neutralization, provides greater stability than
can be obtained with older, more conventional amplifier
circuits. This is the easiest transmitter to adjust that you've
ever worked on. Can be tuned in a few minutes’ time by
inexperienced personnel.

DISC-SEAL TUBE, the RCA 7C24, especially designed
for grounded-grid operation, is used in the final ampli-
fier (and also in the final amplifier stages of the RCA 3KW
and 10KW FM transmitters). Quantity produced, field-
tested, rugged, and inexpensive—it is the best-suited tube
yet designed for this use.

SHIELDED TANK CIRCUIT used in thé final amplifier
(and also in RCA 3’s and 10’s) is a concentric-line de-
sign in which the outer tube is at ground potential. Tube
and inner line are completely enclosed providing near-
perfect shielding. Only in this way can the flow of r-f
currents in the cabinet be prevented. R-f radiation from
the transmitter housing (and r-f pick-up in nearby audio
circuits is less than with other tank circuit design).

SINGLE-ENDED OUTPUT is an important feature. Single-
ended circuits are more stable and easier to adjust (no
balancing) than push-pull circuits—particularly at FM
frequencies. Moreover, single-ended circuits are more
easily matched to the grounded transmission lines uni-
versally used in FM service.

BROADCAST EQUIFPAENT

RADIO CORPORATION of AMERICA

ENGINEERING PRODUCTS DEPARTMENT. CAMDEN, N.J.

Jn Canada: RCA VICTOR Company. Limited, Montreal
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A%WDU Mont instrument for peak-to-peak voltage measure-

—

ments! Measures any waveform! Can be used with any oscillograph!

DU MONT 1vre 264-A

PLACE IT RIGHT ON TOP OF YOUR OSCILLOGRAPH!

VOLTAGE , CALIBRATOR

oy _reed
noola oo

PLA YO PEAR VLTS

e
i
“\k\\\\“}«’n iy »

o %

Example: Typical
complex signal;
peak-to-peak voli.
ages unknown,

Adjust amplitude of this calibrat.
ing signal to match desired peaks
of unknown signal. Read voltage
from dial settings of calibrator.

1

‘ The Du Mont Type 264-A Voltage Calibrator 1s
designed to measure the peak-to-peak voltage of
any signal being viewed on a cathode-ray oscillo-
graph. Small, low-priced, convenient, if may be
used with any commercial cathode-ray oscillograph
The output is essentially a square wave the ampli-
tude of which is continuously variable from 0 to 100

volts. By merely throwing the selector switch, either
the unknown signal or any of four ranges of cali-
brating voltage may be applied to the input of the
oscillograph. There is no need for switching leads
between signal and calibrating voltage. Unlike a
voltmeter, measurements may be made of any part
of a complex, composite waveform with Type 264-A.

B Descriptive bulletin sent on request.

0 ALLEN B OU MONT LABORATORIES INC.
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«3” Relay
ve AC“OI‘
act Design

CLARE New Type

pProvides Sure, Positi

with Exc

® Here, at last, is a twin-contact de-
sign in which the chance of contact
failure is actually reduced to the prac-
tical limit.

Exclusive design of the CLARE Type
“J*d.c. Relay allows the twin contacts
to operate independently of each
other so that one contact is sure to
close even when the other may be
blocked by presence of dirt or grit.

This sensational new relay combines
the best features of the conventional
telephone-type relay with the small
size and light weight developed dur-
ing the war for military aircraft use.

Weighing little more than two ounces,
slightly over two inches in length, it
has the sturdy construction, large con-
tact spring capacity, extreme sensitiv-
ity, and adaptability to a wide range

of specifications for which CLARE
Relays are noted.

Modern designers, working to de-
velop close-coupled, compact equip-
ment to meet today’s streamlined
standards, welcome this highly effi-
cient combination of capacity and
small size.

CLARE Relays are especially de-
signed for jobs where ordinary re-
lays won’t do. If you have such a
relay problem, Clare Sales Engineers
are located in principal cities to help
you work out a Clare “Custom-Built”
Relay that will just fit your needs.
Write: C. P. Clare & Co., 4719 -West
Sunnyside Avenue, Chicago 30, Illi-
nois. Cable Address: CLARELAY.
In Canada: Canadian Line Materials,
Litd,, Toronto 13, Ontario.

CLARE RELAYS

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

lusive Twin-Cont

All These Features . . . and
More . . . Provided By
CLARE Type "J” Relay

Independent Spring Contacts, Dome
shaped contacts on movable springs; flat
discs on fixed springs.

High Current-Carrying Capacity. Twin
contact points of palladium. Rated cur-
rent-carrying capacity: 4 amperes, 150
watts.

New Design Large Armature Bearing
Area, Hinge type armature has new de-
sign bearing providing largest possible
bearing surface. Pivot pin turns in cylin-
der of different metal which is full width
of heelpiece.

Sensitive, Efficient Magnetic Structure.
Heelpiece and other magnetic iron parts
are exceptionally heavy for size of relay
... provide highly sensitive and efficient
magnetic path.

High Operating Speed. Designed for
extremely fast operation . .. a minimum
of one to two milkiseconds.

Permits Handling Large Spring Loads,
Power and sensitivity permit handling of
large spring loads. Both single and dou-
ble-arm relays available. Maximum of
10 springs on single-arm relay . . . 20
springs (10 in each pileup) on double-arm
relay.
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SPRAGUE

PIONEERS OF ELECTRIC & ELECTRONIC PROGRESS

CAPACITORS

. . « that operate at high temperature
. . . that are really moisture resistant

Sprague Types 68P and 69P MIDGET Paper Di-
electric Capacitors are the first small-size tubulars
to operate at 85°C, and to have adequate humidity
protection. They are moderately priced to meet the
needs of small radio receivers, “personal” radios
and other electronic instruments where high com-
ponent quality in minimum space is.essential.

The usual practice in producing small capacitors
is simply to “whittle down” conventional types. Di-
electrics are made thinner. End seals are reduced in
depth. Protective wrappers are eliminated—and
troubles have invariably cropped up in direct rela-
tion to this sacrifice of normal safety factors.

Sprague Types 68P and 69P Midgets, however,
prove that really small capacitors can be fully de-
pendable. Made by new processes and with new
materials, they are a direct adaptation of Sprague
experience in engineering reliable, humidity resist-
ant capacitors for the proximity fuse and other
small electronic assemblies for war equipment.
They operate satisfactorily at high temperatures.
They meet the proposed RMA humidity specifica-
tions. So eminently satisfactory have these little
capacitors proved that they are already replacing
the larger-size Sprague Type AG Paper Tubular
Capacitors in many applications.

Write for Sprague Engineering Data Bulletin 202

SPRAGUE ELECTRIC COMPANY, NORTH ADAMS, MASS.

¥I'rademark Reg. U. S. Pat. Office
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NEW!

Presto’s
Dual-Motor
Direct Drive!

p The new Presto 64-A transcription unit combines a number of rad-
ical improvements which are of first importance to broadcast stations,
recording studios, and industrial and wired music operators.

b The turntable is directly gear-driven at both 334 and 78.26 rpm
and two separate motors are employed — one for each speed. Speed
may be changed instantly at any time by turning a mercury switch,
without damage to the mechanism. No frictional, planetary, or belt
operated elements are used in this new drive mechanism.

p The following points are of interest: Motors —Two 1800 rpm syn-
chronous. Speed—Total speed error is zero. Noise— At least 50 db
below program. Starting—Table on speed in less than one-eighth
revolution at 33)4 rpm. Adjustment— Construction is very rugged and
no attention whatsoever is required — except lubrication.

i e i b _.cm.:,j

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

WORLD’S LARGEST MANUFACTURER OF INSTANTANEOUS SOUND RECORDING EQUIPMENT & DISCS

ELECTRONICS — July, 1947
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1. A conventional Volt-Ohm-
Milliammeter with self-con.
tained power source.

2. A high-impedance elec-
tronic Volt-Ohmmeter using
115 volt, 60 cycle power.

3. A stable, probe-type, Vac-
vum Tube %ltmeter, Jor use
to 300 megacycles.

Accurate a-c measurements .25 volt to 120 volts, 50
cycles to 300 megacycles.

Extremely small R.F. Probe (3%"” x 34" dia.). Probe
constantis, 5 megohms paralleled by 5 mmfd., approx.

New unity gain d-c amplifier provides absolute stability
with line voltage variations from 105 to 130 volts.

D-C Electronic amplifier ranges 3 to 1200 volts at 15
megohms, resistance ranges 3000 ohms to 3000 megohms.

Conventional 10,000 ohm per volt d-c ranges 3 to
1200 volts, 1000 ohm per volt a-c rectifier ranges 3 to
1200 volts.

Resistance ranges 3000 to 300,000 ohms where a-c
power is not available.

Entire Model 769 protected from external RF influences.

Uses standard commercial types of tubes replaceable
without recalibration.

Size only 10” x 13" x 615".

Full details from your jobber or local WESTON repre-
sentative. Literature available ... Weston Electrical
Instrument Corporation, 618 Frelinghuysen Avenue,
Newark 5, New Jersey.

(/%€ INSTRUMENT FOR
ELECTRONIC MEASUREMENTS

Toestoarrrsersly

ALBANY - ATLANTA - BOSYON - BUFFALO - CHARLOTTE - CHICAGO - CINCINNATI - CLEVELAND
DALLAS - DENVER - DETROIY - JACKSONYILLE - KNOXVILLE - LITTLE ROCK - LOS ANGELES
MERIDEN - MINNEAPOLIS - NEWARK - NEW ORLEANS - NEW YORK - PHILADELPHIA
PHOENIX - PITTSBURGH - ROCHESTER - SAN FRANCISCO - SEATILE - ST. LOUIS
SYRACUSE - IN CANADA, NORTHERN ELECYRIC €O0., LTO., POWERLITE DEVICES, LYO.
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W00 F-E1

what am I ?

I'm a low-melting, free-flowing alloy that bonds quick as a wink.
Know me? I come from a complete line of non-ferrous metals and
alloys you can get easily anywhere in the United States. Know me now?
I'm solder, of course. Federated solder.

And each Federated solder is but one of a tremendous family of “joiners”.
Federated solders are supplied in all commercial forms and composi-
tions. Federated solders are made to fit the job—to provide low-melting,

quick-freezing, a specific plastic range, or other required properties.

This complete line is your assurance that Federated can supply you
with the exact solder in the form you need. And Federated’s
technical representatives are glad to help you solve industrial soldering
problems. For information and prices, call or write

Fedcrated Metals Division, American Smelting

and Refining Company at 120 Broadway,
New York 5, N.Y., or the office nearest you.

METALS DIVISION

AMERICAN SMELTING AND REFINING COMPANY
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COMPARISON HYZ5A AND HYZ75
VHF POWER OSCILLATOR/AMPLIFIERS

GENERAL CHARACTERISTICS
HY75 HY75A

Type of filament. .. .. .. .. ... Thor. Thor.
Filament potential.... .. .. . ... 6.3 6.3 v
Filament current. ... ... .. .. . 2.6 2.6 amp
Amplification factor. ... ... . .. ' 8 9.6
Transconductance........... .. 1700 2400 pumhos
Grid-to-plate capacitance... ... 3.8 2.6 upuf
Grid-to-filament copacitance. . .. 1.8 1.8 upuf
Plate-to-filament capacitance. . . T. i upuf
Max overall length. .. ... . 3% 3l in.
Mox diameter... ... T 146 16 in.
Bulbre, . . L al N4 Y T-11 T-11

Basel ... . Lo, Octal Octal

ABSOLUTE MAXIMUM CCS RATINGS

D-c plate potential. ... .. .. ... 450 450 v
D-c plote current. ... ... N 80 90 ma
D-c plate input.. .. .. . N E By 36 40.5 ‘w
D-c grid potential.... .. .. . .. -150 -~150 v
D-c grid current. .. .. ... .y 25 25 ma
Plate dissipation.. . ... .. ... .. 15 15 w
USEFUL POWER OUTPUT (CCS)—TYPICAL OPERATION*
Class C unmod.—144 mc#. .. .. 13 17 w
Class C mod.—144 mc#...... .. 1 14 w

CCS = continuous commercial service. *Useful power output
to the lood is deterpined by subtracting grid, circuit, and
direct radiation losses from total plate power output. #Actucl
values using tubes in Hytron HY-Q 75 transmitter are shown.

-

SPECIALISTS IN RADIO RECEIVING TUBES SINCE 1921

WNNYXRO

NeW/ IMPROVED HY75A

To improve upon the HY75 was not easy.
But the new HY75A does the trick. Useful
power output as a class C oscillator is up 25%.
Maximum plate current is increased to 90 ma.
Grid-to-plate capacitance is sharply reduced to
2.6 uuf. Lead inductance is minimized. Proof
of the pudding: an HY75A substituted for an
HY75 in a 144-mc quarter-wave line oscillator
raises the resonant frequency by 20-30 mc.

How was this accomplished? By a shorter
mount, smaller elements, special high-voltage
processing of the lava insulators, redesigned
vertical bar grid, and zirconium-coated graphite
anode. All at no extra cost to you.

When replacing the HY75, the HY75A re-
quires only readjustment of the tank circuit and
a higher value of grid resistor. For example, the
HY75A can be used in the Hytron HY-Q 75
transmitter merely by retuning the shorting
bar and installing a 7000-ohm grid resistor. For
replacement or new vhf equipment, the rugged,
instant-heating HY75A is your logical choice.

e
YTR

SADIO TVOLS

N

MAIN OFFICE: SALEM, MASSACHUSETTS
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LAPP GAS-FILLED CONDENSER
OFFERS NON-DETERIORATING,
UNIFORM PERFOCRMANCE

The diclectric of the Lapp condenser is an inert gas, non-deterioraling
and puncture proof. After years of service, the condenser retains the
same margin of security it had when installed in the circuit. Also, it
offers lower loss than solid-diclectric units, with corresponding econ-
omy of power. Not needing to ‘‘warm up,’’ it provides constant capac-
itance under temperature variation. Variable, adjustable and fixed
capacitance 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
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CAPACITORS
PAPER
MICA - SILVER

e Diaclor Impregnated to Assure
Greater Uniformity of Production
o Stable Capacity Over a Wide Range
of Temperatures e Excellent By-Pass
and Coupling Qualities e Available
Within a Range of 600 to 6000 Volts
Working, or Higher. .. these are the
credentials that qualify Sangamo Type
71 Diaclor Impregnated Capacitors as
Blue-Ribbon entries for broadcast and
aircraft transmitters, industrial appli-
cations, and in high-voltage circuits of
all kinds.

Diaclor, the chlorinated dielectric
used by Sangamo, permits greater uni-
formity of production because of its
controllable characteristics. Smaller
sized capacitors, for use where space is
at a premium, are made possible because
of its high dielectric constant. Fire hazard
due to accidental leakage is eliminated
because Diaclor is non-inflammable and

non-explosive.

58

Type 71 capacitors have high insu-

lation resistance and low direct current
leakage. They can be supplied with
either composition rivet, screw type,
hermetically-sealed pyrex glass or
stand-off porcelain terminals, and with
your choice of four types of mounting
brackets. They are available in a wide

range of capacities.

Sangamo manufactures a complete
line of paper, mica, and silver capacitors
for every radio and electronic applica-
tion. A quarter of a century of experi-
ence in building better capacitors, with
new and more exacting requirements
and greater accuracy demanded each
year, give Sangamo capacitors—of all
kinds—Credentials that Qualify!

Wrife for the new Sangamo Capacitor Catalog.
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INSTANT

ACTI

@vhen you want i

The New Model A shaded pole induction
type motor. 1/30th horsepower, size 2 ¥inches x 4%
inches, for voltages up to 220 and frequencies of 50
or 60 cycles. Suitable for driving fans, and for continuous
or intermittent duty. ' Modern design calls for “tailored power”

Alliance Powr-Pakt Motors are manufactursd in shaded pole A
induction, and split phase resistor type. Ratings range from less Alliance motors are rated as low as

than 1/400th up to 1/20th horsepower. 1/400th h.p. on up to 1/20th h.p. They
New uses for the Powr-Pakt line! Heating and ventilating are small, compact and some weigh
; ] less than one pound. They furnish eco-
nomical driving energy to meet the
special demands of small loads. Some
are uni-directional—others are rever-
sible—some are for continuous duty—
others for intermittent operation.

g Py

controls, opening and closing valves, rotating:
fans, electronic and efectric controls,
signals, automatic dispen-
sers, turntable drives,
automatictuning de-
vices, radio controls.

Alliance Powr-Pakt motors are mass
produced, precision made and low in
cost. They can help you get instant
action—when you want it—and where
you want it! Write today.

MOTORS IN MIND

ALLIANCE MANUFACTURING COMPANY . ALLIANCE, OHIO
EXPORT DEPARTMENT, 401 BROADWAY, NEW YORK 13, NEW YORK, U. S. A.

ELECTRONICS — July, 1947 59



PROFESSIONAL PERFORMANCE —that keeps the original sound alive!

Remember this: When a listener becomes dissatisfied with
the quality of your programs, he simply twists a dial. And in
doing so, he also tunes out his pocketbook. So why jeopardize
what is probably your best source of revenue —your recorded
programs!

Professional recording and playback should be, and can be,
‘WOW’-free. How? With the time-tested Fairchild direct-
from-the-center turntable drive, shown above. It eliminates all variations in turn-
table speed. Evenness of speed is obtained by a carefully calculated loading of
the drive mechanism to keep the motor pulling constantly; by careful precision
control of all drive alignments that might cause intermittent grab and release; by Transeription Turntables
carefully maintained .0002”” tolerances in all critical moving parts.

Further aid to ‘WOW’-free performance is provided by a perfectly balanced
turntable with extra weight in the rim and a turntable clutch that permits smooth Magnetic Cutterheads
starting, stopping and shifting from 33.3 to 78 rpm in operation.

Fairchild’s ‘WOW’-free performance is available on professional Transcription
Turntables, Studio Recorders and Portable Recorders. For complete information Lateral Dynamic Pickups
—and prompt delivery—address: 88-06 Van Wyck Blvd., Jamaica 1, New York. Unitized Amplifior Systems

o4
@ o . SOUNS EQGIPMENT
CAMERA @@

AND INSTRUMENT CORPORATION
&0 July, 1947 — ELECTRONICS

Studio Recorders

Portable Recorders




Now. For The First Time....

The Mcasured Quality of Eack Lot of Springs Can Be Seen at a Glance

Quality Engineers have long predicted that some day
supplicrs would submit a record of quality to their cus-
tomers and that this record would become part ol a new

era in vendor-customer relationships.

That day is here for llunter customers.

Hunter now makes available to customers a report of
the measured test loads for every lot of springs in the
form of a frequency distribution. These Q.R.’s (Quality
Reports) will be mailed to chief engineer, inspector or

30

HUNTER PRESSED_STEEL COMPANY

LANSDALE, PENNSYLVANIA

Sﬁringé, MegL,-Stafﬁpiﬁgs, Wire--Forms, Mechanical and Electrica!

other person designated. The Q.R. of the sample drawn
{rom each lot of every item will be sent as the lot clears
Ilunter’s final inspection.

These veports enable one to compare quality lot-for-lot,
consider tolerance revisions, reduce customers’ sampling
without sacrificing quality insurance . . . will lead even-
tually to a comparison ol quality vendor-for-vendor.

{lunter helieves it is the first in industry to make this
valuable service available to all castomers.
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o
with these NEW G-E

DISCHARGE CAPACITORS

If you are trying to squeeze a lot of energy-storage capacity into a
small space to reduce the size or weight of your equipment, General
Electric’s new Pyranolf discharge capacitors may be your answer.
These new, smaller, lighter units give economical energy storage, fast
discharge and service reliability.

Ambient temperature operating limits, at rated voltage, range from
0 to 50 C and the capacitance tolerances, measured at 25 C, are = 10
per cent. The performance of these compact units has been thoroughly
proved by several years of laboratory tests and actual operating experi-
ence in the field.

G-E light-duty energy-storage capacitors are particularly applicable
to light-metal welding equipment and flash photography apparatus.
Check the table below for ratings and dimensions of G-E discharge
capacitors to fit your application . . . or mark Bulletin GEA-4646 on
the coupon for more details.  {pyranol is G.E.'s noninflammable liguid dielectric.

PREFERRED RATINGS

-, b= | H:iz:" o Base Dimensions Ai;p;:;x-
¥eRmoep Muf S:::’:::-ds B::h- ﬁf’.'.ﬁ':e? Ter- | Height | -1¢ | ., w?ie'm
Rating s milnals =g I 1 n, 3z ln. i:

*1s In. Pounds

2000 | 25 50 #2 25F903| 55, 433 334 | 4% 5.2

2000 | 28 56 *2 25F939| 517 434 3% | 4% 5.3

2000 | 40 80 1 25F910| 814 7 33 | 4% 7.8

2500 | 25.5 |80 1 25F911| 814 7 33 |ay 7.8

3000 | 60 270 2 14F312] 1514 13 | 4 8 26

3350 | 17.8 100 1 25F912| 8l 7 334 |4 7.8

4000 | 25 /50 [200/400| 3 14F309| 1514 1314 4 8 26

4000 | 100 800 2 14F311| 151 127 | 5% 1315 56

4000 | 12.5 100 1 26F906| 634 515 384 45 6

5000 | 25 /50 [313/625| 3 14F305] 1513 1314 414 1315 46

6000 | 55 990 2 14F313| 167% 127% | 5% 1214 56

6000 | 25 450 2 14F314| 1675 13% | 4 8 26

* Cup-type bushings with solder lug terminals.

e

TWO NEW MOUNTINGS
FOR GENERAL-PURPOSE RELAY
Two new mounting arrange-
ments, this “plug-in” design and a
“back-connected” design, have
been added to General Electric’s
line of CR2790-E magnetic relays.
These two new forms, plus the
open and enclosed forms, make
this general-purpose 10-amp relay
useful in a wide variety of electronic
applications.

Three contact arrangements—
single-pole, single-throw; double-
pole, single-throw; double-pole,
double-throw—provide further de-
sign flexibility. Heavy silver con-
tacts are rated 10 amps continuous
at 115/230 volts, 60 cycles, and
will safely close on 45 amps and
openh on 20 amps maximum. Check
Bulletin GEA-4668 below for
further details.

REMOTE POSITIONS
THAT ARE ACCURATE

Here’s a war baby that you can use.
It's General Electric’s d-c selsyn
position-indicating equipment per-
fected for use in military aircraft.
Transmitters will operate in am-
bient temperatures from —85 F to
158 F and are weather resistant.
Indicators are available in two
standard sizes: 174-inch dial with
1 or 2 pointers, and 234-inch dial
with 1, 2, 3 or 4 pointers. Dial
markings to meet your needs

July, 1947 — ELECTRONICS




A single d-c selsyn indicating
system consumes about 2 watts at
either 12 or 24 volts. Any reason-
able lead length may be used. Two
indicating instruments can be op-
erated from the same transmitter.
Bulletin GET-1304 is a compre-
hensive application manual you’ll
find extremely helpful. Check it on
the coupon.

COILS TESTED FAST
. . . INDUCTIVELY

High-speed production testing of
small coils is possible with this
General Electric low-voltage tester
which shows the presence of short-
circuited turns in unmounted coils
and gives an approximate indica-
tion of the number of short-cir-
cuited turns. The coil to be tested
is simply slipped over the core
which projects from the top of the
case; the coil’s leads need not be
connected.

small motors, relays, radios, trans-
formers, instruments and other
equipment. It is simple to operate,
and connects to any 115-volt, 60-
cl{cle supply. More information on
this and another equipment for
high-potential coil testing is in-
cluded in Bulletin GEA-4539 . . .
check it on the coupon below.
PRECISION RECTIFIER
IN A SMALL PACKAGE

These new, small a-c to d-c power
supplies are specially built for pre-
cision work with cathode-ray tubes,
television camera tubes, radar indi-
cator scopes, electron microscopes
... or any job where good regula-
tion, light weight and small size
are primary considerations. These
hermetically sealed, oil-filled power
supplies will furnish up to 7 kv at
0.1 ma. They have a regulation of
3.59, per 0.1 ma d-c output, or
better.

-

They easily meet Army and Navy
specifications both in design and
ability to withstand mechanical
shock and operate continuously for
long periods of time. Designed to

 TIMELY HIGHLIGHTS
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operate in ambient temperatures
from —40 Cto +60 C. For quota-
tion and further data, write General
Electric Co., Section 642-15, Sche-
nectady 5, N. Y., giving complete
information on application pro-
posed and specifications required.
25 G‘s WON'T BOTHER

THIS SWITCHETTE

Shock, vibration, humidity and
heat are all taken in stride by Gen-
eral Electric’s tiny, light-weight
Switchette. It is built to operate in
ambient temperatures from 200 F
to —70 F, and is tested at 959
relative humidity. Low-inertia mov-
ing parts, high contact force, and

double-break contact structure
make it unusually resistant to vibra-
tion. Phenolic-resin operating but-
ton assures safety from live parts
during operation.

The snap-action contact construc-
tion gives the Switchette a high
current rating. Because of negligi-
ble contact bounce and lightness of
moving parts, it is particularly well
suited to application on electronic
equipment. Bulletins GEA-3818
and GEA-4259 give electrical and
mechanical details; check coupon
below.

[ ——————— .

GENERAL ELECTRIC COMPANY, Sec. A 642-15

l Apparatus Department, Schenectady 5, N. Y.
Please send me:
__._GEA-4646
__GEA-4668
_GEA-4539

(Discharge capacitors)
(Magnetic relays)
(Coil testers)

(Position indicators)

} (Switchettes)

............ GET-1304
» ...GEA-3818
......GEA-4259

This tester was designed for |
manufacturers who want accurate |

- A NOTE: More data available in Sweets’ File for Product Designers
tests of coils before assembly in

Name. ..

COMP MY . e
Address ..
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rHe HIGH STANDARD orF Your NamE

IS ASSURED WHEN YOU BUILD IN

Poﬂer & Brumfield

RELAYS AND TIMERS

SUPERMETIC hermetically sealed

condensing units for electrical refrigeration depend on small but rugged P & B motor-

starting relays instead of centrifugal switches for positive cut out of the starting coil.

This motor-starting relay is a pertinent example of
Potter & Brumfield performance engineering as a
solution to difficult switching problems.

Servel, Inc., of Evansville, Indiana, found that
neither centrifugal switches nor ordinary motor-start-
ing relays would stand up in their new Supermetic
electric refrigeration units. They presented the prob-
lem—which included a number of new complexities—
to Potter & Brumfield engineers.

The resulting relay met all Servel requirements
{including Servel's demand for unfailing depend-
ability through a full year of rigid field tests after

laboratory approvall—and is now in fully satis-

factory service on thousands of the Servel units. In
addition to its proved performance, the relay has the
further virtues of mechanical simplicity and low fabri-
cation cost.

For just such practical performance engineering,
Potter & Brumfield engineers are always at your
service. We solicit your inquiries on all types of
relay problems.

Potter & Brumfield also offers a standard line of
relays which are fully illustrated and described in @
comprehensive 22-page catalog. Midget, power,
leaf, shock-proof, plate-circuit, telephone and many
other types are offered in stock assemblies. Write

for your copy of the catalog.

YOUR LOCAL ELECTRONICS PARTS DISTRIBUTOR STOCKS STANDARD P & B RELAYS

549 W. WASHINGTON_ BLVD,,

B8P

POTTER & BRUMFIELD SALES COMPANY

CHICAGO 6, ILLINOIS » FACTORY AT PRINCETON, INDIANA

Export: 2020.Engineering Building, Chicago 6, illinois
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TRANS

Seabed in

For years, Chicago Transformer has met with outstanding success the
varying requirements of the electronics industry for top-quality, custom-
built transformers und reactors. Today, C.T. is augmenting this service
to the industry with a new catalog line of units, to be manufactured on
a standard design basis.

Now, small-quantity purchasers of transformers in the various fields of
electronics—broadcast, communications, e\perimcntal amateur, public
address, and industrial control—can acqlure for their equipment the
advantages of progressive, practical C.T. engineering.

Now, large-scale manufacturers of electronic equipment who are in a
position to utilize standard components can find in C.T.’s new catalog
the transformer ratings and constructions that will fit their latest desngns

Characteristics of this new line are as up-to-date as tomorrow’s laboratory
project. Ratings have been skillfully selected, by men who know the
trends in circuit design, to achieve maximum Ilexllnllty of application,
close matching with today's preferred types of tubes, and conformance
with RMA and FCC standards.

Modern, too, is the type of mounting used. Drawn steel cases and three
variations of Chicago Transformer’s famous Sealed in Steel construction
will offer the combined advantages of “steel wall” protection against
moisture and corrosion, efficient magnetie shielding, vibration-proof
mechanical strength, compactness, and a streamlined appearance that
spells “eye appeal” in finished equipment.

For further details, write for catalog

ELECTRONICS — July, 1947
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THE POWER LINE
Plate and Filament Supply Transformers with
high voltage secondaries for both capacitor-
input and reactor-input systems, and with corre-
sponding filament supplies.

Plate Transformers for use in low to medium
high power transmitters.

Filter Reactors accurately matched with the Plate
and Filament Supply and Plate Transformers
above.

Filament Transformers for supplying the fila-
ments of today's most widely used tubes.

Bias Transformers — combination plate and fila-
ment supply.

Step-Down Transformers for operating radios
and appliances on 220 velts, 50/60 cycles, in
the export trade.

THE AUDIO LINE
Full-Frequency Range, 30 to 15,000 Cycles, pro-
vides wuniform response over this entire band
with + 1, db up to 10 watts of audio power,
within + 1 db over 10 watts. Standard RMA
impedances. Included are Input, Output, Driver,
and Modulation Transformers; Modulation Re-
actors.

Public Address Range, 50 to 10,000 Cycles, fre-
quency response within &+ 7, db up to 10 watts
of power, within & 1 db over 10 watts, through-
out this range. Secondary impedances match 600
and 150-ohm lines, 16, 8, and 4-ohm reproduc-
ing systems. Listed are Driver ond Output Trons-.
formers.

Commercial Range, 200 to 3,500 Cycles, offords
response with variations not exceeding + 1 db
over the range of voice frequencies. For use with
600 or 150-chm lines. Input, Output, Driver, and
Modulation Transformers offered.

S T




P. E*announces distributorship of

NYLOK, THE GREATEST ADVANCE
INTHE RIZTORY OF SELE-LOCKING NUT:

Made by
The Nylok Corp.,
475 Fifth Ave.,
New York 17, N, Y.

In every phase of electronics—when you need
a self-locking nut, NYLOK is better!

It holds tighter . . . cannot shrink, cannot shoke loose . . . moisture absorption is
practically nill . . . will not distort in freezing temperatures . . . will not shrink in
drying atmosphere . . . has high resistance to esters, ketones, alcohols, weak acids,
and other chemicals such as 40% caustic soda solution . . . is unaffected by age
or cold . . . offers low initial “on” torque . . . and minimum of variation in torque
characteristics between nuts. Point after point, in every way, Nylok has proven
superior to all other non-rietatlic lock-nuts. Write for prices, information and samples.

™

PRODUCTION QENGINEERINE

666 VAN HOUTEN AVENUE, (Richardson Building) CLIFTON, N. J.

6b

A Nylon Lock-nut for the Electronic
Industry.

Eliminates the necessity for
washers thus reducing manuface
turing costs by saving time and
labor in assembly, and also elimi-
nates carrying more than the one
item in stock.

Has unlimited re-usability,
Nylok Nuts which have been used
many times a day have shown
even higher torque on the follow-
ing day than on the last removal
the previous day.

<
Cannot be shaken loose.

Hundreds of millions of our
Fibre Lock-nuts were used during
the war, but we have found Nylon
so superior that our entire pro-
duction has been converted to this
new nut.

Nylon is not as hard as Fibre
and is easier to work with. It is a
non-conductor. Moisture absorp-
tion is almost nil.

New Nut Uses
NYLON
as Locking Element

Hlustrating construction
of new Nylok Nut.
A. Shows sturdy, light-

weight construction g

embodying steel
outer shell formed
to accommodate
steel hex nut slug
ond hexagonal
molded Nylon insert,

B. L.D. of Nylon insert
held to ¢ 001" for
accurate torque
control.

€. Cross section.
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to make Karp'

service Tgp §f§

One reason why Karp craftsmanship offers extra quality and value,
 is that our key employees, from the president to department heads,

literally came up from the ranks. They learned their valuable
“know how" at the bench or machine, and their specialized
experience is long.

91% of our supervisory personnel started in the shop. 80% of

these men have each served the company for a period of 15 years

or more. 10 of them have served a combined total of 178 years.

3 were with us 22 years ago when the organization was founded
e by a small group of perfectionists.

This outstanding combination of knowledge, skill and long expe-

rience builds extra (though often unseen) quality features into

your finished products. It assures you of finest materials and

exceptional workmanship in every detail. It means accuracy and

uniformity in production, which will save you time and money in
/ assembling. It guarantees handsome appearance, careful finishing
“ and ruggedness for long service life.

& KARP METAL PRODUCTS €0, INC.

: o4 _:':_{.‘3': 124 - 30th STREET, BROOKLYN 32, NEW YORK
J r ;_.._;- (G}ﬁ;f&wu %f{:/fmm cn Sheel NMelal
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MINIATURE SOCKETS

INCORPORATING NEW CONTACTS OF REVOLUTIONARY DESIGN
AND EMBODYING FEATURES NOT AVAILABLE HERETOFORE

57 A 23 for 75" mounting
centers and ovailoble with
center shield and with or
without ground strop, also with
brass anti-microphonic cushion.

37 A 11 for 17 mounting
centers and avoilable with
center shield and with or with-
out ground strap.

57 A2 far 13" maunt-
ing centers is interchangeable
with reguiar Octal sockets en-
abling chassis design for use
with either and ovailable with
center shield and with or with-
out ground strap.

57 A 13 for new NOVAL 9
pin tubes, 1%8” mounting
centers.

Each socket, in Franklin’s new series 57, is the
development cf studied research to solve the
problems of tubes falling out in transit, inter-
mittent contact, difficulty of soldering due to
confined space, etc.

Th= solution to these problems was the devel-
opment of the new Franklin contact which
assures positive constant contact because it
grips and holds the tube securely without the
need for locking devices. The tails of these new

contacts are longer and spaced wider apart to
permit quick and easy soldering.

These new, series 57 miniature wafer, sockets
will find high favor with engineering depart-
ments for their positive constant contact . . .
with production departments for their ease of
soldering and elimination of locking devices
and with purchasing departments for their
extremely low prices.

and for TELEVISION FRANKLIN
FEATURES the DUO DECAL

NEW FRANKLIN LOCK-IN SOCKET molded—acclaimed
by one of the largest LOCK-IN TUBE manufacturers as
the best socket developed to date—incorporates the new
Franklin contact which combines positive grip on the
tube pins with ease of solder-
ing. Its improved center lock
permits easy insertion of the
tube and positive retention un-
der heavy vibration or shock.
The molded body has high bar-
riers on the top and bottom
isolating each contact while
permitting ample float in all
directions. Thesaddleisof heavy
steel, hot tinned, with four
ground tabs. This saddle pro-
vides extreme rigidity when
assembled to the chassis.

A.W. FRANKLIN MFG. CORP

ELECTRONIC
MANUFACTURERS OF A COMPLETE LINE OF RADIO AND TELEVISION TUBE SOCKETS

w
- 43-20 34th STREET - LONG ISLAND CITY 1, NEW YORK
68 July, 1947 — ELECTRONICS
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MENTS FOR HIGH VOLTAGE OPERATION
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A ORIGINATED BY

f V\éstinghouse

FOR WELDING AND RECTIFICATION

In 1932 Westinghouse created the scaled
ignitron. This advance in basic tube design
greatly expanded the application of mercury-
pool tubes in the ficlds of resistance welding
and rectification.

Prompt and efficient replacement scrvice
WL-5551/652,used

for welding service.

on these and the complete line of West-
inghouse quality controlled tubes is available
through district warehouses and distributors
throughout the country. Electronic Tube
Sales Dept., Westinghouse Electric Corp,
Bloomfield, N. J.

N f“C,;w
FOR WELDING FOR RECTIFICATION

The tubes shown
here for rectifica-
tion service also
have ratings for
welding service.

¢ ol

WL-5552/651 WL-5553/655 Wt-5550/681 WL-5555/6538 WL-5554/679

For complete ratings on these and all other types of Westinghouse electronic tubes
wrife fo your Westinghouse District Office or Westinghouse Elecironic Tube Distributor.

V @estinghouse Lralty Contiolled Hoctioni T

ELECTRONICS — July, 1947 69



Whenever you have a
broadcast equipment problem

70

® Look ahead with
General Electric! Dimen-
sions, styling and ap-
pearance of all G-E units
are harmonious; circuits
are coordinated and al-
low you to quickly block-
build to higher power at
minimum expense.
General Electric equip-
ment is engineered for
economy.

ATLANTA 3, GA.
187 Spring Street, N. W.
Walnut 9767
BOSTON 1, MASS.
140 Federal Street
Hubbard 1800
CHICAGO 54, ILL.
1122 Merchandise Mart
Whitehall 3915
CINCINNATI 2, OHIO
215 West Third St.
Parkway 3431

Station Equipment—unmatched
performance from 250 watts to
50-kw, AM or FM.

o

CLEVELAND 4, OHIO
4966 Woodland Avenve
Endicott 4464
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212 No. Vignes Street
Madison 7381

DALLAS 2, TEX. MINNEAPOLIS 2, MINN

1801 North Lamar Street
Riverside 9121
DENVER 2, COLO.
650 17th Street
Keystone 7171
KANSAS CITY 6, MO,
106 West 14th Street
Victor 9745

SYRACUSE 1, N. Y.—Syracuse 6-4411

12 Sixth Street
Main 2341
NEW YORK 22, N. Y.
570 Lexington Avenve
Wickersham 2-1311
PHILADELPHIA 2, PA,
1405 Locust Street
Pennypacker 5-9000

Audio Facilities—instant acces-
sibility, complete flexibility to
meet the most exacting de-
mands.

£

SR

GENERAL ELECTRIC IS AS NEAR AS YOUR TELEPHONE
LOS ANGELES 34, CAL.

SAN FRANCISCO 4, CAL.
235 Montgomery Street
Douglas 3740
SCHENECTADY, N. Y.
Building 267—Room 105
Schenectady 4-2211
SEATTLE 4, WASH.
710 Second Avenue
Main 7100
WASHINGTON 5, D. C,
806 15th Street, N. W,
Executive 3600
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TOPS in performance, trim in appearance and
featuring instant accessibility, General Electric
broadcast equipment is being specified by pro-
gressive broadcasters everywhere. More FM trans-
mitters have been shipped by General Electric than
by any other manufacturer.

You will have casier maintenance and fewer
outages with a General Electric FM transmitter.
Highest quality construction, simplified design,
fewer tubes, and fewer components result in
lower cost-per-hour on the air.

In the studio, the new Genecral Electric two-
studio Consolette provides a compact, flexible,
and economical speech-input control unit to
meet the needs of every station.

Here is the 250-watt General Electric FM transmitter in
operation—doing a job. It will do the same for you.
When you plan to build or modernize, specify G.E.»

G. E."s two-studio
Consolette has all amplifiers ond
controls needed for split second control of
two studios, an announce booth, two turn-
tables, and eight remote lines.

i " 3
.

Ou the Fob ar WEAW-FM
Mr. E. A. Wheeler, president of WEAW,
Evanston, 111, says: “General Electric qual-
ity cquipment and prompt service are im-
portant when a small staton undertakes
independent commercial operation, and
both have proved to be of value to us.”

e b

1
FM Station Monitor—one unit, Transmitter Console —all m:- Circular Antenna— provides |
i for complete and continuous jor station functions czr.t-a - Lhigh power gain, ease of in- ¢

FM monitoring, plus proof-of- ized for instantaneous conto . stallation and low wind load-
performance tests. ing.

N— S S— p—. o
¥

e AL 3 - =

LEADER IN RADIO, TELEVISION AND ELECTRONICS

GENERAL (9 ELECTRIC
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among the features of m

VARNISHED TUBING Juct
u
PRODUCTS is.. ityofP""

-*i:""..ﬁ

! %‘"’_‘ " IMPREGNATION
.e -gopvtg’fg-qooooooooo'

PUSH-BACK

COMPLETENESS AR QUALITY
. OFLNE e _ T e €
IKE two peas in a pod, every piece of Dieflex varnished DIEFLEX PRODUCTS LIST
tubing or sleeving is like the next one in its faithful ad- NADREZ WITH BRAIDED COTTON SLEEVING BASE
herence to the high standards of quality that have made this VTA Grude A-1 Magnete Srade Varsishad Tubings—
o . YTA Grade B-1 Standard Grade Varrished Tubings =~
product a time and money saver for electrical manufacturers. VTA Gredes C-1 and G% Heavily Coated Saturated
Such features as ability to be cut evenly and cleanly, rapid re- Seevings—VTA Grade C-3 Lightly Coafed Saturated
| N Sleevingg— Haavy Wall Varnished Tubings and Satu-
turn to roundness after cutting, and excellent flexibility, make oo SES MG
Dieflex varnished tubing products an important factor in cut- MADE WITH BRAIDED GLASS SLEEVING BASE
ting manufactm‘ing costs. VTA Grede A-1 Magnete Grade Vernished Fiberglas
Dieflex varnished tubing and saturated sleeving, of finely WEGE VIR Gfafe Ste Bl Meatily.s Sutvcaled
B ) . . Fibe:glag Slaevings—VTA Grade C-2 Hecvily Saturated
braided cotton or inorganic glass fiber, have these helpful char- Fibetgls Sleevings—~VTA Grade C-3 Lightly Safurated
acteristics in all VTA and ASTM grades. They will help you be- Eibe-glae Sleevings — Silizone-Treated Fiberglas Var-

[ . nished Tubings and Satureted Sleevirgs,
cause they will speed your production and cut assembly costs.

Insist on Dieflex and be sure you are using the best,

IMC Representatives
s DETROIT 2—11341 Woodward Ave. ¢ PEORIA 5-—101 Heinz Court

MINNEAPOLIS 3—1208 Harmon Place
MANUFACTURERS CORPORATION Authorized Distributors

*CHICAGO 6 *CLEVELAND 14 INSULATION and WIRES INCORPORATED

565 W. Washington 1231 Superior St. Lovis 3, Mo. e Atlanta 3, Ga. e Beston 20, Mass.
Boulevard 2 Ave., N.E. Detroit 2, Mich. ¢ Houston2,Tex. ® New YorkZ7,N.Y.

w7 222 DAYTON 2 TRI-STATE SUPPLY CORPORATIONS

312 E. Wisconsin Ave,
153 S5 n [UabE oD Los Angeles 13,Cal. « San Francisco 7, Cal. @ Seattle 4, Wash.

#*Local Stocks Available o) Bullding




YOUR CHANCES
OF GETTING AHEAD

OR 20 years we have
Fbeen whittling away

the foundations of
our economic structure,
We have been cutting
away the incentives to “get
ahead in the world,” to in-
crease production and to
improve efficiency. Unless
this process is reversed
soon, we risk the sort of
industrial stagnation that
currently afflicts Great
Britain so disastrously.

How far the whittling
has gone is shown by the
statement in the centgr of
the page. It shows that
everyone’s stake in work-
ing harder and getting
ahead has been reduced
sharply since 1929. In that
year,anyone who was even
moderately successful
could look forward to
reaping the rewards of his
success. If he earned $5,300
annually over a period of
25 years he could retire on
a comfortable income of
$3,000 per year. Or he
could pile up enough capi-
tal to go into business for
himself. He could fulfill
the American dream as
phrased by Abraham Lin-
coln in his first annual
message to Congress in
1861:

“The prudent, penniless
beginner in the world, la-
bors for wages awhile,
saves a surplus with which
to buy tools or land for

himself, then labors on his own account another
while, and at length hires another new beginner to
help him. This is the just and generous and prosper-
ous system, which opens the way to all, gives hope
to all, and consequent energy and progress, and im-
provement of condition to all.” 0.
Look at the situation today. To retire on an annual
income from investment that will buy as much as

YOUR CHANCES OF GETTING AHEAD

To see how your chances of getting on in the world
have changed during the past few decades, the McGraw-
Hill Department of Economics has calculated how much
it now takes to save enough to acquire a retirement
income or a comparable stake in a business, as compared
to what it took in 1914 and 1929.

The objective set is an income from investment equal
to $3,000 a year in 1929 dollars. It is assumed that the
savings required fo yield this income are made over a
period of twenty-five years. During that period it is also
assumed that $4,000 per year (in 1929 dollars) is spent
on living expenses.”

Here is how the figures work out:

Yearly
Income Needed

1914 $3.075
1929 5267
1947 321 R

It now takes more than four times as large an
annual income as it did in 1914 to gain a com-
parable stake. It takes well over twice as much
as it did in 1929.

Changes in three factors — federal income taxes, liv-
ing costs, and interest rates — explain why the income
needed has multiplied so. Here’s how these factors line
up for the three years.

Federal Income Taxes Interest Rate

Married Man, 2 dependents Cost of High-grade
a Living (Index Corporate

$5,000 income  $10,000 income  Numbers 1935-39)  Bonds

1914 $10 $60 71.8 5%
1929 $3 $40 122.5 5%
1947 $589 $1,862 155.0 2%2%

Similar calculations show that if we could reduce fed-
eral expenditures from $35 billion to $25 billion annually,
raise interest rates by one-tenth and fower living costs by
15% — all realistic possibilities if we make the effort —
then the income needed to build up such a retirement
fund would come down to $9,500. The chances of realiz-
ing that goal would then be restored to what they were
in 1929,

*Several other factors were omitted from the calculations because
they would not have a decisive effect on the results, Thus, existence of
social security pensions and retirement funds now reduces the income
needed; but if state income taxes were added, the income needed
would increase.

$3,000 did in 1929, a youny
man needs to earn over
$13,000 a year for 25 years.
That's more than 2% times
the income he would have
needed in 1929. The same
thing is true of acquiring
a stake in a business.

Why Try to Succeed?

While the income need-
ed for retirement today
has increased 2% times —
or by more than 150% —
since 1929, the average
person’s income has in-
creased only 80%. So the
average man’s chances of
achieving success are real-
ly slimmer now than a gen-
eration ago.

This 1929-47 trend is
something new in Ameri-
ca. The average person’s
chances of getting ahead
improved during 1914-29.
In that period the dollar
income needed for retire-
ment or a stake in business
rose by 75%, but the aver-
age income rose by 100%.
So more people were with-
in striking distance of suc-
cess and security in 1929
than in 1914. The story has
been different since 1929.

Fewer people actually
do achieve financial suc-
cess today. Only 1% of all
families now have incomes
large enough to build up
a retirement fund or a
stake in business. In 1929
almost 6% of all families

attained a comparable degree of success.

Higher taxes are the most important reason why
it takes so much more now to build up a competence.
They account for one-half the increase in the amount
needed. The other half is explained by higher living
costs and lower interest rates. _

It is, of course, true that few people ever get into
the higher income brackets. So the process of cutting



away the incentives which play such a key role in our
economic system affects comparatively few people
immediately. It does, however, have a powerful in-
direct effect on all of us.

Everybody Loses

When half to four<fifths of any additional income
of successful people goes to Uncle Sam a heavy drag
is obviously put on doing the work to get it. Thus, we
stand to lose the benefit of full use of the nation’s best
brains. By so doing we stifle industrial progress. And
the loss in productive efficiency far outweighs the
tax revenue the Treasury gains. Carried far enough,
the process of stifling economic progress by slashing
rewards leads straight to industrial stagnation.

The same process also multiplies the risks of em-
barking on new capital investment. High taxes rule
out all but the most profitable new projects and
restriet most expansions to boom times when profits
are high. So capital investment follows a boom and
bust pattern and, by so doing, contributes much to
ups and downs in production and employment.

The Sorry Plight of Britain

The case of Britain today provides an object lesson
of how blighted incentives produce industrial stag-
nation, Britain’s number one economic problem is
to get more production. But the tax load there is so
heavy it stifles the incentive to produce more.

A coal miner who works an extra shift pays about
a third of his added earnings to the tax collector. And,
as the London Economist comments, tax rates on
business executives are so high that they kill every
incentive except that to tax evasion. In short, not only
is the incentive to succeed blighted, but so is the
incentive to work.

A root-cause of Britain’s trouble is this: The cost
of an expensive program of social benefits has been
piled on top of the heavy costs of paying for past wars
and trying to prevent future wars. Tax rates are
boosted accordingly. What her experience proves is
that the attempt to provide excessive social benefits
may defeat itself. It raises the tax burden on rich and
poor alike and smothers the incentive to work. So the
underlying basis of all economic benefits—production
—i8 eaten away.

We in the U, S, haven’t traveled as far down the
stagnation road as Britain has. Taxes amount to
about 26% of national income here as against about
45% there. But, unless we start soon to build up in-
centives to do better work, instead of whittling them
away as we have been doing, we will catch up with
Britain fast.

It’s Late but Not Too Late
Can anything be done? Decidedly yes, particularly
by tax reform and reduction in the cost of living. As
far as interest rates are concerned, any large increase
would raise excessively the cost of carrying our war-
swollen national debt, and hence raise taxes. But
some increase in what are now excessively low in-

terest rates may well be both feasible and desirable.

Action on the tax front is the first order of busi-
ness. Our jerry-built tax structure is the thing that is
chiefly responsible for cutting the incentives to work
harder. Two things are important: 1) Government
spending must be pared to the bone; 2) The tax sys-
tem must be completely overhauled to remove the
shackles on all-out production.

The 56th editorial in this series, published in
March, outlined major steps that need to be taken
in remodeling federal taxes in order to increase in-
centives to individual and business enterprise. The
revenue bill now before Congress is no more than a
short step in the right direction. Much more must be
done to clear the way for high production and rising
living standards.

Lifting the blight which taxes now place on incen-
tives would help cut the high cost of living, It would
stimulate greater production and greater efficiency.
But a further step is necessary. Part of the benefits
of improved efficiency must be passed on to consum-
ers in the form of lower prices.

In the past few years we have been following pre-
cisely the opposite course. In many cases wages have
been increased all out of proportion to increased
productivity. Result —soaring prices and a severe
squeeze of the consumer, to which some greedy
exploitation of war-created shortages has also con-
tributed,.

To Give Ability a Chance

Our basic and most crucial problem is to get back
on the track which leads to higher production and
improved living standards all along the line. We got
off that track in the 30’s. Then, we started scrambling
for larger slices of the same pie instead of trying to
produce a larger pie. Now the process of getting back
on the track is greatly complicated by the tremendous
tax burden growing out of the war.

Yet it’s not too late to turn back from the road that
leads to industrial stagnation. As the statement in the
center of the page shows, we could restore the odds
of getting ahead to what they were in 1929. Cutting
the federal budget to $25 billion a year and putting
the tax structure in good order are the crucial first
steps.

By taking these steps soon, Congress can go far
to restore the incentives to hard work and efficiency
which have been so largely washed away in the past
20 years. If they are not taken the American dream
of getting ahead by hard and effective work will exist
only in the history books, and our children will in-
herit from us an economic order without opportunity,
without hope, without individual liberty.

President McGraw-Hill Publishing Company, Inc.

THIS IS THE 597 OF A SERIES



FOR TWENTY-FIVE YEARS 4
THE STANDARD OF COIL QUALITY!

For over a quarter century the name Meissner has

stood for the finest in electronic equipment. Found-
ed in 1922 by William O. Meissner, (famous for
his outstandingly successful inventions in communi-
cations and electronics) this company has long
specialized in the development and manufacture
of fine coil equipment for every application. .. As
a result of this vast background of electronic re-
search and experience, Meissner Coils have become
the accepted standard among those who demand
high quality performance. Precision-made, designed
to the most exacting requirements, these superior
components are backed by a twenty-five year re-

putation for quality and uniformity in manufacture.

A complete line, including Air Core I. Fs. WR' TE FOR
Iron Core Plastic I. Fs. and standard 1. Fs. :
NEW FREE

MEISSNER
CATALOG

MW
ELECTRONIC DISTRIBUTOR AND INDUSTRIAL SALES DEPARTMENT

MAGUIRE INDUSTRIES, INCORPORATED

936 NORTH MICHIGAN AVENUE ¢« CHICAGO 11, ILLINOIS

EXPORT DIVISION « SCHEEL INTERNATIONAL INCORPORATED
4237 NORTH LINCOLN AVENUE, CHICAGO 18, ILLINOIS « CABLE ADDRESS HARSCHEEL
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MINIATURE FOIL PAPER
METAL TUBULAR FOR
TIGHT PLACES

o

Housed in hermetically-sealed 14" diame-
ter metal tubes, Solar Type QA capacitors
are of ultra-compact multi-paper and foil
construction. They are useful in a wide vari-
ety of applications from hearing aids to fir-
ing devices. Capacitances up to .01 mf at
voltage ratings up to 600 wvdc are standard.

Mineral oil impregnated units are avail-
able as Types QAGM and QAIM with
grounded and insulated sections, respec-
tivety. Halowax units may be had by specify-
ing Types QAGH and QAIH for grounded
ond insulated windings, respectively.

NEW MOUNTING BASE
ON "“TWIST-PRONG”
DRY ELECTROLYTICS

Introduction of a new heavy Bakelite-rub-
ber mounting base on Solar Type DY “twist-
prong’’ dry electrolytic capacitors gives
these units a more rigid base assembly than
the molded rubber base formerly used.

This new design permits use of Type DY
units as plug-in capacitors by using the new
capacitor mounting sockets recently placed
on the market. To do this simply cut off the
blank mounting tab on each capacitor.

All terminals are clearly identified on each
base and the code markings are stamped
on the capacitor container,

MANUFACTURING

ABOVE 295 mapison auenue
AlL NEW VORK 17, N, V.
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BUSINESS BRIEFS

By W. W. MacDONALD

The Parts Show in Chicago af-
forded an excellent opportunity to
check on the state of business,
since exhibitors making compo-
nents of necessity have their finger
on its pulse.

Business is of course off from
the abnormal wartime peak and,
generally speaking, is probably go-
ing off more. Actual consumer
need is high, however, despite re-
sistance occasioned by high prices,
so the expected bump should not be
deep and should not last long as
such bumps go.

The market is spotty, some man-
ufacturers exhibiting concern
while others appear to be feeling
pretty good about prospects. The
answer, which may explain why
some economists are crying the
blues while others are optimistic,
is the simple fact that for some
people, in some branches of the
field, business is bad, while for
other people, in other or even the
same branches, business is good.
It is hard to generalize and be
right.

Speaking Of The Show, attend-
ance was excellent, particularly
with respect to quality. Exhibits
contained many interesting new
products, with only a modicum of
fruit-juicers and can-openers.

Printed Circuits are moving rap-
idly out of the experimental stage.
At least two radio set makers will
be using Centralab interstage
audio couplers involving the prin-
ciple by fall, television receiver
sub-assemblies using the scheme
are likely to be seen, and one man-
ufacturer is known to be planning
an extremely small personal radio
almost entirely devoid of conven-
tional wiring and components.

Transmitter Designers take note:
Fred Lack of Western Electric,
speaking at a recent meeting of an
RMA engineering section, said
that all the signs point toward a
greatly expanded transmitter mar-
ket, but that while there will be
many more customers in the future

most of them will have less money
to spend.

The key to new markets may lie
more in the engineer’s ability to
design equipment that does a satis-
factory job at low cost than in his
ability to turn out gear embodying
expensive refinements.

Price May Be King for awhile
in the home padio receiver market.
That’s the way it looks at this
writing. Fortunately, it is possi-
ble to make a radio do a lot of
things it should do at low cost if
the designer exercises his ingenu-
ity in that direction. The receiver
described on p 80 of this issue is
a good example.

Many A Truth is spoken in jest.
Rueful laughter greeted the re-
cent remark of a prominent indus-
try leader at a technical meeting
to the effect that too many manage-
ments in the radio business hire
engineers for the mere purpose of
adapting new RCA and Hazeltine
Lab circuits to production and
sales requirements.

Receiver Manufacturers licensed
by RCA total 154. Hazeltine has 130
on the books.

Wire Recordings can be dupli-
cated in quantities, much like
movie films. At least one company
is known to be experimenting,
with the object of developing a sys-
tem which will permit many cop-
ies to be made simultaneously from
one matter. If it works out eco-
nomically, and it looks as if it
would, wire will ultimately be
much more competitive with disks.

Induction Heating applications
have sometimes dictated the use
of tube-generated r-f and some-
times called for power generated
at a lower frequency by rotating
machines. Each method has had
its field. Now we hear that there
may be a wedding between the two.
It seems that certain applications,
such as the surface-hardening of
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Trade Mark

TUNED-RIBBON

reproducers

MUSICALLY . .. The Tuned-Ribbon message in a few words . . .
“Startlingly Realistic™

One of the many superlatives used by Electronic Industries
magazine® in an editorial describing this new development.

It brings to reproduced music something that was not there bhefore.

TECHNICALLY . . . The Tuned-Ribbon Reproducer actually

meets the long sought for theoretical ideal of =

e Near-zero mass ¢ Linear response to 15 k.c. |
=B TUNED-RIBBON Pickup

¢ Practical output (about— 30 db) model STUDIO-81
. - (actual size — special
¢ Point Pressure 14 grams s Jewel point i ot B0

¢ NO torsional action
¢ A model for every

purpose

U A o AUDAK COMPANY
reprint of this editorial
500 Fifth Avenue New York 18
CREATORS OF FINE ELECTRO-ACOUSTICAL APPARATUS SINCE 1915
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special devices

such as fishing reels, timing devices, control motors, etc.
often require small gears with specially designed teeth.

Beaver Gear engineers are trained to assist you in the
design and application of these gears. In our modern
plant, craftsmen — with many year’s experience in
manufacturing gears — work with the latest type of
equipment to assure you of receiving gears machined
precisely to your specifications.

We invite you to submit your prints for quotation with-
out obligation.

Spurs, Helicals, Straight Bevels, Sprockets,

Racks, Worms, Worm Gears, Thread Grinding

PR % Complete Gear Trains

S,
& )
Write Today for this

FREE BULLETIN

Describes Beaver Gear’s facili-
ties and methods: also includes
table of gear tooth parts.

1021 PARMELE STREET, ROCKFORD, ILLINOIS

BUSINESS BRIEFS {continued)

gears, might be handled more eco-
nomically by preheating with a low
frequency and then switching to
r-f.

Television Receivers bearing na-
tionally-known trademarks are not
necessarily made by the companies
whose names they bear. Some are
bought from other manufacturers,
much as private-brand radios are
contracted for.

In the initial stages of the busi-
ness at least, it is likely that this
practice will be widespread. There
are a number of advantages, not
the least of them being the fact
that buying rather than building
ducks the very considerable in-
vestment in engineering, produc-
tion, and testing apparatus that
would otherwise be necessary.

Cathode Ray Tubes for televi-

. sion represent a possible bottle-

neck in the rapid development of
the art, so much so that engineers
from competitive companies are
finding the welcome-mat out at
RCA’s Lancaster plant, where a
semi-automatic c-r tube production
line is in operation. Copying of the
mass-production technique is thus
encouraged. For awhile at least
there should be more than enough
business for all.

Receiving Tube Production was,
as predicted back in February,
substantially in balance with de-
mand in the Spring. Now the pen-
dulum has swung the other way
and there is an oversupply of most
types. Reason is twofold; wartime
increase in tube production capac-
ity and consumer resistance to
high-priced radios.

About 1,000 Models are turned
out by radio receiver manufactur-
ers in the average year, regardless
of how many manufacturers there
are in the field, according to How-
ard Sams of Photofact Service. He
ought to know, since his organiza-
tion must be set up to check the
circuit of each new set, and has
done a lot of research on the sub-
ject.

Incidentally, Howard says that
few sets that find their way into
the field have precisely the circuit,
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or precisely the components, that
manufacturers’ circuit diagrams
say they have.

Electronic Navigation Aids such
as loran are attracting consider-
able attention among geophysical
people. Companies searching for
oil, particularly, need some method
of marking the spot where the body
is buried, especially if it happens
to be buried beneath the sea. Elec-
tronic equipment developed during
the war seems ideal for the pur-
pose. More about it in our feature
pages soon.

Aviation Communications on
121.5 mc are temporarily stymied
by lack of equipment. We under-
stand that vhf gear suitable for
use in aircraft is now beginning
to come off production lines, how-
ever, and that the bottleneck will
probably be broken before winter.

Instrument Landing Systems
used by the AAF during the war to-
talled roughly 200. Some 50 of them
have been relocated at Airforce
Fields in the United States.

Latin American Countries will
purchase approximately $17,000,-
000 worth of American radio re-
ceivers in 1947, according to the
Department of Commerce.

We Understand that South Amer-
icans have developed a distinct
aversion to surplus goods, won’t
touch it with a 10-foot pole. IRC’s
Harry Ehle, who has just returned
from a tropical business trip, says
they have been burned by all sorts
of trick merchandise and are now
twice-cautious.

We Hear That the IRE will rent
Grand Central Palace in New York
again next year, from March 17
to 30 if those dates are open. More
in our “News of the Industry” de-
partment if and when it becomes
official.

Story Of The Month is the one
about the manufacturer that
ducked a patent by turning out a
cheap timer for hotel quarter-in-
the-slot radios. Slick bellboys dis-
covered a way to turn them on
with a nailfile, sold this technical
information to guests for 15¢.
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held to WIthIII

STABILNE ;

With a STABILINE type IE Voltage Regulator in the power
line, electrical apparatus is assured of constant voltage.
Regardless of line changes — rapid fluctuations or slow
variations — the delivered voltage is held to within = 0.1
volts of the preset value. Typical are the performance curves
of type 1IE5101. Although the input line voltage may vary
from 95 to 135 volts, the preset output voltage is stabilized
to well within = 0.1 volts.

Fluctuating line voltage is just one problem of many in
maintaining constant voltage. Others are varying frequen-
cies, loads, power factors together with waveform distortion.
An investigation of the STABILINE type IE will show, in
addition to stabilization of = 0.1 volts, such characteristics as

. waveform distortion never exceeding 3 percent . .. regu-
lation to within = 0.15 volts for any load current change
or load power factor change from lagging .5 to leading .9.

Write Superior Electric, 887 Laurel Street,
For lnformahon and L:ferafure

THE SUPER’OR :fflEC TRI

ERI‘STﬂ!

L CONNECTIC

VWWM Electronie

VOLTAGE REGULATOR

Powerstat Yariable Transformers @ Volthox A C Power Supply e Stabiline Voltage Regulators.
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Two New Single or Double Section Switches. ..

RSA-50

. . . of Space Saving Design and Mallory Precision Quality

ENGINEERING DATA SHEET

Send for the Mallory Engineer-
ing Data Sheet on the RSA-50
and RSA-60. It contains com-
plete specifications for available
circuit combinations with re-
spective terminal locations,
dimensional drawings—every-
thing the engineer needs to
adapt the RSA-.50 or RSA-60

switch to a particular circuit.

SPECIFICATION SHEETS

Specification sheets for the RSA-50
and RSA-60 switches have also
been prepared. These sheets are
grinted on thin paper to permit
lueprinting. The sectional draw-
ings indicate standard and optional
dimensions—make it easy for
ou to order production samples
uilt to your requirements.

... Yet They Cost No More !

Where space is a factor—dependability essential - low cost a prerequisite—the Mallory
RSA-50 and RSA-60 switches fill the hill'!

These new circuit selector switches, with section and terminal design identical to that of
the famous Mallory RS-50 and RS-60 switches, are designed for band and tone control
switching in radio receivers and other electronic applications where medium and low
torque indexing action is desired.

The index assembly is of durable design and constructed with a minimum of parts—
affording dependable service life with low torque and positive indexing action.

Note these many features, inherent in all the Mallory RS series, which contribute to
the dependability and quality of these two new additions to the line:

@ Insulation of high-grade, low-loss laminated phenolic.

® Terminals and contaets of special Mallory spring alloy. heavily silver-plated to
insure long life at low eontact resistance.

® Terminals held securely by exclusive Mallory two-point fastening — heavy staples
prevent loosening or twisting.

® Double wiping action on contacts with an inherent flexing feature—insures good
electrical contact with the rotor shoes thronghout rotation.

@ Six rotor supports on the stator—insure accurate alignment.

® Brass rotor shoes. heavily silver-plated—insnre low contact resistance.

® All shoes held flat and securely to phenolic rotor by rivels—prevents stubbing—
insures smooth rotation—minimum of neise in critical circuits.

The RSA-50 and RSA.60 are both available in one or two section construction. The
RSA-50 accommodates up to twelve terminals on either side of the section and provides
from 2 to 6 positions. Tlge RSA-60 accommodates up to ten terminals on either side of
the section and provides from 2 to 5 positions. The RSA-60 has the narrow section
design—ideal for under chassis mounting, where space saving is paramount.

P.R. MALLORY & CO. Inc. -
"MALLORY swircues

(ELECTRONIC, INDUSTRIAL and APPLIANCE)

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

» MIXED . .. Our feelings were mixed indeed when
we received in the same month two announcements
from the same manufacturer of measuring equipment.
One praised a newly-offered device because it did not
use any vacuum tubes or other components having
limited life. The other stated that another device was
available having a tube conservatively operated for
long life. Take your choice, limited life or long life.
Both available,

This confusion points up a recurring problem in in-
dustrial uses of tubes. Tube life is still a bugaboo; it
still scares too many customers who should know
better. Long-life tubes are available, and conservative
designs are well understood and widely employed.
Tubes are used, by and large, only when they serve a
purpose not otherwise obtainable with equal ease or
economy. If the design is right, the device may be
used without concern about tube life. If it’s not right,
don’t buy it.

» PRIVILEGE . . . Since May first last, owners of
television sets served by the Norwich, Connecticut,
municipal power plant have been required to pay
$1.26 net extra on their electricity bill each month,
not for juice (which is charged for as usual), but
for the privilege of having a set connected to the sys-
tem. This is, as yet, a minuscule threat to the televi-
sion industry, but it is a prime example of how mis-
information can get worked into the rate schedule of
a public utility. The extra charge was worked out
by a reputable firm of consulting engineers on the
following thesis: A television set requires about five
times as much power as the average radio set. It is
used primarily at night. When an outstanding pro-
gram is available, all the video sets are turned on,
and the demand on the electric system goes up, at a
time when the lighting load is already high. So extra
load capacity must be provided to take care of the
television sets. This capacity costs money and must
be paid for, preferably by the television set owner.

TALK

So far, the argument makes some sense, or will when
everyone in Norwich has a television receiver and
gangs up on the power company all at once, an event
several years away by any count. But the large
charge of $1.26 gives us cause to wonder how it was
figured out. And our wonder is increased when we
hear that a large part of the charge is for demand
capacity taken by 500 to 1,000 watts of extra lighting
which, the consultants claim, will be turned on only
when the television set is working. This is certainly
a new idea to members of the television audience, most
of whom have been busy turning lights off before sit-
ting down for television entertainment. The consulting
firm claims that the new television sets will have pic-
tures so bright that the viewer cannot stand to view
them without brightening up the room some 500 to
1,000 watts worth. Whew! The new picture tubes are
bright all right, but they are operated at peak bright-
ness only when sunlight streams in the windows and it
is inconvenient to draw the shades. At night, the tele-
viewer adjusts the brightness control to suit the nor-
mal room illumination. True, he doesn’t have to turn
off any lights. But, by all that’s holy, he doesn’t have
to turn any on. Viewers in Norwich are advised to look
for real estate across the town line. Or better yet, invite
the power company manager in to see the ball game
(night game, that is).

» AD ... A 50-kw broadcast station recently adver-
tised in a Boston paper that it was “New England’s
Most Powerful Station”, basing this claim on its allo-
cation to a low-frequency channel. The ad goes on
to explain, “The lower the position on the dial, the
more power per watt.”” We wonder whether the power
companies know about this. A 60-cycle watt, by this
rule, ought to be a pretty powerful hunk, and ought to
cost more in proportion. But a watt’s a watt for all
that, whether wiggling fast or slow. The slow ones
just last a little longer, especially over the rocks soil
of the Pilgrim fathers.



A New Approach to
F-M/A-M Receiver Design

An eight-tube double superheterodyne, with one of the local oscillators crystal- controlled,
achieves unusual selectivity, sensitivity and low noise on broadcast, shortwave and f-m
bands, with a minimum of components

FIG. 1—Simple chassis layout speeds production

OR years the complaint has

been heard that there have
been no new ideas in the design of
broadcast and shortwave receivers.
The editors of ELECTRONICS were
resigned to this slate of affairs
when Mr. B. V. K. French, who
qualifies as a neutral obscrver,
called their attention to a radio
receiver incorporating many un-
usual engineering techniques. This
receiver is the model 86CR produced
by the Crosley Division of the
AVCO Corp. Thus encouraged, the
editors approached the Crosley or-
ganization for full details, which
were graciously supplied and are
herewith presented.

.

80

The receiver, chassis views of
which are shown in Figs. 1, 2 and 3,
is an eight-tube double superhetero-
dyne which covers the broadcast
band, a bandspread shortwave band
including the 25 and 31 meter re-
gions, and the f-m band. The aim
of the design was to produce a “hot”
receiver, that is, one having very
high sensitivity and low noise on all
bands, free from spur‘ous re-
sponses, using a minimum of com-
ponent parts, simple enough to be
produced on a high-speed line, and
stable enough to satisfy consumer
requirements, particularly with re-
spect to tuning.

The sensitivity on the various

bands is illustrated in Fig. 4. One
watt of audio power, using the
RMA standard input signal (modu-
lated 400 cps, 30-percent a-m or
22.5-kec deviation f-m), is obtained
with an average input of 20 micro-
volts on the f-m band, 3.7 micro-
volts on the a-m shortwave band,
and 2.5 microvolts on the a-m broad
cast band.

The noise output at full audio
gain, shown also in Fig. 4, is below
35 milliwatts on shortwave, and it
is suppressed by a 20-microvolt
input signal; on a-m broadcast
using a built-in loop the noise does
not exceed 500 milliwatts even with
very weak input signals, and is sup-
pressed by a 200-microvolt input
signal. On f-m, the noise has the
unusually low figure of 1 to 4 milli-
watts independent of input. This
value is so low that, in tuning from
one station to another in the f-m
band, no hiss is heard between sta-
tions unless the audio gain is wide
open.

Freedom from spurious vre-
sponses, so necessary in a highly
sensitive receiver, is obtained with-
out employing an r-f stage. Instead,
the necessary selectivity against
such responses is obtained, in the
a-m bands, by a double super-
heterodyne circuit. The selectivity
achieved by this arrangement is
shown in Fig. 5. The response
curves have a bandpass shape which
maximizes the ratio of audio fidelity
to selectivity. The receiver was not
designed for the highest possible
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FIG. 2—Dial panel and chassis of the receiver

fidelity, since high selectivity was
considered more essential for night-
time listening on the a-m services.

High selectivity is also achieved
on the f-m band. Figure 6 shows
the bandpass of the 10.7-mc inter-
mediate frequency for f-m (a con-
ventional single superheterodyne
circuit is used for f-m). The humps
of this curve, separated 150 ke, are
positioned se they fall on the humps
of the discriminator characteristic,
the combination of the two curves
producing "a linear detection char-
acteristic with steep skirts (Fig. 7).
As a result, the gain of the i-f
stages and the voltage output of the
discriminator are higher than nor-
mal, and the selectivity is greater
than can be achieved with the same
components conventionally tuned.
No limiter is used.

Low noise is achieved on all
bands by cave in front-end design
and is preserved by the use of a
6AC7 high-g,. converter. On the
f-m band, the input circuit is an
electrostatically shielded “hairpin”
inductively coupled to center-topped
coils, as shown in Fig. 8. The bal-
anced circuit arrangement reduces
any reradiation from the local oscil-
lator. On the broadcast band, a
low-impedance loop antenna is used,
composed of a single turn of two-
conductor 75-ohm polyethylene-in-
sulated transmission line, cross con-
nected to produce two turns.

Switching of bands is accom-
plished with but two switch wafers,
as shown in Fig. 14. Perhaps most
indicative of the extent to which
parts have been eliminated is the

ELECTRONICS — July, 1947

tuning capacitor, shewn in Fig. 9.
This comprises but two variable sec-
tions, a split-stator unit (with cop-
per stator plates) for local oscil-
lator tuning, and a conventional sec-
tion for tuning the broadcast-band
loop.

No tuning is used in the antenna
circuits for shortwave and f-m serv-
ices. These input circuits are de-
signed as broadband fixed-tuned cir-
cuits which accept the whole band.
The bandpass characteristic of the
antenna input circuit for the f-m
band is shown in Fig. 10. As shown,
the band from 88 to 108 mec is con-
tained within this curve, with volt-
age gain ranging from 0.2 at the
band edges, to 1.4 and 0.9 respec-
tively at the two peaks. A similar
curve for the shortwave input cir-

cuit covers the range from 9.2 to 12
me, with voltage gains ranging
from 4 to 40 over the band.

Although these variations in gain
introduce corresponding variations
in sengitivity over the s-w and f-m
bands, the overall sensitivity at the
lowest points is still well above the
usual performance, and the saving
in component and assembly cost due
to the elimination of an extra ca-
pacitor gang and switching is well
justified. The overall sensitivity as
a function of frequency in each
band is illustrated in Fig. 11.

Further simplification in switch-
ing is obtained by the use of an un-
usual local oscillator circuit. The
two halves of the split-stator capaci-
tor, Fig. 9, are connected in series
for tuning the f-m band, thus pro-
ducing a low capacitance (about 29
ppf) which tunes the single-turn
silver-plated oscillator coil, shown
at the front in Fig. 9. Soldered di-
rectly at the ends of this turn is a
temperature-compensating  53-puf
ceramic fixed capacitor.

The solid mechaniecal structure of
this assembly, the high-capacitance
design, plus the temperature com-
pensation produce a highly stable
oscillator. Drift is less than 20 kc
under all normal operating condi-
tions. The set may be tuned to any
f-m channel from a cold start and
requires no further retuning.

For tuning the shortwave and
broadcast bands, the split-stator
unit is connected in the parallel
connection and additional induc-

FIG. 3—Layout of components provides short leads for high frequency bands
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tances are switched to the center
tap of the single-turn coil. Both lo-
cal oscillator connections form Col-
pitts circuits, and the change from
one to the other requires only two
switch points. The local oscillator
feeds 2.5 voits to the converter.
The second local oscillator, con-
nected by the switch when in the
shortwave and broadcast positions,
is a crystal oscillator cireuit,
which requires only two com-
ponents in addition to the tube, the
crystal itself and a fixed resistor.
The crystal, operating at 5,992.5 ke,
is a hermetically sealed unit, shown
in Fig. 12. This unusual mounting,
derived from similar housings used
in high-quality paper capacitors,
offers high stability and low cost
(the cost of the crystal and assem-
bly is well under one dollar). When

nary tuned-civcuit was used in the
second local oscillator but this
proved difficult to adjust, both in
factory alignment and in field serv-
icing. Even a minor shift in the
second local oscillator frequency
would so disturb the tuning as to
make alignment of the first local
oscillator very difficult. The adop-
tion of the crystal-controlled cir-
cuit solved these problems at a
stroke, and the alignment is now no
more difficult than that of a conven-
tional single superheterodyne.

Tube Lineup F-M A-M

Block diagrams for the f-m and
a-m connections are shown in Fig.
13. In the f-m position of the wave-
change switch, the first tube is the
mixer, type GAC7 with bandpass
tuning. It offers the unusually high

the set was first designed an ordi- conversion gain of 40 times. The
-3
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FIG. 5—Selectivity curves
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for the two a-m bands

local oscillator, one half of a TF8
double triode, is tuned through the
range from 98.7 to 118.7 mec. This
places the intermediate frequency
at the usual value, 10.7 me, for f-m
service. The two following tubes,
type 6SG7, act as i-f amplifiers,
with a gain of 50 per stage. Follow-
ing is a 6H6 double diode in a con-
ventional Foster-Seeley discrimina-
tor, adjusted for 12 volts output per
volt input to the discriminator with
22.5-ke deviation,

The audio output is passed to the
triode section of a 6SQ7 diode-triode
and thence to a 6V6 beam power
output stage. Maximum power out-
put is 8 watts.

For a-m service the double super-
heterodyne connection, shown at the
bottom of Fig. 13, is used. The
6ACT converter (now the first
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' i
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) 1]
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800 1,200

FIG. 6—Bandpass characteristic of the first
i-f transformer for f-m

mixer) displays a conversion gain
of 20 times in this circuit. The first
local oscillator signal is injected
into the first converter from the
same local oscillator as in the f-m
case, which is now switched to pro-
duce frequencies 5,825 ke higher
than the incoming signal. Thus the
first i-f frequency is 5,825 ke.

The 5,825-ke i-f signal is passed
to the first of the 6SG7 tubes, now
switched to operate as a second
mixer, with a conversion gain of
about 50 times. Mixed in this stage
is the second local oscillator fre-
quency, 5,992.5 ke, obtained from
the crystal oscillator in the second
section of the 7F8 double triode.
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FIG. 7—Overall characteristic of the f-m i-f channel at 60 microvolts input

The difference frequency of 167.5 ke
is amplified in the second 63G7 tube
with a gain of 175. This i-f signal
is then demodulated in the diode
gection of the 6SQ7, and the re-
sultant amplified at audio by the
same circuits as in the f-m case.

Circuit Details

The complete circuit diagram of
the model 86CR receiver is shown in
Fig. 14. Consider first the broad-
cast band, in which position the
wave-change switch is shown, The
loop and loading coil, tuned by the
larger of the two ganged capacitors,
(Fig. 9) are connected to the wave-
change switch (rear of section 1,
tap 7 and tap 10) to the grid of the
first mixer. The loading coil acts
as a 5825-ke trap.

The local oscillator operates at
broadeast frequency plus 5,825 ke,
by virtue of the connection through
taps 2, 3, and 5 on the front of
wafer section 1. These connect
coils 15 and 16 and capacitors 56
and 130 between the grid and plate
of the first local oscillator. The lo-
cal oscillator tuning capacitor has
its two sections (28B) connected
in parallel by the single-turn coil
(24) which acts as a short circuit
at the local oscillator frequencies
from 540 to 1,600 ke, plus 5,825 ke.

The intermediate frequency thus
developed is passed by the first
mixer to the 5,825-k¢ i-f trans-
former (coils 11, 20, and 19). The
capacitors shown immediately below
are connected, by the front and rear
sections of wafer section 2, across
the input and output coils of this
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transformer, thus tuning them to

5,825 ke. The link coupling (20)
betweer: coils 11 and 19 is also
tuned to this frequency, so the

whole transformer acts as a four-
cireuit transformer, having a dou-
ble-humped bandpass curve.

The output of this transformer
is passed to the second mixer. The
second local oscillator, its plate en-
ergized through tap 1 of the front
section, wafer 2, oscillates at 5,992.5
ke and its output is capacitively
coupled through the rear section of
wafer 2, to the grid of the second
mixer, thereby developing the sec-
ond i-f of 167.5 ke. This signal is
passed through a dual-purpose i-f
transformer which passes either the

167.5 ke or the 10.7 me i-f, without
switching, by virtue of the tuned
circuits in series. The upper pair
of circuits in the diagram are ef-
fectively short circuits at 167.5 ke,
so only the lower pair operate. The
167.5-kc i-f is thus passed to the
6SG7 amplifier and thence to an-
other dual-purpose coupling unit.
The lower units are resonant at
167.5 ke, while the upper units (the
10.7-me discriminator primary coil)
is effectively a short circuit.

The 167.5-ke coupling unit passes
the signal to the diode of the 6SQT7,
where it is detected and passed,
through the rear of wafer 2, to the
triode section of the same tube. The
tone control in the plate circuit of
this triode is an unusual two-section
unit, consisting of two isolated re-
sistance segments, one across a ca-
pacitor in the bass-compensating

FIG. 8—The balanced antenna transformer
employs electrostatic shielding

i
23

FIG, 9—Front-end tuning assembly. The single-turn coil permits use of a high-C
oscillator for the f-m band
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shown in Fig. 10

volume-control circuit, the other in
series with a capacitor to the triode
plate for attenuation of high audio
frequencies. This arrangement pro-
vides an unusually wide range of
tone control action with minimum
use of parts.

In the shortwave position, the
wave-change switch is rotated ‘one
tap clockwise. This discornects the
broadcast loop antenna, and con-
nects in its place the shortwave
bandpass (untuned) circuit,
through taps 8 and 10 of the rear
section, wafer 1, to the grid of the
first mixer. The shortwave input
circuit is connected to the center
tap of the f-m input circuit pri-
mary, thus using the built-in f-m
dipole and its transmission line as
a T antenna for shortwave pick-up.
The change from tap 3 to 4 on the
front of wafer 1, removes section
15 of the local oscillator, thus shift-
ing its frequency higher, so that it
tunes from 9 to 12 me, plus 5,825 ke.

In the f-m position, the wave-
change switch is rotated clockwise
to the next tap. Wafer 1 of the
wavechange switch disconnects the
shortwave coil, and connects the sec-
ondary of the f-m antenna coupler
to the mixer grid. The coupler con-
sists of the single-turn hairpin pri-
mary, coupled to the 70-ohm trans-
mission line and dipole, the latter
mounted in the cabinet. The short-
wave primary now serves as an i-f
trap for 10.7 mc. The hairpin is elec-
trostatically shielded from the bal-
anced secondary coils.

The local oscillator voltage is in-
jected at the center tap of the coil,
by virtue of the connection between
taps 12 and 1, on the front of wafer
section 1. Other taps on the same
wafer remove coils 15 and 16 in the
local oscillator circuit. The single-
turn local-oscillator coil resonates
at the f-m station frequencies plus
10.7 mc, and the split-stator capaci-
tors, 28B, automatically assumes the
series connection, without the nec-
essity of switching. The plate volt-
age for the second local oscillator
is disconnected in the f-m band posi-
tion, since its output is not used.

The output of the mixer, the 10.7-
mc i-f signal, is passed to the same
i-f transformer as in the broadcast
and shortwave positions. In the
f-m position, however, capacitors
61, 52, 53 and 62 are disconnected
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and capacitor 123 (shown to left
of the front portion of wafer sec-
tion 2) becomes effective between
the input and output of the i-f
transformer. These changes tune
the transformer to 10.7 me. Coil 20,
at 10.7 mc is effectively an open cir-
cuit, and the link coupling between
the input and output coils becomes
aperiodic.

After passage through the 6SG7
first i-f amplifier, the 10.7-mc sig-
nal is passed through the second i-f
transformer, which transfers from
167.5 ke to 10.7 mc operation with-
out switching. In the f-m position,
the upper tuned circuits of this unit
(80 and 81) are resonant at 10.7
me, while the lower circuits in effect

constitute short circuits (being
tuned to 167.5 kc). This trans-
former preserves the double-

humped response characteristic.

The signal then passes through
the second 6SG7 i-f amplifier to the
discriminator transformer. The
audio output of the discriminator is
switched by the rear of wafer 2 to
the grid of the 6SQ7 audio tube,
and thence to the power -output
stage.

The audio fidelity on f-m is the
same as on a-m. This is one of the
few design decisions with which
this reviewer would disagree. The
explanation given by the designers
is that an extension of the higher
frequency range, desirable as it
might be in f-m service, would re-
quire more power output for low
audio frequencies than is available
from the chassis.

In view of the desire to secure
high sensitivity and low noise at the
lowest possible cost, the upper audio
frequencies are substantially atten-
uated. Audio output as high as
8,000 cps is audible when the tone
control is in the mid position, but
the receiver is not flat to this level.

The 86CR receiver design was
conceived and directed by John D.
Reid, manager of research and de-
velopment of the Crosley Division.
Messrs. Bass, Cohen, Holst, Kil-
gour and Sweceney, engineers of
the Division, made substantial con-
tributions and did the actual devel-
opment work.—D.G.F.

FIG. 12—Simple construction of the her-

metically sealed quartz crystal unit. Little

mote than an inch long, it mounts like @
paper bypass capacitor
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successively clockwise
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By E. L. DEETER
and W. K. DAU

Naval Ordnance Laboratory
Washington, D. C

INTERVAL
TIMER

Timing periods in 0.1-second increments for the range 0.1 to 100 seconds can be set up

on direct reading dials. The period depends upon reduction of control-tube bias by dis-

charge of an RC circuit. High accuracy is attained using standard parts. A power relay

in the output handles 15 amperes

N MANY INSTANCES it is desir-
able or necessary to control
automatically the operating time of
electrical devices. This is especially
true when the time interval is to
be of short duration. The high re-
sistance required in a conventional
type of RC circuit to obtain a useful
range of time periods is, however,
a disadvantage. When used in photo-
graphic darkrooms where a highly
humid atmosphere exists, leakage
over insulation surfaces of the cir-
cuit will greatly affect the calibra-
tion and operation. It is therefore
desirable to increase the maximum
time interval without increasing the
size of the RC elements.

The timer to be described has
proven itself reliable and has oper-
ated accurately over long periods
of use. In the laboratory it has
been used to furnish the timing
cycle for such operations as induc-
tion soldering, photographic enlarg-
ing, and contact printing. The
timer, which furnishes periods in
0.1 second increments from 0.1 sec-
ond to 100 seconds, is built around
a straightforward circuit, incorpo-
rating some interesting features.

Basic Timing Circuit

The schematic circuit diagram
shows that the control grid is nor-
mally supplied with a small bias
voltage. The value is low (about 2
volts), and is variable for calibra-
tion purposes. Operating with 150
volts on the plate, the tube resist-
ance is such as to cause the relay to
close during the nonoperating pe-
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riod of the instrument. During
this period the charge on the RC-
circuit capacitor C, will be low and
always less than that bias which
allows the relay K, to drop out.

A double-pole single-throw trans-
fer switch S, initiates the timing
interval. The switch is momentarily
held over to place the capacitor
across the regulated d-c¢ supply of
150 volts, and then released to the
normal position as shown. This ac-
tion places a negative bias of 150
volts on the control grid of the 6V6
tube. The primary relay K, then
opens to start the timing interval
and C, begins to discharge through
the timing resistors shunting the
capacitor. The primary relay is ad-
justed to close when the current
through the coil is about 6 milliam-
peres. This value results when the
control grid bias is approximately
7 volts. The maximum resistance of

the RC circuit is about 10 megohms
and the capacitor is 3 uf, resulting
in an RC constant of 30,

The timing period corresponds
to that obtained in a more conven-
tional circuit with an RC constant
of 100, and is realized because the
timing cycle is dependent on the de-
cay voltage of C. The time re-
quired for the initial 150-volt po-
tential of C, to decay to the
required 5 volts (grid bias is the
sum of the emf across the 6V6
cathode resistor and potential e
across () is derived from the fol-
lowing equation.

t = RCIlnE/e (1)
Where ¢, decay time in seconds to
obtain e; RC, = time constant,

megohms X capacitance in micro-
farads; E, initial charge on capaci-
tor; e, final decay voltage of inter-
est; and In, natural log:

=

—————o 0
” OQUTLET
— I 5V A<
{X 10 SEC)
KZ
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I MEG ’] EFI]
S, 115V
3 (XISEC),_,_E) 200 I WAC
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0.1 MEG 50 5W4 1
" t o WAV SIS0V 2500 1,000
% (XO.1 SEC)
VRI50
00! MEG 40uF
o | El
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Schematic circuit diagram of the timer.

The period is controlled by reduction of

bias on the tube. Power is handled by the second relay K.
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Chassis view of the interval timer, showing the precision wire
A power supply is included on the same chassis

Substituting values shown in the
cireuit diagram, ¢ = 10 x 3 In 150/
5 = 102 sec.

An examination of Egq. 1 shows
that the timing circuit depends not
only on the RC constant but also the
initial potential of the capacitor,
which may be further increased to
obtain greater time periods. An-
other advantage of this circuit is
the fact that the timing interval
will always terminate. Leakage
will shorten the timing period,
rather than prevent its termina-
tion—a preferred condition.

Relay Switching

Another problem to be considered
when dealing with these types of
timing circuits is that concerning
the relays. The system shown ex-
hibits none of the faults associated
with several previous circuits inves-
tigated. Relay K, is a miniature
type and operates on a current of
about 20 milliamperes. The coil
resistance is 1,500 ohms. The power
relay operates from 115 volts a-c

ELECTRONICS — July, 1947

and draws about 4 watts. The con-
tacts on this relay are rated at
15 amperes, noninductive load.

The circuit operates as follows:
when the timing cycle is initiated,
no current is flowing through any
set of contacts on K, After this
relay has opened, one set of con-
tacts connects the coil of the power
relay K. to the 115-volt a-c supply.
One set of contacts on K. closes to
connect the external circuit. The
other set of contacts on this relay
locks in the relay by connecting its
coil to the a-c line in series with a
200-ohm resistor.

After this operation most of the
current is removed from the con-
tacts of the primary relay, prevent-
ing arcing of the inductive load as
the armature pull increases to end
the timing cycle. As the primary
relay closes, one set of contacts
shorts the coil of the secondary re-
lay to open it and break the lock-in
circuit. During this fraction of a
second the 115 volt a-c supply is
across the 200-ohm resistor.

_wound resistors that are selected by switch dials.

It should be noted, in the above
switching program, that the cur-
rents in the primary relay contacts
are zero or very small on breaking
sequences. All heavy currents are
handled on contact make, when con-
tact pressure is maximum, this fact
insuring long life and trouble-free
operation to the system.

Choice of Components

Precision resistors accurate to
plus or minus 1 percent have been
used in the model shown. After a
15-minute warmup, the timer oper-
ates with an accuracy of plus or
minus 2 percent or better. Another
model constructed with standard
metallized resistors gave a result-
ing accuracy within plus or minus
5 percent.

The timing capacitor C. must
have a high resistance. Two com-
mercial types found practical and
inexpensive were a Tobe Filter-
mite rated at 8 uf, 600 volts d-c and
a similar unit manufactured by
Cornell-Dubilier.
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TrRIPLEX ANTENNA

Superturnstile antenna using four radiator

sections, arranged for triplexing to serve

simultaneously an f-m transmitter and both

visual and aural transmitters of a tele-
vision station

HE TELEVISION and f-m trans-
mitters of the National Broad-
casting Company radio stations
WNBW and WRC-FM at Washing-
ton operate simultaneously into the
same Superturnstile antenna sys-
tem. This results in a considerable
saving in the size of the antenna
and in the cost of the supporting
tower. The full power gain of the
antenna is realized for each service,
hence no increase in transmitter
power is required for this kind of
antenna operation.
The quadrature feed to the Super-
turnstile antenna makes possible
the simultaneous or diplex opera-

tion of the visual and aural signals
from the television transmitter into
the antenna. The Superturnstile an-
tenna has an input impedance char-
acteristic which is sufficiently broad
for the f-m transmitter to be readily
coupled in through a triplexing ar-
rangement.

Superturnstile Radiator Theory

The turnstile type of antenna
consists of crossed pairs of radia-
tors, each being approximately a
half-wave in length. The pairs are
mounted at 90 degrees as in Fig.
1 and fed in quadrature with cur-
rents that are equal in magnitude
but 90 degrees apart in phase.

The field in any direction from
either of the radiators is approxi-
mately proportional to sin A, where
A is the angle from the radiator.
Thus, the maximum radiation from
radiator E-W is transmitted in the
north and south directions (where
sin A is unity), while no field is
transmitted from radiator N-S.
Similarly, maximum radiation from
radiator N-S is transmitted in the
east and west directions, while none
is transmitted east or west from
radiator E-W,

In the northeast direction, the
transmitted field is the resultant of
radiation from both sets of radia-
tors. Here sin A is 0.707 for each;
these are added in 90 degrees quad-
rature since the currents are in
quadrature, so the resultant is
unity. For 80 degrees and 60 de-
grees the values added in quadra-
ture are 0.5 and 0.866, again giving
unity. Similarly, for other angles
and other quadrants the radiated
field is also close to unity.

Radiator Construction

The bazic Superturnstile radiator
consists of an open framework of
steel rods and tubes, with dimen-
sions as shown in Fig. 2. Two of
these radiators mounted at right
angles on a tubular supporting

steel pole form a radiating system
that has a pattern and gain equiva-
lent to two parallel dipoles spaced a
half wavelength apart.

A pair of Superturnstile radia-
tors may be considered as a
large plane surface containing a
slot. Figure 3 shows a flat conduc-
tor of large area, with a rectangular
slot approximately a half-wave long.
A generator G applies a-c voltage
having an instantaneous polarity
(as shown by the plus and minus
signs) to the two terminals. Set
up along the sides of the slot, a
voltage will have a magnitude as
represented by the distance of the
dotted lines from the sides of the
slot. The ends of the slot will be

00
N300
£ o
APPROXIMATE - . :‘ }5
CURRENT \ /o
DISTRIBUTION | X Y 60°
v Vavad
R
LE— —~E 90°

e
]

RADIATORS ™~ |
!

1

FIG. 1—Horizontal plane through radiators
connected in turnstile arrangement
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FIG. 2—One pair of Superturnstile radia-

tors mounted on steel pole, Other pair

is at vight angles to these, using same
pole brackets
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FOR TELEVISION AND F-M

Method of using a single four-bay Superturnstile antenna for simultaneous operation of

an f-m transmitter and visual and aural transmitters of a television station, with power

gain of 6.4 for f-m and 5 for television. Coupling between transmitters is negligible

By L. J. WOLF

at ground potential. Currents will
flow in the plane surface with a
magnitude and instantaneous direc-
tion at the sides of the slot approxi-
mately as shown by the arrows.
These currents will flow on both
sides of the plane surface and will
radiate equally on each side. This
condition will be unaffected by
openings in the plane surface as
long as these openings are small
compared with a wavelength.

Radiator Feed

The radiators (Fig. 2) are
mounted so that contact to the sup-
porting pole is made at places of
zero potential, hence are attached
directly without the necessity of
any sort of insulator. The feedline
for a pair of radiators is brought
from the pole onto the radiator
over one of the two connecting
brackets. At the center of the radia-
tor, the feedline is brought around

a \
{ s L "~ l
4 B

) 'LL-———@—W—l
.
S PV

/ P I /

FIG. 3—Currents and volitages In the
region of half-wave slot In large conduct-
ing plane simulating Superturnstile
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the pole, half way to the other radi-
ator. The inner conductor connects
to the other radiator through a
cross-connection strap. Thus, with
the outer conductor of the feedline
connected to one radiator, and the
inner conductor to the other radi-
ator, a balanced feed results. The
only insulation needed is that of the
end seal on the end of the feedline.

The antenna described has four
identical Superturnstile = radiator
sections. With these, the television
power gain is approximately 5, and
the f-m power gain is approximately
6.4 as compared to that of a half-
wave dipole (without allowance for
transmission line loss). The f-m
gain is higher because the height in
wavelengths is greater for fre-
quency modulation than it is at the
television frequency.

Transmission Line

The transmission line between
transmitter room and antenna con-
sists of a pair of 3%-inch, 513-ohm
coaxial lines designed with conduc-
tors and insulators in accordance
with RMA recommendations. Spe-
cial design precautions have been
taken to make certain that the
lengths of line can be coupled in a
satisfactory manner, and to elimi-
nate electrical discontinuities at
elbows and connections.

The 20-foot lengths of line are
supplied with flanges brazed in
place. These flanges are bolted to-
gether to join sections of line at
installation, using O ring gaskets
to keep the line pressure-tight. Dif-
ferential expansion between the
steel tower and the copper outer

Engineering Products Divigion, ROA Victor Division
Radio Corporation of America, Camden, New Jergey

ey

S

Triplexing unit in transmilter room. show-

ing the half and quarter-wave stub sec-

tions of coaxial line that are used to keep
the signals in their proper paths
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conductor of the transmission line
is provided for by means of spring-
hung tower brackets, which permit
the line to expand and contract ver-
tically. The line is secured at the
top of the tower so that the expan-
sion occurs entirely at the bottom
of the tower. Differential expansion
of the inner conductor with respect
to the outer conductor is allowed
for at each flanged connection; the
inner conductor connector is of the
push-type which allows the inner
conductors to slide a slight amount
as required.

Electrical discontinuities are
minimized as far as possible at
bends by providing elbows with a
radius which is large compared to
the line diameter.

Inasmuch as the E-W and N-S
radiators of the antenna are fed
in quadrature, the two transmission
lines must be kept alike, so that the
two lines will maintain at the an-
tenna the correct phase relationship
set up at the transmitter. This is
accomplished by making the two
lines identical as regards lengths of
line sections and placement of el-
bows. The quadrature phase rela-
tionship is introduced at the di-
plexer by making one line 90 de-
grees longer than the other.

Pressurization of the transmis-
sion lines is maintained by an auto-
matic dehydrator which keeps a
small positive pressure of dry air
on the line at all times.

The diplexing unit consists of a
Wheatstone bridge type of network
which provides a means of feeding
the visual and aural energy of the

television transmitter into the an-
tenna without detrimental cross-
coupling effects.

Diplexer

In the fundamental diplexing cir-
cuit of Fig. 4A, the resistors rep-
resent the loads due to the radia-
tors N-S and E-W respectively. The
visual power amplifier feeds push-
pull to terminals 7. The aural
power amplifiers feeds via a sin-
gle-ended line through reactances
X to terminals T. The two transmit-
ter sources are uncoupled from each
other as long as the two loads and
the two reactances are equal re-
spectively. Thus, no cross-feed be-
tween transmitter sources will
exist, even for modulation sideband
components which are nearly iden-
tical in frequency.

The physical realization of the
bridge circuit is indicated in Fig.
4B. Each connection line repre-
sents the inner conductor of a co-
axial transmission line. The outer
conductors are not shown except
for the cylindrical balun sleeve on
the connection to the visual trans-
mitter. The visual transmitter feed
is single-ended, hence is changed to
# double-ended feed by means of
this balun. The visual feed is push-
pull at terminals T, whereas the
aural feed is push-push at these
same terminals. Loop L represents
the extra quarter-wavelength of
line that provides the quadrature
feed of the E-W radiators with re-
spect to the N-S radiators.

Elements X are transmission
lines which are each a quarter-wave

Diplexing unit in transmitter room. Larger lines bring in power from visual and
aural power amplifiers, while two smaller lines go to antenna via triplexing unit
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T T T
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FIG. 4—Fundamental bridge-type diplex-
ing circuit, (A) and practical application
(B) to visual-aural diplexing system of
television transmitter, Circuit lines repre-
sent inner conductors of coaxial lines

long at the midvisual frequency,
which totals a half-wave in length.
This length of a half-wave on ter-
minals T shunts a high impedance
across the visual input circuit. Con-
versely, terminals T are at the same
potential with reference to each
other at the aural frequency, hence
no aural power can couple into the
visual transmitter input.

This bridge-type circuit is partic-
ularly useful for coupling the visual
and aural power amplifiers since
the transmitter frequencies are
quite close together. The reactance
of the circuit elements changes very
little from one frequency to the
other, hence has no serious detun-
ing effect on either power amplifier.

Triplexing System

The triplexing unit allows the
power from the f-m transmitter to
be coupled onto the line to the an-
tenna, with the correct phase re-
lationships, without cross-coupling
to the television transmitter. Since
the television and f-m frequencies
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are separated by a greater percent-
age than are television visual and
aural frequencies, frequency-selec-
tive circuits are used in the tri-
plexer.

Figure 5 illustrates the funda-
mental triplexing circuits used. The
television transmitter TV feeds the
antenna load directly as in Fig. 54,
with two half-wave circuits H, con-
nected to the main line through
two quarter-wave civcuits -¢ which
are separated a quarter-wave apart
along the main line. Each branch
(consisting of an H and a ¢ in
series) is three-quarter-wave long,
hence presents a high impedance
to the main line. The characteris-
tic impedance of these branch line
elements is chosen so that this high
impedance is presented to the main
line over a band which is at least
six megacycles wide.

The circuits associated with the
f-m transmitter are added as in
Fig. 5B. Circuits H are extended
by stub sections h. The lower &
stub is adjusted so that the combi-

HJ (h]
DOTTED LINES

SHOW APPROX-

q IMATE VOLTAGE

DISTRIBUTION /1
{

H
a \ Q
s

o
1 ]
\ \
\

7,

TN

N

R

N

v (A) (B)

FIG. 5—Fundamental circuit of triplexer
(A) showing use of two frequency-selective
tuned elements, and method of adding
stub elements (B) for coupling an fm
transmitter. Circuit lines represent inner
conductors of coaxial lines, and ground
symbol indicates shorting plug in line

nation of reactances presents a low
impedance, or short-circuit at ter-
minal S at the frequency of trans-
mitter F-M. The upper h stub is
adjusted so that the input imped-
ance, looking to the antenna from
F-M, is also matched at the f-m fre-
quency. The voltage magnitudes un-
der this condition are represented
by the dotted lines.

Combined Diplex and Triplex System

In the complete system as used at
stations WNBW and WRC-FM, a
four-section Superturnstile antenna
is used as shown diagrammatically
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Flange connections used on transmission lines for Superturnstile

in Fig. 6. The E-W and N-S radia-
tors are fed from junction boxes
JB. The feedlines from the junc-
tion boxes are all the same length,
so the radiators will all be fed in
phase. Each junction box assem-
bly contains a series line trans-
former, to match the 513-ohm trans-
mission line to the impedance of the
four feedlines in parallel.

The twin transmission lines go-
ing down the tower are equal in
length between the junction boxes
and the triplexer so the phase rela-
tionship between lines, as estab-
lished at the transmitter, will be
maintained at the antenna. The
lines are carefully installed so that
the elbows in the two lines are
equally spaced from the triplexer.

The triplexer is located in the
transmitter room, with the two
transmission lines passing through
it to the diplexer. The internal cir-
cuit of the triplexer consists of

FOUR-BAY
SUPER TURNSTILE
ARRAY
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FIG. 6—Complete triplexing system, with

N-S and E-W radiators shown separately

to clarify connections. Circuit lines are
inner conductors of coaxial lines

matched pairs of transmission line
elements.

The f-m feed into the triplexer
divides as shown, with one side go-
ing through a phasing loop. This
loop is a quarter-wavelength at
the f-m frequency and provides the
correct quadrature phase required
to give a circular pattern from the
turnstile antenna. Only the f-m
feed is through this loop; the quad-
rature loop for television is sepa-
rate. This arrangement provides
a convenient method of maintaining
the correct quadrature feeds for the
two systems, even though the fre-
quencies are different.

The diplexer terminates the two
separate antenna  transmission
lines. One line between triplexer
and diplexer is made a quarter-
wave longer than the other at the
television frequency. This quadra-
ture length is separate from the f-m
loop, hence sets the correct phase
relationship for television independ-
ently of the f-m requirement.

The diplexer contains the visual
input circuit, consisting of a single-
ended circuit with a balun to con-
vert to double-ended feed. The
balun is suitably compensated to be
broad-band so that it does not in-
troduce any appreciable discontinu-
ity over the television channel. The
aural input circuit is single-ended
and connects to a point where no
visual voltage exists, so there is
negligible coupling between visual
and aural power amplifiers.

Acknowledgement is made to the
members of the Television Broad-
cast Antenna Group of RCA Victor
Division, who not only designed
this equipment but also made it
work, and to the engineers of the
Radio Facilities Group of the Na-
tional Broadcasting Company, who
bore the brunt of getting the first
equipment installed.
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Front panel of audio burst generator. Dials and switches serve as fine and

coarse controls for repetition rate, channel 1 delay, channel 2 delay, channel 1

tone duration, and channel 2 duration. Jacks at top are for input and output
of the two channels and for mixer output, to extend use of instrument

N a long-range investigation of
I perception or understandability
of code messages transmitted over
communications systems, a signal
generator was needed that would
produce short bursts of two differ-
ent tones, with the tone bursts in-
dependently controllable as to du-
ration and spacing and with the
repetition rates of the two tones
synchronously related. With such a
universal two-tone automutic elec-
tronic generator of code signals,
complete control over all param-
eters that might affect intelligibility
would be achieved.

To provide a source of these tone
bursts, an electronic keying circuit
was designed which would permit
two -tones to be independently
turned on for variable time dura-
tions and at variable repetition
rates. The four basic units in this
audio timer are a trigger generator,
two tone channels, and a channel
mixer, arranged according to the
block diagram in Fig. 1.

The trigger generator provides a
synchronizing trigger voltage, vari-
able in repetition rate from 120
per second to one in 20 seconds,
which is used to start each of the
tone channels on their individual
operating cycles. The trigger volt-
age is derived from the output
waveform of a balanced free-run-
ning multivibrator by means of a
differentiating circuit, a positive
clipper, and a phase inverter. The
output is a positive trigger, which
may be varied in repetition rate by
adjustment of the multivibrator
frequency, Waveforms at the vari-
ous numbered points in Fig. 1 are
shown in Fig. 2.
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Rear view of generator.

power supply is on a separate chassis. Test point

jacks at bottom of front panel permit extraction of
the multivibrator voltages for other uses

The required requlated

TONE BURST

The output of the trigger gener-
ator is applied to tone channels I
and II, which are identical. Each
channel contains two single-cycle
multivibrators, designated as the
delay multivibrator and the tone
duration multivibrator.

The trigger from the trigger gen-
erator serves to start the delay mul-
tivibrator on its operating cycle.
The duration of the cycle is vari-
able by means of fine and coarse de-
lay adjustments. The output volt-
age of this circuit is a negative
rectangular wave, the leading edge
being coincident with that of the
trigger generator output and the
trailing edge possessing the de-
sired amount of delay.

The negative output waveform of
the delay multivibrator is differen-
tiated and negatively clipped to
give at point 5 a positive trigger
voltage that coincides in time with
the trailing edge of the delay multi-
vibrator output and will therefore
be variable in delay with respect to
the trigger generator output. This
delay is adjustable from 0 to 2,000
milliseconds.

The delayed trigger is applied to
the tone duration multivibrator and
is used to initiate the operating
cycle of this circuit. The output
waveform of this multivibrator is
a negative gate whose leading edge
is coincident with that of the de-
layed trigger. The width of this
gate is variable from 0 to 8,000 mil-

liseconds by means of fine and
coarse tone duration controls.

The output of the tone duration
multivibrator is applied to a mixing
circuit which has an additional in-
put consisting of a continuous audio
sine wave. The circuit is adjusted
so that the sine wave can only ap-
pear in the output when the gate
is present. By means of a d-¢ bal-
ance control all d-c components may
be removed from this output so that
it consists only of a burst of tone at
point 8 appearing above and below a
zero reference level. The start of
this tone may be delayed from the
reference trigger, and the tone it-
self may be varied in duration.

The output of the mixing circuit
in each channel is applied to a
cathode follower in order that a
low output impedance may be real-
ized. The output of each cathode
follower is applied to the channel
mixer (a parallel T-pad network)
which mixes the outputs of the two
channels and provides approxi-
mately 10-db attenuation in each
channel. The output of this circuit
therefore consists of the tone bursts
of each channel, each of which may
be independently varied in duration
or delayed with respect to the other.
The individual channel outputs may
be obtained without mixing,

To obtain synchronous operation
of the timer, provision has been
made for synchronization of the
repetition rate with either of the
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Four single-cycle multivibrators controlled by a free-

running multivibrator serve as an adjustable electronic

: : o ®
switch for cathode-ray oscilloscopes, generation of square o
waves, investigation of code intelligibility in communica- |® —_T

® A

tions systems. and general audio research

By R G

ROUSH

Systems Research Laboratory
The Johns Hopkins University
Baltimore, Marylend

GENERATOR

two sine-wave input signals. The
tone burst obtained from the chan-
nel whose input signal supplies
synchronization will therefore be
turned on and off at the same points
in the cycle during each period of
the repetition rate. By means of the
delay and tone duration controls,
these points may be selected at will,
thus causing the gated tone to con-
sist of any portion of a cycle or of
any number of cycles as desired.

Trigger Generator Circuit

The multivibrator in the trigger
generator circuit of Fig. 3 provides
a reference timing voltage which
can be varied in repetition rate
from 120 cycles per second to 1
cycle in 20 seconds. It is a conven-
tional free-running balanced multi-
vibrator in which variable repeti-
tion rates are produced by varying

the relaxation time constants uni-
formly in both grid circuits. The
coarse adjustment permits the se-
lection of four ranges of repetition
rate by selecting four different val-
ues of capacitance in each grid cir-
cuit. Fine adjustments are made by
equal variations in grid leak resis-
tors R, and R, whose shafts are
tnechanically coupled.

The timing voltage is obtained
from the plate of V,: and is essen-
tially of rectangular waveform. The
negative drop in this waveform was
chosen as the timing reference be-
cause a steep wave front is obtain-
able and, by use of R; and R, and
proper circuit adjustment, the am-
plitude of this reference voltage can
be made constant over the entire
frequency range of the multivibra-
tor. These resistors limit the mini-
mum period of the multivibrator

fom——————=
DIFF {
pELay @] circum () o JONE L 1] mixer  |®f caTHopE | (CHANNELL
MVBR AND | “MvBR | |AMPLIFIER] |FOLLOWER|I OUTPUT
| | CLIPPER | i

TONE CHANNEL I

—————————————————————— O |
TRIGGER GENERATOR SINE G CHANNEL | MIXER
NTreres Ll b b I oseniaton, Moacarcecl
1| REPE~ OIFF ! | PARALLEL (!
i| TiTioN [ @ circuiT (@ IJS'E%GTEE%@ SYNCH = ™ ey vl M B
| RaTE AND  [|NVERTER CIRCUIT N 1| MIXER [ MIXED
1| MVBR CLIPPER | SINE @ f OuUTPUT
Lo — === £ WAVE (B mrs|
{ 0SCILLATOR ®
o f_ _TONECHANNEL T e e Y= ey
M DIFF [
' oogray (@] circur (@], TONE @] mixer  [@] caThopE | ICHANNELT
"I mver AND [~ OURATION i o ifieR [ FOLLOWER [T outpuy
! e MVBR ! ouTPut
e i e e e R T e 1

FIG. 1—Block diagram of complete electronic keying system for producing controllable
short bursts of two different audio tones
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FIG. 2—Waveforms at various numbered
points in Fig. 1

waveform on any one range setting
to a value which is twice as great
as the exponential rise time of the
positive portion of the multivibrator
output; in other words, the mini-
mum value of t/2 in Fig. 2 is ¢,
where %, is the exponential rise time
and t is the period of the multi-
vibrator. The plate voltage of Vi
therefore has sufficient time to
reach its maximum value before
conduction again occurs.

In order that the negative change
be igsolated from the remaining por-
tion of waveform 1 in Fig. 2 to pro-
duce the timing reference, the mul-
tivibrator output is applied to an
R-C differentiating circuit, a posi-
tive clipper, and a phase inverter.

When the input voltage to the
differentiating circuit rises to the
218-volt condition, the cathode of
V.. is positively biased and prevents
conduction. Capacitor C, therefore
charges through R.. When the nega-
tive drop occurs, the cathode of V.,
is lowered below ground potential
by the amount of the drop, thus per-
mitting C, to discharge through the
additional path offered by the d-c
resistance of V., R., and R,. The
resulting waveform across R, is a
negative trigger of approximately
11 volts amplitude, having a dura-
tion of 15 microseconds at the 4-
volt level. This trigger is inverted
and amplified by V... The output of
the trigger generator is therefore
a positive trigger which may be
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continuously varied in period from
8 milliseconds to 20 seconds.

Tone Channel Circuits

The delay multivibrator in the
tone channel circuit in Fig. 4, used
to produce a variable delay period
between the trigger generator out-
put and the start of an audio tone
introducd at a later point in the
circuit, is a conventional single-
cycle multivibrator in which feed-
back is obtained through common
cathode resistor R,,. With the selec-
tor switch in position 1, there is
no coupling between the plate of
V. and the grid of V., The latter
triode has its control grid returned
to —210 volts through Ry and is
therefore in a nonconducting state.
In its quiescent condition, V., is
operating as a class A amplifier
with self bias. When the trigger
generator output arrives, V,, is in-
stantly driven to saturation and
returned to the original condition,
thus producing a trigger of the
same polarity but of smaller ampli-
tude across R,. The output of the
delay multivibrator is taken from
the common cathode connection and
is therefore a positive trigger which
is coincident in time with the trig-
ger generator output.

For coarse delay switch set-
tings 2 and 3, the high negative bias
is removed from V., and the con-
trol grid is returned through R,
(fine delay) and R, to a high posi-
tive bias. Since the grid-cathode
resistance under this condition is
exceedingly small, the grid bias on
Vae 1s essentially zero. The control
grid of V,, is returned to ground
through the trigger generator out-
pat impedance; the bias on this
tube is therefore determined by
the drop across R,. Resistors R.
and R, were so selected that under
quiescent conditions the plate cur-
rent of V., produces sufficient drop
across R, to bias V., well beyond
cutoff.

When the output of the trigger
generator arrives, the control grid
of V., is brought above cutoff, caus-
ing V,, to conduct. The drop in
plate voitage of V,, is coupled to the
grid of V,, through C, or C, de-
pending upon the selector switch
setting, thus driving V., consider-
ably bevond cutoff.

Since the grid of V., is returned
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FIG. 4—Circuit of first sections of a tone channel

to B plus through grid-leak resis-
tors R, and R, the grid potential
immediately begins to relax expo-:
nentially toward this value at a
rate determined approximately by
the time constant (C., or Cu)
(R + Ry). The grid is permitted
to relax toward the B plus potential
on thege two range settings in order
that the cutoff potential curve will
be intersected at a very steep angle
by the grid relaxation curve, thus
providing more stable operation on
the short delay periods encountered
on these ranges.

Coarse delay setting 4 provides
essentially the same operation as
settings 2 and 3 except that the
control is allowed to relax toward
the cathode potential instead of B
plus.

When the control grid of V,; has
relaxed to its cutoff potential, the
tube is immediately turned on and
Va is turned off by virtue of the
positive feedback obtained through
R... The circuit has at this point
been returned to its original quies-
cent condition and remains un-
changed until the next trigger pulse
arrives.

The .current

plate flowing

through R, in the quiescent condi-
tion is of much greater magnitude
than the current during the oper-
ating period. The drop across R,
or the delay multivibrator output
(point 4 in Fig. 1 and 2) is there-
fore a negative rectangular wave.
The leading edge coincides with the
trigger generator output and the
trailing edge with the desired
amount of delay, which may be
varied from 0 to 2,000 milliseconds
by the delay adjustments.

The output of the delay multi-
vibrator is applied to a differen-
tiating circuit and a negative series
clipper. When the zero delay posi-
tion is selected in the delay multi-
vibrator circuits, the input to the
differentiating circuit is a positive
trigger which charges C, through
the parallel path offered by R., and
the d-c plate resistance of V., in
series with R, The time constant
of this charge path is 7.5 micro-
seconds. Since the input trigger
is approximately 15 microseconds
in duration, some differentiation
occurs, resulting in an output trig-
ger adcross R, which is somewhat
sharper than the input and is
slightly reduced in amplitude.
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FIG. 6—Mixer amplifier and cathode follower circuits for one tone channel

On ilhe remaining delay settings
(2, 8, and 4) the input to the above
circuit is a negative rectangular
wave. When the leading edge of
the wave occurs, the negative drop
is coupled through C;; to the plate
of V., thus preventing conduction.
When the trailing edge occurs, the
plate of Vs, is driven positively so
that C. charges through the
parallel path of R, and the R, of
V. and Ry in series. The output
of this circuit is therefore a posi-
tive trigger which may be delayed
from 0 to 2,000 milliseconds de-
pending upon the delay adjustments
desired.

The delayed trigger voltage is
fed into the single-cycle tone dura-
tion multivibrator circuit of Fig. 5.
The screen grid, control grid, and
cathode of V, in conjunction with
V, are used to form a conventional
triode single-cyele multivibrator.
In the quiescent condition, the plate
current of V. flowing through com-
mon cathode resistor R, is sufficient
to hold V, well past cutoff. When
the delayed trigger arrives, V, is
turned on and V., turned off by vir-
tue of the feedback obtained
through R.,. When the grid poten-
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tial of V, has relaxed to cutoff, V;
is turned on and V, off so that the
original quiescent condition is ob-
tained.

The output of the multivibrator
is taken from the plate of V,, which
is returned to B plus through R..
The tube in the quiescent condition
is completely cut off. Since it is
turned on when the trigger arrives
from the delaying circuits, the plate
voltage waveform is that of a nega-
tive gate with good leading and
trailing edges, a condition neces-
sary to provide satisfactory oper-
ation of the mixer amplifier.

The duration of the above wave-
form is determined by the off period
of V.. This period is controllable
from 1 to 8,000 milliseconds by
means of the fine and coarse dura-
tion adjustments R. and S; respec-
tively. When S; is in position 4,
the grid of V, is returned to a
large negative bias, resulting in
continuous conduction of V, On
position 38, the gate width may be
varied continuously by R.. over the
complete range (0 to 3,000 millisec-
onds). The grid of V; is permitted
to relax toward its cathode poten-
tial to provide these long periods.

Switch positions 1 and 2 provide
gate widths of from 1 to 75 milli-
seconds and 3 to 300 milliseconds
respectively. On these positions a
positive grid bias of 36 volts is
provided by voltage divider R.-R.
so that more stable operation will
be obtained. Voltage divider
R.-R.. in conjunction with the
—210-volt supply reduces the output
potential of the multivibrator dur-
ing the quiescent condition to +25
volts. When the negative gate is
present, the output potential is ap-
proximately —135 volts.

The output of the tone duration
multivibrator is applied to the
mixer amplifier ecircuit in Fig. 6,
consisting of a 6SN7 twin triode
which is used as a combination
phase-inverter and mixer.

In addition to the output of the
tone duration multivibrator which
is applied to the grid of V., a con-
tinuous audio sine wave is applied
to the control grid of Vs During
the quiescent period of the tone
duration multivibrator, the control
of Vs is held at +25 volts. Under
this condition, the plate current of
V.. flowing through common cath-
ode resistor R, develops sufficient
voltage drop across this resistor to
hold V., at cutoff. When the input
of V., falls to the lower level (—135
volts), V., is cut off, thus permit-
ting V. to function as a class A
ampiifier.

The plate waveform of Vi is
therefore a positive rectangular
wave coincident with the input gate,
and that of Vs, is an inverted (neg-
ative) rectangular wave with the
amplified sine wave superimposed.
These two voltages are applied
across potentiometer R,. By select-
ing the output from a tap on R., a
point may be obtained at which the
two rectangular waveforms exactly
cancel, resulting in a gated sine-
wave output which is free from
any variation in d-c level.

The output of the mixer amplifier
is applied to the control grid of a
cathode follower through potenti-
ometer R, The cathode follower
is employed to provide low-imped-
ance output.

The output of the cathode fol-
lower may be obtained directly at
the channel I output jack or at the

mixed output jack after being
mixed in the channel mixer unit
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FIG. 7—Channel mixer circuit providing
10 db of isolation between channels

with the output of channel II.
Channel II waveforms are shown in
Fig. 2 for points 9 through 13 of
Fig. 1.

The channel mixer circuit in Fig.
7 is a parallel T-pad mixer in which
10 decibels of isolation is provided
for each channel. The input and
output impedances of the mixer
unit are approximately 500 ohms.
If either channel output is desired
without mixing, it may be obtained
at the corresponding channel jacks
which isolate the mixing unit when
a plug is inserted. This prevents
the unwanted channel II signal
from appearing in the channel 1
output or vice versa.

The output of the channel mixer
therefore consists of the gated tones
of channels I and II. Since each
of the tones may be delayed from
the reference trigger generator out-
put, they may be delayed independ-
ently with respect to each other.
The duration of either tone may
also be independently variable.

Synchronizing Circuit

The synchronizing circuit which
is employed to lock in the repetition
rate at some multiple or submultiple
of either of the input signal fre-
quencies is shown in Fig. 8. It
consists of amplifier stage V.,
triode saturation clipper Vi, which
is overdriven to produce a square
wave from the amplified sine wave,
a differentiating circuit made up of
Cs and R, and R, in parallel, and
a negative clipper V... The output
of the circuit is therefore a nega-
tive trigger having a leading edge
approximately coincident in time
with the zero point of the negative-
going portion of the input sine
wave,

The trigger is coupled to the
plate of V,, (Fig. 8) through C,
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FIG. 8—Synchronizing circuit used to lock in,the trigger generator with either of the
sine wave oscillators in the tone channels

and hence into the grid circuit of
Vis. During the conduction period
of V., the negative trigger is am-
plified, inverted, and fed back into
the grid circuit of V,,, where it is
superimposed upon the grid relax-
ation curve and therefore causes the
tube to conduct whenever the grid
potential is brought above cutoff
by one of the superimposed trigger
voltages. Selection of the source
of synchronization is obtained by
means of a switch that in positions
1 and 8 connects the inputs of
channels 1 and 2 respectively to the
synchronizing eircuit. In position
2, nonsynchronous operation is ob-
tained.

Applications

Perhaps the most useful applica-
tion of the timing unit for com-
mercial purposes is for simultane-
ous observation of two related wave-
forms, such as the input and out-
put voltages of amplifier circuits.
The two voltages to be observed
are applied to the individual chan-
nel inputs, and the output obtained
at the mixer jack is applied to the
vertical deflection amplifier of a
cathode-ray oscilloscope. By syn-
chronizing the repetition rate with
the desired reference signal by the

FIG. 9—Example of use of multivibrator
keying system as an electronic switch for
a cathode-ray oscilloscope, to show the
input and output voltage waveforms of an
amplifier side by side so that their 90.
degree phase difference is clearly evident

method previously described, and
synchronizing the horizontal sweep
of the oscilloscope with the repeti-
tion rate multivibrator output ob-
tained at test point 1, a stationary
pattern can readily be obtained.
The tone duration and delay con-
trols are then adjusted to sep-
arate the two waveforms.

To measure the phase shift be-
tween the two voltages, the repeti-
tion rate is first synchronized with
one channel and then the other.
The delay control of the channel
providing synchronization is ad-
justed so that each signal is gated
at the point at which its positive-
going portion crosses the zero ref-
erence level. Synchronization is
then returned to the reference sig-
nal and the amount of delay neces-
sary to return the second signal to
its original position gives an ac-
curate measurement of the phase
shift between the two signals.

A typical pattern obtained using
this procedure is shown in Fig, 9.

The timer may also be used as a
square-wave generator. Asymmet-
rical rectangular waves may be ob-
tained at test points 2, 8, 4, and 5.
The degree of asymmetry may be
varied by the fine and coarse ad-
Jjustments located directly above the
respective test points on the front
panel. Additional rectangular
waves may be obtained at the chan-
nel output jacks by removing the
input signal and adjusting the
channel balance controls to give the
desired amplitude and polarity. All
of these waveforms are quite useful
in checking the square-wave re-
sponse of amplifier circuits.

This work was carried out un-
der Task Order No. 1 of Contract
Nb5-0ri-166 between the Office of
Naval Research and The Johns
Hopkins University.
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Typical examples of metal-ceramic metallizing, joining, and sealing as produced by new titanium hydride technique

Metal-Ceramic Brazed Seals

New method involves applying titanium hydride to ceramic, then brazing to metals or
similarly prepared ceramics with silver or any other metal that melts at 1,000 C. Re-
sulting seal, gastight and stronger than ceramic itself. is ideal for microwave tubes

s the radio-frequency spectrum
Aexpanded into the higzher-fre-
quency regions, conventional tubes
no longer proved satisfactory. Their
failure was due largely to the
length and impedance of the wires
leading through the stem to the
tube elements.

One of the qualifications for the
successful operation of a high-fre-
quency circuit is that the portion of
the circuit represented by the tube
must be small in comparison with
a wavelength. Disk seal or light-
house tubes' effectively eliminated
the lead difficulties and greatly ex-
tended the useful frequency range
of space-charge-control tubes.

This extension of the operating
range into the microwave region
imposed new problems in construc-
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By R. J. BONDLEY

Research Laboratory, General Electric Co.
8chenectady, New York

tion. For efficient operation, the
tube must be a small part of a
wavelength, and preferably a small
part of a quarter wavelength. This
means that as frequency is in-
creased, the physical size of the
tube must be decreased. For a given
power rating, a reduction in size
can only be accomplished by an in-
crease in the stresses on the com-
ponent parts and a resultant in-
crease in operating temperature.
At elevated temperatures, the
glass portion of the vacuum enclos-
ure is the first to fail. This failure
is due to the high dielectric losses
in glass at high frequency and to
the logarithmic nature of the tem-
perature coefficient of resistance of
glass. The effect is cumulative. As
the seal runs hotter, its resistance

decreases and its loss increases. If
the glass does not actually fail by
melting, the loading of the circuit
caused by the glass loss may limit
the performance of the device.

In the case of oscillators, as the
glass heats, the oscillations dimin-
ish in intensity until an equilibrium
is reached. In amplifiers, the high
loading caused by a poor dielectric
results in low gain.

The sealing of glass to metal re-
quires that the glass be melted to
effect wetting. The melting is al-
ways accompanied by dimensional
changes in the glass. During subse-
quent annealing and exhaust treat-
ment, the glass may sag and still
further alter the geometric accu-
racy of the tube. This means that
glass is not well adapted to the pre-
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cision manufacture demanded by
microwave tubes. It is evident that
a material possessing better proper-
ties is desirable.

Ceramics for Tubes

A superior material has been
found in certain ceramics, especially
those of the steatite variety. These
magnesium-silicate ceramics, when
compared to the glasses now avail-
able for vacuum tube construction,
not only excel in electrical proper-
ties, but have superior physical
properties which alone would war-
rant their use.

A new solution to the problem of
obtaining a permanent hermetic
bond between the ceramic and metal
has also been found. With the newly
developed techniques, the ceramic
can be joined either to metals or
to other ceramies with high-temper-
ature solders. It is of course nec-
essary to match the thermal expan-
sion of the materials in order to
avoid residual strains.

The soldering can be done sim-
ply by painting the areas of the
ceramic with a mixture of pow-
dered titanium hydride in a suitable
carrier where it is desired to have
the solder adhere. The treated
ceramic can then be soldered like
any metal part by heating it to a
temperature of 900 to 1,000 C
either in a vacuum or in extremely
pure hydrogen. The solder can be
added in the form of rings, washers,
or powder as in any conventional
soldering operation. Pure silver,
eutectic silver-copper alloy, or any
metal with a melting point in this
temperature range can be used. In
areas where the ceramic has been
coated with the titanium hydride
paint, the solder will spread and
firmly adhere.

A suitable paint can be made by
mixing 300-mesh titanium hydride
powder with an easily volatilized
lacquer (such as the nitrocellulose
lacquers used in the preparation of
heater coatings and emission
mixes). The paint is applied to the
ceramic in a thin, dense layer either
by brushing or spraying.

During the early stages of heat-
ing, the titanium hydride dissoci-
ates and leaves a residue of pure
titanium on the ceramic. The hy-
drogen evolved during the heating
is released in the atomic state and
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SIGNIFICANT TREND

® The metal-ceramic seals and sol-
dering techniques described here
constitute a major advance in the de-
sign and construction of many well-
known uhf and shf tubes

® Ceramic insulators, supports, and
windows having higher thermal sta-
bility and lower losses than glass
are currently limited largely to tubes
produced under government contract,
but commercial tubes are expected
to have these features in the near
future

® The technique also offers attractive
possibilities for printed electronic
circuits and for a host of other ap-
plications requiring metallized cer-
amics as insulators and supports

is more chemically active than hy-
drogen of the same purity prepared
by other means. The presence of
this active hydrogen is very bene-
ficial in cleaning the surfaces of the
parts. A clean surface is always
easily soldered.

Just above the temperature at
which the bulk of the hydrogen is
released, the silver solder melts and
readily alloys with the titanium.
This silver-titanium alloy forms a
strong bond with the ceramic. In
fact, the bond is stronger than the
ceramic itself. Destruction tests al-
ways reveal a layer of ceramic
clinging to the metal.

The fact that the joints can be
made in a vacuum is advantageous.
When silver and copper are melted
in hydrogen, they adsorb large
amounts of gas. This gas is later
released when the metals are al-
lowed to solidify. The resulting
open structure is often a source of
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glass and ceramic specimens

very slow leaks. Vacuum soldering
eliminates the adsorbed gas prob-
lems and yields dense and leak-free
metals. Since the parts are heated
to 1,000 C in vacuum, they are quite
thoroughly degassed. Additional
lengthy exhaust treatment is often
unnecessary.

Expansion of Ceramics

The thermal expansion of mag-
nesium silicate ceramic is for all
practical purposes linear. Iron con-
taining from 14 to 30 percent chro-
mium has almost identical thermal
expansion properties. This combi-
nation of materials, when sealed,
will remain free from strains over
a wide range of temperaturcs.

To obtain low surface resistance
for the radio-frequency currents
and to facilitate soldering, a thin
layer of copper is alloyed to the
chrome-iron. Iron containing a
high percentage of chromium is
fairly corrcsion resistant, and the
copper surface further enhances
this property. By limiting the sur-
face copper to less than 10 percent
of the total thickness, the expansion
characteristics of the chrome-iron
base are not altered.

Since there are no rapid changes
in expansion (such as occur in glass
near its softening point), anneal-
ing of ceramic seals is unnecessary.
They are, however, subject to heat
shock and in this respect are similar
to glass. High temperature gradi-
ents must be avoided. The rate of
heating or cooling is dependent
upon the uniformity of temperature
throughout the ceramic. It is not
unusual to take an average size
from room temperature to 900 C in
three minutes without damage. Be-
cause of the very high softening
point of the ceramics, parts can be
manufactured and soldered with
great accuracy and with the assur-
ance that they will not undergo di-
mensional changes either during
sealing or in subsequent exhaust
treatment.

Gassing

Metal parts are free from oxides
because the bonding of the metal to
the ceramic is done in the absence
of oxygen. If the seals are made in
vacuum, they are exceptionally free
from occluded gases. This is in
sharp contrast to the glass-metal
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seals, where the bond depends upon
an oxide layer on the metal. The
removal of excess metal oxides in
the vicinity of the glass seal is a SHicate
constant manufacturing problem. Characteristic (Alsimag No. 243)
The freedom from oxides in the —
ceramic seal results in a bond that

Table I —Comparison of Ceramic and Glass—Metal Seals

Borosilicate
Glass
(Corning No. 704)

Magnesium

Dielectn;ic constant (10,000 me) .. ........ 3.5 1.6

resists the attack of strongly reduc- ]Powefr ‘{actoz'lg%l(;gent;)I0,000 me)....... (.0002 0.005
. ) . Loss factor (10,000 me). ................ 0.0011 0.023
ing atmosphel‘e‘s and metall}c e Volume resistance at 300 C.............. 7 x 10u 5.17 x 108
pors. The ability of ceramics to Volume resistance at 700 C........... ... 1x 108 1,000

ith i - Thermal coeflicient of expansion.......... 10.4 x 10— 4.9x 10"
withstand high exhaust tempera Softening temperature (C)............... 1,440 697
tures allows the manufacture of | Thermalstability...................... 1,000 450
tubes capable of being operated Compressive strength.................. 85,000 70,000 (about)
under severe ccnditions without Flexural strength............ ... .. ... 20,000 8,000 (about)

fear of gassing. Test samples have
been operated in air at tempera-
tures in excess of 500 C, without
signs of gas diffusion or leaks
through either the ceramic or the
soldered joints.

Comparison With Other Methods

Other methods of joining metals
to ceramics are known and have
been used. In one of the most com-
monly used methods, the ceramic is
first metallized in a continuous band
around its outer surface. This
metallized surface is prepared by

CERAMIC
JOINTS

SEAL TESTED
TO DESTRUCTION

Examples of ceramic.ceramic and metal-

ceramic seals. Particles of ceramic adhere

to metal brazing material when tested to

destruciion, showing seal to be stronger
than ceramic itself

ELECTRONICS — July, 1947

coating the ceramic with a paint or
paste made from a low melting
point glaze and a salt of gold, sil-
ver, or platinum. When this mix-
ture is heated in air to a tempera-
ture ranging from 450 to 600 C, the
glaze melts and -wets the ceramic.
The precious metal then floats to
the surface of the glaze and forms
a continuous conductive layer.

Tin or tin-lead solders are used
with these precious metal coatings.
To prevent the solder from alloying
and completely removing the metal
band, it is often necessary to cover
the metallizing with a protective
electrolytic plate. Because of the
temperature limitations of soft-
soldered joints, they are generally
unsuited for most vacuum tube ap-
plications.

During the war, the Germans de-
veloped and produced a series of
ceramic seal triodes for use in the
microwave region. The ceramics
were prepared for soldering by first
coating them with a paint made
from finely powdered molybdenum.
When heated above 1,300 C in a
semireducing atmosphere, the mo-
lybdenum adhered to the ceramic.
To facilitate subsequent soldering,
the molybdenum band was painted
with powdered nickel, and then
heated in a hydrogen atmosphere
to sinter the two metals together.
At the final assembly, pure silver
would alloy and bond to the nickel
surface.

While the ceramic used was not
of the extreme low-loss variety, it
was better than most glasses and in
addition had good mechanical prop-
erties.

It is interesting to note that the
Germans considered the gains real-
ized by the use of ceramic seals

great enough to warrant the use
of such cumbersome processing.
Their involved methods of joining
ceramic and metallic materials are
in sharp contrast to the extreme
simplicity of the titanium hydride
method previously described, where
all soldering and bonding is done in
one operation.

Conclusions

The seals and soldering tech-
niques just described were devel-
oped primarily for use in the vac-
uum envelope. However, their many
unique properties are well adapted
for permanently attaching sup-
ports and spacers to tube struc-
tures.

Many complicated tube struc-
tures, such as are found in cathode-
ray tubes, are fabricated by clamp-
ing the metal parts to ceramic rods.
These mechanical clamps often an-
neal and become loose during proc-
essing. By coating the ceramic
rods under the clamps with pow-
dered titanium hydride and pow-
dered copper, and then pre-exhaust-
ing the structure in a vacuum fur-
nace at 1,000 C, the parts are rigidly
and immovably attached.

Wiring circuits can be perma-
nently attached to ceramic chassis
units and subassemblies by print-
ing the circuit on the ceramic part
with a paint made from titanium
hydride and powdered copper or
silver, then firing the metals in
place in a suitable atmosphere.
Other applications of metallized
ceramics will undoubtedly find use
in various electrical fields.

REFERENCES
(1) E. D. McArthur, Disk-8eal Tubes,

1LLECTRONICS, p 98, Feb. 1945.
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Central

Signal

Generator

for Production Testing

UANTITY PRODUCTION of radio
Q receivers requires a cali-
brated source of radio-frequency
signals for aligning and testing.
This can be supplied by equipment
at individual testing stations or by
placing the equipment in a central
location and using transmission
lines to the individual stations. The
latter method provides a central lo-
cation for all the tube equipment,
where it can be maintained, ad-
Jjusted and kept free of tampering
by unauthorized persorinel. Other
factors are cost, uniformity of sig-
nals, delivery time, and economy.

The system to be described con-
tains 24 test stations, about 7 feet
apart, 12 to a floor (2 floors), with
radio-frequency energy covering
the intermediate frequency and sev-
eral spots across the broadcast and
short-wave bands. An additional
station is provided in the engineer-
ing department. The r-f is con-
trolled in amplitude and available
in level from 1.0 uv to 0.1 volt.

Transmitters

A number of transmitters were
built, one for each radio frequency
and modulated with an identifying
audio frequency. The frequencies
chosen are:

Signal Frequency Modulation
in cps

I-F 455 ke 1,500
Broadcast 1,740 300
1,530 600

960 800

610 1,000

Short Wave 6 mec 2,000
10 2,500

18 3,000

These radio frequencies were
chosen to supply the band limit,
alignment points, and cross-over
tracking points in each band, miss-
ing local broadcast stations. To
prevent interruption of service, a
spare transmitter unit is provided
to replace temporarily any unit
needing repair. It is equipped with
plug-in coils to cover the radio fre-
quency range and with a rotary
switch to select the audio frequen-
cies.

100

Each transmitter chassis contains r4 and a4 stages

The transmitters employ the cir-
cuit shown in Fig. 1. A 6V6 crystal
oscillator using an AT-cut crystal
is followed by a 6V6 class-C ampli-
fler modulated by a 6V6 Heising
modulator. The radio-frequency
output is link coupled to a 50-ohm
line. Audio signal is supplied to
the modulator by a 6SJ7 tube in
a Colpitts audio oscillator. This
circuit was chosen because only one
tube is required, there is no need
for a tapped inductance coil, and
it permits ease of frequency change
and uniformity of transmitters with
different audio frequencies.

Panel jacks are provided for
reading plate and grid currents and
a rear jack for reading modula-
tion voltage. The modulation con-
trol is serewdriver adjusted at the
rear of the chassis. A meter panel,
with a plate current meter and a
grid current meter, is used for all
units. Standard phone plugs and
six-foot cords make connections, A
separate power supply is used for
each four transmitters, and sup-
plies 200 volts at 0.5 ampere.

Thirty-percent modulation was
used at first so that sensitivities
measured on the assembly lines

would correspond with the standard
procedure used in engineering tests.
However, the modulation percent-
age was later raised to about 50
percent to approximate conditions
of a broadcast station and resulted
in a little clearer signal. The mod-
ulation voltage must be maintained
constant or the apparent receiver
sensitivity will also change.

A coupling unit was required to
couple each transmitter of each
frequency to the line, keep inter-
action of frequencies in the trans-
mitters at a minimum, match the
impedance of each transmitter to
the line, and adjust the voltage level
of each frequency on the line. Inter-
action of controls should be small
and the voltage abtainable should
be variable from one to several
volts. A number of different
methods, including cathode fol-
lowers, were considered but the
coupling was accomplished by
means of the circuits shown in
Fig. 2.

Basically, a series resonant cir-
cuit is used for each frequency, as
it has the advantage of presenting
a low impedance to the particular
frequency while presenting a high
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This central signal source supplies modu-
lated frequencies to 25 test stations in a
radio receiver manufacturing plant. Coup-
ling, impedance matching, attenuator de-
sign. radiation, and leakage are discussed

By FRED MILLER
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impedance to the other frequencies,
This makes it possible to connect
such units in parallel to the line, a
great advantage as it allows a com-
mon ground system and in addition
makes impedance matching easy. A
series connection would add the
impedance of all elements in the
circuit at the frequency being con-
sidered.

The final impedance match is ob-
tained by adjusting values of a car-
bon resistor in the resonant circuit.
The voltage level is adjusted by a
variable capacitor used to vary the
coupling to the transmitter. Link
coupling is used and the links fed
by a 52-ohm coaxial line. The im-
pedance match is not critical at
broadcast frequencies, because the
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FIG. 1 — Complete o—d\ -
circuit o!done trans- PEERLESS
mitter and a power P 5149A
supply for four

{ransmitters

line length represents such a small
portion of a wavelength; so more
attention was given to obtaining the
desired voltages at the output of
the coupling unit.

The short-wave links are more
particular. The inductance of the
tuning coil for each frequency is
the same as the inductance of the
transmitter tank coil for that fre-

Central signal panels contain separate transmilters for each f{requency and the
coupling units

quency. The tuning capacitors are
also the same value as used in the
transmitters. The low impedance
of the link circuit requires a large
variable capacitance for coupling
and a value of 450-puf served
nicely.

One coupling unit is used for
each floor (12 stations). Thus, two
coupling units are fed from each
transmitter. One chassis is used
for both i-f units, one chassis per
floor (two) for all broadcast fre-
quencies and one chassis per floor
(two) for all short waves. Broad-
cast-band coupling unit is shown
in Fig. 3.

Transmission Lines and Nets

Four coaxial cables are used for
the transmission system. One
handles the i-f to eliminate the pos-
sibility of beats with other fre-
quencies. One is used for all broad-
cast frequencies, one for all the
short waves, and one for use at a
later date for an aligning signal.
These cables feed an attenuator
box at each test position., The
transmission lines are required to
carry r-f power from the coupling
units to the individual test stations.
As power delivery is required at the
test stations and a number of fre-
quencies per line are used, it is
necessary to match the line im-
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FIG, 2—Coupling circuits for feeding sev-
eral transmitters to a common line

pedance at the sending and receiv-
ing ends.

The effect of mismatch is reflec-
tion, which results in standing
waves along the line, producing in-
consistent voltages at points along
the line, frequency discrimination
at any one point along the line, and
inability to obtain the correct
amount of power from the line. As
stations are required every seven
feet along the line, terminations
become quite a problem. This can
be seen from the following:

If a 50-ohm line is joined by an-
other 50-ohm line, the impedance
presented at the junection is that of
two 50-ohm lines in parallel, or 25
ohms. This 25 ohms must match
the previous single line of 50 ohms
—an impedance ratio of 2 to 1.

As the line progresses another
seven feet, another branch occurs
with another impedance discontinu-
ity. In addition, the two branches
are also looking into 25 ohms, repre-
senting an impedance mismatch to
the branches. The usual way such
a condition is met is by use of
transformers to match the different
impedances. However, radio-fre-
quency transformers are usually
quite frequency selective, and as
our lines carry a number of fre-
quencies, transformers could not be
used. If a resistive impedance-
matching pad was used to match
branch impedances, the loss in the
number of pads required would be
prohibitive.
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The method used to accomplish
the impedance matching is a com-
bination of line loading and resis-
tive impedance-matching pads. The
formula for a distortionless line
(one in which theoretically there is
no frequency or delay distortion) is
oL/R = oC/G, where L is induc-
tance, C is capacitance, G is con-
ductance and R is resistance. This
can be written LG = RC. Physical
lines do not usually approach this
relationship, so it is possible to im-
prove the line by loading, usually
by increasing the inductance. The
LG term may also be increased by
increasing the conductance (lower-
ing the leakage resistance across
the line) and accepting the attend-
ant greater attenuation.

Our lines use the principle of
loading with conductance and then
making that conductance the use-
ful load on the line. The conduc-
tance used is 625 ohms every seven
feet, resulting in an attenuation of
six db per hundred feet of cable
and changing the characteristic im-
pedance of the cable from 52 to
50 ohms. Because this impedance
change is small, it is possible to use
unloaded line from the transmitters
to the point where loading begins.
The lines are terminated in 50
ohms. Figure 4 shows a block dia-
gram of the system.

As the lines are run overhead
and the test positions are some
distance from the loading points,
it is necessary to use another line,

dropping from the main cable to
the test positions. This line is
matched at both sending and re-
ceiving ends, but on the longer
wavelengths the characteristic im-
pedance of the line itself is not
matched. This was done to be able
to use a more convenient and
cheaper cable. The receiving end
is terminated in the attenuator box,
and the sending end is matched by
an impedance-matching T pad.

The line loading is 625 ohms and
power is taken off in this loading.
The input impedance of the imped-
ance-matching T pad is 625 ohms
and used for the conductive load-
ing, and the output impedance made
to look like 100 ohms to feed the
branch line. Minimum attenuation
is required to reduce loss as much as
possible. To meet this condition,
one series arm of the pad is made
zero. An unusual feature of this
pad is that the input looks like
625 ohms to the line, but the line
looks like only 50 ohms to the pad.
The output looks like 100 ohms and
also is terminated in 100 ohms. The
pad was designed to have an at-
tenuation of 20 db or a voltage
ratio of 10 to 1.

These pads are contained in J
boxes which in turn are placed in
a larger box every seven feet along
the line. Figure 5 pictures the in-
stallation of the lines on one floor
of the building and shows the con-
duit, J boxes, T-pad J boxes, cable
drop offs, and shielded booths.

FIG. 3—Coupling unit for standard broadcast frequencies
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FIG. 4—Arrangement of transmitters, resonant-circuit coupling units, and J-box pads

Attenuators are needed at each
test station to reduce the signal
level from the maximum available to
a known and controlled value. Each
test position is equipped with an
attenuator box containing a switch
for selecting one of the four lines
(i-f, b-¢, s-w, a-s), four variable T
pads for adjusting the level of each
line to 0.1 volt; a variable T pad to
adjust voltage between steps of the
attenuator; and a step, ladder-type
attenuator producing output levels
in steps of 10 from 10 uv to 0.1
volt. The four-position switch is
arranged to terminate all unused
lines in 100 ohms. A test connector
is provided for using a vtvm in
setting the input level.

It is desirable to purchase atten-
uators, but due to procurement
problems, it was decided to build
them. A simple design was required
for ease of construction. The at-
tenuator should have a flat attenua-
tion ratio to 20 mec and steps of
output voltage of 100,000 uv, 10,000
wv, 1,000 pv, 100 pv, and 10 pv,
This represents a total voltage at-
tenuation ratio of 10,000 or 80 db.
If a very small amount of capacitive
coupling exists across the attenua-
tor, the attenuation ratio will
change at the high-frequency end
of the band to be covered. This
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would be undesirable as it would
cause the attenuation to differ
across the band. To reduce this
effect the attenuation per stage is
kept low (20 db) and each stage
individually shielded. To reduce
capacitance coupling, the switch
was built into the attenuator. This
allows the switch contacts to be
shielded up to the actual surface of
the contact itself and the spacing
of contacts reduces the capacitance

Pl B

between them. Capacitance to
ground should also be low.

The attenuator elements are
formed by carbon resistors. The

individual sections consist of a T
pad with the series arm 82 ohms
and the shunt arm 20 ohms. The
circuit is shown in Fig. 6. The
design follows that for any simple
T pad.

Variable T Pad

Five variable T pads are used in
each attenuator box. One is used
on each of the four input lines to
adjust the input voltage of the at-
tenuator to exactly 0.1 volt. The
voltage along the lines varies due
to attenuation along the line and
any slight reflections that may be
present. The fifth variable T pad
is used to control smoothly the
voltage between steps of the ladder
attenuator. It corresponds to the
variable control on a signal gen-
erator and enables voltages other
than steps of 10 to be obtained. All
of these controls are screwdriver
types so that the output voltage of
the entire attenuator can be set to
a value corresponding to the sen-
sitivity of the receiver being tested,
thus requiring no adjustment by the
operator.

The requirements of this pad are
100-ohm input and output imped-
ance = 10 percent, a variable at-
tenuation ratio of about 30 db and
a reasonably flat frequency response
to 20 me. The variable T pad is
made of three rheostats. Two are

FIG. 5—Conduit and ] boxes are mounted on the ceiling of the plant
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linear taper 100-ohm maximum
value, clockwise rotation; one is log
taper (curve A) 1000-ohm maxi-
mum value, counterclockwise rota-
tion. Rheostats for radio frequency
are difficult to obtain, so a number
of tests were made and it was found
that a wire-wound control possessed
considerable inductance, and that a
high-resistance control showed a
capacitive effect. A low-resistance
carbon-type control is as capacitive
as a high-resistance one, but the
capacitive reactance is shunted by
a low resistance and becomes less
important. Controls made of molded
composition were quite satisfactory
in the 100-ohm value tested.

The output of the attenuator may
be wired directly to the receiver an-
tenna terminal, using a dummy
antenna, or it may be coupled to the
receiver loop, using another loop
as a radiator. The loop method is
favored, as it allows a greater pro-
duction speed because no connec-
tions are made to the receiver. A
loop was designed, keeping the dis-
tributed capacitance low, to have
an impedance of 100 ohms in the
middle of the broadcast band. This
loop worked very satisfactorily for
the i-f and short waves as well. The
receiver i-f response was naturally
considerably less than the other fre-
quencies due to no front-end gain in
the receiver and is in fact a de-
sirable diserimination.

Radiation and Leakage

In a system comprising a number
of watts of transmitter power and
a large network of transmission
lines, the problem is present of radi-
ated radio-frequency energy get-
ting to the receivers to be tested.
This energy, arriving around or by-
passing the regular system, causes
trouble in a number of ways. Radi-
ated signals are generally undesir-
able because of the possibility of
causing local interference in nearby
broadcast receivers, heterodyne
whistles (in our case occuring only
on very distant stations because of
<choice of signal frequencies), and
in the case of the i-f frequency,
heterodyne whistles on every signal
tuned in.

More serious is the by-passing of
the attenuator, thus causing the at-
tenuation ratio to change, particu-
larly on the 1 to 10 microvolt levels.
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The problem can be divided into
two main classifications: radiation,
and leakage. The difference between
these may not be apparent, so we
will define leakage as local effects,
such as leakage across an attenuator
due to capacitive or inductive cou-
pling, and radiation as energy ar-
riving through the medium of
space. Its field may be considerably
distorted inside a building. Con-
duction along the main lines is in-
cluded as leakage.

Radiation occurs mainly from
the transmitter and associated
equipment due to the large amount
of power present there. It may
also occur from long runs of un-
shielded coaxial lines. It was de-
cided to attempt to control direct
radiation by shielding each unit
and, after the equipment was
placed in operation, determine if
it was necessary to add further con-
trols, such as a shielded room. It
was decided that with other con-
trols used the equipment need not
be placed in a shielded room and
that even the shield cans may be
left off to facilitate tube or other
maintenance.

When unshielded loops are used
to couple power to receivers under
test, the large number of loops used
contribute a field strength which
may be higher than the residue
radiation from the transmitters. It
would be uneconomical to reduce
radiation from the transmitters to
a point greatly lower than that
from the loops. No attempt has
been made to shield loops used in
the open on the assembly lines, al-
though this might be done by plac-

ing the receiver in an open metal
box. Shielded booths are used at
test positions where sensitive re-
ceivers are aligned. These reduce
radio noise disturbances from auto-
matic screwdriver motors, fluores-
cent lights, and eliminate any resi-
due signal leakage that may be
present,

Shielding Detail

One shielded booth is shown in
Fig. 7. The booths are made of alu-
minum alloy sheets en an extruded
angle frame. When all openings
are closed, no broadcast stations
can be received, but the booth is
normally operated with no door and
two openings for handling receiv-
ers. The receivers slide on a steel-
topped bench equipped with a
wooden insert under the coils of the
receiver being tested. An 80-db line
filter is installed. It is important
that this filter and also the attenu-
ator box be mounted directly on
the booth metal wall to obtain a
good ground. A wire or braid to
ground is not sufficient, A Celotex
lining improves the acoustical char-
acteristics.

The greatest control of radiation
by any single item was installing
all coaxial cables in conduit. A
completely closed conduit system
(except for drop-off cables) was
used, tying the whole system to-
gether with a common ground to
the transmitter cabinets. It is un-
important whether this system is
grounded to actual ground. The
conduit also controlled coaxial cable
radiation. This radiation occurred,
not so much through the cable, but
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from the outside ground conduc-
tor of the cable acting as an an-
tenna because of a slight potential
difference between the outside coax-
ial conductor and the transmitter
ground plane. As it is difficult to
determine the actual point of equal
potential (the ground plane), in-
deed if such a point exists, and be-
cause any connection to this point
must be of extremely low r-f imped-
ance at 20 me, it is very difficult to
control this type of radiation by
a simple ground connection to the
transmitter frame: A special filter
was constructed by soldering a few
feet of the outside coaxial condue-
tor to a metal plate in an S shape
and then grounding the plate. This
filter is quite effective, but placing
the cable in conduit is a much bet-
ter answer.

If any appreciable signal is pres-
ent on the main lines, it can radiate
from them, as well as be conducted
along them, and cause a very diffi-
cult control problem. This is pre-
vented by the use of filters.

Simple r-f filters are used at the
transmitter units. They consist of
0.002-;f mica capacitors from B+

to ground and front both sides of
the main line to ground. These are
installed where the wiring enters
the chassis, and the lead lengths are
kept to less than one-half inch. It
was found unnecessary to use filters
in the main power wiring to the
power supplies. Filters in the
shielded booths contribute to this
control, as well as reduce noise from
the countless number of fluorescent
lights and machinery. These filters
are installed, one in each main wire,
and contained in 2 metal box
which is grounded to the booth
metal wall.

Low-Frequency Padding

In production aligning of radio
receivers, part of the procedure
may be accomplished more rapidly,
and perhaps better, with inexperi-
enced personnel, by the use of a
wide-band signal. This allows trim-
mers to be tuned for maximum out-
put without rocking the gang.

A number of disadvantages of
the multivibrator for this use be-
came apparent. One of the most
glaring is the fall-off of radio-fre-
quency voltage with frequency di-

S

FIG. 7—Shielded booth contains openings for passing through receiver chassis
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rectly as the order of the harmonic.
To maintain proper distribution of
the harmonics, the fundamental fre-
quency of the multivibrator should
be in the audio range, say, 1,000
cps. If coverage is required to
20 mec, the output voltage falls
to 1/20,000th of the fundamental
and an amplifier to build this char-
acteristic up to a flat curve and fur-
nish an output level of about five
volts to operate the system is a big
order.

It was decided to use a radio-fre-
quency oscillator sweeping across
the band at an audio rate. A motor-
driven capacitor was chosen for the
sweep. During sweeping, the signal
would appear on a receiver only a
few microseconds every 1/100th of
a second, and to increase the length
of time the signal passed the re-
ceiver frequency, frequency modula-
tion was added by means of a reac-
tance tube. When the circuit was
tested, f-m was found to be unnec-
essary, and it was also found that
the motor speed could be reduced to
1,800 rpm, which results in an im-
pulse every 1/30th of a second.

Coupling unils represent a some-
what different problem from the
other units, as they must handle a
band of frequencies. Cathode fol-
lowers were chosen for this reason.
They were designed to work into a
50-ohm load, and -two followers
were used, one for each floor.

Additional Equipment

Since the equipment was first in-
stalled, some of the features added
are padding signals, an audio sys-
tem, additional test stations, chang-
ing location of test stations includ-
ing one in the engineering depart-
ment with an additional 50 feet of
line, and split test stations. The lat-
ter consists in feeding part of the
four cables of a station to another
station, for example, taking the i-f
signal to another test position to
enable another test operator to pre-
align the i-f stages. Thus produc-
tion can be increased on an assem-
bly line by the use of two test opera-
tors. A feature being added is a
monitor system to check the r-f sig-
nal level on all lines.

Test operators report that they
like the system, that it is much
easier for them and results in faster
testing.,
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SENSITIVE

By FRANKT.GUCKER,Jr.

Professor of CQOhemistry
Northwestern University
Evanston, Il

External view of the photoelectric photometer, or penetrometer. Smoke manifold is at
the left

MPROVEMENT in smoke filters

used in Service respirators re-
quired development of a rapid and
simple testing apparatus of ex-
treme sensitivity. The same method
now can be used in testing commer-
cial smoke and dust respirators and
in the scientific study of aerosols,
colloidal materials dispersed in air.
Aerosols made from dispersed lig-
uids, with particles about 0.3 mi-
cron in diameter, provide the sever-
est test of a filter.

A suitable uniform test smoke
can be produced by saturating a
stream of air with the vapor of a
stable high-boiling liquid like dioc-
tyl phthalate (DOP) in a heated
vessel, then suddenly quenching the
vapor with a stream of cold air.
The test smoke must be very dilute
—about 100 micrograms per liter—
or it changes rapidly by coagulation
and also tends to clog the filter.
Smokes of thig dilution are barely
visible.

Fortunately, photoelectric optical
methods can solve the problem, pro-
vided the test smoke is homogene-
ous. The amount of light scattered
from such a smoke in the well-
known Tyndall beam in a small cell
is proportional to its concentration

This paper is based upon work done for
the Office of Scientific Research and Develop-
ment under Contract OEMsr-282 with
Northwestern University.
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considerably above 100 micrograms
per liter. However, the light scat-
tered from a particular mass of
smoke depends upon the size of the
particles it contains. When an in-
homogeneous smoke 1is passed
through a filter, the particles of dif-
ferent size are removed with dif-
ferent efficiencies, hence the size
distribution changes. In this case
the relative light-scattering of the
initial and filtered smokes is not a
quantitative measure of their rela-
tive concentrations. This fact must
be clearly understood in consider-
ing optical methods of measuring
smoke-filter efficiency.

Tolman and Vliet® have described
a Tyndallmeter for visual photo-
metric measurement of the light
scattered at right angles from the
beam. The present instrument,
called a penetrometer because it
was designed to measure smoke
penetration through filters, em-
ploys photoelectric measurement.
It was developed in the author’s
laboratory by Chester T. O’Konski
and Dr. Hugh B. Pickard. An over-
all description has been published
elsewhere.” Photoelectric and elec-
tronic details are given here.

Experimental Arrangement

A schematic view of the appar-
atus is shown in Fig. 1. Light scat-
tered in the smoke cell at right an-

gles to the Tyndall light beam falls
on the phototube. The resulting
photocurrent, passing through a
high resistor R, produces a poten-
tial drop Er which is measured by
the potentiometer, using a d-c
amplifier and null-point indicator.
The response of the vacuum photo-
tube is proportional to the light
falling upon it, hence the potenti-
ometer can be calibrated directly in
terms of scattered light intensity
or smoke concentration. As the
smoke concentration decreases from
10~ to 10~ gram per liter, R is in-
creased in decimal steps from 107
to 10* ohms, thus maintaining the
potential drop within a range which
can be measured conveniently.

The whole apparatus is housed
in a metal 12 x 20-inch cabinet
12 inches high, as illustrated. The
gas cocks at the end of the cabinet,
fastened together in pairs, lead to
the raw smoke, filtered smoke, and
filtered air lines. All are shown_
closed, bypassing the smoke cell.
When the top handle is turned per-
pendicular to the side of the cabi-
net, connection is made through the
cell.

Smoke Celi

The smoke cell is shown in Fig. 2.
All metal parts are brass, silver-
soldered where necessary to make
strong joints. The 50-candlepower
automobile headlight bulb is ad-
justed to focus a light beam in the
center of the cell. The light scat-
tered at right angles to the axis of
the beam passes through two rec-
tangular collimating slits to fall on
the phototube.

The limit of sensitivity of the
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PHOTOELECTRIC
PHOTOMETER

Designed for laboratory tests on smoke filters, the equipment can be adapted to many indus-
trial problems. The amount of light scattered by smoke is picked up at right angles to the

main beam and measured by a phototube and d-c amplifier

instrument depends on the stray
light, which is reduced to a mini-
mum by buffing the trade mark
from the lamp, using coated lenses
which are kept free of surface
dust, and utilizing a carefully-
designed system of baffles and a
V-shaped light trap in the base of
the cell. The inside of the cell is
covered with optical black paper.
The slits before the phototube pre-
vent it from seeing the illuminated
edges of the baffles as shown. The
total stray light, originally 1.5x
10~ lumen, was reduced to 1.0x
107" lumen by coating the cell and
baffles with soot from burning
camphor,

It has Dbeen found that
the vacuum phototube must be
chosen for its stability and linear
response. The S-4 surface, used in
the type 929 and 935 tubes, is the
one most sensitive to light from a
tungsten source at a color tempera-
ture of 2,870 K. The 935, designed
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to minimize leakage currents which
may limit the light sensitivity, was
not readily available but removal of
the 929 tube base, coating the tube
with high-resistance ceresin wax,
and soldering connections directly
to the leads, increased the resist-
ance from between 10° and 10"
ohms to 10® or 10® ohms. The
debased 929 tube, mounted inside a
sealed case as shown in Fig. 3, was
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FIG. 1—Simplified diagram of the pene-
trometer, showing how intensity of scat-
tered light is effectively measured by
a potentiometer and a scaling resistor R
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FIG. 2—Detail of the smoke cell, showing

the light source and mounting of the

phototube that gathers reflected light from
smoke particles

_simplicity and stability,

employed with complete satisfac-
tion.

D-C Amplifier

A single-stage d-c amplifier with
a rugged taut-suspension pointer-
type galvanometer in the balanced
plate circuit, has the advantage of
but re-
quires very high resistors in the
phototube circuit and an amplifier
tube of correspondingly high input
impedance. The characteristics of
a number of tubes were studied,
and the 38, 1C7G, and 1D7G were
all found suitable for this purpose.
The type 38 was used because of its
availability.

About a third of the tubes tested
could be operated at grid currents
of —2 to —8 x 10™ ampere, by
making the grid sufficiently nega-
tive, reducing the heater voltage,
and keeping the maximum inter-
electrode potential below 15 volts,
the ionizing potential of the re-
sidual gas. It was also found that
the grid current-grid voltage curve
of this tube could be shifted along
the current axis by changing the
heater-cathode potential. Internal
leakage probably causes this effect,
which varies somewhat from tube
to tube, and may be turned to ad-
vantage in choosing operating con-
ditions.

Another suitable d-c amplifier
tube is the acorn-type 954. Its use
in circuits with resistances up to
10* ohms has been described® and
might allow an improvement in the
sensitivity of the instrument.

The amplifier tube was mounted
in a desiccated airtight box, next to
the phototube, battery and scale
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switch carrying the high resistors.
A rubber bulb, inflated when the
box was closed, reduced the ten-
dency for breathing of humid air
due to temperature change.

The wiring diagram of the ap-
paratus is shown in Fig, 4. A po-
tential checking circuit has been
simplified for clarity. The plate-
circuit galvanometer has a resist-
ance of 1,000 ohms, and sensitivity
of 0.125 microampere per milli-
meter. A double-pole double-throw
pushbutton switch controls its sen-
gitivity. Pushing the button con-
nects the galvanometer across an
8,000-ohm damping resistor, giving

to the grid of the tube. . The grid
bias L-pad and 200-ohm resistor
are adjusted to balance the galva-
nometer in the plate circuit. Next,
the scale switeh is turned to E
(check), connecting the highest
(10® ohm) resistor to the photo-
cell. The smoke cell is swept out
with filtered air, and the potential
drop due to the parasitic currents
is balanced by moving the stray
light potentiometer B to the right.
When the scale switch is turned to
the 10°-ohm resistor, the 10,000-
ohm potentiometer C is adjusted
to maintain compensation on the
0.01 scale.
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FIG. 3—Plan view of sealed amplifier and phototube housing. Calibrating lamp at

the right is used to adjust the equipment.

The rubber bulb is inflated to reduce

inhalation of moisture with changes in atmospheric pressure

high sensitivity. Releasing the
button returns the switch to its
normal position and reduces the
galvanometer sensitivity by a faec-
tor of 20. When the galvanometer
is balanced, a plate current of 30
to 32 microamperes across the 50,-
000-ohm resistor balances the po-
tential of the last section of the
plate battery (1.5 to 1.6 v).

The measurement of minute
photocurrents requires correction
or compensation for the following
parasitics in the grid circuit:
phototube leakage current of about
10 ampere; amplifier grid cur-
rent of —10~" ampere or less;
stray light current of about 5 X
10 ampere. In this apparatus,
these are all compensated by the
stray light control, connected to the
second gang of the scale switch.
First, this switch is turned to 0,
disconnecting the potentiometer
and connecting the point A directly
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The connection to D gives correct
compensation on the 0.1 scale, while
none ig required on the 1 scale. The
compensation is adequately inde-
pendent of subsequent changes of

_the grid bias controls, since the

total variation in the resistance of
this circuit cannot exceed 3 percent.

Potentiometer Scale-Carrector

The voltage range of the two-dial
percent penetration potentiometer
is regulated by the sensitivity con-
trols. The range of photocurrent
measurement is determined by the
position of the scale switch, the
third gang of which holds four
metallized resistors, nominally 10,
10°, 10°, and 10” ohms, mounted on
a ceramic wafer. In order to make
the instrument direct-reading, the
successive resistors must differ by
factors of exactly ten, or deviations
must be compensated automatically.
Since even selected resistors may

differ by 10 percent from their
nominal value, a simple compensat-
ing circuit connected to the first
gang of the scale switch varies the
emf applied to the potentiometer,
in proportion to the deviations of
the resistors on the different scales.
The scale-correcting circuit allows
the potential on the 0.1, 0.01, and
0.001 scales to be varied by =125
percent of that applied to the 1
scale.

The scale-correcting potentiom-
eters are adjusted, by means of
three slotted shafts on the left-
hand side of the front panel until
the readings of a constant photo-
current differs by a factor of ex-
actly 10 on two successive scales.
A suitable current is produced in
the phototube by means of the cali-
brating lamp shown in the photo-
tube housing (Fig. 8). The light
is controlled by the resistors con-
nected to the scale check switch.
Thus, to compare the 1 and 0.1
scales, the percent penetration dials
are set at 10 on the 1 scale, and the
scale check switch ig turned to 1.
Then the emf due to the steady
photocurrent is balanced with the
sensitivity controls. Next the dials
are set at 100 on the 0.1 scale, and
if necessary the amplifier is bal-
anced by a serewdriver adjustment
of the top scale-correction potenti-
ometer. This makes the 1 and 0.1
scales consistent, and similar ad-
justments bring the others into
harmony. In practice, the high
resistors do not have to be checked
frequently, although the whole pro-
cess takes only a few minutes. This
arrangement can be used to give
the advantage of direct reading to
any circuit employing a series of
high resistors.

Filter-Penetratian Measurements

Before making any measure-
ments of smoke penetration, the
heater-grid switch is turned on and
the tube allowed to warm up for a
half hour. With the scale switch on
0, the plate switch is turned on,
and the amplifier is balanced with
the grid bias controls. The smoke
cell is flushed out with scrupulously
filtered air, the potentiometer
switeh turned to 1.5 v and the scale
switch to E. Then the parasitic
currents are balanced with the
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stray light controls. This adjust-
ment is checked every half hour.

Next, the smoke cell is filled with
the raw test smoke, the scale
switch is turned to 1, the percent
penetration dials to 100, and the
sensitivity controls are adjusted to
balance the amplifier. About 0.25
v is required to balance the light
scattered from a DOP smoke of
0.3 micron diameter, at 100 micro-
grams per liter. ¥or much more
concentrated smokes, the range of
the penetrometer is extended by ap-
plying 8.0 v to the potentiometer,
and balancing the stray light and
smoke currents as before.

The penetrometer now reads 100
percent penetration for the raw
test smoke. When filtered smoke
is put into the cell, the scale switch
turned to the proper point, and the
amplifier balanced by adjusting the
percent penetration dials, the read-
ing gives immediately the light
scattering, relative to that of the
raw smoke. Thus a reading of 34
percent on the 0.001 scale corre-
sponds to 0.034 percent of the orig-
inal scattered light, and a filter
penetration of 0.034 percent, if the
test smoke is uniform.

The validity of the measurement

Inside the penetrometer, The smoke cell is center rear. battery box under the gal-
vanometer. The sealed amplifier box appears left front, with @ window for viewing
desiccant material on top

of low filter penetrations with this
penetrometer cannot be checked
directly by gravimetric measure-
ments. However, the self-con-
sistency of a series of measure-
ments can be checked by means of
the well-established law of filtration
of homogeneous smokes: the frac-
tional penetration of such a smoke
through a filter is independent of
the smoke concentration. Thus if

a composite pad is made of a series
of n similar sheets of filter materi-
al, the fractional penetration of
each of which is P,, the fractional
penetration of the whole pad will
be

P =P or log P=mnlog P,

A plot of P against n on semi-
logarithmic paper therefore should
dgive a straight line. Two series of
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results with one of our meters,
shown in Fig. 5, are seen to follow
the filtration law over a 250-fold
change in concentration. These
results check the validity of the
penetrometer and also the homo-
geneity of the test smoke. A curve
concave upwards indicates an in-
homogeneous smoke, the larger
particles of which are removed by
the first few sheets.

Smoke Currents

Smoke cgrrents may be measured
directly. The percent penetration
potentiometer is adjusted to read in
centivolts on the 1 scale by setting
the dials on 101.8, connecting the
check circuit to position 7, and bal-
ancing the galvanometer with the
sensitivity controls. Changing back
to the usual measuring circuit, the
parasitic currents are compensated
as before, and the amplifier bal-
anced with smoke in the cell. The
dial setting gives the smoke current
in millimicroamperes (10° amp)

The penetrometer may be cali-
brated directly in micrograms per
liter of any particular smoke by
measuring the concentration of a
sample (by collecting and weighing
the smoke in a known volume), set-
ting the percent penetration dials
to correspond, and adjusting the
sensitivity dials to balance the am-
plifier.

Parasitic Currents

The potentiometer is adjusted to
read in centivolts, its dials brought
to zero and the scale switch set on
0.001. Then the top of the smoke
cell is covered with a light-tight
cap, and the amplifier balanced with
the grid bias controls to compensate
grid and leakage currents. The cell
is flushed with filtered air, the cap
is removed, and the amplifier bal-
anced with the potentiometer dials,
the reading of which gives the
stray-light current in micromicro-
amperes (10 amp). To measure
the amplifier grid current, opposite
in sign from the stray-light cur-
rent, the potentiometer is calibrated
in centivolts, the anode switch is
opened to eliminate phototube leak-
age and dark currents, the stray
light potentiometer is turned to O,
and the amplifier balanced on the
0.001 scale, using the grid bias con-
trols. The grid voltage includes the
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FIG. 5—Validity checks of the test smoke

and the phototube method. Penetration

through a filter decreases as the number
of sheets of filter paper is increased

IR drop of the grid current, which
is eliminated by turning the scale
switeh to 1. To rebalance the am-
plifier, the percent penetration po-
tentiometer must be adjusted, and
its reading corresponds to the neg-
ative grid current, in mieromicro-
amperes.

If the anode switch is closed and

~the smoke cell is capped, the pro-

cedure of the preceding paragraph
measures the amplifier grid current
(0 to —10™ amp) plus the photo-
tube leakage and dark currents
(about 107 amp), which are found
by difference.

The selection of a tube with suf-
ficiently low grid current and the
choice of operating conditions, re-
quires a knowledge of the amplifier-
tube characteristics, which can be
determined without any auxiliary
equipment as follows:

The anode switch is opened and
the potentiometer calibrated in
centivolts. Connecting the check
circuit in position 8 opposes the
grid voltage with the standard cell
and potentiometer voltages in
series. The grid bias then can be
set on any desired value between
—1.02 and —2.5 v, and the corre-
sponding grid current measured as
described in the preceding section:

Turning the plate current switch
to its upward position connects a
1,000-ohm potentiometer and 400-
ohm rheostat across the 1.5-v auxil-
iary plate battery. The measured
value of the 13,000-ohm resistor
and the voltage from the 1,000-ohm

potentiometer required to balance
the galvanometer allow the plate
current to be calculated. It is
simpler to make the potentiometer
dial read directly in plate current,
as follows: The check circuit in
position 9 opposes the standard cell
and 1,000-ohm potentiometer, which
must be adjusted to 1.018 v to bal-
ance the galvanometer. The plate
current required to give this poten-
tial drop across a resistor, for ex-
ample of 13,420 ohms, would be
1.018/13,420 = 76 x 10 amp.
After setting the potentiometer
dial at 76 and balaneing the gal-
vanometer with the 400-ohm vari-
able vresistor the potentiometer
scale reads directly in microam-
peres, within a few percent.

Other Applications

The instrument here described
can be applied to many other meas-
urements beside that of smoke-filter
penetration. It could be used to
measure the amount of dust in flue
gas, and hence determine the com-
pleteness of combustion in steam
plants. It would be useful in check-
ing the loss of fluid catalyst used in
petroleum cracking, by measuring
the amount in the exit gas from the
regenerating units. It could be ap-
plied to the measurement of atmos-
pheric dust and smoke contamina-
tion and to the testing of filtered
air in any chemical or biological
manufacturing process where dust
and bacterial contamination must
be prevented. Replacing the smoke
cell with a cell designed for liquids
would give an extremely sensitive
nephelometer, with which to study
the concentrations of liquid col-
loidal systems. The use of photo-
tubes with different response char-
acteristics, suitable light filters, and
polaroid disks would allow the con-
venient measurement of many
optical properties of aerosols, sus-
pensoids, or emulsoids. The sensi-
tive photometric circuits here de-
veloped could be applied to a study
of the intensities of spectral lines,
fluorescence, and Raman spectra.
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Clipping and
Clamping CIRCUITS

By NORMAN W. MATHER

Assistant Professor of Electrical Engincering
Princeton University
Princeton, N. J.

500,000

A @sns X
ov/—\—/—\i/-- oV s
e
(A)

500,000

Performance characteristics of basic circuits for removing
that portion of a signal which exceeds a predetermined
level or for passing only signals exceeding the clip level,

and for restoring or changing average values of signals
having level portions
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LIPPING or leveling ecircuits
C are used to perform many
useful operations, such as creating
square waves from sine waves, re-
moving large noise pulses from
audio-frequency signals, and remov-
ing portions of signals for special
purposes,

Clipping circuits may be ar-
ranged either to remove the portion
of a signal which exceeds the clip
level or to pass only those signals
which exceed the clip level. Some of
the circuits can be modified so that
the signal is clipped only a portion
of the time, or so the signal is elim-
inated except when it arrives at
the proper time.

Clamping circuits, also called d-c
restorers, are used to restore or
change the average value of signals
which have level portions in their
waveforms., The level portions of
the waveforms are necessary if the
clamping action is to be accom-
plished. Signals having random
variation (or low-frequency a-c
components) which are passed
through a-c amplifiers usually have
the low-frequency components badly
distorted. Clamping circuits act to
restore these components, and also
to change the d-c level of the signal
if desired, by periodically clamping
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a level portion of the signal wave-
form at a specified voltage.

Shunt Diode Clipping

The simple clipping circuit in
Fig. 1A uses a diode in shunt with
the path of the signal. Circuits of
this type can be used only when
the load on the circuit is small com-
pared to the load imposed by the
diode when it conducts.

This type of circuit clips or lev-
els the signal whenever the plate
voltage of the diode becomes posi-
tive because its resistance is then
much smaller than that of the se-
ries resistor, so that a large voltage
drop occurs in the series resistor.
When the plate voltage is negative,
however, the diode is essentially an
open circuit and the voltage drop in
the series resistor is small. Revers-
ing anode and cathode connections
gives positive output pulses.

Copper-oxide, selenium, or crys-
tal rectifiers can be used in place of
diodes, depending upon the char-
acteristics of the signal and the
circuit in which the clipping circuit
is placed. Due to their large shunt
capacitance, large dry-disk recti-
fiers are unsuitable when the signal
has high-frequency components.

Application of an adjustable volt-

J]__H__'4_.SIGNAL THAT DETERMINES
37

CLIPPING LEVEL

FIG. 1—Basic series and shunt diode clip-
ping circuits

age to the cathode as in Fig. 1B
makes it possible to set the voltage
at which the input signal is clipped.
The opposite portion of the signal
can be clipped by reversing the di-
ode. The diode and potentiometer
resistance must be much smaller
than the series resistance.

Series Diode Clipping

With a diode in series with the
path of the signal as in Fig. 1C, the
circuit can be loaded more heavily
than when using a shunt diode. The
values of the circuit elements are
not critical insofar as the clipping
action is concerned but depend upon
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FIG. 2—Special clipping circuits, including arrangements for grid and plate clipping

the application. The diode passes
the signal whenever the instanta-
neous flow of current is in the direc-
tion which tends to make the diode
plate positive. The signal is clipped
when the plate voltage becomes
negative. Reversing polarity of di-
ode connections gives negative out-
put pulses.

In the series diode circuit of Fig.
1D the clipping level is set by ad-
justment of the variable potentiom-
eter. In the circuit of Fig. 1E, the
clipping level is determined by a
voltage wave applied from an ex-
ternal source. The circuit of Fig.
1F uses a series battery to change
the average level of the signal and
thus change the clipping level.

Series Capacitor for Bias

Circuits with adjustable clipping
levels, in which the average value
of the signal is changed by the d-c
voltage developed across a series
capacitor, appear in Fig. 2A and
2B. This voltage is developed due
to the difference of the charging
and discharging time constants of
the circuit, which includes the ca-
pacitor and the diode. The ratio of
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these time constants can be changed
by means of the variable resistance
in the circuit, thus changing the
voltage across the capacitor and
the clipping level. The clipping level
also depends upon the average am-
plitude of the signal, hence these
circuits cannot be used with irregu-
lar waveforms.

Emission-Saturation Clipping

A clipping circuit which depends
upon the emission saturation of a
tungsten-filament tube is given in
Fig. 2C. Clipping in this circuit
occurs when the plate voltage is
negative or when the emission limit
of the filament is reached. The re-
sistance shown in the circuit rep-
resents the load. Tungsten-filament
tubes are not commonly available
in small sizes; however, the type
FP-400 can be used.

Grid and Plate Clipping

With grid circuit clipping as in
Fig. 2D, the positive portions of
the grid signal are clipped in the
same way that signals are clipped in
the diode circuits of Fig. 1. The
signal is amplified, inverted, and

the opposite portion of the signal
is clipped if the grid signal becomes
negative enough to cause plate cur-
rent cutoff. A bias voltage may be
applied in the grid circuit to change
the clipping level.

Clipping in the plate circuit due
to plate-current cutoff at one ex-
treme and to space-charge limita-
tion of plate current at the other ex-
treme is utilized in Fig. 2E. The
signal is amplified and inverted as
well as clipped. A large load re-
sistance is used in the plate circuit
so that the path of operation on the
plate characteristic will be as indi-
cated. The flow of grid current in
this circuit loads the circuit sup-
plying the signal, which therefore
must have a low internal impedance.

Clipping in the plate circuit of
a pentode, illustrated in Fig. 2F, is
similar to the action of the triode
circuit of Fig. 2E except that the
grid is not driven positive and thus
the loading of the signal source is
eliminated. The signal must not be
too large and sufficient cathode bias
must be used for proper operation.

athode-Circuit Clipping

When clipping in a cathode-fol-
lower circuit as in Fig, 3A, the top
of the input signal is clipped when
grid current flows due to the volt-
age drop in the resistor in series
with the grid. The bottom of the
signal is clipped when the grid-to-
cathode voltage becomes negative
enough to cut off plate current. A
relatively large input signal is re-
quired if both the top and bottom
of the input wave are to be clipped.
A potentiometer across the cathode
resistor adjusts the average value
of the input signal and controls
the grid bias voltage.

Clipping in the cathode-input am-
plifier of Fig. 3B occurs when grid
current flows and when plate cur-
rent is cut off, This circuit requires
a low-impedance signal source (such
as the output of a cathode follower).
It has the advantage of giving volt-
age amplification and clipping with-
out inverting the signal.

Coincidence Circuit

The signals in Fig. 3C are clipped
except when they coincide. Either
of the control grids can cut off plate
current, and both are biased be-
yond cutoff in this circuit. When
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they are both raised above their cut-
off potentials, plate current flows
and an output signal is obtained.
Similar effects can be obtained with
ordinary triodes and pentodes by
applying one of the signals to the
cathode, screen grid, or suppressor
grid.

YR and Thyrite Clippers

Neon lamps or VR tubes can be
used in the gas diode type of clip-
ping circuit shown in Fig. 3D. The
resistor is chosen so that the cur-
rent conducted by the tubes stays
within their ratings. The output
voltage has small spikes on the lead-
ing edges because the gas tubes
require a starting voltage which
is greater than their normal volt-
age drop while conducting.

A clipping circuit using a Thy-
rite element appears in Fig. 3E.
Thyrite devices are often used on
power transmission lines to mini-
mize voltage surges due to light-
ning.

Diode Clamping Circuits

In the diode clamping circuit of
Fig. 4A, the upper portion of the
input signal is clamped at zero
voltage. By reversing the diode
the opposite side of the signal can
be clamped at zero voltage. Opera-
tion depends upon the difference
in time constant for charging and
discharging C. When charging, the
diode resistance shunts R, but while
discharging the diode acts as an

oxide, or crystal rectifiers can be
used in place of the diode.

A clamping circuit with an
adjustable clamping level is given
in Fig. 4B. By placing the diode
in a ecircuit containing an adjust-
able d-c voltage E, the clamping
level assumes the voltage E instead
of zero level. The opposite side of
the signal can be clamped by re-
versing the diode.

Triode Clamping Circuits

Clamping in the grid circuit of
a tube as in Fig. 4C involves ac-
tion of the grid circuit of a tube
similar to diode action, hence
clamping can be obtained by using
the grid in place of the plate of
the diode. This operation is merely
a special case of grid-leak biasing.

If neither top nor bottom of the
wave to be clamped has a suitable
level portion, clamping can be ac-
complished with the synchronized
clamping circuit of Fig. 4D if some
intermediate portion of the wave
is level. Signals which occur at
random about such a level portion
will cause the signal to have a vary-
ing average value as indicated by
the dotted line on the input wave-
form. If the signal has passed
through stages having a-c coupling
only, these low-frequency compo-
nents become out of phase with the
main signal or are lost entirely.
The purpose of the clamping cir-
cuit is to restore the signal to its
original form.

open circuit. Selenium, copper- The switching voltage is syn-
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when two input signals coincide, and special gas diode and Thyrite clipping circuits
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FIG. 4—Diode and triode clamping Ccir-
cuits, also called d-c restorers

chronized with the signal so that
the tubes, which are normally
biased beyond plate-current cutoff,
are switched on when the portion
of the signal to be clamped occurs.
The tubes then conduct and cause
the output to have the proper value
during the clamping period. The
coupling capacitor assumes a charge
during this period which results in
the random signal starting at the
right level. Before the capacitor
voltage has had time to stray far
from the proper value, the circuit
again ' clamps and the capacitor
voltage is brought back to the
proper value.

Synchronized clamping can also
be accomplished by usinig diodes in
place of the triode tubes of Fig. 4D.
Instead of a battery or other steady
voltage source, switching signals
are applied to the cathode of one
diode and to the anode of the other.
During the time that these two sig-
nals have the same voltage, clamp-
ing occurs at this voltage, but when
the cathode signal is made more
positive and the anode signal is
made more negative than this volt-
age, the circuit is free to follow the
main signal voltage.
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EXTERNAL CAVITY

Exploded view shows specially designed fingers on contacting plunger of coaxial cavity of Aircraft Radio Corp. for full octave

coverage with 6BL6 klystron.

0ST MICROWAVE DEVICES, espe-
Mcially tubes for local oscilla-
tors whose action depends upon
electron bunching, operate over a
relatively narrow frequency range.
Ordinarily this condition is taken
as a matter of fact, because equip-
ment is generally intended for use
at a single frequency. There are,
however, uses in which a microwave
local oscillator operable over a
wide band is highly desirable. The
type 6BL6 reflex klystron, when as-
sociated with a suitable cavity
resonator, is such an oscillator.

Klystron Development

During the war a reflex tube
(type SD835) with external cavity
was developed as illustrated in Fig.
1 for the armed forces. It became
evident that this tube was interest-
ing as a general instrument and
after the tube was declassified work
was continued in cooperation with
Wright Field, Airborne Instru-
ments Laboratory and Aireraft
Radio Corporation, one of the pri-
mary objectives being a further in-
crease in operating bandwidth.
RMA type number 6BL6 was as-
signed to the tube shown as Fig. 2.
Electrical characteristics of the
tube are summarized in Table 1.

Overall length of the tube is ap-
proximately three inches, and the
largest diameter is one inch. Base
pins, which fit a standard four-pin
cable-connector, provide connections
to heater coil, cathode, and beam-
modulating electrode (normally op-
erated at cathode potential). A

114

miniature top cap provides connec-
tion to the reflector electrode. The
heater coil is insulated from the
cathode in order to avoid modula-
tion of signal output by heater-volt-
age variation in applications where
such modulation would be serious.
Power input to the tube is of the
order of 14 watts of which approxi-
mately 4.5 watts is heater power. As
may be seen from Fig. 3, power out-
put is between 100 and 150 mw. at
an efficiency of about 1.5 percent.

A microwave oscillator that is
easily tuned over a broad frequency
band, is dependable and rugged,
and in which tube replacement is

Most of the power measurements referred to in text were made using this cavity

easy, requires a tube having an ex-
ternal demountable cavity resona-
tor. Tyvpe 6BL6 was so designed.
Its disk seal structure makes possi-
ble small physical dimensions, rug-
gedness without too much difficulty
in manufacture, good power dissi-
pation capabilities, and ease of tube
replacement without need of scrap-
ping expensive plumbing each time
a tube is changed.

The disk seals consist simply of
thin  copper sheets extending
through the glass wall of the tube.
These copper disks are backed up
by being spun over metal rings to
achieve mechanical strength and are

Seven individually adjusted tuning plungers in this toroidal cavity of Sylvania
Electric Products for use with the external cavity klystron cover from 3.75 to 4.60 kmc
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KLYSTRON

Ten centimeter klystron for use with a separate cavity can be tuned over a full octave
covering the range from 7 to 14 ¢m in single-mode operation and giving about 100 milli-
watts output. Development and characteristics of this tube and tunable cavities for use

with it are described

By PAUL G. BOHLKE and FRANCIS G. BREEDEN

Reseurele Deparvtment
Nplvania Eleelrie Products, Inc.
DBuyside, New York
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FIG. 1—Development of wide range, external cavity klystrons

gold plated to provide protection
against corrosion. Diameters of
the two resulting disk-cylinders are
such that in the single operation of
plugging a tube into the coaxial
cavity, contact is established to both
conductors.

The depth to which the tube can
be inserted into the cavity is con-
trolled by squaring the end of the
smaller disk and holding its length
to specified dimensions. If a
shoulder is provided inside the cen-
ter cavity conductor, tube insertion
depth will be controlled by contact
between this shoulder and the end
of the disk. Thus in a given cavity
replacement tubes will always be in-
serted a uniform amount. Elec-
trical contact to the small disk is
made by means of spring fingers
which slide over the chamfered edge
of the cylinder when the tube is in-
serted as in Fig. 4. Proper design
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and machining of these fingers, to-
gether with the shoulder stop de-
scribed above, provide uniform con-
tact for any replacement tube in a
given cavity. Electrical contact is
made to the lower disk by a toroidal
spring held in a retaining groove in
the outer cavity wall and which
presses firmly against the cylinder.
Spring pressure on the cylinder is
readily adjusted by selection of wire
size and pitch of the helix which
is formed into a toroid. Using such
a spring contact allows compact cav-
ity design and small volume inside
the system when tuned for highest
frequency operation in a given cav-
ity mode.

Although type 6BL6 tube is de-
signed for use in coaxial types of
cavities, it can be used to good ad-
vantage in other cavities for appli-
cations where wide tuning range is
not necessary. A toroidal cavity

tuned by means of radially adjust-
able screw plugs, will operate well
with the toroidal spring contact sys-
tem applied to both disks.

In the coaxial cavity arrangement
of Fig. 4, the reflector voltage lead
necessarilv comes through inside
the center conductor of the cavity,
requiring good insulation. As far
as the tube is concerned, insulation
is achieved by the long leakage path
over glass between the top cap and
the smaller disk-cylinder and by us-
ing a top cap whose diameter is
small compared to the inner diam-
eter of the center cavity conductor.

Matching Tube to Cavity

Use of some of the earlier tube
types disclosed a number of inter-
esting factors which received con-
siderable study; these included:
(1) the frequency range for the 2%
mode (Mode numbers are desig-
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FIG. 2—Actual size picture of 6BL6 klys-
tron for wider range tuning

nated as the time in cycles during
which an electron of average veloc-
ity drifts from the grids toward
the reflector and back) of the ear-
lier tubes was different from that
required for this application. (2)
a match between tube and cavity is
desirable (that is, the tuning curve
of wavelength as a function of cav-
ity plunger displacement should
represent the tuning curve of -an
ideal resonator as nearly as possi-
ble). Inasmuch as the electrical
part of the cavity design was
standardized and was based on a
tube somewhat different from the
earlier ones, the problem was re-
solved into one of changing the
tube to match the established cav-
ity. (3) It is important to insure,
not only against mode interference
from a higher order TE,, mode at
the high-frequency end of the
band, but also against combinations
of cavity modes and reflector modes
which are such that serious inter-
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FREQUENCY IN KILOMEGACYCLES

ference and frequency jumping are
possible.

The first of these problems to be
solved was that of obtaining a
proper match between tube and cav-
ity. The curve of an ideal resonator
(that is, one in which resonant
wavelength plotted as a function of
plunger displacement is a straight
line with a given slope) had to be
closely duplicated. The problem
was to change the capacitance be-
tween the two resonator grids and
electronic admittance of the tube
in such a fashion that the tuning
curve of the cavity-tube combina-
tion would be essentially a straight
line, having the same slope as the
curve for the ideal resonator alone.
These curves, obtained by Airborne
Instruments Laboratory, are com-
pared in Fig. 5; the curve for the
ideal resonator has arbitrarily been
shifted to the left. The important
feature is that these curves are
nearly parallel, indicating the same
slope.

Matching the tube to the cavity
also reduced interference between
modes. Part of the mode interfer-
ence was due to a TE,; mode tuning
curve intersecting the desired TEM
mode near the short wavelength end
of the band. Improper cavity match
caused this mode to move from its
calculated position outside the de-
sired band to a point where serious
difficulty resulted. Achieving proper
cavity match eliminated this trou-
ble.

NONCONTACTING
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N nl_ m

7 m A

1INCH

X
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m'\w%

“~TOROIDAL SPRING
CONTACTOR

FIG. 3—Power output from typical tube
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FIG. 4—Special features of cavity

Discussion of cavity matching in-
troduces another interesting item:
that of the interdependence of the
electrical features of the cavity and
the external physical dimensions of
the tube. The diameter of the up-
per disk determines, to a large ex-
tent, the minimum diameter of the
inner conductor of a coaxial cavity.
This disk diameter was so chosen
that a commercial size tubing could
be used in cavity manufacture, and
at the same time this size was con-
venient to tube design and manu-
facture. Becauge the ratio of diam-
eters of inner and outer conductors
of the cavity is fixed by electrical
cavity design consideration, the
diameter of the outer conductor is
fixed by this choice. The diameter
of the lower disk cylinder of the
tube must then be larger than the
upper disk cylinder and smaller
than the diameter of the outer cav-
ity conductor. One inch was chosen
for the lower disk of this tube; it
fits the above condition and at the
same time is of ideal size for the
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FIG. 5—Tuning curve of klystron-cavity
combination

toroidal spring contactor described
above.

Frequency Moding

The second major problem to be
solved was that of frequency-mod-
ing or frecuency-jumping. This
problem is one of eliminating com-
binations of cavity modes (that is,
the A/4, 3)/4 and 5)2/4 .. . modes of
the cavity) for a given plunger
position, which would combine with
reflector modes, shown in Fig. 6, of
the tube to give interference and
frequency-jumping. Size considera-
tion makes it desirable to operate
on the 31/4 mode of the cavity;
thus, if the plunger is set for opera-
tion at 10 cm, the cavity is also
resonant at 30 cm, 6 cm, 4.3 ¢cm, 3.3
cm. To operate in the 2% reflector
mode at 10 cm, the tube has a re-
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These characteristics are simplified to show

only the tube modes omitting a multiplicity of cavity modes

flector voltage of approximately
—130 volts. For this reflector volt-
age, the 1 mode is approximately
at15.8 em, the 32 mode at 7.5 em, the
4% mode at 5.7 ecm. . .. If any one of
these had corresponded to the wave-
lengths for the cavity modes, there
would be the possibility of the sys-
tem sustaining oscillation in either
frequency, and thus mode-jumping
could occur. Because operation must
be continuous over the band, care
had to be taken that at no point
would mode interference be expe-
rienced; this is accomplished in part

through achieving the proper cavity
match and in part through shifting
the tube characteristics by adjust-
ment of the internal parameters.
To cover the frequency range,
the position of the reflector was
varied. The required range was
approximately 2.0 to 4.3 kilomegacy-
cles (kme) and the problem of ob-
taining it was complicated by the
requirement of operating only in
the 2% mode. The spacing was ad-
justed to give 2.0 kme with the re-
flector at about —35 volts; this
value was determined primarily by

considerations of reflector current
tolerable in the application. The
first prototypes of the 6BL6 failed
to reach the higher frequency, al-
though in a radial cavity they had
operated satisfactorily. The exact
reason for this discrepancy is not
fully evident. However, by adjust-
ing the internal tube parameters
and the position, size, and orienta-
tion of the coupling loop, the de-
sired range of operation in the spe-
cial cavity was obtained.

Another interesting instance in
which cavity and tube parameters
are almost inseparable, in consider-
ing characteristics and operating
limits, is in electronic tuning. A
variation of reflector voltage will
produce not only a change in power
output, but also a variation in fre-
quency even though the cavity set-
ting is fixed. Figure 7 shows typical
electronic tuning curves taken for
optimum loading (that it, with the
coupling adjusted to give maximum
power output at the center points of
the curves).

Cavities for the Tube

In the discussion so far, reference
has been made particularly to a co-
axial cavity with which much of the
work was done. This cavity was
chosen primarily because of an im-
mediate application (a widerange
superheterodyne receiver) requir-
ing special mechanical and electrical
design features. Here a noncontact-
ing plunger, which is ball bearing

Noncontacting plunger and roller bearings of this coaxial cavity of Airborne Instruments Laboratory make it capable of thousands
of complete tuning cycles without appreciable wear
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mounted making possible an exceed-
ingly large number of tuning cycles
without wear of cavity parts, is
used ; contacting and tube position-
ing design features discussed above
were incorporated. A second cavity
in which a considerable amount of
testing was done, including most of
the power output measurements, is
similar in many respects to the one
previously discussed except that it
has a contacting-type of plunger,

A third cavity used with the tube
is a radial type having seven tuning
lugs, instead of one plunger, to ad-
just the frequency. By adjusting
these lugs in or out, the cavity is
tunable over a wavelength range of
6.5 to 8.1 cm rather than the full
octave coverage of the other two
cavities.

The low-frequency limits, other
than those imposed by inherent de-
sign features of the cavities, arise
primarily from limitations of volt-
ages which can safely be applied to
the tube for each reflector mode.
Typical moede characteristics are
shown in Fig. 6. It will be observed
that the curve for each mode is ter-
minated at a reflector voltage of
—25 to —35 volts; reflector current
becomes noticeable at less negative
voltages. The magnitude of the re-
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FIG. 7—Electronic tuning of klystron

flector current which can be toler-
ated depends, to a great extent,
upon the power supply. This toler-
ance established a lower practicable
limit arbitrarily set at 1.25 kme for
the 1§ mode and 1.8 kmec for the 24
mode. The high-frequency limit
has been established so far by cav-
ity limitations. Other factors which
might affect this limit are the maxi-
mum practical limits of voltages
which can be applied to the reflec-
tor and conditions such as loading,
which require a lower value of elec-
tronic admittance within the tube
than is obtainable.

The choice of the 2% mode re-
sulted from a compromise between
power output and stability of oper-
ation. In general, the higher order
modes operaie more stably, whereus
the lower modes usually give higher
power output. Choice of the 24 mode
gives a stable mode with good power
output.

Figure 6 shows the mode char-
acteristics with a tube operating in
the Airborne Instruments Labora-
tory cavity. Gpen areas represent
regions in which the tube oscillates
with sufficient strength to give an
indication on a crystal output me-
ter. The locus of maximum power
for each mode is a line near the
center of the area. The power out-
put distribution along any ordinate
across these modes follows the
curves of Fig. 7.

These mode characteristics serve
a very practical purpose other than
to present the ranges and modes
available from the tube. In a wide-
range local oscillator, the frequency
is changed rontinuously by moving
the cavity plunger. These curves
show the manner by which reflector
voltage must be varied when the
frequency is changed. As may be
deduced from Fig. 6, it usually is
sufficient to track the reflector volt-

T
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IN21B _l_ A PAVER
0SCILLO- 2B SUPPLY
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ULATING
NOT SHOWN POWER
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Frequency range, tuning curve, and mode interference were studied with this circuit
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TABLE I—Ratings and
Characteristics

RATINGS

Heater voltage + 8 per
cent (a-cor d-¢)......
Heater current . . ... .. ..

6.3 volts
0.65 ampere

Max negative retlector

voltage..... ... . ... 100 volts
Min negative reflector

voltage. ... .. .. o 0 volts
Max positive grid No. 1

voltage. ... ... ... . .. 0 volts
Max grid no. 2 voltage. . 350 volts
Max grid no. 3 voltage. . 350 volts
Max operating freqg

13 mode......... ... 3.3 kme

234 mode... . ... . .. 4.8 ke

3% mode...... ... . .. 6.0 kme
Min operating freg

13 mode. .. .. ... ... 1.25 kme

23 mode. .. .. ... .. .. 1.75 kme

334 mode. .. ... ... ... 2.2 kme
Max heater-cathode volt-

age. . ... ... 15 volts

TYPICAL OPERATION
tleater voltuge (a-¢ or

da6)e wiinahn Ans'da® M 6.3 volts
Ileater current.. ... .. .. 0.65 ampere
Grid no. 1 voltage. .. ... 0 volts
Grid no. 2 voltage . . .. .. 325 volts

Grid no. 3 voltage. . . . 325 volts
Cathode current
(approx).............

Reflector voltage. ... . . .

25 ma
adjusted for

max power

output
Reflector voltage at f =

2.14 kme (234 mode). —40 volts

age near the center of the charac-
teristic. Combining this character-
istic with the tuning curve, Fig. 5,
it is possible to design the tracking
mechanism.

Figure 8 shows power output as
a function of frequency for the 2
mode. At each frequency, the power
determination was made after the
output had been maximized by ad-
justing the retlector voltage and the
coupling loop. Power output is well
above 100 milliwatts over most of
the band. In a similar fashion, the
power output of the 17 mode falls
off rapidly only for frequencies be-
low 1.3 kme.

In conclusion, the authors wish to
acknowledge, with sincere apprecia-
tion, the work done at the Radio
Research Laboratory at Harvard
University, that of Airborne Instru-
ments Laboratory, and of Aircraft
Radio Corporation with reference
particularly to the solutions to the
cavity problems, and the work of
Dr. V. B. Corey while a member of
the Research Laboratory, Sylvania
Electric Products, Inc., relative to
this project.
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VOLTAGE-REGULATED
POWER SUPPLIES

A nonmathematical solution is traced from simplified theory. Actual values of circuit ele-

ments necessary to build a power pack and three-tube control are computed. Practical

suggestions are given for physical layout and elimination of ripple

By PAUL KOONTZ

Instructor

YMCA Trade and Technical Schools
New York, N. Y.

IMPLY stated, the action of a
S voltage regulated power supply
is to cancel any attempted fluctua-
tion of its output voltage whether
caused by input (line) change, or
output (load) change. One way to
become familiar with the regulating
action of this circuit upon input
variations is to trace the path of
the supply ripple. In the usual
power supply, this disturbance con-
sists mainly of 120-cycle sine-wave
a-c, with amplitude from a fraction
of a volt to several volts. In Fig. 1,
this voltage appears across points
A and B, and produces a flow of cur-
rent through V, (whose initial ac-
tion is that of a diode) and R.. A
portion of the voltage drop across
R, caused by this current is applied
as bias to the control grid of the
amplifier tube V. Since V, holds
the cathode of 17, at a fixed point
above ground, V', amplifies this var-
iation, causing it to appear in in-
verted form across the load resistor
R.. Since R, also serves as the bias
resistor for V,, it produces through
V., an inverted version of the orig-
inal ripple current. Because this
and the original ripple are approxi-
mately equal but opposite in phase,
cancellation occurs, giving as theend
result an almost ripple-free output
across C and B. A similar cancel-
lation is produced by any attempted
fluctuation of input voltage to the
regulator.

Attempted output voltage changes
caused by load variations are simi-
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and

larly cancelled because they, too,
are applied to the grid of the ampli-
fier tube V..

Expansion of Simplified Theory

It was assumed above that the
grid of V. is the sole means of con-
trol. That is, that the change volt-
age applied to it by R, is the only
acting control voltage, and that the
grid of V. is the only point to which
control voltage is applied. A com-
plete analysis presents quite a dif-
ferent picture. Not only are other
control voltages present, but they
are introduced at several different
points in the circuit.

Variations of the unregulated

EARLE DILATUSH

Enginecr

Wilmotte Development Laboralory
New York, N. Y.

supply voltage can act as a control
source when applied to any of the
amplifier tube elements. When the
screen of V,is fed by a bleeder from
the unregulated supply as in Fig. 2,
the variations of that supply volt-
age appear across the screen-to-
cathode impedance of V, and are
amplified by the screen which acts
like a low-gain control grid. This
control-effect produces across R, a
voltage of the proper phase to effect
cancellation of the input changes,
but of an amplitude that is nor-
mally much greater than that
needed for cancellation.

Similarly when V, is fed by a
bleeder from the unregulated sup-

V, SERIES TUBE
—_— O ACTS AS A CONTROLLED -
A VARIABLE RESISTANCE §
A N oA f
: —r !
| R, LOAD FOR AMPLIFIER d
! oz TUBE, BIASS . :
: FOR SERIES TUB
i ~= '
: V, AMPLIFIER TUBE o
PARTLY (AMPLIFIES FLUCTUATIONS) w
FILTEQED D-C - o
(D-C AND 45
SUPERIMPOSED Ry 2
A-C RIPPLE) ——— BLEEDER 2
| :
! ]
| 1
| |
1
! !
H Vs VR TUBE ]
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1 CONSTANT VOLTAGE DROP |
i ACROSS ITSELF !
8 - B

FIG. 1—Fundamental elements of a voltage-control designed to follow a conventional
rectifier
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FIG. 2—A voltage-control circuit in which several elements of the control tube are
fed from the unregulated input

ply, a portion of the variation in
that supply appears across V,, which
forms the cathode circuit of V..
Hence V, has impressed on its cath-
ode (in series with its grid return)
a portion of the input change. The
amplitude of these changes depends
on the effective impedance of V,
which is usually from about 200 to
1,000 ohms. The effect of these
changes opposes that caused by the
grid and screen controls.

The impedance of V, also causes
the introduction of another voltage
into the grid return of V., This
additional control voltage, resulting
from variations of the plate and
screen current of V, acts degener-
atively to reduce the gain of V..

Evaluation of Control Factors

The effectiveness of the control
action of the grid may be expressed
in its simplest form as

Att ted ex-
Resultant fluctua- cur:?;g ¢
tion of the supply= Gain of the

QULRUL amplifier stage (1)

The effect of the screen control,
in the absence of grid control, may
be stated as

Difference be-
tween (a) [at-
tempted fluctu-
ation] and (b)
[portion ap-
plied to screen
times screen
gain] (2)

Resultant fluctua-
tion of the supply =
cutput

The composite output fluctuation,
resulting from both grid and screen
control may be found by consider-
ing the result obtained from Eq. 2
as the attempted excursion in Eq. 1.

120

(Original  ex-
cursion) minus
(portion  ap-
plied to sereen
times sereen
gain)

Gain of ampli-
fier stage

Resultant fluctua-
tion of the supply =
output

(3)

For the moment, let us assume
that the resultant fluctuation in Eq.
3 equals zero. In this event, the final
fluctuation on the output is equal
to that value which produces at the
grid of V, an exact duplicate of the
voltage present on the cathode,

Voltage on out-
put which pro-

duces at the
Resultant ﬁuctu]a-_ grid of V, a
tion of the supply = change voltage
output duplicat-

ing that on the

cathode. “4)

Choice of Ratings

In the average power supply, the
grid, in spite of the other controls,
is able to reduce any ripple pre-
sented to it to a value comparable
to that existing on the cathode.
This is true even though the screen
overcompensates in the usual case.
The value existing on the cathode
will vary widely when different V,’s
of the same type are substituted in
the same chassis. Conventional de-
sign for a supply furnishing an out-
put of 250 to 300 volts d-¢ produces
a ripple content of approximately
0.04 v rms. The d-c regulation is
usually maintained within about =2
volts.

Before designing any regulated
supply, it is of prime importance

to list the actual demands to be
made on it. Instantaneous peak
current demand (as distinguished
from maximum average current de-
mand) is probably first in impor-
tance. These supplies are not reser-
voirs, hence lose both control and
effectiveness when subjected to any
instanianeous load even slightly be-
yond their rated capacity. The fre-
quency of demand is unimportant,
however, if it lies below approxi-
mately 20,000 cycles per second.
Above this frequency the effective
impedance of the supply increases
rapidly because of the inability of
tube V, in the amplifier cathode cir-
cuit to regulate. A rise in supply
impedance can be counteracted by
shunting a paper capacitor of 1 or
2 microfarads across the regulated
output. When this capacitor is in-
cluded, the supply can be used to
feed equipment calling for micro-
second pulses of high amplitude.
Selection of the output voltage
to be provided is also important.
To reduce the cost of components,
an output range of 250 to 300 v is
favored, when that is adequate for
the equipment being fed. Higher
output voltages are easily produced,
but require more expensive com-
ponents. A wide range of output
voltage adjustment should also be
avoided unless there is a specific
need for it. The usual dependabil-

ity of domestic supply lines makes

it unnecessary to provide against
large line voltage changes.

Design of Supply Section

For design purposes, supply and
control circuits can be considered
separately. The supply portion, as
considered here, consists of the com-
ponents shown in Fig. 3. This cir-
cuit differs from an ordinary un-
regulated power supply only in the
addition of V,, which may for the
moment be considered as a variable
series resistance introduced for con-
trol purposes.

To illustrate design procedure a
set of requirement limits has been
chosen based on commercial ratings
for supply components.

The limits decided on are: out-
put voltage, 250-300 v; output cur-
rent range 75-200 ma; power line
fluctuations of =10 percent.

On the basis of these limits we
may now choose the series tube, V,;
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the rectifier tube, V,; the filter
choke, L,; and the power trans-
former, T,.

Tubes commonly chosen for se-
ries service include 2A3, 6A3, 6B4,
6L6, 6V6, 6Y6, and 807. For our
supply the recently introduced
6AS7G, a twin triode expressly de-
signed for this service is chosen.
Their extremely low plate resistance
allows the use of a lower voltage
drop across them, hence a reduced
high-voltage winding on the power
transformer. The heater-cathode
rating of =300 v makes possible
the paralleling of their filaments
with that of the amplifier tube. Only
two of these tubes are needed be-
cause of their current-carrying
ability, with a resultant saving of
space.

A suitable filter choke will have
low internal resistance and adequate
current carrying capacity. Induc-
tance rating is of secondary impor-
tance. A 5 to 10 henry choke with
50 to 200 ohms internal resistance,
and rated to carry at least 225 ma
will be satisfactory. The one se-
lected for this example is rated at
5 henries at 225 ma with 100 ohms
d-c resistance,

The rectifier selection is easy, for
the 5U4G, 5Z3, 5T4, and the 5X4G
can all handle the current and volt-
age requirements. The 5U4G is
chosen because of its general avail-
ability.

Selecting a Power Transformer

In the selection of a power trans-
former, we must first determine the
voltage needed out of the rectifier.
This will consist of the sum of the
voltage drops across the filter choke,
series tubes, and output load. The
use of the following procedure is
necessary to determine that volt-
age;

1—Inspect the characteristic
curves of the selected series tube.
determine from them the lowest
allowable plate voltage for the max-
imum current specified.

Example: Each side of a 6AS7G
will deliver 56 ma at 20 v, so 2
6AS7G’s in parallel will provide the
required 225 ma total current, in-
cluding approximately 25 ma cur-
rent consumed internally by the
power supply.

2—Increase the minimum working
plate voltage by a sufficient margin
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to allow for possible componentvari-
ations. This also is necessary to
allow proper control of the series
tube, since its bias must swing sym-
metrically about a center point and
never drop to zero.

Example: 20 v plus 20 v margin
equals 40 v minimum operating
plate voltage.

3—Next determine the minimum
voltage allowable at the plates of
the series tubes. This is the highest
power-pack d-c output voltage plus
the voltage determined in step 2.
Note that this must be delivered to
the plates of the series tubes under
the condition of lowest allowable
line voltage and highest rated out-
put.current of the pack.

Example: 300 v pack output plus
40 v from step 2 = 340 v delivered
at 225 ma total drain, and 105 v
line input.

4—Add the voltage obtained in
step & to the IR drop across the
filter choke (at full 225 ma current)
to find the voltage the rectifier must
deliver at lowest line input.

Example: F=1TR=0.225x 100 =
22.5 v choke drop. 340 v 4 225 v =
362.5 v at 225 ma which the recti-
fier must supply at 105 v line input.

5-—Refer to the characteristic
curves of the rectifier selected.
From them find the input voltage
to the rectifier that will produce the
output voltage determined in step
4. Be sure to take into consideration
the type filter (choke or capacitor
input) and the size of its compo-
nents.

Example: 5U4G, capacitor input
filter using 8uf input capacitor. 350
v a-¢c rms in, equals the required
362.5 v out at 225 ma.

6—Calculate the highest a-c in-
put voltage to the rectifier that will

result when the line input voltage
1s increased to its upper limit.

Ezxample: Voltage ratio of the
power transformer equals 362.5/105
or 3.33. 125 v x 3.33 = 416 v a-c
out.

7—Again refer to the rectifier
tube curves. Determine the d-c volt-
age out of the rectifier for the a-c
voltage into it calculated in step 6.

Example: 416 v in = 435 v d-c
out (at 225 ma drain).

8—See what the maximum watt-
age dissipation in the series tube
will be, under the worst operating
conditions; that is at maximum
current drain, maximum line input
voltage and lowest d-c output volt-
age.

Example: 435 v — 225 v choke
drop = 412.5 v applied to the series
tubes. This, minus 250 v (the low-
est output voltage) = 162.5 v across
the series tubes. Therefore, since
W =FEI, 1625 v x 0.225 amp = 37
w total dissipation.

9—Using the maximum a-c¢ input
voltage to the rectifier (determined
in step 6), and the minimum cur-
rent drain (set by the limits), in-
spect the rectifier tube characteris-
tics and find the d-¢ output voltage
for these conditions.

Example: 5U4G, 416 v a-c, 100

ma total drain; the d-c out of the
rectifier is 500 v.
This voltage, minus the lowest pack
d-c output voltage set by the limits,
is the maximum voltage that will
appear across the series tubes.

Example: 500 v —10 —250 v
equals 240 v maximum across the
paralleled 6AS7Gs.

10—If the ratings of the series
tubes (maximum wattage and plate
voltage) are not exceeded under
the conditions imposed by the

T

3 .

' 000 {1

V4

\|
/|

Cz
3 R,

FIG, 3—Supply section of a voltage-regulated power unit with the series tube
inserted to illustrate its action
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limits, we may now easily determine
the nominal voltage of the a-c high
voltage winding on the power trans-
former, by multiplying its voltage
ratio by the nominal line voltage.

Example: 3.33 x 115 = 383—
so a rating of 380 v would be satis-
factory.

Additional design considerations
for the supply section stipulate rec-
tifier tubes having good regulation
(low internal voltage drop). If a
capacitor input filter is used, the
input capacitance should be at least
3uf. When a choke input filter is
used a swinging choke is advisable
following the rectifier tube.

Series Tube Circuit Design

Standard practice dictates the
use of supressors in control grid
and plate circuits (screens, too, if
used) when series tubes are par-
alleled for greater current capacity.
Their elimination would result in
highly unstable or erratic operation.
It is preferable that these supres-
sors be mounted with one end di-
rectly supported by the tube socket
lug to which it connects. Resist-
ance values of 50 ohms for the plate,
and 100 ohms for the grid and
screen are satisfactory.

Design of Control Section

The control circuit shown in Fig,
4 is typical. A sharp-cutoff pentode
is more suitable than a remote-cut-
off pentode for use as the amplifier
V.. Its lower plate current allows the
use of a high value of plate load re-
sistance R, vresulting in higher
gain and less degeneration. The
highest gain of the amplifier will
be obtained when R. approaches the
plate vesistance of the amplifier
tube. This suggests a value for R.
of from 0.5 to 1 megohm.

The voltage reference source is
usually a cold-cathode tube of the
VR type, although batteries or a
neon bulb could be used. Tubes are
preferred because of their long life
and low effective impedance. High
impedances at V, will cause an in-
creased ripple output, as well as
poorer regulation because of in-
creased degeneration in the ampli-
fier stage. Impedances presented by
tubes of the VR type approximate
200 to 1,000 ohms.

Selection of the specific tube for
any given application depends on
fulfilling the following require-
ments: -

1—The amplifier tube V. must be
provided with adequate plate volt-
age over the entire range of opera-
tion.

Example: (based on the limits
used for computation in the supply
section: 250 to 300 v at 75 to 200
ma external drain over 105 to 125 v
line input.)

The amplifier plate voltage will
be lowest with highest line and low-
est output voltage and current—125
v line, 75 ma external drain at 250
v output. Reference to step 9 in the
supply section shows 240 v across
the 6AS7G’s under this condition.
Inspection of the characteristic
curves for the 6AS7TG shows that
130 v bias will be required to limit
the current through each section to
25 ma (% of the 100 ma total). The
voltage between the amplifier plate
and ground is the output voltage of
the supply 250 v, minus the bias
voltage for V, 130 v; or 120 v. A
small voltage must be maintained
between plate and cathode of the
amplifier tube V..

2—The grid of the amplifier tube
V. should receive as large a percent-
age as possible of the total fluctua-

tion present on the output. Hence
the highest voltage VR tube allow-
able by step 1 should be used.

Example: A type OC3/VR105 is
indicated here,

The bleeder consisting of R, and
R, must supply V, at least 8 ma
of current, and must maintain the
screen of V. at a suitable voltage
above its cathode,

Example: Lowest unregulated d-c
is approximately 340 v (at 105 v
line input and 225 ma total drain),
therefore the total resistance R,
plus R, will be: (340-105) /0.008 =
235/0.008 = 30,000 ohms.

The section between the screen
of V. and its cathode (plate of V)
must have a drop of approximately
60 v for adequate screen supply.
Thus R, will be: 60/0.008 = 7,500
ohms. This gives suitable values of
R, and R, as 22,500 ohms and 7,500
ohms respectively. Wattage ratings
of R. and R, must allow for the con-
dition of highest unregulated sup-
ply voltage (500 v as determined in
step 9 of supply). Therefore 500—
105/30,000 = approximately 13 ma.
Wattage dissipated in B, = 0.013
x 0.013 x 22,500 = 3.8 watts.
Therefore R, requires a 5 watt re-
sistor. Similarly, R, calls for a 2
watt vating., Screen current has
been neglected as negligible in these
computations.

The amplifier grid bleeder con-
sisting of Rs R, and R, can be de-
termined as follows: Its total re-
sistance R, should be sufficient to
allow the conservative use of small
fixed carbon resistors at R; and R;,
and a standard potentiometer at R..
However, if excessively high values
are used, V. exhibits troublesome
hum pickup from its grid wiring.

Example: If 300 v is the maxi-
mum pack output, a total suitable

O Y O o 5 *
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FIG. 4—Control section of a regulated supply. The text de-
scribes the values and reasons for selecting them
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FIG. 5—Modification of the fundamental regulating circuit for
extremely low ripple is shown by the heavy circuit lines
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bleeder value will be approximately
0.25 megohm.

The necessary resistance values
for R;,, R,, and R, will vary with
the regulated output voltage of
the pack, and while they could be
computed, a simpler method for de-
termination is available. Substitute
a 0.25 megohm potentiometer for R,.
With the pack operating, adjust the
potentiometer to obtain a pack out-
put voltage approximately 10 per-
cent higher than the highest desired
output voltage. Disconnect the po-
tentiometer, and record the resist-
ance from arm to positive end. Re-
connect the potentiometer and set
the pack in operation. Readjust it
to give an output voltage 10 percent
lower than the lowest desired output
voltage. Again disconnect, and re-
cord the resistance from the arm to
minus end. You now know the val-
ues of R;, I, and R, that will pro-
duce the desired range. To make
the resultant values of R., R, and
R, fall on commercial resistance val-
ues, the total bleeder resistance R,
may be adjusted upwards or down-
wards by a factor of plus or minus
25 percent.

Example: R., 120,000 ohms; R,,
50,000 ohms; and R, 82,000 ohms
for an approximate output range of
220 to 330 v for this particular
supply.

The grid coupling capacitor, C,
which presents a low impedance
path to the grid for attempted high
and medium frequency changes in
the output, is usually about 0.25.f.
Larger values, while transferring
more of the low (ripple) frequency
variations to the grid, may cause
undesirable effects due to time lag
in their transmission.

Design for Minimum Ripple

A ripple voltage of 0.02 to 0.05 v
rms in the output of a standard
voltage-regulated power supply is
usually  satisfactorily low. If
troublesome, it may often he re-
duced by carefully selecting tube V,
that is used as voltage reference,
particularly when the screen and V,
bleeder are connected to the unreg-
ulated supply voltage.

If unusually low ripple must be
obtained, the circuit modification
shown in Fig. 5 can be used. Anal-
vsis of the operation of this cir-
cuit will show that the degree of
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ripple reduction is not limited by
the amplifier gain but may be made
practically infinite. This effect is
accomplished by feeding the screen
of the amplifier tube V. a controlled
amount of the input ripple. The
screen, acting as a low-gain control
grid, produces across the series tube
a voltage equal to the original rip-
ple but ¢f opposite phase. Control of
the amount of ripple fed to the
screen grid is performed by the 0.5
megohm potentiometer.

The most satisfactory degree of
ripple cancellation can be assured
by placing the pack in operation
with its actual load and an oscillo-
scope connected across the output
After all other adjustments have
been made, the ripple can be can-
celled by adjusting the potentiom-
eter.

The degree of ripple cancellation
does not depend on the amount of
ripple present, and almost complete
cancellation can usually be effected
with ripple inputs of 50 v or less.
One of the supply modifications this
suggests is the reduction of the
filter components to a single capaci-
tor following the rectifier. Power-
pack output ripple of 0.002 v or less
can be obtained under these condi-
tions. When a normal filter is used,
the residual ripple may be too small
to be oliserved on a sensitive oscil-
loscope.

Optimum Regulation

Variations in output voltage ow-
ing to changing load will be mini-
mized by the use of a low impe-
dance supply to the series tube. The
use of a mercury-vapor type recti-
fier will often give the greatest im-
provement in that respect.

Any means of increasing the ef-
fective gain of the amplifier stage
will also improve the regulation.
Three schemes advanced for this
purpose include: substitution of a
constant voltage device (such as
neon lamps, VR tubes, or batteries)
for the portion of the amplifier grid
bleeder between the grid and regu-
lated B4 ; substitution of a con-
stant current device (such as a
pentode tube or inductance) for the
portion of the amplifier grid bleeder
between grid and B—; the use of a
multiple stage amplifier.

Another method of improving
regulation is to connect the screen

of the amplifier tube to a bleeder
from unregulated B+.

Physical Arrangement

Layout of the supply portion fol-
lows the established rules for power
supplies. To avoid hum pickup by
the control section it is desirable to
place the entire supply section at
one end of the chassis. Thus, no a-¢
wiring but that for the filaments
need be close to the sensitive con-
trol circuits.

The series tube placement re-
quires consideration of the problem
of heat elimination. Nearly a fourth
of the total power consumed by the
entire supply is dissipated by the
series tubes under some conditions
of operation.

The control portion is more de-
manding in its placement and wir-
ing needs. To realize full benefits
from a supply of this type, hum
pickup on the amplifier tube wiring
must be eliminated. All wires to the
grid of the amplifier should be
short, and capacitance between
them and other wires or chassis re-
duced to a minimum. The capacitor
between the amplifier grid and reg-
ulated B+ should be mounted away
from the chassis to avoid unwanted
capacitance to ground. The voltage
adjusting potentiometer should pref-
erably be located on the chassis
adjacent to the amplifier tube
socket. If panel control is required
a shaft extension is preterable to
locating it on the panel. Hum pick-
up from 60 cycles on long leads to
this control is often difficult to
eliminate. A safe rule to follow is
to consider the amplifier tube as an
r-f amplifier, and to use appropriate
wiring precautions.

An oscilloscope is the only satis-
factory means of observing the mi-
nute fluctuations present on the out-
put of a voltage-regulated power
supply. It is also extremely useful
for trouble shooting as well as for
measuring the variations present.
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IMPEDANCE

A slotted line, used in conjunction with a variable-reactance line that balances out reac-

tive impedances, is readily adapted to measurements of impedance, antenna phasing, and

directivity comparisons. Equipment for unbalanced and balanced loads are described

ADIO-FREQUENCY MEASUREMENT
R in the two lower television
and frequency-modulation bands
cannot be conveniently made
using the equipment and techniques

- of either the lower-frequency bands
or the microwave region. However,
in this region from 44 to 216 mega-
cycles the slotted transmission line
is a simple device for measuring
impedances, especially if it is used
somewhat differently than it is nor-
mally used in the microwave region.

Accuracy of Standing Wave
Measurements

A slotted line is most accurate
when used in measuring imped-
ances that are of the same order of
magnitude as the characteristic im-
pedance of the line itself. For im-
pedances greatly different from that
of the line, the attenuation of the
transmission line, if any, connect-
ing the slotted line to the imped-
ance being measured comes into the
picture. This necessitates cumber-
some corrections. Fortunately, at
these frequencies coaxial cable is
available that has sufficiently low
attenuation so that several feet of
it can be connected between the
slotted line and the unknown im-
pedance without necessitating cor-
rection for impedances that cause
standing-wave ratios (swr) up
to 15 to one, and still give reason-
able accuracy.

Attenuation in the slotted line it-
self also causes errors in measure-
ment. These errors normally ap-
pear as errors in the measured
swr and in the position of a volt-
age or current minimum as meas-
ured with respect to some refer-
ence point, such as the point at
which the unknown impedance is
connected. A small percentage error
in determining the position of the
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minimum can cause an extremely
high percentage error in the meas-
ured impedance for impedances
causing high swr on the measur-
ing line.

As an example, if an impedance
of 100 4 j300 ohms is to be meas-
ured on a 50-ohm slotted line, a 2-
percent error in swr can give a
10-percent error in resistance and
a 3-percent error in reactance. An
error of 2 percent of a half wave-
length in determining the position
of a voltage or current minimum,
however, can cause a 150-percenf
error in resistance and a 43-percent
error in reactance.

Impedance Measuring Equipment

Figure 1 shows an equipment ar-
rangement for measuring imped-
ance by means of two swr meas-
urements and no position measure-

ment. A sleeve is placed around the
coaxial cable connecting the un-
known impedance to the slotted line.
The distance from the load end of
this sleeve to the point where it
is shorted to the outside of the co-
axial cable is movable by means of
a sliding plunger. This sleeve
forms the outside conductor of a
second coaxial line, which has as its
inner conductor the outside conduc-
tor of the coaxial line leading from
the load to the slotted line. This
second larger coaxial line is shorted
by the plunger at one end and has
its other end connected in series
with the outer conductor of the co-
axial line leading to the slotted line
and the unknown impedance. By
varying the position of the sliding
plunger the reactance introduced by
the shorted line can be varied
through all values both positive and
negative, limited only by the Q of
the line.

By sliding the plunger until the
minimum swr is obtained, the re-
actance of the unknown impedance

SIGNAL GENERATOR
WITH ATTENUATOR

RECEIVER WITH
iINDICATING METER

[ ]

SLOTTED

LINE

VARIABLE- REACTANCE LINE

LOAD -

(2)

FIG. 1—Basic measuring connection includes slotted line connected to load through
specially-constructed variable-reactance line
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MEASUREMENTS

TV

F

will be tuned out. The swr with
this tuning then indicates the re-
sistive component of the unknown
impedance by itself. The value of
this resistance is the characteris-
tic impedance of the slotted line
either multiplied or divided by the
wr, depending upon whether the
resistive component of the unknown
impedance 1is larger or smaller
than the characteristic impedance
of the slotted line.

Checking Conditions

To check which of these two con-
ditions exists, it is only necessary
to short-circuit the inner coaxial
cable at the load and note the posi-
tion of the minimum on the slotted
line. If the position is the same as
it was before the short was made
but after the plunger had been ad-
justed for minimum standing wave
ratio, the resistance of the load is
on the same side of the characteris-
tic impedance of the slotted line
that a short circuit is, namely lower,
so that a division must be per-
formed to get the value of the re-
sistance. If the minimum with the
short-circuit in place is 90 degrees
away, the resistance is higher than
the characteristic impedance of the
line and a multiplication must be
performed to obtain the value of
the resistance.

Reduction of Data

In order to get the reactance, it
is necessary to refer to one of the
various transmission line charts,
such as the Smith chart, which are
plotted in a variety of handbooks
and periodicals. Although these
charts appear in several different
forms and look quite different they
are just different conformal trans-
formations of the same relation-
ships between voltages and currents
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at different points of a transmis-
sion line, and contain the same in-
formation.

Figure 2 shows a form of trans-
mission line chart in which the hor-
izontal axis represents resistance
and the vertical axis represents re-
actance. The two circles shown
represent points of constant swr
which degenerate into a point at
Z, when the swr ratio is unity.

In the measurement just de-
scribed, the smaller circle corre-
sponds to the swr measured with

the reactance of the unknown
I o
= 1 i fi
X= 1 Zy i 5 . . c;rz
f 1
+ — - e
X*ZZof, z b R<zZg

WHERE 0> a= VSR ASASTANGE NOT TUNED OUT

WHERE b1, b= VSWR, FELCANGE TUNED Guf
Y] I SWR (REACTANCE NOT
TUNED GU1)
e
| /)

“SWR { REACTANGE TUNED CUT)

FIG. 2—Circle diagram is used to obtain
reactance from two standing-wave ratio
measurements, or equations can be used

tuned cut. One of the two points at
which this circle crosses the real
axis represents the resistive com-
ponent of the unknown impedance.
By projecting vertically upward or
downward from this point until the
larger eircle, which corresponds to
the swr of the unknown imped-
ance with its reactance not tuned
out, is reached, the point on the
complex plane representing the un-
known impedance is obtained. The
vertical distance from the real axis
gives the reactance of the unknown.

As there is a question as to
whether to go upward or down-
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FIG. 3—The method of Fig. 1 can be used

to measure unbalanced antennas by feed-

ing energy to the system by radiation to

the antenna (A). Balanced impedances can

be measured using a double-section vari-
able reactance line (B)

ward, or what is the same thing,
whether the sign of the unknown
reactance is positive or negative,
the rough position of the plunger
must be noted. If this plunger is
less than a quarter wavelength from
the load end of its line an inductive
reactance is being used to tune out
the reactance of the unknown, so
the unknown reactance must be
negative. If the plunger is more
than a quarter wave but less than
a half wave from the open end, the
unknown reactance is positive. For
making this check on sign as well as
for other uses of this variable-
length coaxial line, it is convenient
to place callibration marks along
the line, labeling the frequencies at
which different plunger positions
are a quarter wavelength from the
end of the line,

Sequence of Measurement

Summarizing the above, the pro-
cedure to follow in a measurement
is to:

(1) Short-circuit the variable-
length transmission line and meas-
ure the swr of the unknown.

(2) Also short-circuit the un-

125



known and find the position of a
minimum on the slotted line.

(3) Remove both of the above
short circuits and adjust the
plunger until the minimum of the
slotted line is either at the same
point as it was in step 2, or if this
is impossible, until it is 90 degrees
away on the slotted line. In the
latter case there will be two posi-
tions of the plunger that will give
a minimum. One of these two mini-
mums is much lower than the other
and occurs with the plunger at a
quarter wave point, at which posi-
tion it is throwing a parallel reso-
nant circuit in series with the un-
known, essentially open-circuiting
it. The other plunger position giv-
ing a minimum should be used.

(4) Take the standing wave
ratio.

(5) Determine the resistive com-
ponent of the unknown, which is
the characteristic impedance of the
slotted line either multiplied or di-
vided by ihe standing wave ratio
of step 4 depending upon the po-
cition of the minimum of step 3.

(6) Determine the reactance of
the unknown from a transmission
line chart, using the knowledge of
the resistive component and swr
of the unknown impedance, or de-
termine it from the formula of Fig.
2 which is derived from the geom-
etry of the circle diagram.

(7) Note the sign of the reac-
tance from the position of the
plunger in step 3.

Measuring Balanced Impedances

The equipment arrangement as
shown in Fig, 1 can be used only
for measuring the impedance of un-
balanced circuits, that is, circuits
in which one side is grounded or
can be grounded without disturbing
the impedance of the unknown. If
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FIG. 5—Standard 300-ohm parallel line can be used with pickup probe to measure
balanced impedance in this connection

a balanced antenna, the impedance
of which is to be measured, can be
cut in two and half of it mounted
above a ground plane as in Fig. 3A,
the impedance as measured with
the equipment arrangement shown
will be half the impedance of the
balanced antenna in both its re-
sistive and reactive components.

An arrangement as shown in
Fig. 8B could, of course, be used
directly to measure balanced im-
pedances.

Figure 4 shows a variable reac-
tance that has been used very suc-
cessfully for impedance measure-
ments. It is constructed of two con-
centric brass tubes with a variable-
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FIG. 4—Variable reactance shown in diagrams is constructed from coaxial cable over which brass tubing is fitted
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position plunger short-circuiting
the two together. A piece of coaxial
cable is run through the center
tube and its braid is soldered to
this tube at the open end of the
large coaxial line so formed. The
length of the variable reactance
must be at least a half wavelength
at the lowest frequency at which
it is to be used.

Another method of measuring
balanced impedances, which re-
quires no expensive special equip-
ment and which gives quite accu-
rate results, consists of stretching
tautly a piece of 300-ohm parallel
line between the impedance to be
measured and a line balancer which
may be one of the variable reac-
tances of Fig. 4 with the plunger set
at a point 90 degrees from the open
end, and moving a pickup probe
along the parallel line in order to
measure Swr.

Figure 5 shows a pickup probe
fastened to the end of a second line
balancer. If the signal generator
used is not balanced and is not
connected to the parallel line
through a balancer, or if the pickup
probe is not balanced, the results
obtained will be so erratic as to be
useless. Available polyethylene ex-
truded parallel line seems to be suffi-
ciently uniform along short lengths
and to have sufficiently low losses
and radiation up to 216 megacycles
to give good results when imped-
ance is computed from a measured
swr and a measured minimum
position.

Impedance measurements using
either the two swr measurement
with an unbalanced unknown or
the 300-ohm parallel line with a
balanced unknown can be made to
an accuracy of 15 percent in both
resistance and reactance for swr
up to ten to one, and more accu-
rately for lower swr.

Phase Measurement

The design and adjustment of
antenna arrays can be facilitated
immeasurably if suitable phase
measuring equipment is available.
A system for measuring phase in
the 44-216 mc region, an adaptation
of a method used at lower frequen-
cies for a long time', is illustrated
by the equipment arrangement of
Fig. 6. This method uses the prin-
ciple that the only variation be-

ELECTRONICS — July, 1947

tween signals taken from various
points of a slotted line perfectly
matched to a load is one of phase,
and that phase change is linear
with distance as measured along
the line.

In this system the cutput of a
signal - generator is connected to
both a slotted line and the device
under test, such as the antenna ar-
ray. The slotted line is terminated
in a matched resistance so that the
amplitude of current along the line
is constant. A sampling probe at
the end of a balancer, similar to
that described for measuring swr
on the open parallel line, is con-
nected through an attenuator to the
sliding pickup of the slotted line.

A receiver 1is also connected
through a flexible coaxial line to
this same slotted line pickup probe
in such a way that the receiver
input is the sum of the signals ex-
tracted from the slotted line and
brought into the sliding probe from
the sampling probe. Because of this
connection, the attenuator can be
adjusted so that the signal sam-
pled from, say, a dipole in the ar-
ray under test is of the same ampli-

tude as that removed from the slot-
ted line. The position of the slide
on the slotted line can be adjusted
so that the phase of the signal from
the slotted line is such that cancel-
lation of the signal from the an-
tenna dipole under test occurs.

If the balanced probe is then
moved so as to sample energy from
a ditferent dipocle and the position
of the sliding probe is moved to
that now required for cancellation,
the amount it is moved along the
slotted line gives the phase differ-
ence between the two dipoles. From
a knowledge of the wavelength in
the slotted line this difference can
be expressed in degrees.

With this equipment arrange-
ment, a minimum point is found
along the slotted line every wave-
length rather than every half wave-
length, as in the case in swr meas-
urements. This difference does not
mean, however, that the slotted line
has to be twice as long because the
sampling probe can be rotated 180
degrees if the minimum tends to
fall out of range of the slotted line.

The accuracy with which phase
can be measured by this method de-
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pends largely upon how good the
slotted line is and how well it is
terminated. A slight rotation of
the sampling probe is of no impor-
tance as it does not normally change
the phase, but only the amplitude
of the picked up signal. An accu-
racy of measurement of between
=+ 3 and == 5 degrees has been con-
sistently obtained over the 44 to 216
megacycle range.

Antenna Gain Measurement

There are many different man-
ners in which antenna gain (direc-
tivity) has been measured™. Re-
sults of such measurements can be
expressed in terms of the directivity
of a half-wave dipole or an isotropic
(completely nondirectional) radia-
tor. The latter is used in express-
ing absolute gain of antenna ar-
rays. The gain of a half-wave di-
pole over an isotropic radiator is
2.15 db along the centers of its
major lobes.

Figure 7 illustrates an arrange-
ment of equipment for measuring
the gain of an antenna over that of
a half-wave dipole quite accurately
and simply. In this arrangement a
signal generator is connected
through a slotted line and a line
balancer to the antenna under test.
A signal is radiated from this an-
tenna to a receiving antenna which
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is connected through a balancer to
a receiver,

It is necessary that both antennas
be balanced carefully in order to be
sure that no currents flow on the
outsides of the coaxial lines leading
to the signal generator and receiver.
If currents do flow on these lines,
they will radiate from line to line
or from line to antenna and make
the readings meaningless.

It is also necessary that the sig-
nal generator have an output im-
pedance equal to the characteristic
impedance of the slotted line, as
will become apparent later. Be-
cause most signal generators have
low output impedances, it may be
necessary to connect a resistance in
series with the generator output or
otherwise modify the generator to
obtain the required output.

With the equipment arranged as
described, the signal generator at-
tenuator should be set to such a
value that a convenient output from
the receiver is obtained. The an-
tenna under test is then replaced
with a half-wave dipole, not neces-
sarily of the same impedance as the
antenna under test or even a known
impedance. The signal generator
attenuator must then be reset until
the receiver output becomes the
same as it was when the antenna
being tested was in use. The db

difference between the two attenua-
tor settings gives the antenna gain
over a half-wave dipole, if the two
antennas had exactly the same mis-
matches to the slotted line. The
swr of the two antennas can then
be measured and the ratio of the
power transmission coefficients com-
puted from the two swr wvalues.
The absolute gain of the antenna
under test can then be computed as
the sum of 2.15 db, the difference of
signal generator attenuator set-
tings in db and the ratio of power
transmission coefficients of the two
antennas expressed in db. Figure
7 gives the formula for this last
quantity in terms of the two meas-
ured swr.

Conclusions

The measuring methods herein
described lend themselves quite well
to quick changes of frequency,
even over several octaves, as is de-
sirable for broad-band antenna
work. The accuracy seems suffi-
ciently good for most engineering
purposes. There is still an ever
increasing need for a piece of high-
frequency impedance measuring ap-
paratus that approximates the
ohmmeter in its simplicity of oper-
ation. At present when a change
is made in, say, a television an-
tenna, it may be necessary to meas-
ure its impedance over the entire
frequency range 44 to 216 mega-
cycles to determine if the change
is desirable. This measurement is
obviously a time-consuming proce-
dure.

In the setting up of a new devel-
opment program there is always
the problem of what fraction of the
available time should be spent in
constructing test equipment and
what fraction of the time spent us-
ing it. The best solution to this
problem as applied to antenna de-
velopment may eventually result in
much more convenient methods of
impedance measurement. Increased
accuracy is, of course, always to
be desired,
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CHASSIS CLINCH
MINIATURE SOCKET

Rigidly fastened by lugs sheared from the
chassis using special tools, the Chassis Clinch
is “the last word” in economy, ease of
assembly, and simplicity of design. Saves

valuable space! Illustrated here is complete

P;‘: . engineering data. Cinch “Know How' in the
1, fabrication of precision parts adds another

socket to the Standard group.

CHASSIS CLINCH MINIATURE
SOCKETS ARE STANDARD

CINCH MANUFACTURING CORPORATION

2335 West Van Buren Sireet 2 Chicago 12, lllinois
Subsidiory of United-Carr Fastenes Corporation, Cambridge 45, Mass.



By MELVIN B.KLINE

Senior Electronic Engincer, Research and Development Divigion

C t ] ] Allen B. Du Mont Laboratories, Inc., Passaic, N. J.

Follower IMPEDANCE
NOMOGRAPH

Output impedance, transconductance, and cathode load HE OUTPUT IMPEDANCE of a
cathode-follower is readily

resistance are related in this last of a series of three found with the aid of the accom-
nomographs dealine with desien of cathode-followers Panying nomograph if transcon-

grap tc] (= o ductance and cathode load re-
sistance are known. The perti-
nent design equation is obtained
by starting with the relation for

Rk z 9m ..

IN OHMS IN OHMS IN MICROMHOS gain in terms of transconduct-
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izoc : I This represents a parallel re-
sistance combination consisting
3,000- of two resistances, 1/g,, and E,,
150 100 through which flows a current
140 o g~E. as indicated in the con-
120 2000 stant-current form of the equi-
120 80 ' valent circuit on the nomograph.
Lo Equation 2 states that the out-
70 put voltage E, is a result of an
100 5,000 output current (I, = ¢.E,) flow-
3 ing through an output impedance

of the cathode-follower as given
by the nomograph.
70 7,000-3 This chart should be of par-
ticular value in providing the
= proper termination for transmis-
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_f 6,000
80 This Z, is the output impedance

8,000 sion lines and coaxial cables.
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lated gain, amplification fac-
tor, and the ratio of cathode load
resistance to tube plate resist-
ance, and a nomograph for pen-
todes related gain, transcon-
ductance, and cathode load re-
sistance.
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Special Television Capacitors by MALLORY

Experimental television requirements indicate a need for
certain electrolytic capacitor ratings involving special
impedance values.

The units listed below are designed especially for these
applications, and where special impedance values are
required, they are rated in impedance (Z) rather than in
capacity. Notle that the maximum impedance rating in
the chart is coupled with the frequency at which this
rating 1s oblained.

Type WP520 may be used for bypassing in the audio,
and synchronizing amplifier stages, and also for by-
passing the deflecting amplifier cathodes.

Type FP550 is suggested lor filtering the low voltage
power supply. Note that the 10 mfd. 450-volt section is
designed as the inpul and the 80 mid. 400-volt section
as the output.

Type WP505 is designed for the Video amplifier cathode
bypass and is rated at 3 volis non-polarized. The im-
pedance rating of 10 ohms is used in place of a capacity
value, since this is the imporlant characteristic. The
10-ohm value refers to the 30-cycle characteristic, the
impedance of course being lower al the higher reiuencies.

Type WP510 is suggested for the horizontal centering
control bypass. It is rated at .5 ohms tmpedance rather
than as a capacity value. The .5 ohm rating is at 15750
cycles and is the Mallory final inspection limit.

Type WP540 is intended for hypassing the vertical
cenlering control and is rated at 1.0 ohm impedance
at 60 cycles.

All impedance values mentioned above are the maximum
passing limit at the Mallory final inspection department.
Actual values normally run considerably lower than
the rated impedance.

SPECIAL TELEVISION CAPACITORS —TYPE FP AND WP

]
Capacit Mallo . Maximum 120 Capacity 120 Cycle Temp.
or 4 Wkeg. Catak;é Size Surge Cycle DC Tolerance % May Range C°
Impedance Volts Number D H Voltage Ohms Ma \ i Ripple v
|
40-40-40 | 25DC I wWP520 1x2 40 ol 10 J 100 55 20 85
10 450 DC! 525 24. 7 10 50 150 10 65
80 400 pc)| FPS50 R0 S { 475 3. 1.8 10 50 10 65
10Z @ 30 cycles ||
ko 5 magaaas J| 3NP WP505 % x 2 a4 5 20 85
.5Z@ 15750 cycles] 3NP WP510 1x2 1.0 20 85
1.0Z @ 60 cycles 3NP WP540 1% x3 4 .4 3.0 10 100 cere 20 85

* Ripple current refers to 1st section only.
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TUBES AT WORK

Including INDUSTRIAL CONTROL
Edited by VIN ZELUFF

X-Bays Predict Oil Field Flow. .. ................
Code Reception with AVC and S Meter. .. .......
Electronic Speed Cop. ....
Electronic Micrometer Uses R-F Energy..........

Shunt-Fed Wing Antenna

Shore-Based Radar for Port of Liverpool..... ... ..
British Metal-Spray Circuits
Radar Signals Guide Missiles in Flight...........
Radar Beacon for Lighthouse Keepers. ... ........
Aural Current Indicator. ..

X-Rays Predict Oil Field Flow

To HELP solve the riddle of how oil
flows through sand and rocks under
an oil field, and how it is affected
by underground water and gas, an
x-ray method of studying a sample
taken from a drill hole has been de-
veloped by Gulf Oil Corporation.
A small three inch by one inch
sample, or core, from the drill hole
is used. In effect, the core is made
to reproduce in miniature the layer
of rock or sand from which it was
taken. Study of the reactions in the
sample gives a picture of flow con-
ditions in a stratum perhaps hun-

dreds or feet thick and miles wide.

The core is subjected to artificial
pressures and saturations of oil,
gas, and water. The progress of
these elements in the core is gaged
by an x-ray unit called ‘“apparatus
for determining permeability-satu-
ration.” The x-ray beams follow the
reaction by means of an opaque
tracer mixed with the liquid or gas.
The tracer causes variations in in-
tengity of the beams as they pierce
the core, indicating the extent of
saturation. A similar technique is
used in x-raying organs of the hu-

This x-ray unit focuses on a sample of oil-well rock into which fluids found under-
ground are injected, From the resulting radiograph, forecasts can be made of how
oil, gas, and water will flow through rock strata far below the surface
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Bakelite-encased rock sample into which

the tracer is injected for x-raying. Devel-

oped by Gulf Research Laboratories. the

x-ray technique shows the behaviour of

the entire stratum from which the sample
was taken

man body filled with opaque barium.

A basis for comparison is estab-
lished by studies of the core at 100
percent and at zero saturation. Then
an extensive series of flow experi-
ments, reproducing  conditions
which might be created by various
recovery methods, must be run
through. The effects of gravity,
capillary  attraction, and the
amounts of oil, gas, and water al-
ready in the sand are charted. These
procedures are sometimes repeated
on as many as 10 or 11 cores taken
from the different layers through
which the well extends.

By correlating such data, it can
be determined how natural pres-
sure, artificial gas injection, or wa-
ter flooding will move oil toward
well shafts through various strata
of the field being studied. Methods
of working the field can be planned
accordingly to assure the greatest
vield, and extent of yield forecast.

Permeability - saturation studies
are useful in indicating whether in-
jected gas can move oil through the
strata at varying degrees of water
saturation. The method also aids
the operator in minimizing the es-
cape of injected gas through non-
productive formations. The x-ray
technique will also be used to ex-
plore the possibilities for salvaging
movre oil from abandoned wells.

Code Reception with
AVC and S Meter

THE unusual feature of being able
to use the automatic volume control
and signal-strength meter with the
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D_O you need an Accurate frequency source”?

Here’s a frequency standard

accurate to one part in

If you make time-frequency measurements or if you
operate two or more independent systems synchronously,
the new Western Electric Primary Frequency Standard
is the instrument you need.

Designed for 100 kc operation, its accuracy is rated
conservatively at one part per 10° per day, regardless of
moderate changes in ambient temperature, air pressure
apd humidity. Actual tests in a government laboratory,
however, have indicated a frequency variation of

only 1.4 parts per 10° per day . . . which corresponds

to less than 1Yz cycles at 1,000 megacycles.

With such a high degree of accuracy, you would hardly
expect this new Primary Frequency Standard also to

be . .. (1) small and compact . . . (2) light in weight—

only 90 pounds . .. (3) exceptionally rugged . ..and

(4) moderate in cost...but it has all of these advantages too.

G D{Aﬁilﬂﬁl( @

WGrha

Check these points of superiority against the frequency
source you are now using or contemplate purchasing,

then get complete information by calling your nearest _ Qll/(l llty COll;n,tS .

Graybar representative or writing to Graybar Electric

Company, 420 Lexington Avenue, New York 17, N. Y.

Western ElecIric
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bfo operating for e-w reception is
made possible in the National NC-
173 by the isolation of the ave sys-
tem from the c-w oscillator.

With more common receiver de-
signs the ave system is arranged
so that it is turned off automatically
when the bfo is turned on. Alterna-
tively, if the ave is separately con-
trolled, the bfo produces a large
ave voltage, making the receiver
very insensitive and producing full-
scale S-meter deflection, so that the
ave must be turned off to use the
receiver.

In the NC-173, the ave system is
isolated from the bfo by shielding
and by circuit arrangement. The
method used is to take some of the
second i-f amplifier grid voltage and
amplify it in a separate high-gain
6ACT stage, and apply the ampli-
fied voltage to half of a 6H6 rectifier
to produce ave voltage. The bfo
output voltage feeds in to the second
detector in the usual manner. This
arrangement isolates the two cir-
cuits because the bfo voltage cannot
feed backward through the second
i-f amplifier tube and, therefore,
does not get into the ave system.

As in most receivers, the signal-
strength meter is actuated by the
ave system so turning the bfo on
or off does not change either the

signal strength meter reading or
receiver gain. The ave voltage is
applied to the r-f stage and both i-f
stages, which produces good ave
action. The system is very effective
because increasing signal level re-
duces the gain of the second i-f
stage without affecting the amount
of ave voltage produced. Similarly,
this system is effective because the
ave voltage does not reduce the gain
of the 6ACT7 ave amplifier.

S BMeter Civcuit

As shown in the diagram, the
signal strength meter is placed in a
diode rectifier circuit. The meter
scale is calibrated in S units from
1 to 9 with roughly 5 db per S unit,
and in db above S9 from 0 to 40.
S9 corresponds to approximately 50
microvolts. This arrangement per-
mits signal strength measurements
from roughly 0.5 to 5,000 micro-
volts. The S meter, therefore, gives
readings for approximately an 80-
db range of signal inputs.

The 80-db reading on the S-meter
scale corresponds to approximately
a 20-db change in current through
the meter. This indicates that with
an 80-db increase in input the ave
system reduces the gain of the first
r-f and first i-f stages by 60 db, so
that a net increase of 20 db reaches

LARGE-SCREEN COLOR TELEVISION

Three-color projector developed by RCA Laboratories for pictures on a 7% by 10

foot screen and recently demonstrated in Philadelphia. At right are the elements

of the reflective system fed by three projection-type cathode-ray tubes used for
simultaneous color transmission (ELECTRONICS, p 140, Dec. 1946)
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Circuit of the avc system and bfo of the
National NC-173

the S meter. Reference to the trans-
conductance versus grid bias curves
for the 65G7 tube shows that this
is not at all difficult.

Similarly, these curves indicate
that the second 6SG7 i-f amplifier
gain can be reduced approximately
20 db to compensate for the 20-db
increase in signal on its grid, thus
resulting in good ave action on the
signal reaching the detector.

The ave system actually handles
signal variations of more than 80
db above its threshold without over-
load, even though off-scale deflection
of the S meter is obtained. The
S-meter sensitivity is controlled by
the r-f gain control. Retarding the
r-f gain control decreases S meter
sensitivity. The S meter zero set-
ting does not require readjustment
due to the diode rectifier meter cir-
cuit.

The i-f transformers are the
permeability-tuned low-impedance
type. The tuning cores are arranged
so that gain and selectivity do not
change appreciably as the cores are
moved for tuning. The low-imped-
ance type transformer requires rela-
tively large tuning capacitors and
as a result changes in associated
circuit capacitance caused by chang-
ing tubes, or tube capacitance varia-
tion due to heat or ave voltage, all
have a minimum detuning effect.
This type of i-f transformer also
reduces stray couplings, with the
result that sides of the i-f curve do
not flare out as quickly off resonance

[continued on p 148)
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FRED SIMMONDS

WILBUR B. DRIVER CO.

Forty-five years ago Fred started his career in steels and alloys
as a plate boy in a Reading, Pennsylvania steel mill at 6¢ an hour.

Today, Fred is Hot Mill superintendent for Wilbur B. Driver Co,,
one of many men in our organization who have devoted their
active life toward the production of better resistance alloys for industry.

The fact that Wilbur B. Driver alloys ate widely accepted
throughout the world—in electric heating, and for instrument and
electronic applications—is a tribute to the purpose and
accomplishment of these men.

WILBUR B. DRIVER cO. (75}

150 RIVERSIDE AVE., NEWARK 4, NEW JERSEY
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Stabilizing Electrical and Mechanical Characteristics
Of Circuits

EXACTING REQUIREMENTS of such

wartime electronic equipment as’

radio proximity fuzes necessitated
potting the circuit components in a
casting resin. An investigation of
such resins was conducted at the
National Bureau of Standards with
the development of a material with
low electrical loss and high mechani-
cal rigidity, and with such viscosity
that it would fully penetrate the
equipment during potting. The new
resin is particularly suitable for
potting because of its very low
shrinkage during gelling, thus it

does not subject components to high
pressure as de most such materials.

High-Frequency Resin

The casting resin for use in high-
frequency high-impedance circuits
has low power factor (about 0.0006
at 100 me), low dielectric constant
(2.5 at 100 me), short polymeriza-
tion period at low temperature and
atmospheric pressure, high impact
strength, small volume shrinkage
on polymerization, dimensional and
electrical stability, and low moisture
absorption (0.01 percent after 24-

Potting, or embedding, high-frequency high-impedance electronic circuits can be
readily done using NBS Casting Resin

136

Circuits can be suspended within the cast-
ing resin by first allowing a portion of
the resin to gel, after which it will support
the circuit. The mold (glass or metal) is
then completely filled. Printed and sub-
miniature circuits intended for industrial
or portable use can be protected from
damage by potting

hour immersion). In addition, this
NBS Casting Resin has low viscos-
ity and low surface tension so that
it penetrates small openings; it has
a dielectric strength of about 630
volts per mil (measured on a ¢ inch
sample) and a volumetric resistivity

This subminiature printed plug-in multi-

stage electronic industrial control unit
(about 2.25 inches in diameter) is potted to
provide mechanical-electrical stabilization

over 10" megohms per cubic centi-
meter. The cured resin can be ma-
chined.

In potting equipment that in-
cludes vacuum tubes with glass en-
velopes, protection from thermal

July, 1947 — ELECTRONICS.



THE NEW KM SIGNAL GENERATOR

AUDIO ouyrpuT
50%%253 MONITOR |—— M’Zfﬁé
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BASIC LAYOUT OF 202-B FM SIGNAL GENERATOR

FREQUENCY RANGE
54 to 216 MEGACYCLES

Model 202-B

Shown above in block form are the basic circuit elements of the new
202-B FM Signal Generator. The stage following the RF oscillator, in
addition to doubling the oscillator frequency, preventsinteraction be-
tween the output stage and the oscillator and modulator circuits. It
also provides sufficient drive fo saturate the output stage thereby
minimizing unwanted amplitude modulation. The FM and AM modula-
ting systems are independently monitored by a modulation meter
which may be switched to indicate the degree of each type of
modulation present.

Frequency doubling at the final stage is accomplished by changing
the point at which the output tank coil is grounded, assuring stable
and trouble free range switching.

THE Signal generator to help solve
your FM problems

In response to widespread demands for a suitable
FM Signal Generator to cover the new FCC fre-
quency allocations, Boonton Radio Corporation
now offers the Type 202-B FM Signal Generator
to provide the utmost in performance. FM and
television engineers will welcome the 202-B Signal
Generator as the essential laboratory instrument
for receiver development and research work.

Frequency coverage from 54 to 216 megacycles is pro-
vided in two ranges, 54 to 108 megacycles and 108 to
216 megacycles. A front panel modulation meter hav-
ing two deviation scales, 0-80 kilocycles and 0-240 kilo-
cycles, permits accurate modulation settings to be made.

Although fundamentally an FM instrument, amplitude
modulation from zero to 50%, with meter calibrations
at 30% and 50%, has been incorporated. This AM
feature offers increased versatility and provides a
means by which simultaneous frequency and amplitude
modulation may be obtained through the use of an
external audio oscillator.

The internal AF oscillator has eight modulation fre-

BOONTON ‘KADIO |
BOONTON:N-J- U-S-A- L“?Jc"';(o'/zi A\ =

SN K SPI Sie e ' s SR

T SEnal sonstazon
s

5w o 3, .
TheaaT S

quencies ranging frem 50 cycles to 15 kilozycles,
any one of which may be conveniently selected
by a rotary type switch for either amplitude or
frequency mcdulation.

The calibrated piston type attenuator has a voltage
range of from 0.1 microvolt fo 0.2 volt and is
stendardized by means of a front panel output
monitor meter.

The output impedance of the instrument, at the
tarminals of the R.F. output cable, is 26.5 ohms.

Careful consideration has been given to the posi-
tioning of the main frequency dial and various
controls, with modulation and output monitor
meters located at eyelevel for maximum read-
ability. Dimensions have been chosen to permit
greatest econemy ol laboratory space. For com-
plete details write for Catalog “D”".

The design of this instrument was described on pages 96-101 of the Nowember issue

«f ELECTRONICS. Reprints of this article are ovailable upon request.

RoeE : R e e S
DESIGMERS "AND MANUFACTURERS OF THE Q METER i QX CHECKER.
FREQUENKCY. MODULATED SIGNAL GENERATOR - BEAT FREQLENCY -

“GENERATOR AND OTHER DIRECT READING INSTRUMENTS =

o S Reiy

ELECTRONICS — July, 1947



After the circuit has been potied at low temperature it is placed in a curing
oven. A hard surface can be produced by flooding with glycerol after initial gelation

and mechanical shock can be pro-
vided for the glass by rubber jack-
ets. Sharp corners should be elimi-
nated from components to be cast as
strains set up at them may cause
crazing. Molds in which equipment
is cast can be lubricated with Sili-
cone grease.

Electrical equipment embedded in
the resin, either complete circuits or

plug-in subassemblies, are well in-
sulated as well as protected from
mechanical vibration and deteri-
orating atmospheres. The potting
technique can be used to protect in-
dustrial equipment, to stabilize por-
table devices (hearing aids), and
to protect components from acid
fumes, high humidity, and salt
spray.

Scale of N Counting Circuits

By BRADFORD HOWLAND

KRocket Sonde Section
Nuval Research Laboratory,
Washington, D. C.

ExPERIMENTS have led to develop-
ment of a decade counting circuit
for use with such rheasuring equip-
ment as the Geiger-Mueller counter.
The basic Eccles-Jordan trigger cir-
cuit exhibits two stable states cor-
responding to conduction in either
one of two vacuum tubes'®. This
circuit has found wide application,
particularly as a scaling or count-
ing circuit’. Being a two-positioned
circuit, it is best adapted for count-
ing in powers of two (the binary
numerical system), and a calcula-
tion is often necessary to convert
the count to the more familiar deci-
mal number. Recently there have
been developed several ingenious
decade countirg circuits using com-
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binations of scale of two cir-

cuits"®*",
Multiple Stable States

If Eccles-Jordan circuits could be
constructed with more than two
states of stable equilibrium, still
other types of scaling and counting
circuits would be possible. A gen-
eralized Eccles-Jordan circuit hav-
ing N states of stable equilibrium,
where N can be any integer greater
than one, consisting of N tubes in-
terconnected in symmetrical fashion
is shown in Fig. 1. The intercon-
nections are such that conduction in
any one tube cuts off current in all
the others. These tubes, being cut
off, allow the conducting tube to

FIG. 1—Basic counter circuit consists of
interconnected tubes; the number of tubes
is determined by the desired scale base,
the circuit here being for a base of five

continue conducting current so that
the circuit is in a condition of stable
equilibrium. There are N such
equilibrium states corresponding to
the N tubes.

Several types of scale of N cir-
cuits can be constructed using this
basic circuit, perhaps the simplest
being that shown in Fig. 2, which
uses multigrid tubes. Conduction
in any one tube drives one grid in
each of the others negative, cut-
ting off current in them. This cir-
cuit suffers from the disadvantage
that the number of sensitive grids

INPUT  —

(NEGATIVE Ess_
PULSES) L

FIG. 2—A scale of three counter can be
built using tetrodes

in most tubes is small, hence N is
severely limited.

This limitation is avoided in the
diode-triode circuit shown in Fig.
3 for which N is 5. The plates of
the multiple diodes (actually several
duodiodes) are connected to the
grids of the several triodes. All
grids are biased at zero volts. Con-
duction in any triode drives the
cathode of the associated diode

negative with respect to its plates
(Centinued on p 174)
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~ Whenever and wherever space is at a premium . ..
in shavers, hearing aids, pocket radios, guide
missiles and other radio, electrical or electrgnic
devices . . . you can use one or more of these four
" miniature products [RC makes-by-fhe-million.
For complete infermation, including dimensions, !
ratings, materials, constructibn, tolerances, write |
for comprehensive ca«tflog bulletins, - stating
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i{ watt for UHF. Resistance film permanently T 14 watt—insulated composition. Length
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Composition volume or tone control. : ‘Similar to TYPE H Control {left) in cppearance. i
Its 36 diameter and 12 overall - Wig” diameter. OFF and 3 opazrating positions. - :
depth include knob and bushing. § ik
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INTERNATIONAL

401 N. BROAD STREE

IN CANADA: INTERNATION

ANCE COMPANY

HIA 8, PENNSYLVANIA
. LTD., TORONTO, LICENSEE

Copyright, 1947, Intermational Resistance Company
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NEW PRODUCTS

Edited by A. A. McKENZIE

New equipment, components, packaged units,

allied products; new tubes. Catalogs and manu-

facturers’ publications reviewed.

(1)

RAYTHEON MrG. Co., 178 Atlantic
Ave., Boston 9, Mass. A new mag-
netostriction oscillator operating at
9 ke provides a means for research
into living organisms and chemical

Sonic Oscillator

mixtures. The equipment consists
of three parts—an electronic driver,
a hollow vibrator column, and a cup
assembly. Operation is simple and
full power is obtained within a min-
ute of connecting to the line. An il-
lustrated bulletin is available.

Ham 100-Watter (2)

SUPREME TRANSMITTER CORP., 280
Ninth Avenue, New York City.
Model AF-100 desk type transmitter
is a six-band 100-watt-output trans-
mitter housed in a rectangular
metal cabinet measuring 294 x 11%
x 18% inches. It covers the 10, 11,
15, 20, 40 and 80 meter bands for
cw, iew, a-m and f-m phone trans-
mission, with frequency modulation
in the 27.160 to 27.430 and 29 to
29.7 megacycle bands. The trans-
mitter is continuously tunable

throughout each band. A variable
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frequency oscillator followed by
slug-tuned buffer and doubler stages
ganged to the oscillator dial do the
tuning. Band changing is accom-
plished in the exciter by a band se-
lector switeh and in the final stage
by plugging in a coil. Power con-
sumption is 325 watts and the ap-
proximate weight is 125 pounds.

Eight-Gun Tube 3)
EvLectroNIic TURE Corp., 1200 E.
Mermaid Ave., Philadelphia 18, Pa.
The type TZ8P11 cathode-ray tube
has been designed for special in-
dustrial and medical applications in
which the registration of eight in-

USING THE NUMBERS

Readers desiring further details
concerning any item listed in the New
Products department can obtain the
information by using the cards fur-
nished as a stiff, colored insert else-
where in this department.

Place the number [(appearing to
the right of the heading) of one
item in which you are interested in a
circle and then fill out the balance
of the card according to directions
appearing on the colored sheet. Un-
numbered items listed at the end
should be procured direct from the
manufacturer or publisher upon pay-
ment of the fee noted.

dependent phenomena of transient
or random natures on a single 7-
inch screen is desired. The screen
can be supplied in any of the stand-
ard phosphors. Voltages up to 2,000
volts for the second anode and 4,000
volts for the third anode are re-
quired.

Frequency Record (4)

UNIVERSAL MICROPHONE Co., Ingle-
wood 2, Calif. The well-known
D61A Frequency Record used for
checking the audio response char-
acteristics of pickups and complete

lateral disc recording and reproduc-
ing systems is now offered as a 12-
ineh, 78-rpm Vinylite pressing.
Both sides of the disc are recorded
in duplicate.

Chokes ()

CAMBRIDGE THERMIONIC CORP., 445
Concord Ave., Cambridge 38, Mass.
The type LHC iron-core r-f choke
shown at the left is available in 8
standard values from 2.5 to 125
millihenrys with a current rating of
125 milliamperes. The type LAB
pie-wound r-f inductor at the right
will carry a maximum of 125 milli-
amperes and is available in types
that range in inductance between

§u
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Alignment with a Visual Alignment Signal Generator

(VISALGEN) eliminates guess-work and time consuming plotting.

® WHAT
The Wwa(gw

Does

Is Useful

® HOW
The TVisalgen

Operates

® WHERE
The Ticalgen

May Be Used

Aligns intermediate and radio frequency amplifiers in FM
and AM Communication and Broadcast Receivers, as well

as Broadband receivers of all types.

Saves time, instantaneously you see the entire frequency
response curve. Indispensable for FM discriminator and

overcoupled circuit alignment.

Gives a wide band FM output synchronized with a linear
sweep, so that the overall frequency response of the

circuit under test is seen on an oscilloscope screen.

The Visalgen, available in two models: the 205TS (500KC
to 20 MC) and the 204TS (20 KC to 500 KC) is useful in
Development Laboratories, Production Testing or on the
service bench. In short, wherever fast accurate alignment
is necessary.

A matching oscilloscope is also available in a separate cabi-
net or installed with either VISALGEN in a single cabinet.

IMMEDIATE DELIVERY — HARVEY) WRITE FOR FURTHER INFORMATION

OF CAMBRIDGE
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0.75 and 15 millihenrys, a total of 8
standard values.

Simplified Loran

Indicator (6)

Puirco Corp.,, Philadelphia 34,
Pa. New equipment for taking
more accurate loran navigational
fixes has just been announced. The
Seaguide uses new miniature
tubes, contains a pulse-locking cir-
cuit, and weighs 35 pounds. It can

be supplied for 60- or 400-cycle
operation and is small enough for
installation in large aircraft. Two
knobs with associated counters
allow the navigator to set up lines
of position from two pairs of trans-
mitting stations in rapid succes-
sion and thus show a fix.

(7
TeELEvVISO ProbpUCTs Co., 7466 West
Irving Park Road, Chicago 34, IIL
The U-300 and U-500 Ultrasons
have been developed as sources of

Ultrasonie Generator

ultrasonic energy for experiments
in the superaudible region between
7.5 me and 400 ke. A bulletin is
available describing the equipment
and listing a bibliography of techni-
cal references.

F-M Tuner (8)

PACKARD-BELL Co., Inc.,, Box 3219
Terminal Annex, Los Angeles 54,
Calif. A tuner unit for reception
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of f-m broadcast stations can be
connected to a radio-phonograph
combination or any other conven-
ient audio amplifier and loudspeaker
system. The unit is designed to
adapt existing broadcast receivers
to reception from the new medium.

Reluctance Pickup

Preamplifier (9)

GENERAL ELECTRIC (0., Syracuse,
N. Y. A preamplifier for use with
the variable reluctance pickup uses
a single tube and associated cir-
cuit to match the pickup output im-
pedance to a radio receiver audio in-
put circuit. The combination pro-

vides sufficient preamplification to
play records through the receiver,
at the same time giving best tone
compensation.

Playback Arm (10)

GRAY RESEARCH AND DEVELOPMENT
Co., Inc.,, Elmsford, Westchester
Co., N. Y. Offset or straight play-
back arms are available for use with
highly-compliant cartridges. The

new arms are fabricated from mag-
nesium and have a precision ground
angular-contact ball pivot. Without
cartridge the arms are priced at
$35.

Plug-In Audio Facilities (11)

THE LANGEVIN Co0., 37 West 65th
St., New York 23, N. Y. The rack
mount illustrated is set up for three
116A preamplifier or booster am-
plifier types and two 117A program
or monitor amplifier types. The

plug-in construction allows equip-
ment to be quickly removed and an
identical component plugged into
its place. Another feature of this
broadcast equipment is that only
the two equipment types and the
two tube types are necessary be-
tween microphone and transmitter
input.

Interstage Coupling Unit (12)

CENTRALAB DivisioN of Globe-
Union, Inc., Milwaukee 1, Wis. A
new commercial application of
printed electronic circuits is em-
bodied in the Couplate. The stand-
ard unit designed to suffice for in-
terstage coupling in over 90 percent

of all radio receivers now in use or
production measures 1 by % by 3
inch. It comprises a coupling ca-
pacitor, 0.01 microfarad; plate r-f

bypass, 250 micromicrofarads;
{continued on p [94)
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DE MORNAY - BUDD
STANDARD TEST EQUIPMENT

For Precision Measurements in the Microwave Field

The complete line of De Mornay-Budd standard
test equipment covers the frequency range from
4,000 mes. to 27,000 mcs. It provides all R. F.
waveguide units necessary for delicate, precision
test work requiring extremely high accuracy in
attenuation measurements, impedance measure-
ments, impedance matching, calibration of di-
rectional couplers, VSWR frequency measure-
ments, etc.

To eliminate guesswork, each item of this
De Mornay-Budd test equipment is individually

tested and, where necessary, calibrated, and
each piece is tagged with its electrical character-
istics. All test equipment is supplied with. inner
and outer surfaces gold plated unlass otherwise
specified.

NOTE: Write for complete catalog of
De Mornay-Budd Standard Components
and Standard Bench Test Equipment. Be
sure to have a copy in your reference
files. Write for it today.

The three test set-ups illustrated above include:

Tube Mount
Flap Attenuator

Tunable Dummy Load
Standing Wave Detector
Frequency Meter
Calibrated Attenuator

Type “N” Standing Wave Detector
Directional Coupler

Tee Hight Power Dummy Lload
Stub Tuner Cut-Off Attenuator
Stands, etc.
nal < W __|_=:__

- | KRN {of"
i\ / A 2
T A [_‘II“‘___:"'
1 I B ., ] .:E; o
= o
% _?w EQUIPMENT
. FOR
97% OF ALL
RADAR SETS

DE MORNAY * BUDD INC., 475 GRAND CONCOURSE, NEW YORK 51, NEW YORK. CABLE ADDRES5 ‘‘DEMBUD,” N. Y.
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NEWS OF THE INDUSTRY

Edited by JOHN MARKUS

Latest list of preferred tubes; radio—con-

ference delegates;

d-f

services for lost

pilots; sunspot predicting service; FCC news

FCC Schedules Mobile Radiotelephone Hearing

PROBLEMS invited by rapidly ex-
panding use of radiotelephone for
communication with vehicles will be
considered at an FCC hearing Sept.
8 at the Commission’s offices in
Washington, D. C. with respect to
the service-allocation of frequencies
for the General Mobile Service.
Each interested person may appear
and participate fully in such hear-
ing provided he files with the Com-
mission, on or before Aug. 15, 1947,
a written notice of appearance to-
gether with 15 copies of a statement
setting forth the names of the wit-
nesses he intends to call at the hear-
ing and a summary of the testimony
and exhibits each witness will offer.

Forty channels are now provided
in the 30-40 and 42-44 mc bands
for Highway Mobile experimenta-
tion, including water, land, and air
craft. Twenty-four channels are set
aside in the 152-162 me band for
Urban Mobile service on the basis
of shared use with rural subscriber

and short-distance toll telephone
service.

As a general rule, highway use
covers service between cities and
in the open country, while urban
service means local use within a
radius of 25 miles.

The common carrier type of mo-
bile radiotelephone service is ex-
panding at a rapid rate, with urban
service somewhat more in demand
than highway service. The rate of
expansion is delayed only by the
inability of manufacturers to fur-
nish the necessary radio equipment
as rapidly as required. Even so,
common carrier mobile service has
been authorized in 58 cities in the
United States, and also in Honolulu.
It will be provided, for the most
part, by the Bell System and inde-
pendent telephone companies. The
telephone industry has authoriza-
tions for about 5,600 mobile units in
the urban service. Its projected
investment totals about $6,000,000.

LAND STATIONS

® 1 Senvce or Under Construcho:
© FEC Aapicalon Fried or Be g Prepared

Status of mobile radiotelephone service installations by the Bell System. More than
30 of the cities shown as having equipment in service (solid dots) in the 30-44 mc
band also have urban mobile radiotelephone service in the 152-162 mc band

144

Thirty-seven licensees have been
authorized to charge for this serv-
ice.

~ Gommon carrier highway service
is proposed for 79 domestic cities
and two in Hawaii. Some 3,200
mobile units have been authorized
in this category which, together
with land stations, represent an in-
vestment of $4,500,000.

In highway system operation, the
mobile service operator may have
control of more than one land trans-
mitter. When the vehicle is beyond
the range of the first transmitter,
another transmitter is employed,
and so on progressively until the de-
sired vehicle is contacted.

Many economic problems enter
into the establishment of mobile
systems by independent users. For
example, the present commitments
of the taxicab industry zlone are re-
ported to approach $15,000,000.
Adequate systems cost between
$6,000 and $10,000. Many small
business organizations which could,
perhaps, make good use of mobile
radio communications have hesi-
tated to go into experimental oper-
ation because of the cost and the
uncertainty of being permitted to
continue at the conclusion of the
experimental period.

Representatives of the taxicab,
intercity passenger bus, and truck-
ing industries each petitioned the
Commission for assurance that
their  experimental investment
would not be lost as a result of fu-
ture service determinations. The
Commission recognizes the need for
these services and is making pro-
vision for them compatible with the
need of other services and the avail-
ability of frequencies.

Marine Radar Report

AsS A RESULT of the International
Meeting on Marine Radio Aids to
Navigation (IMMRAN) held April
28 to May 9 in New York City and
New London, Conn., delegates of
the 31 nations attending issued the
following conclusions with respect
to radar: High-resolution shipborne
radar with ancillary devices hav-
ing suitable and approved minimum
performance capabilities and oper-
ated by qualified personnel is a de-
vice having wide applicability to
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WANTED: ;

Experienced Senior Project Engineers
for Responsible Positions in
the Development of...

OSCILLOSCOPES,
TELEVISION and
UHF EQUIPMENT

If you are an electronic engineer with an outstanding background—
academic and practical —one of these jobs may be the opportunity
yvou have been waiting for.

This progressive, medium-sized organization needs men with superior
ability, fully experienced in the development of oscilloscopes, television
and ultra high frequency equipment.

Applications are invited from top men to carry on projects under their
own direction in modern, fully-equipped plant situated in attractive
south-east New Jersey within one hour's ride of New York City.

If you can qualify, send us a resume of your education, experience,
age and salary requirements. Or, if you prefer, telephone us for an
appointment at Matawan 1-1049.

LawoieSaboralorics.
RADIO ENGINEERS AND MANUFACTURERS
MORGANVILLE, N. J.

“Specialists in the Development and Manufacture of LF and HF Equipment
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maritime use for anticollision, pi-
lotage, above-water obstacle detec-
tion, and general position-fixing
within range of suitable fixed radar
targets either natural or artificial
(active and passive). This radar
should (a) provide display of a
target down to a minimum range of
100 yards, (b) provide display, as
two distinct indications, of targets
at the same range separated by not
more than 3° in azimuth, and (3)
° provide display as two distinct indi-
cations, on the shortest range scale,
of targets on the same azimuth sep-
arated by 100 yards in range.

A shipborne radar with reduced
performance requirements and gen-

erally understood to be an anticolli-
sion radar against large ships is
completely inadequate for the full
requirements for position fixing
and navigation in coastal and pilot-
age waters.

A universal performance specifi-
cation for shipborne radar is an es-
sential prerequisite of the compul-
sory carrying of equipment by cer-
tain classes of ships.

Early action to make the fitting
of radar compulsory is not contem-
plated; this question can be more
appropriately examined later.

The administrations of the coun-
tries in which these apparatus are
manufactured should consider the

possibility of issuing specifications
serving as a temporary guide for
the industry and the purchasers of
these apparatus.

A simple and reliable overall per-
formance monitor is essential.

A suitable device should be de-
veloped to provide accurate and
positive identification by radar of
navigational markers, dangers, and
shore features. Reflectors should be
installed on selected navigational
markers in order to facilitate the
differentiation of those markers
from other echoes, including sea re-
turn.

A solution to the problem of in-

{continued on p 244)

Preferred List of Army-Navy Electron Tubes

Fila- Pentodes Tuning| ! Miscellaneous
\r?elnt Diod TDiode . Twin |— —| Con- | Kly- | Power | Indi- R | s .
olt- iodes | Triodes|Triodes| Triodes verters | strons| Output | ca- ectifiers athode rys-
age l | Remote Sharp tors ! Ray tals
1.4 [1A3 l 35 1T4 1S5 1R5 3A4 122 2AP1A IN21B
i 1U4 354 1B3GT/8016 3DP1A 1N23B
[ I 3v4 3JP1 1N25
——— - —— -13JP7 1N26
5.0 5U4G 3JP12 TN31
5Y3GT 5CP1A 1N32
P r— | —|——————|5CP7A
6.3 2B22 |6AT6 |2C40 [2C51 |6BA6 |6AC7W [6BE6 |2K22 [6AK6 6E5 |0Z4A 5CP12 Photo-
6AL5 |6BF6 [6C4 6AS7G |6BD6 |6AGS 6SA7* |2K26 |6AQ5 6X4 5FP7A tubes
IGSQ7* 6F4 6J6 6SG7* |6AG7 6SB7Y |2K29 |6B4G 6X5GT 5FP14
6SR7* |6J4 6N7GT |6SK7* |6AH6 2K41 |6L6GA 1005 5JP1 1P30
6N4 6SL7W 6AK5 2K45 |6V6GT 1013 7BP7A 1P37
6SN7W, 6ANS5 2K48 |6Y6G 12DP7A 1P39
12AU7 6AS6 2K50 ————1P40
6AU6 2K54 Voltage 927
[ 6SH7* 2K55 Regulators
I 6SJ7* 6BL6
————|0A2
25 or over 25L6GT 25Z6GT 0B2
0A3/VR75
Only types for 0C3/VR105
28 volts anode (26C6 26A6 26D6 26A7GT 0D3/VR150
supply
operation |

GT, Y, W, A, B, etc. may be used.

* Where direct interchangeability with prototype is assured and its JAN-1A specifieation has been issued, types with suflix letters

Rectifiers et

Tet- | Twin | Pen- Pulse Clipper CasisWithing

Triodes rodes | Tet- todes | Modu- Magnetrons Grid | Tubes

rodes lation Vacuum| Gas | Control ATR TR
2C39 250TH | 4D21 8D21 2E30 [3D21A 2J30-34 4J51 2X2A 3B28 2D21 3B26 1B35| 1B23
2C43 450TH | 5D22 | 8298 3C45 2J41 4J57-59 [3B24W |4B26 C58 4B31 1B36 | 1B24
6C22 811 807 832A 3E29 2J48 4J78 5R4GY | 6C 6D4 719A 1B37 | 1B26
6C24 880 4C35 2451 5J26 836 16B 393A 1B44 | 1B27
7C24 889RA 5C22 2J58 5J29 1616 857B 394A 1B51 | 1B32
9C21 893A 6C21 2J60 5J32 8020 8698 884 1B52 | 1B50
9C22 893AR 715C 2J61A—-62A 5J33 872A 1853 | 1B55
100TH - 3J21 6421 1006 1856 | 1B58
4J50 HK7-T 1B57 | 1B62

(Series) | 1B63A

Receiving types are listed in upper section, transmitting types below. This preferred list, dated Jan. 28, 1947, supersedes the
previous list dated Nov. 1, 1945 and published in the March 1946 ELECTRONICS, p 300. The purpose of the list is to effect an

eventual reduction in the variety of tubes used in Service equipment.

It is mandatory that all tubes to be used in all future

design of new equipments under the jurisdiction of the Army laboratories or the Navy department be chosen from this list. Pro-

visions are made for certain exceptions,

however.

For permission to use other tubes in Army equipment., write to the Army

Laboratory concerned with such equipment: for Navy equipment, write to Electronics Division, Bureau of Ships, Code 930-A, Navy
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Department, Washington, D. C.

July, 1947 — ELECTRONICS



SINTERED |

REAL ECONOMY
FOR SMALL SIZES
AND ODD SHAPES

.+« BETTER UNIFORMITY CHARACTERISTICS, GREATER MECHANICAL STRENGTH

O

Here is new help on permanent magnet problems—from one
of the largest, oldest and most widely experienced producers
of molded and sintered components in the industry.

Stackpole *Alnico Il offers notable economy in the pro-
duction of urits up to two ounces. Odd shapes are a specialty.
Engineering recommendations based on your requirements
gladly submitted.

* licensed under G-E patents STACKPOLE CARBON COMPANYI ST’ MARYSI PAO

BRUSHES and CONTACTS (all carbon, graphite, metal and composition types) —IRON CORES —RARE
METAL CONTACTS —RHEOSTAT PLATES AND DISCS — CHEMICAL CARBONS— WELDING AND BRAZING
CARBONS — MOLDED PUMP and FLUID DRIVE SEALS — CARBON RHEOSTAT PILES — COIL FORMS, etc., etc.
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FOR SEMS WAS

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

The latest type recessed-head screw.
Screw locks on driver. Can’t fall off.
No screw-driver slippage. Easy to as-
semble. Exceptional driver life. Ordi-
nary screw-driver may also be used.

HER SCREW ASSEMBLIES

See SCOVILL!

RECESSED HEAD SCREWS

FOR PHILLIPS

Increase assembly speed up to 50%!
Cut down: injuries to workers with no
burrs, no skids. Reduce production costs.
Reduce rejects! Improve product ap-
pearance! Go modern with Phillips!

Scovill is expert in cold-forging unusual
special fastenings, such as the one
shown. Scovill designing ability, engi-
neering skill, men and machines save
money for customers. Consult Scovilll

Look at the fastenings you're now using—and see if they're
the best for the job. Get better results—at less cost—with

modern fastenings. If you use fastenings in large quantities,
it will pay you to find out what Scovill can do for you. Fill

out and mail the coupon below—now!

MAIL COUPON TODAY!

——
pa—
——

MPANY !

[/ - ING CO
r ViLL NUFACTUR ucts DIVISION .7y
\ SCO e SCREW PROD
ATERY CONN.

rmation ont .
rew Assemblies

4 Head Screws

e info

QUALITY FASTENERS oo
FOR NAME
QUANTITY CUSTOMERS

COMPANY /

ADDRESSr
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| TUBES AT WORK

{continued from p 134}
as would be the case with appre-
ciable stray coupling.

The noise limiter is the double-

| action automatic threshold type.

Even though the threshold is raised
when the beat oscillator is turned
on, the limiter is effective on noise
encountered during code reception

| due to its double action type of

operation. A control on the front
panel is used to adjust the threshold
at which limiting action starts. The
NC-173 covers the frequency range
from 540 to 31,000 ke, plus the
range from 48 to 56 mec.

Elecironic Speed Cop

LATEST “miracle” of electronics to
develop from radar techniques is
a speed meter that operates on the
principle that a radio wave reflected
from a moving target will shift
wavelength proportional to speed of
movement of the target. Micro-
wave energy is radiated from the
antenna unit, a portion of the en-

| ergy striking the surface of the ve-

hicle and being reflected back to the
unit. The direct and the reflected
signals are received and mixed, and
the output signal contains the dif-
ference frequency which is directly
proportional to the vehicle speed in
miles per hour. This speed is read
on the linear scale of the meter, cali-
brated in miles per hour.

The operating zone normally ex-
tends about 150 feet in front of the
antenna. Speed range of the S-1
model is 0 to 100 miles per hour,
accuracy being within 2 miles per
hour throughout the range.

A spring-wound graphic recorder

The electronic speed cop is pointed at
advancing or receding traffic to provide
direct reading of vehicle speeds
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Metallurgists, foundrymen, weld-
ers, radiographers, designers, en-
gineers, production and quality-
contrel engineers . .. here’s a new
book you’ll want to study. It's a
text of modern industrial x-ray
practice . . . the most complete
treatment of the subject yet pub-
lished. Price $3.

Radiography ..

(e

s @Y Industry’s

3
% v‘

~ X-ray Answer Book

® Do you have questions about radiographic practice? Here’s a
book that will help you answer them . .. quickly, authoritatively.

It contains 122 pages of up-to-date data on such topies as
radiography’s function in industry; x-ray generating apparatus;
factors governing exposure; the arithmetic of exposure; sensi-
tivity and detail visibility; special technics...and many more
subjects just as vital in radiation theory and practice.

This important new book on radiography is packed full of
excellent illustrations . . . 64 descriptive photographs . . . 38 color-
ful drawings . . . 44 clearly presented tables and charts . . . all
newly published. 1t will provide you with many answers . . . on
where and how to use the radiographic process . . . how to gel
the best out of your x-ray equipment.

Only $3. Order your copy from your local x-ray dealer!
Eastman Kodak Company, Rochester 4, N. Y.

another important function
of photography
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MEASURES 0.0001 OHM
'I'O II II MEGOHMS

INSTRUMENTS IN

Shallcross Combined Kelvin-

Wheatstone Bridge #638- 2 P

Save time and money by mak-
ing both low and high resistance
measurements with this single port-
able and highly durable instrument.
Ideal for production, field or lab-
oratory work that requires a de-
pendable instrument of a type that
doesn’t have to be kept under lock
and key because of extreme deli-
cacy and high cost.

Used as a Wheatstone Bridge
for measurements between 1 ohm
and 1 megohm, normal accuracy
is better than 0.3%,. Low resistance
measurements on the Kelvin range
utilize current and potential ter-
minals to eliminate lead and con-
tact resistance. Kelvin measurement
accuracy is 3% or better, which is
satisfactory for most all low resist-
ance measurements. Write for the
Shalleross D-C Bridge Bulletin.

SHALLCROSS

ENGINEERING

MANUFACTURING

HEADQUARTERS FOR
HIGH-VOLTAGE
TEST EQUIPMENT

Shallcross Kilovoltmeters,
Kilovoltmeter Multipliers
and Corona Protected Re-
sistors are available in
types for practically all
high-voltage test and
measurement purposes.
Special high-voltage in-
struments designed to
match your needs. Write
for Shallcross Bulletin F.

MANUFACTURING

COMPANY

DESIGNING

DEPARTMENT ] COLLINGDALE, PA.

TUBES AT WORK (continued)

may be plugged into an auxiliary
circuit and will furnish a graphic
record of the speed of the moving
vehicles. This operates at a speed of
1.5 inches per minute and holds 100
feet of tape.

The instrument has numerous ap-
plications in traffic engineering
studies and also in the police field.

As designed by engineers at
Automatic Signal Division of East-
ern Industries, Inc. of Norwalk,
Conn., the meter operates either
from a 6-volt automobile battery or
a 115-volt 50-120 cycle power supply.
The current drain from a storage
battery is about 8 amperes and the
a-c power rating is approximately
50 watts.

Since thespeed meter radiatesen-
ergy, it is necessary that a station
license be obtained from the FCC.
An operator’s license is not required
for an authorized employee to use
the meter within the territory of
the applicant, but the Commission’s
regulations require that only the
holder of at least a second-class
license may adjust or service the
equipment.

Electronic Micrometer Uses
R-F Energy

AN ELECTRONIC micrometer used to
measure the displacement of a six-
inch turbine shaft in its journal is
so sensitive that a deflection of 0.01
inch of the center of the shaft pro-
vides a two-inch movement of the
center spot on a cathode-ray tube.
Readings to 0.001 inch are easily
obtained and the indication on a
meter is linear to within a fraction
of one percent.

Developed by M. L. Greenough
of the National Bureau of Stand-
ards, the instrument was primarily
designed to afford a means for
measuring thickness of the oil film
in the bearings of a large Navy
turbine shaft.

The circuit of the unit utilizes
the fact that r-f energy radiated
from a coil is at zero at the surface
of a perfectly conducting shield ad-
jacent to that coil. This phenome-
non occurs because the eddy cur-
rents set up in the shield by the
field of the radiating coil create
their own opposing magnetic field
at the surface of the shield. The
opposing field exactly cancels the
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AS WELL AS

The smooth inside surface of IRV-O-VOLT
1 tubing speeds assembly, even with stranded
wire, and cuts >roduction time and cost. In
addition, the light inside varnish coating
provides a margin of moisture and insulation
protection should the outside varnish coating
become chafed. IRV-O-VOLT tubing is
mechanically strong and flexible; it cuts clean
{ and the cut ends remain smooth and unfrayed.
Because of the inside varnish coating, wicking
J action of the fabric base is eliminated when
tubing is used with oil in transformers.
1 IRV-O-VOLT tubings are fabricated with
| specially formulated Irvington varnishes skill-
fully applied to selected, accurately rounded

RV-0-VOLT
VARNISHED TUBING

SPEEDS ASSEMBLY ... INCREASES INSULATION PROTECTION

Photo—Courtesy D. W. Onan and Sons, Inc.

4

cotton, rayon, or Fiberglas tubular braid. They
have high dielectric strength . . . withstand
continuously high temperature . . . and are
extremely resistant to oil, and moisture.
Becanse *'it’s the varnish that insulates”
IRV-O-VOLT tubings possess the excellent
electrical characteristics and long life common
to all Irvington flexible varnished insulations.

Each grade of IRV-O-VOLT varnished tub-
ing and saturated sleeving meets its respective
A.S.T.M. specification and Varnished Tubing
Association Standard.

Generous samples of Irvington Varnished
Tubings and Sleevings — and also lacquer-
coated tubings — will be sent oo request.

| IRVINGTON

' Veavvredsts & Fnseclalion %OMM

IRVINGTON 11, N. J.

Avuthorized distributors in: BAlIIMl]?E + BLUEFIELD, W. YA. - 30STON - CHARLOTTE - CHICAGO - CLEVELAND . DALLAS - DENVER - LDS ANGELES - MINNEAPOLIS

_NEW HARTFORD, N. Y. - NEW YORK - NEW DRLEANS PHILADELHIA PITTSBURGH ST. LOUIS
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Brush Plated Wire

1~ Constant plating thickness
assures uniform signal

1 Correct balance of magnetic

properties assures good
frequency response and high level
v Excellent surface finish assures
low noise and minimum wear
p* Corrosion resistant

1 Easy to handle—ductile
—can be knotited

Brush
Wire Recording Heads

Of principal interest are their
excellent electrical characteristics,
exireme simplicity of design
to avoid trouble, and the "hum-bucking”
characteristics, which reduce
the effect of exiraneous magnetic
fields. When required, the
head cartridge alone (pole piece and
coil unit) may be supplied for
incorporation into manufacturers’
own head structure.

Hysterysis loop of
Brush plated wire.

P

Cross section of
Brush plated wire.

The new Brush wire
recording head.

These latest
developmentis in
magnetic recording
equipment can now be obiained for
radio combinations and other uses.
Brush engineers are ready to
assist 'you in your particular use of
magnetic recording components.

The Brush Development Co.

3405 Perkins Avenue Cleveland 14, Ohio
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TUBES AT WORK {continued)

incident field at the surface of the
metal plate.

Moving the pickup coil away from
the shield, in the direction of the
radiating coil, allows it to pick up a
certain amount of energy because
the radiated field becomes stronger
while the field set up by the cur-
rents of the shield becomes weaker
due to the change in distance. This
condition becomes more marked as
the distance between the pickup
coil and the shield inoreases.

The metal background is not a
perfect conductor and the coil has
measurable thickness so a minimum
reading is obtained when the pickup
coil is in contact with the metal
background. Correction is made by
addition of a third coil which per- .
mits a zero reading to be obtained.

Radio-frequency current is ap-
plied to the radiating coil, and
when the micrometer is held at
some distance from any metallic
object, the field from the radiating
coil induces voltage in the pickup
coil, which is measured either on an
oscilloscope or a meter.

For use as a micrometer, the coil
assembly is mounted on a movable
shaft so that it can approach or
recede from a metallic plate. The
material to be measured is placed
between the pickup coil and the
metallic plate and pressed lightly
between them. When the material is
removed, the amount of current
generated in the pickup coil is an
indication of the thickness of the
material which occupied the space.
Calibration of the meter is made

Thickness of a paint spot is measured
with the electronic micrometer by its de-
signer M. L. Greenough of the National
| Bureau of Standards electronic instruments
laboratory
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Lead-In Lines Play an Important
Part in Television Reception

The effects of attenuation and impedance mismatch
on FM and Television reception are minimized by
Anaconda Type ATV* lead-in lines.

The satin-smooth polyethylene insulation of Type
ATYV line sheds water readily, thus avoiding subse-
quent impedance discontinuities. This material also
has exceptionally high resistance to corrosion. Count
on Anaconda to solve your high-frequency transmis-
sion problems—with anything from a new-type lead-in

line to the latest development in coaxial cables. s
*An Anaconda Trade-Mark

A ANACONDA WIRE AND CABLE COMPANY

ELECTRONICS — July, 1947

AType ATV Lead-In/; %
for Every Need (./ gfi

Anaconda offers a complete selection of Type ATV
lead-in lines for 75, 125, 150 and 300 chms imped-
ance unshielded and 150 ohms shielded. For an
electrical and physical characteristics bulletin, write
to Apraconda Wire and Cable Company, 25 Broad-

way, New York 4, N. Y.




ELECTRONIC VOLTMETER,

BAllANTINE

' MODEL 300
ELECTRONIC
VOLTMETER

MQDEL 220
DECADE
E AMPLIFIER

since 1935
the only VOLTMETER
featuring a simplified
LOGARITHMIC SCALE

 MODEL 402
- MULTIPLIER
A . =58 |

10 MICROVOLTS
to 10,000 VOLTS

ONE BILLION TO ONE— This enor-
mous range of AC voltages—is easily
covered by the Model 300 Voltmeter,
Model 220 Decade Amplifier and Model 402
Multipliers illustrated above. The acecuraey is
2% at any poinlt on the meter scale, over a fre-
quency range of 10 cycles to 150 kilocycles. The
Model 300 Voltmeter (AC operated) reads from
001 volt to 100 volts, the Model 220 Amplifier
(battery operated) supplies accurately standard-
ized gains of 10x and 100x and the Model 402
Multipliers extend the range of the voltmeter to
1,000 and 10,000 volts full scale.

Descriptive Bulletin No. 10 Available

BALLANTINE LABORATORIES, INC.

BOONTON, NEW JERSEY, U.S.A.
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TUBES AT WORK {continued)

in thousandths of an inch to give
a direct measure of distance or
thickness.

To measure the displacement of
the turbine shaft in its journal,
four of the coil units were spaced
equally around the turbine shaft.
Each coil unit is about % inch in
diameter by % inch in length and is
able to measure distances from zero
to 0.02 inch.

The coil unit can also be employed
in a phonograph pickup. Then the
vibration of a flat-plate armature
fastened to the needle causes a
change in the position of this ar-
mature with respect to the pickup
coil. The modulated output may be
rectified and fed into an amplifier
for reproduction. In a test of this
arrangement, a 455-kec signal was
fed into the i-f stages of a conven-
tional superheterodyne and satis-
factory operation obtained.

If vibrations adjacent to the
pickup coil are created by a metallic
diaphragm, and the movement of
this diaphragm in turn causes fluc-
tuations in the output of the pickup
coil a microphone can be made.

The coil unit may be also used
as a thermometer. A strip of bi-
metal of convenient length is so
mounted that it extends in a path
parallel to the end plane of the
pickup coil, positioned closely adja-
cent to that coil. As the bi-metal bar
bends in accordance with heat, its
free end is brought closer to or
farther from the pickup coil and
an indication is given on a meter
calibrated in degrees.

For use as a tachometer or speed
indicator, the end plate of a flyball
governor may be so mounted as to
approach or recede from the pickup
coil as the speed of the rotation of
the governor increases or decreases.
Many other uses of the unit will
probably be found.

Shunt-Fed Wing Antenna

A NEW system of external antenna
wiring for airplanes which will help
to eliminate radio static under in-
clement weather conditions has been
announced by Air Material Com-
mand engineers at Wright Field.
Present exterior antennas inter-
rupt the sleek contours of airplanes
designed for supersonic speeds, in-
crease the drag which cuts down
the speed, and present protruding
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See for yourself how Truarc
slashes assembly time, cuts costs

new way

2 MINUTES vs. 2 SECONDS!

Right before your eyes is visual proof of how much assembly
time can be cut. Each of the many light streaks in the first
photo traces another time-taking arm motion, increasing
fatigue and reducing efficiency. In the second photo, one
Waldes Truarc Retaining Ring replaces six screws and a
collar. The assembler uses one tool—a pair of Truarc pliers.
The single light streak means one arm-motion. Less time is
required for job-training, because Truarc guarantees
accurate relationship of parfs regardless of the skill of the

- TRUARC

WALDES KOHINOOR, INC,, LONG ISLAND CITY 1, NEW YORRK
Canadian Distrib.: Controlite Engineering & Sales Ltd., 20 Bloor Street W., Toronto 5

"WALDES

Reg. U. S. Pat. Off,

RETAINING RINGS

assembler. Truarc means lighter weight, less bulk. Production
and maintenance men find Truarce Rings cut labor and
material costs wherever they're used. Their unique taper
design assures constant circularity. Their never-failing grip
does a better job of holding machine parts together.

There are different Truarc rings for different applications:
see what can be done for your product. Send your drawing
to Wcldes Tivare Technical  Service Engineers for individ-
va!l attention, without obligation.

*Mail this coupon today for your copy of
“New Development in Retaining Rings”

S
“"“\““‘i\,g.s,l__ —— e = o — —— o —
Waldes Kohinoor, Inc., 47-10 Austel Place H

Long Island City 1, N. Y. 1

Please send booklet, 'New Development In Retaining i

Rings’’ to: i

Mame 1

Title. :

| Company ]

i Business Address 1

| |

I ngy Zone. State. I

[ Y L. L L P L L

WALDES TRUARC RETAINING RINGS ARE PROTECTEO BY U. 5. PATS. 2,3D2,948; 2,026,454, 2,416,852 AND OTHER PATS. PEND.
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MODEL 99

MODEL 9

5
WITH MICROPHONES BY TURNER
The smooth performance and rugged depend-
ability of Turner Microphones are the result of
sound engineering, highest quality materials, and
faultless workmanship.

For voice and music, for voice alone, or for
any special sound application rely on Turner for
greater satisfaction. Turner engineers will be glad
to make impartial suggestions as to the right type
microphone for your particular job.

ASK YOUR DEALER OR WRITE

THE TURNER company

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

N

TURN TO TURNER—THE PASSWORD TO SOUND PERFORMANCE
LICENSED UNDER U, S. PATENTS OF THE AMERICAN TELEPHONE AND

TELEGRAPH COMPANY, AND WESTERN ELECTRIC COMPANY, INCORPORATED.
.C%YSTALS LICENSED UNDER PATENTS OF THE BRUSH DEVELOPMENT CO.
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TUBES AT WORK (continued)

surfaces which tend to pick up ice
in icing conditions. Because of this
it has become necessary to devise
new types of radio antennas.

Exciter coils are installed be
tween the inboard engines and fuse-
lage that energize the entire wing
structure so that the wing itself
acts as an antenna. Operation is
superior to the standard wire an-
tenna that stretches from wvertical
stabilizer to cowl or the trailing
wire antenna. These two standard
types of antennas prevent drag, ic-
ing, and oscillation problems. Icing
and oscillation of the unstabilized
wire antennas bring about a frying-
egg sound in receivers.

Another experimental antenna in-
stallation recently made by Wright
Field engineers is a flush-mounted
slit antenna at the side gunner’s
position of a B-17, which would be
adapjable to most types of aircraft.
This installation is intended for use
with homing devices installed in
aircraft.

Shore-Based Radar for
Port of Liverpool

PRECISION 3-cm radar with a sector-
scanning antenna having a bearing
discrimination of better than 1 de-
gree is now being constructed by
Sperry Gyroscope Co. Ltd. of Eng-
land for installation at Gladstone
Dock in Liverpool. Operation is
scheduled to begin in the spring of
1948. The equipment will serve for
harbor supervision, showing the
exact positions at any instant of all
ships in the channel approaches and
their relationship to all buoys in the
Liverpool Bay area under all
weather conditions.

The control console will have five
cathode-ray displays arranged in

Control console of Liverpool harbor radar.
The presentations on the five cathode-ray
tubes will permit talking ships up and
down the winding approach channel by
radiotelephone in the thickest fogs
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Sclenoid High Vacuum Valve
110 Volts D. C.

DP

C

For further information en Solenoid
High Vacvum Valves write —

INDUSTRIAL high vacuum processes . .. the manufacture of
refrigeration units, electronic tube production using trolley
exhaust systems and rotary machines... demand maximum
efficiency. Elimination of manual control with jts waste of
time and labor can be a large part of the solution.

The new DPI Solenoid High Vacuum Valves provide instant
finger-tip control over high vacuum systems. They constitute a
positive advance toward fully automatic control of high
vacuum production. What savings they can deliver in time
and effort, and how far they can “close the gap,” can be de-
termined only after individual study.

Vacuum Equipment Division

— DISTILLATION PRODUCTS, INC.
Rochester 13, N. Y.
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MX Rim Drive Constont Speed
Electric Phonograph Motor

“N\B\E \‘-“4\

3ow

owCl FEATURES
FOR SMOOTH PERFORMANCE

You’ll gain highly pleased customers
when you equip your phonographs with
Smooth Power MX Motors. That’s be-
cause of finer performance given by:

1. AMPLE POWER AT CONSTANT SPEED . . .
nates instantaneous speed variations.

2. SUPERIOR IDLER ARRANGEMENT . . . permits idler
pulley to move smoothly and quietly in any horizontal
direction with no vertical wobble.

3. LOW RUMBLE LEVEL. . . obtained by scientific noise
elimination, accurate balancing and adequate cush-
ioning.

4, ANTI-FRICTION BEARING CONSTRUCTION . .
precision-cast bearing brackets maintain  accurate
centering of shaft in bearing and rotor in field.

5. NO EXTERNAL MOVING PARTS . . . internal fan
provides adequate cooling, simplifies shipping and
installation.

Plan now to give your customers that
smoother, finer performance that’s a
“natural”’ with Smooth Power Motors.

Send for details on the complete
Smooth Power line of phonomedtors,
recorders and combination record-chang-
er recorders. They’ll make friends for
your products.

Smiith Fven

GIl-RM4 Rim Drive, Heavy Duty

Electric Recording Motor elimiZ

GI-RCI30 Combination Record-
Changer Recorder

GI-R90 Dual Speed, Home
Recording and Phonograph
Assembly

me GENERAL

INDUSTRIES co.

rageinsaic

DEPT. ME . ELYRIA, OHIO
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TUBES AT WORK {continued)

logical relation to each other. The
first will show the entire scanning
sector for the 20-mile range of the
equipment, and the next four will
each show in enlarged form a pre-
cision picture in the limited arc and
range corresponding to the portion
of the Channel being monitored.
Buoys and other fixed navigational
marks will be plainly indicated on a
chart in front of each tube so that
identification of echoes from these
objects is rapid and unmistakable.
Rectangular grid lines over each
display enable the grid reference of
a new echo to be read directly for
locating the position of any vessel
on a chart having corresponding
grid lines. Such data can be com-
municated directly to any vessel by
radio, for navigational guidance
during poor visibility. Drifting
buoys can be detected quickly on the
radar screens, eliminating the need
for routine checks by a tender and
staff.

The antenna scanner unit will be
mounted on the roof of a cabin atop
an 80-foot steel tower, with the re-
mainder of the equipment in a
building at the foot of the tower.
Provisions are made for addition of
remote displays later.

-This harbor radar installation is
expected to be of most value during
thick weather that would otherwise
neutralize the port facilities. By
using radiotelephone and radar to-
gether to talk ships into and out of
the port during fog, much as planes
are brought down through fog by
GCA, ship turn-around time can be
made more nearly independent of
visibility conditions. To the ship-
owner this can often mean the dif-
ference between the financial suc-
cess or failure of a voyage.

British Metal-Spray Circuits

By F. R. BREWSTER

McGraw-Hill World News
London, England

A METHOD of spraying metal for
electrical circuits of radio and tele-
vision receivers has been success-
fully developed by a new British
firm headed by the inventor, John
A. Sargrove. The method involves
metal-spraying both faces of a flat
plastic base molded with recesses
and webs so shaped that the filler
metal performs the functions of
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International Harvester, Oliver
and J. I. Case solve the problem
of the *‘anonymous dealer' with
pool-purchased standardized
dealer Decal nameplates, too!

YOUR DEAI.ER'S NAME
ON YOUR PRODUCT HELPS
HIM MAKE MORE SALES

Most consumers buy durable
goods from dealers . . . not
manufacturers. When the need
for service, parts or re-purchase
occurs, it isn't the distant fac-
tory but the dealer who gets
the call.

Manufacturers can provide
pool-purchased standard, per-
sonalized dealer Decal name-
plates to their outlets at a sav-
ing of 80% over former prices
. and at no cost to themiselves.

Today . . . combination ‘“‘factory-dealer’” Decal nameplates link John
Deere’s trademark with their dealer’s name, address and phone number
on the equipment they sell. Formerly a few scattered dealers bought
their own Decal nameplates. Relatively high cost of small individual
dealer purchascs limited the practice to only the largest. There was no
uniformity of design. Nameplates varied with each dealer. Few included
the manufacturers’ name.

Pooled factory buying, stimulated by direct mail to dealers, now
enables John Deere to sell a standard, personalized Meyercord Decal
dealer nameplate to their outlets at a fifth of the former cost. It costs
the factory nothing—saves the dealer 80%.

Whether you make farm equipment, stokers, lawnmowers, electric’
appliances or what—the problem’s the same. Of course your product
is factory identified—but what about the dealer? Is he anonymous?
Assure ease and speed of dealer contact for your ultimate consumer with
a standard, personalized factory-controlled Meyercord Decal dealer
nameplate program for your product. Meyercord Decals are durable,
easily applied and can be produced in any colors, size or design. Send
for complete ‘‘dealer identification’” details. Address Dept. 9.7,

NOTE: The big, colorful, weather-resistant Decal trademarks you see
on leading makes of farm equipment today are made by Meyercord.

ancs Mol WWM
H#MEYERCORD (.

World's Largest Decal Manufacturer
CHICAGO 44, ILL. \

5323.'W. LAKE ST.

e W )

ADVERTISE - IDENTIFY « DECORATE.. . WITH MEYERCORD DECALS
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GENERAL ENGINEERING CO. (RADCLIFFE) LTD., Station Works, Bury Road, Raddifie, Lancashire, England
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4&’7& ANOTHER WONDER PROBUCT
‘OF LOW PRESSURE PROCESSING

—

Kinney High Vacuum Pumps play an important part in the freeze-dry
process at the new Streptomycin Plant of Merck & Co., Inc. at Rahway,
N. J. Under super sterile conditions, vapor from the sublimation dryer
is frozen in a high vacuum at —80 deg. C. in the condenser and removed
as snow. Kinney Vacuum Pumps are giving highly
dependable service in the production of this and
many other pharmaceutical, food, optical, metal-
lurgical and other products where low absolute
pressures must be maintained. Compactly designed,
Kinney Vacuum Pumps save floor space, and their
fast pump down and low ultimate pres-
sures shorten production time and
reduce costs. Kinney Single Stage
Vacuum Pumps produce low absolute
pressures to 10 microns; Compound
Pumps to 0.5 micron.

Write for Bulletin V45.

KINNEY MANUFACTURING COMPANY
3565 WASHINGTON ST., BOSTON 30, MASS.
New York =+ Chicago ° Philadelphia * Llos Angeles ° San Francisco
FOREIGN REPRESENTATIVES

HORROCKS, ROXBURGH PTY., LTD., Melbourne, C. |. Australia
W. S. THOMAS & TAYLOR PTY. LTD., Johannesburg, Union of Scuth Africa

WE ALSO MANUFACTURE LIQUID PUMPS, CLUTCHES AND BITUMINOUS DISTRIBUTORS

\
|
\
|
|
|
\
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TUBES AT WORK {continued)

Two tube medium-wave receiver made by
spraying metal into recesses in a plastic
base

wires, resistors, inductances, and
capacitor plates.

At present the method is being
applied to the manufacture of radio
receivers, all the electronic circuits
of which are turned out complete as
a single unit, requiring only the in-
sertion of tubes and electrolytic ca-
pacitors in their appropriate hold-
ers, mounting the loudspeaker, and
assembling the chassis in the cab-
inet. The process could be used
equally well to produce separate ele-
ments for each main part of the
circuit such as r-f, i-f, and output
stages, these units then being
mounted together one above the
other on metal rods. By suitable de-
sign of the circuits and by metal-
izing the holes through which the
rods pass, connection between the
units is obtained. At present, how-
ever, only fairly simple circuits for
medium-wave receivers are being
made.

The production method is com-
pletely automatic and continuous in
flow. The plastic base pieces are
fed into the apparatus at one end
and a completed elemernt is turned
out at the other end every twenty
seconds, after spraying, milling,
lacquering, and testing. Sectional-
ized conveyors are employed and
each phase of the production proc-
ess is separated from the next by
an air-lock. Each stage of the oper-
ation 1is electronically controlled
and if any one process fails or
lags, all other stages up to that
point are stopped.

Radar Signals Guide
Missiles in Flight

MOoDpIFIED from fire-control radar, a
new technique is now being used
to control guided missiles and pilot-
less airplanes in flights to target
areas. A B-17 was used as a missile
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SWITCHES by GUARDIAN for every purpose

Scan the brief pictorial review of Guardian Contact Switch assemblies shown
above and you will probably see a switch that is comparable to your needs.
Each unit represents a switch so practical, so saving of assembly time, energy,
materials and money, as to be worthy of your immediate consideration.

The Guardian Featherub Switch is an example of such true efficiency. It is
shown to the [ower right of this page. An original Guardian creation, it is actu-
ated mechanically and is adaptable to manual, roll-over or cam action. The
Guardian Featherub and all other units shown are standard items. There are
hundreds of other types, all of the highest quality. Contact blades are obtain-
able in phosphor bronze tinned to withstand salt spray test, also in standard
Guardian phosphor bronze. All switches are properly insulated. The switch
you need is here singly or in combination...one or a million! Try Guardian
Switches for performance, price and delivery.

Your cost-tree copy of Guardian’s new Catalog 10-A is waiting
for you. Write on your business letterhead for it today:

GUARDIAN ( ELECTRIC

1625-H W. WALNUT STREET CHICAGO 12, ILLINOIS
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GUARDIAN
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SWITCH
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..."'the great undiscovered ocean
of truth”...

We can venture into the UNKNOWN in
any branch of research only as fast as we
can MEASURE each new conquest.

New Hathaway instruments are being de-
veloped and standard designs are being
constantly improved to keep abreast of the
expanding demands of modern research.

Whatever your requirements may be in spe-
cial instruments for measurement or control
let Hathaway instrument engineers help you.

Hathaway Type S8-B
12-clement oscillograph—
one of a complete line of
recording oscillographs

You can rest assured that you will find in
any Hathaway instrument the most advanced
design, and the most exacting craftsmanship.

WRITE FOR TECHNICAL BULLETIN SP-165 A

INSTRUMENT COMPANY

1315 SO. CLARKSON STREET « DENVER 10, COLORADO
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TUBES AT WORK (continued)

during a recent demonstration for
high-ranking Army officers by engi-
neers of the Air Materiel Com-
mand’s electronic division who sue-
cessfully controlled the 60-mile
flight of the aircraft from a posi-
tion over Wright Field to a point
over a selected target,

Although the plane was invisible
to the controlling engineers and in-
specting officers, the course of the
aircraft was automatically plotted
as a red trace on a map table cou-
pled to the ground radar. The radar
trackec the aircraft throughout its
flight.

Two switches on the plotting table
are used to pilot the plane. These
switches vary the ground radar
pulse signals. Manipulation of the
switches determines whether the
plane turns right or left, loses or
gains altitude. Variations in the
pulse signals trigger a small re-
ceiving set in the aircraft and this
in turn, controls the operation of
the plane’s automatic pilot.

Engineers at Wright Field are
now at work on designs of new sys-
tems capable of guiding several
missiles simultaneously and control-
ling them at extreme altitudes and
extended ranges.

Radar Beacon for
Lighthouse Keepers

A SMALL RADAR beacon for light-
houses, emitting signals which will
be detected by radar-equipped ships,
has been built by General Electric
for the United States Coast Guard.
It was tested at special demonstra-
tions of merchant marine naviga-
tional aids in May at New London,
Conn.

The unit should prove useful dur-
ing periods of fog, rain, snow and
sleet when normal sight and sound
warnings are limited.

Signals from the electronic bea-
con will appear as a bright ray on
the radar’s indicator showing the
exact direction of the beacon, in the
same way that the conventional
lighthouse is located by the beam
of light it emits.

Use of such radar beacons would
also aid radar navigation, especially
on coast lines where the surfaces
are flat and give a poor radar re-
flection on the screen of existing
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Kovar meets exacting requirements for sealing to glass.
Here are a few outstanding features:

1. For use with hard glass, having high thermal shock
properties and permits high temperature evacuation.
2. Matches expansivity of the glass over entire temperature

range (up to the plastic state of the glass) resulting in
strain-free seals.
3. Resists mercury attack.

4. Not subject to size limitations (seals have been made
with Kovar 12" in diameter and ¢ thick).

5. Readily seals with simple oxidation procedure.

6. Mechanical strength—{full metal thickness without “‘feather
edge.”’
“Trade Mark No.
337962

Westinghouse
Pat. No. 1,942,
260 and others

Kovar has gained world-wide acceptance and is used by
leading American and foreign manufacturers. It is easily
machined or cold formed and is available in all desired
shapes-sheet, strip, foil, wire, rod, leads, tubing, cups,
eyelets and flanges.

When writing for literature, please state the nature of
your proposed application.

CERAMIC AND MANUFACTURING CO. * LATROBE, PA.
EXPORY DEPARTMENT: 13 E. 40th Street, New York 16, N. Y. * Cable Address ARLAB, all codes
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Fishing reel gears must bperate smoothly at :

uaker

1910 N. Front Street, Philadelphia 22, Pa.

i 3 3 it 3
peed
of 3000 revolutions per minute or move,

when a cast 1s executed. These gears must also
withstand the strain of hauling in a fighting fish of
unprediclable size and strength, thus rendering a dual
purpose: speed and velvely smoothness in one

direction —strength and durability in the other.

Instruments and machines have individual gear
problems. For over a quarter of a century, Quaker
City Gear Works has solved thousands of them
and produced millions of gears of

every description up to 60” in diameter

for manufacturers in many diversified industries.

Aireraft controls, dental drills, electrie clocks,
gauges, indicators, heat controls, machine tools,
radar, radios, washing machines and motion picture
projectors are but a few of the many conveniences
of modern progress which depend upon the
heartbeat of Quaker City Gears. Your gear problem
is our business. our large productive

capacily is al your service.

e

YOUR INQUIRIES WILL RECEIVE PROMPT ATTENTION

Castomalic
pove is but on€ of many
r engineers and
ipped plant.

i

’f‘:h heart of the QOutdoorsman
e

reel illustrated @
gear trains developed by ot

roduced in our fully ecitiw
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N C ORP ORATTETHD
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City Gear Works

TUBES AT WORK {continued)

Designed for Coast Guard by G-E engi-
neers, this microwave beacon acts as a
lighthouse for radar-equipped ships

equipment. Several units in light-
houses on the coast would also give
the navigator a triangular ix and
act as an accurate position-indi-
cator.

The transmitter, oddly enough,
uses a lighthouse tube operating at
3,200 megacycles. This feeds into
an omnidirectional vertical dipole
antenna that resembles a police-
man’s nightstick in appearance. The
lightweight transmitter and an-
tenna are shown in the accompany-
ing photograph.

Aural Current Indicator

By T. A. BENHAM
Haverford College

Haverford, Pa.

THE AUTHOR, inconvenienced
through lack of sight, has designed
a meter which will enable a blind
rerson to read accurately currents
in a circuit where the current is
static or varies only slowly. This is
accomplished by clamping the
pointer of a more or less conven-
tional instrument so that the
pointer will not move while being
felt. This is, however, too clumsy
when it is required to tune a cir-
cuit for a maximum or minimum
current or voltage condition since
it requires the taking of a great
number of readings, clamping and
releasing the pointer each time.

Suppose a saturable reactor hav-
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RE SAFETY COMES

These Federal H-F Cables | -":;‘-
are helping to make instrument
landing systems safer.

... und you get the same
dependability and performance

APPLICATION FEDERAL H-F CABLES i" Every Federul cable —3 for
RECOMMENDED
* * *
Acrial Navigation Every High-Frequency Application
Equipment . . . . . K-45, K-51
Amateur Radic "Hams" K-1046, K-1128, K-32
K-49, K-45, K-38
Television and FM
el o m o o . % Gi5i. 1046 At MESEATEEORTS from coast to coast, Fed-
K-1079, K-1126 eral’s high-frequency cables, Types K-45 and
Microphone & PA Systems K-1158, K-1077A, K-102 K-51, are being used for the most vital of all
Radio Broadcast electronic jobs — in instrument landing sys-
Equipment . . . . . K-12, K-13, K-14 tems for aircraft! This selection of Federal
Aircraft Antenna Wire K-1064, K-1081 cables is a recommendation that assures top
Mobile Radio Equipment K-12, K-13 performance for all of its varied uses, cover-
.14, -4 . . .
K-1 K-45 ing the entire high-frequency spectrum. For

Federal makes the world’s largest quantity of
high-frequency cables, of greatest variety.

DATA FOR K-45 AND K-51 CABLES Wherever high-frequencies are used — wher-
ever superior performance and dependability

No::m;: :;:m_m?n,(d?/.‘o?ﬂf . K“ K-IS: are required — you’ll find Federal cables on
100Me . . ... ... 2.0 3.6 the job. Their unusually low attenuation
S00IME n . F AW E S 4.0 7.0 losses assure maximum energy transfer with
1:22 I:Z ZZ lo | minimum radiation. And their flexibility, re-
3000Me . . ... .. T 2 sistance to weathering, abrasion

Characteristic Impedance—Ohms .
Capacitance per Foot (uuF) . . .
Volts (rms) . . . . . . . . . . .

and corrosion, mean longer life,
even under the most severe
conditions.

Write for Federal’s latest bulle-
tin — Dept. D913.

SELENIUM and INTELIN DIVISION, 1000 Passaic Ave., East Newark, New Jersey

tn Conada: — Federal Electric Manufacturing Company, Lid., Montreol.

reseorch and engincering organization, of which the Federal Exgort Distributors: — International Stondard Electric Corp., 67 Broad S1., N.Y. C.

HEEPING "‘ED!RAL VEARS AMEAD...is IT&T's world.wide
Telecommunication Loborotories, Nutley, N. 3., is o unis.
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3209 Humboldt Street,
Canado & British Empire — Cannon Eleztric Co,, L1d.,

/@;WM

-__-_____________-_V

/z;mm

N o o o e e s s v e o e e e o e

,-—-—-—---?
e e -

To make it easier and quicker to obtain
fittings in the above illustrated Cannon
Electric Type Connector Series, more
than 125* radio and electrical distrib-
utors can fill your requirements. Many
of these distributors carry stock items
on their shelves for immesdiate delivery.
They are ready to serve you and discuss
your requirements. Contact them first.

These type series are widely used on
microphones, sound equipment, in radio
and electronic devices. Their quality and
performance are assured by Cannon
Electric’s thirty-two years of continuous
operation under the same management.

For a complete list of Representatives, Dis-
tributors and a Catalog covering these lines,
write for Bulletins CED and RJC-1, Address
Dept. G-120,

XL-3-12 Plug
in the "XL"
Sceries

g

Sl

X-311 Plug
in the “X” |
Series ) |

XK-3-12 Plug
in the “XK"

03-11
Receptacle
in the “O”’
Series

TQ-1-12 Plug
in the “TQ"
Coaxtial
Series

P3-CG-12
Plug In the
""P"" Series

*Additional distribu-
tors are being add-
ed in certain states.

-\ CANNON ELECTRIC |}

DEVELOPMENT

Los Angeles 31,
Toronto, Ontario » World Export
Agents (excepting British Empire) Frazcr & Hansen, 301 Clay St., San Froncisco 11, Calif. l

COMPANY §

California

TUBES AT WORK (continued)

FIG. 1—Arrangement of windings on the
core of the reactor. The solid arrows indi-
cate d-c¢ flux lines, dashed arrows the a-c
flux lines

ing two coils wound on the outside
legs of an E-I lamination were con-
nected in series and used as part of
the oscillating circuit in a vacuum-
tube oscillator operating on a fre-
quency of 200 cycles. Then, suppose
a winding were placed on the center
leg of the E as shown in Fig. 1.

The frequency of oscillation will
depend on the inductance of the out-
side coils as determined by the num-
ber of turns on the coils and the
permeability of the core material.
The permeability is varied by caus-
ing the current to be detected to
pass through the center winding.
The greater this current, the lower
the permeability; the lower the in-
ductance, the higher the frequency
of oscillation.

An oscillator was built, as in
Fig. 2, and it was found that a

B+

5,000

5,000

QUTSIDE WINDINGS

Ql

R 3

VWV V-NANANAA
ag

FIG. 2—Circuit of 2003-cycle oscillator

whose frequency increases with an in-

crease of direct current through one wind-

ing of the saturable reactor shown in
Fig. 1
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studying the output of pulsed oscillators?

THE SYLVANIA SPECTRUM ANALYSER

provides a convenient means of studying the
energy spectrum of microwave gencrators oper-
ating as pulsed oscillators or modulated Cw
oscillators. The output of magnetron, klystron,
rocket and similar UBF and SHF tubes can be
readily investigated.

Essentially, the Sylvania Spectrum Analyzer
consists of a sharply tuned superheterodvne re-
ceiver with a cathode ray oscilloscope indicator.
The instrument incorporates a sawtooth gen-
erator, which performs the two functions of
frequency-modulating the local oscillator and of
providing the herizontal sweep for the oscillo-
scope. Thus automatic synchronization is
assured at all times.

An input probe is provided for insertion into
cavities or wave-guides.

The energy emitted by the oscillator at vari-
ous frequencies is displayed on the cathode ray
tube as a pattern of vertical lines. The envelope
of the pattern represents the spectral
distribution.

The Spectrum Analyzer illustrated —the
TSX-4SE —is designed for the 9,300 Me region.
A second model —the TSS-1SE—is available
for the 3,000 Mc region, and a third model —
the TSK-2SE—is available for the 24,000 Mec
region.

TYPICAL APPLICATIONS OF
THE SPECTRUM ANALYZER

Some of the possible uses include:

Viewing the output of a radar system, to
make sure that the output energy is not being
wasted by being distributed over a wider fre-
quency band than the radar receiver can ac-
commodate.

Determining the frequency of a pulsed
oscillator.

Adjusting the local oscillator frequency of a
radar receiver to space it properly with respect
to transmitter frequency.

Checking of pulling or shifting in frequency
of the pulsed oscillator of a radar transmitter,
by observing the spectrum while the antcnna js
m motion.

Measurement of standing wave ratios by us-
ing the Spectrum Analyzer in conjunction with
a slotted section.

WRITE FOR DETAILED SPECIFICATIONS

SYLVANIAY ELECTRIC

Electronics Division . . . 500 Fifth Avenue, New York 18, N. Y.
MAKERS OF ELECTRONIC DEVICES: RADIO TUBES: CATHODE RAY TUBES; FLUORESCENT LAMPS, FIXTURES, WIRING DEVICES; ELECTRIC LIGHT BULBS
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Cartridge

Nylon

Jewel

Tipped
! Needle

Precious Metal
Tipped
Needle

Cartridge

Joewel
Tipped
Needle

Precious
Metal
Tipped
Needle

@ No modern engineering achievement has

contributed more to improvement in the quality
of phonograph reproduction than Astatic’s re-
cent development of two new pickup cartridges
employing MATCHED, REPLACEABLE NEEDLES. It had
to come! In no other way can equipment man-
ufacturers or ultimate users be sure of the main-

tenance of quality phonograph reproduction.

@® Too many Needle Replacements have been
and are still being made with Needles possess-
ing characteristics entirely unsuitable to the
cartridges in which they are used. Results, nat-

urally, have been disappointing.

@ Astatic engineers, pioneering again, have
found a logical answer to this problem with the

development of two new Crystal Cartridges, the

! “Nylon” and Model “QT,” both of which employ
| MATCHED, REPLACEABLE needles. These Needles

| are engineered to match the characteristics of

the “Nylon” and "QT" Cartridges and are the

only needles that can be used in them.

@ The result is, at long last, that quality repro-
duction can be maintained through the life of
the instrument. Many of the new record plavers

now appearing on the market employ these new

maiched reproducer units. They had to come.

CORPORATION

CONNEAUT. OHIO

IN CANADA' CANADIAN ASTAYIT LTD. TORONTO. ONTANIO

Asiatic Crystal Devices Manufactured
under Brush Development Co. patents.
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TUBES AT WORK (continued)
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FIG. 3—Curve A applies to a silicon-steel

core and a 0.l-uf capacitor; curve B,

mu-metal core and 0.02-uf capacitor; curve
C. mu-metal and 0.1 uf

change of from 0 to 1 ma changed
the frequency from 200 to 270 cycles
and that 10 ma raised the frequency
to 770 cycles.

A sgilicon-steel core of the same
type was tried, but the small cur-
rents did not produce usable
changes in frequency. Figure 3
shows frequency plotted against
ampere turns for the center coil of
the two cores. The mu-metal core
has two tuning values because with
the original 0.1 uf, the zero-current
frequency was 120 cycles which is
too low for convenient aural re-
sponse.

The specifications are as follows:

Mu-metal core, E-I 28, outside
coils 1,100 turns each; inside coil,
3,060 turns, 130 ohms resistance;
inductance of outside coils together,
19.0 h with 2 volts across; maxi-
mum AF/A] = 265 cycles per milli-
ampere,

Silicon steel core, E-I 28, outside
coils 375 turns each; inside coil
2,500 turns, 125 ohms resistance;
inductance of outside coils, 0.316 h
with 2 volts across; maximum
AF/AI = 100 cycles per milliam-
pere.

Immproved Reactor

The circuit of the final unit is
shown in Fig. 4. Using the best of
the reactor conditions shown in Fig.
3 required a current of 6 ma to
obtain the maximum useful fre-
quency change. In practice, much
smaller currents would be encoun-
tered, so another reactor was de-
signed and constructed having 7,500
turns on the d-¢ winding, but with
the same a-c coils. Even more turns
would be desirable, but high resist-
ance and fine wire were thought
unsatisfactory since too high a
voltage drop and danger of break-
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.RAYTHEON
VOLTAGE STABILIZERS

&

Coaslant Owtpul Ihl'la,e
115 VOLTSE £ W

® OUTPUT VOLTAGE CONTROLLED to within 4= 1/2%.

® STABILIZATION AT ANY LOAD within rated capa-
cities,

® QUICK RESPONSE... varying input voltage stabilized
within 1/20 second.

® ENTIRELY AUTOMATIC... no adjustments, no moving
parts, no maintenance.

Do you manufacture or use equipment that falls
short of top performance due to fluctuating line
voltage? Then correct that condition with Raytheon
Voltage Stabilizers.

Available in a range of models, capacities, and
special designs to meet virtually any set of require-
ments, Raytheon Voltage Stabilizers assure reliable
and accurate performance of electrical equipment
through positive control of power supply.

Write for illustrated Bulletin DL-47-537-A

Bivvollornce crs Etpotfinrss
RAYTHEON MANUFACTURING COMPANY
COMMERCIAL PRODUCTS DIVISION
WALTHAM 54, MASSACHUSETTS
Industrial and Commercial Electronic Equipment,
Broadcast Equipment, Tubes and Accessories
Sales Offices: Atianta, Boston, Chicago,

Cleveland, Lovisville, New York

TUBES AT WORK {continued)

age would result. This design was
then a compromise between maxi-
mum possible sensitivity and circuit
inefficiency. The curve for fre-
quency versus ampere turns is
shown in Fig. 5. Ten ampere turns
corresponds to 0.75 ma. This is
sensitive to changes of less than
0.1 ma especially at low currents.

Although it is possible to shunt
the d-¢ winding to increase the
range of the instrument, this re-
sults in two undesirable character-
istics. First, the change in current
that is detectable is proportional to
the total current. That is, if the
total current is ten times that flow-
ing through the winding, the mini-
mum noticeable change will be 1.0
ma instead of 0.1 ma. Second, the
shunting resistance increases the
time required for the change to be
noticed. The larger the shunt (the
lower the resistance), the more
slowly the frequency changes.

To overcome the first of these two
effects, a second d-c winding of 100
turns was placed on the center leg.
If a current is sent through this
winding from d-c source in such a
way as to neutralize nearly all the
flux due to the current to be studied,
then smaller shunts can be used,
thus making the change appear to
be larger. This smaller shunt also
speeds up the time of response.

It would be desirable to have

REF OSC
800~

SENSITIVITY i ,
A
| INPUT

FIG. 4—Complete circuit of final instru-
ment for aqural indication of current
changes
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of YOUR

cable

requirements
being
protected

Complicated control cables or relatively simple
communications wiring, your cables will last longer and give
better service when coated with Ankoseal. Equally
as important, you will secure a cable that is precisely

engineered for your job.

ELECTRONICS — July, 1947 171



172

TROUBLE-FREE TIMING

The “quick charge” battery charger is but one of the many practical
and successful applications for Haydon timing motors . . . providing
trouble-free performance, greater operating efficiency and accuracy.
The pointer knob is manually set to the starting point — motor and
charging unit are energized. When pointer reaches zero on the dial

the motor is deenergized and the battery charging unit circuit is closed.

Write for details on this and other industrial applications for Haydon
timing motors. Free catalog and name of nearest representative on

‘request.

Write HAYDON, 2400 Forest Street, Forestville, Connecticut

MANUFACTURING COMPANY, INC.
FORESTVILLE :

HARMESS TIME TO

SUBSIDIARY OF GENERAL

CONNECTICUT

YOUR PRODUCTS

TIME INSTRUMENTS CORFORATION

¥

TUBES AT WORK (continued)

some means of extending the sensi-
tivity without the necessity of hav-
ing a larger number of turns on the
d-¢c winding than seems practical
or without the need of using ampli-
fiers. This was accomplished by
constructing a second oscillator
similar to the first except that the
d-c winding is excited from a dry
rectifier built in the cabinet. The
saturating current is controlled by
a variable resistor. This permits the
operator to adjust the frequency of
the second oscillator to give beats
with the first.

Use of Beats

If the beats are set to two or
three per second, for example, then
when the small current change
through the d-c winding of the de-
tecting circuit takes place, causing
the frequency to change only a few
cycles, the beats will change. Even
though the few cycles difference in
the original frequency may not be
discernible, the large change in the
beat frequency will be easily no-
ticed. Since the comparison oscilla-
tor need not be particularly sensi-
tive, ordinary silicon-steel core ma-
terial can be used.

The meter in which the pointer
can be clamped enables a visually
handicapped person to read the ab-
solute value of a current. This
meter, when used in-conjunction
with the current-change indicator
described, enables him to make ad-
justments for maximum or mini-
mum currents and then to deter-
mine the magnitude of the current.

This combination of instruments,
together with several others devel-
oped during the past six years, has
made it possible for the blind to per-
form many more operations involv-
ing electrical measurements and ad-
justments than heretofore.

800 ,A
173
wh
)
£ 600
ey /
z A
-
w 400 4
3
w
g /] el
aN
2005 35 4 5 6 7 8
AMPERE TURNS

FIG. 5—Frequency plotted against ampere
turns for the final circuit
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YOU GET QUALITY PLUS ENGINEERING

el s g e i e

SERVICE WITH G-E PERMANENT MAGNETS
s ST S E T TR T

1

L

Here’s another outstanding
application for one of the many
L G-E permanent magnet materials
—the magnetic liquid level gage
manufactured by The Boston Auto

Gage Company.

T

The Magnets that Guard your Transformer

Two G-E sintered ALNICO
permanent magnets, separated
by an aluminum diaphragm,
function as a leakproof magnetic
coupling in this gage to ac-
curately indicate the level of the
insulating liquid in transform-
ers. The rise or fall of the float actuates the dial
pointer by means of the coupling.

In addition to the large group of sintered and
cast ALNICO permanent magnets, General Electric
now offers you greater flexibility of magnet design
with the ductile alloys CUNICO, CUNIFE and SIL-
MANAL and the lightweight, non-metallic VECTO-
LITE. Be assured of receiving magnetsof the highest
uniform quality resulting from precise G-E produc-
tion methods, accurate testing and rigid inspection.

PERMANENT
MAGNETS

ELECTRONICS — July, 1947

Let us help you with your magnet application
problems. General Electric engineers, backed by
years of research and magnet design experience,
are at your service. Metallurgy Division, Chemical
Dept., General Electric Co., Pittsfield, Mass.

SEND FOR our new bulletin, CDM-1, “G-E Permanent
Magnets’’, specifically designed to help you with your
permanent magnet problems.

This bulletin contains information about the characteris-
tics and properties of G- permanent magnet materials,
their application and design.

GENERAL 2 ELECTRIC

METALLURGY DIVISION, Section FA-7
CHEMICAL DEPARTMENT

GENERAL ELECTRIC COMPANY
PITTSFIELD, MASS.

Please send me your new bulletin,
CDM-1, "“G-E Permanent Mcgnets”’.

COMPANY
ADDRESS

CD47-JAS
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<> ftor Quicker Installation
< for Easier Replacement
<> for Positive Action

< for Rugged Construction

No costly puttering when you install a Diamond-H
snap switch, convenience outlet or pilot light. A gentle
push and the spring mounting gives you a solid
installation for top appearance and performance. Yet
they can be removed instantly for inspection or
replacement. Available in black, white or brown
plastic, they require a mounting hole only 21/32” x
1-7/32" and a depth of 1”. All three are low in cost,
rugged and dependable in service.

Switch equipped with heavy
silver contacts. Operating pres-
sure, 3 to 5 oz.; 115 V. 15 A.
or 230 V. 10 A.; A. C. only.

Convenience outlet, 125 V. 15 A.
or 250 V. 10 A.

i

Diamond-H neon pilot
light, an exact match to the
switch and convenience
outlet illustrated above.

THE HART MANUFACTURING COMPANY
202 BARTHOLOMEW AVENUE, HARTFORD, CONN.

1 — mra ==

ELECTRON ART

{continued from p 138)

INPUT (NEGA-
_LTIVE PULSES)

FIG. 3—A scale of five circuit is built
using both friodes and diodes

causing conduction in the diodes
that, in turn, cuts off all the other
triodes. Choice of resistances, bias
voltages, and other circuit param-
eters is very similar to that for the
scale of two Eccles-Jordan circuit.

Another method of interconnect-
ing N tubes to form such a counter
is shown in Fig. 4, drawn for N
equal 5. The five tubes are inter-
connected in such a way that con-
duction in any one tube cuts off con-
duction in the two opposite ones.
The circuit has five states of stable
equilibrium corresponding to the
condition that two adjacent tubes
conduct and the remaining three do
not. A circuit of this type has the
advantage of requiring relatively
few interconnections between tubes.

Triggering

To switch the circuit successively
through its several stable states,
triggering pulses are used. Coup-
ling capacitors between plates and
grids of succeeding tubes in the cir-
cuits of Fig. 2 and 3 carry these
pulses. In Fig. 3, a negative trig-
gering pulse is applied to the plate
supply as shown. This pulse passes
through the plate-grid coupling ca-
pacitors driving all the grids nega-
tive. However, the conducting tube
amplifies and inverts this negative
pulse driving the grid of the next
tube positive. Conduction is thus
transferred around the ring from
tube to tube in order. Switching
in the circuit of Fig. 2 takes place
in similar manner, resistors R, be-
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LMSS production methods in the

manufacture of ERIE "GP* Ceramicons make
possible mass production prices. Available
in popular capacities, quantity production,
with strict adherence to quality standards,
bring new price economies in ceramic con-
densers for practically all applications in
which the condenser is not directly frequen-
cy determining.

High capacities are available in extreme-
ly compact sizes. Because they are tubular
in shape, they require less area than many
types of rectangular shaped condensers of

ELECTRONICS — July, 1947

equal capacities. Their physical character-
istics make them easy to handle in the
assembly line.

Because of their basic, simple construc-
tion ERIE “GP’’ Ceramicons have higher
resonant frequencies. This factor is increas-
ingly important as the higher frequencies
used in FM & Television are reached.

The trend is toward ERIE “'GP’’ Cerami-
cons. They are made in insulated styles in
popular capacity values up to 5000 MMF,
and in non-insulated styles up to 10,000
MMF. Write for full details and samples.
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How 4o relax,
when something5 needed fast |

Even if your suppliers are thousands of miles away, and you
need parts and supplies right now — let others do the worrying,
but never you. Specify Air Express and get delivery in a matter
of hours.

Air Express goes coast-to-coast overnight, and speeds up to
five miles a minute insure same-day delivery between many U.S.
towns and cities. Use it regularly, and you'll be paid off in greater
customer satisfaction and smooth-running, eflicient operation.
To solve overseas shipping problems, investigate fast, frequent,
inexpensive International Air Express.

Specify Air Express-its Good Business

® Low rates—special pick-up and delivery in principal U.S. towns and
cities at no extra cost. ® Moves on all flights of all Scheduled Airlines.

e Air-rail between 22,000 off-airline offices.

e Direct air service to and from scores of foreign countries.

Just phone your local Air Express Division, Railway Express Agency,
for fast shipping action . . . Write today for Schedule of Domestic and
International Rates. Address Air Express, 230 Park Ave., New York 17.
Or ask for it at any Airline or Railway Express Office. Air Express
Division, Railway Express Agency, representing the Airlines of the U.S.

£SS

GEVS THERE FIRST-

Fastest delivery — at low rates

65 lbs. of machine parts in Lonisville had to
get to Dallas fast. Picked up at 5 PM on the
251h, they were delivered at 7 AM on the
26th. For complete door-to-door service, the
Air Express charge was only $15.96!
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I ELECTRON ART {continued)

FIG. 4—Whereas the circuit of Fig. 1 has

five stable states with but one tube con-

ducting in each state, this circuit has five

stable states but with two tubes conduct-
ing in each one

ing used to decouple the switching
grids from the rest of the circuit.

The diode-triode ecircuit can be
used as a decade counter by letting
N equal ten. However, ten triodes
and 90 diodes (50 if the triodes are
cut off in groups and subgroups)
are somewhat impractical. A more
satisfactory decade counter can be
obtained by combining a scale of 5
and a scale of 2 circuit in much the
same way that two scale of 2 cir-
cuits are combined to form a scale
of 4 circuit. Neon bulbs can be
connected in each tube circuit and
the count calculated by addition, or
ten bulbs can be connected so that
only one lights for each of the ten
combinations of positions of the
two counter circuits. Such a circuit
is shown in Fig. 5. With the cir-
cuit in the condition shown, only
one neon bulb is across sufficient
voltage to light. Input pulses are
applied to the scale of 2 cireuit
and an output pulse from it trig-
gers the scale of 5 circuit every
other time the scale of 2 circuit is
pulsed. The bulbs light in sequence.
An output pulse from the scale of
5 circuit can be used to operate ad-
ditional counters. The circuit is
reset to zero by the push button that
turns on tubes T, and Ts by ground-
ing their grids.

In the particular application for
which this circuit was developed, as
mentioned in the beginning, both
the scale of 2 and the scale of 5
circuits are triggered simultane-
ously, the bulbs lighting in the se-
quence 0, 3, 4,7, 8,1,2,5,6,9,0, 3,
. . . but are renumbered to count
successively from 0 to 9. These
same circuits can be used as elec-
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For Truly Fine [

Sound R

The jewelled point, with
87° included angle, correct
radius and fine polish, cuts a
silent shiny groove for many
hours. When dulled or chipped,
these points may be resharp-
ened several times. Each re-
sharpened Audiopoint is
disc-tested to insure perfect
performance, For this service re-
turn points through your dealer.

ELECTRONICS — July, 1947

ecording

Professional Recordists
Recommend . ..

Designed for lhe prcfessional - Guaranteed lo. do a puicfessional job

With These Three Outstanding Features

® INDIVIDUALLY DISC-TESTED ON A RECORDING MACHINE.
® EXPERTLY DESIGNED TO INSURE PROPER THREAD THROW.
® A PRODUCT OF THE MANUFACTURER OF AUDIODISCS ~

AMERICA’S LEADING PROFESSIONAL RECORDING BLANKS.

Professional recording engineers know, from years of exper-
ience, that Sapphire Recording Audiopoints offer the ultimate in
recording styli. Made by skilled craftsmen to most exacting specifica-
tions and individually tested in our laboratories, these Audiopoints
are of consistent fine quality.

A good recording stylus requires a perfectly matched playback
point. The Sapphire Audiopoint for playback fills this need com-
pletely. In materials, workmanship and design, it is the finest playback
point obtainable. (Should not be used on shellac pressings.)

These Audiopoints are protectively packaged in handy cello-
phane covered cards—cards that are ideally suited for returning points
to be resharpened.

) OTHER POPULAR AUDIOPOINTS, that complete a full line of record-
ing and playback styli, are: Stellite Recording Audiopoint, a favorite with
many professional and non-professional recordists; Diamond-Lapped
Steel Audiopoint, a recording stylus particularly adapted for non-profes-
sional recordists; Playback Steel Audiopoints, the most practical playback
points for general use. One hundred per cent shadowgraphed.

Al{bal{gb they are the finest styli available, Audiopoints are reason-
ably priced. Compare them, both in performance and brice, with any other
styli on the market. See your Audiodiscs and Audiopoints distributor or
write.

AUDIO DEVICES, INC.
444 Madison Ave.,
New York 22, N. Y.
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GENERAL AC REGULATOR SPECIFICATIONS

Input Voltage Range (—1 model) .. 95-125
(=2 model)..190-250
Output Voltage Range ( —1 model) . .110-120
(=2 model) ..220-240
. ...25-30,000 V. A,
oo Va2 of 1%

Load Range
Regulation Accuracy
Harmonic Distortion .5% Max. (2% in *'S'" Models)
Input Frequency Range ... . 50-70 cycles

Inductive Power Factor Range......Down to 0.7 P.F.

|

ELECTRON ART {continued)

FIG. 5—A scale of ten counter can be
built using a scale of two and & scale of
five circuit

tronic switches such as are fre-
quently used in presenting simul-
taneously several phenomena on an
oscilloscope, or for high-speed com-
mutation of several signals in time
division multiplex systems.

(1) W. H. Eccles, and ¥. W. Jordan,
Radio Retview, 1, 143, 1919.

(2) Byron E. Phelps, Dual Triode Trig-
ger Circuits, ELECTRONICS, p 110, July
1945,

(3) Harold Lifshutz, and J. L. Lawson,
A Triode Vacuum Tube Scale-of-Two Cir-
cuit, Rev Seci Ingt, 9, 83, 1938.

(4) Harold Lifshufz, New Vacuum Tube
Scaling Circuit of Arbitrary Integral or
Fractional Scaling Ratio, Phy Rev, 57, 243,

940,

(5) John T. Potter, A 4 Tube Counter
Decade, ELECTRONICS, P 110, June 1944,

(6) Victor H. Regener, Decade Counting
Circuits, Rev Sci Inst, p 185, May 1946;
also Gregory Shea, Electronic True Decade
Counters, Elect Ind, p 82, Sept 1946.

(7) 1. E. Grosdoff, Electronic Counters,
I0A Review, p 438, Sept 1946 ; also 8. S.
West, An Electronic Decimal Counter Chron-
ometer, Elect Engr, Jan 1947.

For standard voltage regulation, Sorensen
Model 500 is a proven leader in its field—
compact, accurate and dependable. This
model typifies the Sorensen line of AC
and Nobatron all-purpose voltage regu-
lators. Let a_Sorensen engineer help you
with your next voltage regulation problem.

Using A 959 as

Electrometer Tube

THE READILY AVAILABLE 959 acorn
tube gives excellent results as an
electrometer tube if used in the fol-
lowing way: (1) the suppressor is
used as the control grid, (2) the
plate is operated at 6 volts above
the filament, (3) the screen is oper-
ated at 12 to 15 volts above the fila-
ment, and (4) the first grid is con-

SORENSEN & COMPANY, INL.
375 FAIRFIELD AVENUE * STAMFORD, CONNECTICUT
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diameter.

Industrial Distributors.

BOTH ARE

SELF-LOCKERS

Each has the KNURLED Cup Point that makes them 'Unbrako™ Self-Lockers,
because the knurled points dig-in and stay dug—regardless of the most chatter-
ing vibration. Yet, they can be used over and over again, so everything con-
sidered, it's no wonder that untold millions are being used throughout industry.

REG. U. 8. PAT. OFF.

BRAKO

Each has the internal wrenching feature that facilitates high torques, compact
designs, weight- and space-saving. Available in sizes from #4 to I1/,"

n

Write for your copy of the "Unbrako" Catalog. It describes these and other
"Unbrako" Socket Screw Products.

"Unbrako” and "Hallowell” Products are sold entirely through

Pat’d and Pats. Pend.

Knurting of Socket
Screws originated with
““Unbrako" in 1934,

Knurling the threads of
this “Unbrako* Socket
Set Screw, as shown,
turns it into a most ex-
ceflent Self-Locker—for
use where the points
such &s: flat, dog, cone
and oval do not lend
themselves to knurling.

Pat’d and Pats. Pend.

The 'Unbrako' Socket Head
Cap Screw is a time-saver. Its
knurled head provides a slip-
and fumble-proof grip, even
though the fingers and head
be ever so oily, therefore, it
can be screwed-ln faster and
farther before it becomes nec-
essary to use a wrench.

You can't screw socket
screws in or out with-
out a hex socket wrench,
s¢ why not get our No,
25 or No, 50 "Hallo-
well* Hollow Handle
Key Kit which contains
most all hex bits.

Kits: Pats. Pend.
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OVER 44 YEARS IN BUSINESS

STANDARD PRESSED STEEL CO.

JENKINTOWN, PENNA., 8OX[ELTY - BRANCHES: BOSTON - CHICAGO - DETROIT * INDIANAPOLIS + ST. LOUIS + SAN FRANCISCO
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FEED-THRU

AND

STAND-OFF CERAMIC CAPACITORS

are made to the same high performance standards as conven-
tional CN and Cl type Hi-Q capacitors. Engineers who have
thoroly investigated Hi-Q capacitor performance are unanimous
in their approval. We invite inquiries for samples to meet the
exact needs of your applications.

OTHER

COMPONENTS —

wiRe e
WOUND 5| 5
RESISTORS : H  g——
‘T Hi-Q o ‘
CERAMIC Onr- C. N TYP; - i-y
CAPACITORS J N ﬂ
S. 1. TYPE A H-0
Durez Coated ! -
C.I. TYPE
CHOKE
COILS

ELECTRICAL REACTANCE
FRANKLINV".ALE, N. :’

C O R

O N
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{continued}

nected directly to the filament. Un-
der such conditions the grid cur-
rent is only 10™ to 10™ amperes.
Output is obtained across a 0.25-
megohm resgistor in the plate circuit.

To maintain the input resistance
at or above 10 ohms, the socket
clip is removed and the connection
soldered directly to the tube lead,
and the tube dipped in ceresin wax
to eliminate surface leakage. (Sili-
cone treatment could also be ad-
vantageously used for this purpose
as moisture condensing on it also
does so in droplets, and it ig stable

| over a wide temperature range.)

Stability of the tube can be im-
proved by operating the filament
from a regulated power supply,
most conveniently the same one sup-
plying high voltages for the asso-
ciated amplifier, and at only 42 to
44 ma. The voltages for the screen
and plate are obtained from drop-
ping resistors in the filament sup-
ply, thus introducing a feedback
effect that also improves stability.
By placing a photocell between
screen and suppressor, a light-con-
trolled circuit is obtained. Either

: method of operation has a variety
| of applications. (PB 49579)

Experimental Ignition
Systems

IGNITION SYSTEMS, especially in air-
craft, have several faults. Burning
of distributor and interrupter con-
tacts and of spark-plug electrodes
limits the life of components, and

| high voltages on the distribution

system are difficult to control, cor-
ona being particularly troublesome
at high altitudes.

To overcome these and other
troubles, electronic (G. V. Eltgroth,
Electronic Ignition Systems, ELEC-
TRONICS, p 106 April 1945) and
other high-frequency (ELECTRON-
ICS, p 264 Dec 1945) ignition sys-
tems have been tested. During the
war, several ignition systems were
experimentally developed in Ger-
many.

The system developed at Bosch is
illustrated in the accompanying
drawing. The charge from the
capacitor is passed through the hot
cathode, hydrogen filled tube either
to the distributor and thence to
individual stepup transformers on

July, 1947 — ELECTRONICS



MIRAGLAS
3 7he W

FOR WOVEN TAPES, TUBINGS, SLEEVINGS,
CORDS, CLOTHS OF FIBERGLAS YARN FOR
EVERY ELECTRICAL INSULATION REQUIREMENT

MITCHELL-RAND, using Owens Corning Fiberglos yarn, processes
and fabricates TAPES, TUBINGS, SLEEYINGS, CORDS and CLOTHS
that are the optimum in ebectrical insulation . . . marketed under
the trade name MIRAGLAS, they protect electrical equipment
from the destructive farces that play havoc with ordinary elec-
trical insulations; averleading, extreme high or low temperatures,
moisture, corrosive acids, lumes or vapors, oils, grease, dust and
dirt.

MIRAGLAS Fiberglas INSULATIONS have an amazing background
of use throughout industry—wherever used they feature fewer
breakdowns, less maintenasce, elimimation. of waste, savings in
labor and materials and grove their standing as the optimum in
electrical insulction protection.

Take note of the name M RAGLAS .. . it stands for the ultinfate
in Fiberglas elec#rical insdlations . . . TAPES, TU3INGS, SLEEV-
INGS, CORDS, CLOTHS, ETC.

Write today for details and-characteristics.

MITCHELL-RAND INSULATING CO. Inc.

51 MURRAY STREiET : CQOrtlandt 7-9264 + NEW YORK 7, H. Y,

A PARTIAL LIST OF M-R PRODUCTS: FIBERGLAS VARNISHED TUBING, TAPE AND CLOTH * INSULATING PAPERS
AND TWINES - CABLE FILLING AND >OTHEAD COMFOUNDS - FRICTICON TAPE AND SPLICE + TRANSFORMER COM-
POUNDS ¢ FIBERGLAS SATURATED SLEZVING * ASBESTOS SLEEVING AND TAPE * VARNISHED CAMBRIC CUOTH ANIs
TAPE - MICA PLATE, TAPE, PAPER, CLO'TH, TUBING - FIBERGLAS BRAIDED SLEEVING - COTTON TAPES, WEEBINGS AND
SLEEVINGS * IMPREGNATED YARMISH TUBING * INSULATED VARNISHES OF ALL TYPES ° EXTRUDED PLASTIC TUBING

ELECTRONICS — July, 1947
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WEBSTER ELECTRIC Pickup Tone Arms

. LOW TRACKING
|k, PRESSURES

T e e ——

V' SERIES

Again a step forward—New Designs with
improved performance—in the new line
of Webster Electric Pickup Tone Arms.

Among the many outstanding features
are their low tracking pressures, attrac-
tive appearance, and freedom from reso-
nance distortion.

Additional points that describe their
merit are as follows:

o High Needle-point
Compliance

® Accommodates Various
Needles

o All Voltage Requircments

® Negligible Surface Noise

o Correct Tracking Angle

s Perfect Response

e Modern Styling

e Low Record
Wear

e Easy to Install

e Feather-light
Tracking

The “S” Series is finished in rich brown,
the “T” Series in fawn and the “V”
Series in bronze.

DEPENDABLE
PERFORMANCE

...the new line of

R — B . R ——

. PRECISE
CONSTRUCTION

o

ke

o

"'S'" SERIES

Already adopted by many leading record
player manufacturers for new models,
they offer the finest in styling, perform-
ance and dependability.

A complete selection of cartridges is also
available for the above line as well as for
use with other makes of tone arms.

SERIES "S""—Sturdy die-cast zinc alloy construc-
tion with spring counterbalance maintains track-
ing pressure at only one ounce. Meets majority
of requirements.

SERIES "T"—Stamped aluminum c¢onstruction
without counterbalance or springs. Internally
braced to give maximum rigidity and freedom
from resonance distortion. Tracking pressure 114
ounce.

SERIES "V"—Aluminum die-cast construction, a
deluxe model with high latcral ridge to assure
absolute minimum in resonance distortion. Track-
ing pressure %4 ounce.

(Licensed under patents of the Brush Development Company)

WEBSTER

RACINE

Established 1909

ELECTRIC

WISCONSIN

Export Dept. 13 E. 40th Street, New York (16), N. Y. Cable Address "ARLAB' New York City

"Where Quality is a Responsibillty and Fair Dealing an Obligation"
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CARBON BRUSH
DISTRIBUTOR,

e
}-conTROL
CIRCUIT

<= SPARK

PERFORATED
DISK DRIVEN
BY CAM SHAFT

LAMP PHOTOCELL

Electronic impulse ignition system has ac-
curate timing

each sparkplug, or to a single stepup
transformer and then to the spark
plugs, the former being preferable
as the distributor operates at lower
voltage. The control circuit con-
sisted of a perforated disk driven
from the engine shaft, a light,
photocell, and amplifier tube. The
battery voltage in the vehicle was
stepped up to 400 volts for use on
the tubes. The system performed
satisfactorily, but the transformers
on the spark plug were unnecessar-
ily large; timing was very good (PB
22653). The Bosch company also
developed superior flywheel mag-
metos which generated voltages for
both ignition and lighting (PB
34724), and experimented on high-
frequency ignition systems with
negative results (PB 32589).
Other German ignition research
was directed toward developing a
low-voltage system. The basic tech-
nique was to guide the spark be-
tween electrodes along an insulator.
A ceramic tube served best for op-
eration from 400 to 2,500 volts (PB
18891 and PB 12641). Elsewhere
in Germany chemical ignitors were
tested but with unsatisfactory re-
sults (PB 6679 and PB 13845).

Millimeter Wavelengths

GENERATION of extremely high-fre-
quency electromagnetic waves is
done by several methods. Although
the energy available at millimeter
wavelengths is small compared to
energies used in microwave com-
municational and navigational
equipments, it is sufficient for labo-
ratory  studies. Furthermore,
although there are limitations to
the maximum frequency at which
a given energy can be generated,

July, 1947 — ELECTRONICS



It tells when
you will
{elephone

“It” is an icosahedron —a solid with
twenty regular faces. The laws of prob-
ability say that if you roll a hundred
icosahedrons on a table, cleven or
more will come to rest with side “A”
on tap only once in a hundred throws.

Identical laws of probability rule the
calls coming into your local Bell Tele-
phone cxchange. Suppose you are one
of a group of a hundred tclephone sub-
scribers whose practice is to make one
three-minute call cach during the bus-
1est hour of the day. The chance that

eleven or more of you will be talking
at once 1s also only one in a hundred.
Thus it would be wasteful for the Bell
System to supply your group with a
hundred trunk circuits. Eleven trunks
will suffice to give you good scrvice.

Telephone traffic conditions vary.
But you can be sure, wherever you
live, that Bell Telephone Laboratorics
research, which pionecred in applying
probability theory to telephone trafhc,
is everywhere lielping to make the most
usc of costly equipment.

i

EXPLORING AND INVENTING, DEVISING AND PERFECTING, FOR CON-
TINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE
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ELECTRON ART (continued)

these limitations can be circum-
vented. The limitation of power
that can be stored in a small cavity
is circumvented by using multi-
cavity magnetrons and by forcing
the magnetron into oscillations at
which the cavities are several wave-
lengths long, as in the Rising Sun
magnetron.® The beam traveling-
wave tube® provides a means of
exchanging energy between beam
and electromagnetic circuit that
eliminates the resonant circuit alto-
gether, and with it the difficulty of
coupling energy into the resonant
circuit, usually a cavity.

A reflex oscillator was built fol-
lowing an analysis of factors limit-
ing the output power at millimeter
wavelengths®; it delivered several

Table of Methods of Generating
Millimeter Wavelengths

Gener~tor Wave- Output
length
in milli-
meters

Split anode 6.4 continuous
Magnetron!

Pulsed klystron 5.80 to 4.15 pulsed ‘
(0.01 duty cycle)?

Second harmonic 6.1 to 5.4 continuous
of 1-cm klystron?

Shock excitation 2.2 to 0.2 damped
of metal particless

milliwatts at 5 mm. The major
problem is to focus a sufficiently
high-current beam through the
apertures in the resonator. If the
apertures are made large, the r-f
field does not extend across them
with the result that there is no
coupling between electrons at the
center of the beam and the electro-
magnetic field across the apertures
The aperture must therefore be
made fairly small, which means
forcing the dense beam of electrons
into a small cross section against
the mutual repulsion of the elec-
trons. A compromise design was
adopted using very fine grid wires
across a small aperture. The wires
were thin enough not to block the
beam, but thick enough to dissipate
the heat generated by electron bom-
bardment and to have enough r-f
conductivity to justify their use.
The pulsed output of the tube was
detected by a 1N26 crystal.

Earlier investigators generated
millimeter wavelengths by magne-

July, 1947 — ELECTRONICS
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@ Here is a self-retaining, self-locating and
self-locking SPEED NUT designed for fluores-
cent tube lamp sockets. But it's merely one of
hundreds of special shapes that do more than
merely hold the screw.

This SPEED NUT C6800 is zipped into the
recess in the lamp socket to stay. The turned up
ends of the spring arms *‘bite” into the plastic to
lock the SPEED NUT firmly in place. It is self-
locating because the extruded collar butts up
against the back of the vertical slot to line up the
SPEED NUT impression with the screw hole. It's
self-retaining and self-locking because of the

MORE THAN 4000

T H I N G

ELECTRONICS — July, 1947

Lyl

|

peed Yo~

exclusive spring tension lock of the SPEED NUT
Brand of fasteners. Fits any socket of this type
using standard 6-32 machine screws.

Why not let us design a fastener for you that
can be applied twice as fast and do a lot of
other things besides holding the screw. Write for
samples or send your engineering details for a
no-charge analysis.

TINNERMAN PRODUCTS, INC.
2106 FULTON ROAD, CLEVELAND 13, OHIO

In Canada: Woallace Bornes Co,, Ltd., Hamilton, Ontario
In England: Simmonds Aerocessories, Ltd., London

In France: Aerocessoires Simmonds, 5. A. Paris

In Australia: Simmonds Aerocessories, Pty. Lid., Melbourne

*

Lucs

SHAPES AND SIZES

PATENTED * Irade Mark Reg. U 5 Pot, Off.

N F A S T E N I N G §
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TEAMED FOR

PERFECT HEARING COMFORT

able headphones.”

Thousands of secretaries have long exclaimed,
“Oh! For a transcribing machine with comfort-

And here’s the perfect answer to this need . ..
thenew TELEX Monoset...now standard equip-
ment on the Gray Manufacturing Company’s
new transcribing machine, the Gray Audograph.
This modern under-the-chin headset is light in
weight, comfortable and instantly adaptable to
the user. There is no ear fatigue, no more mussed

up hair with the TELEX Monoset...and it gives
anew kind of performance that means improved
work and improved disposition. Its electro-acoustic “heart” assures
faithful sound reproduction. Its rugged plastic construction assures
years of service. Yes, the TELEX Monoset teamed with the new
Gray Audograph is another example of “perfect hearing comfort.”

Write Department AM for information and quotations. We'll be bappy
to show you how the TELEX Monoset can become part of your team for
perfect hearing comfort wherever headphones are needed.

SPECIFICATIONS

000 ohms—Part No. 2568
500 ohms—Part No. 2569
128 ohms—Part No. 2570

Impedance: 2

Canadian Distributors:

Addison Industries Lid., Toronto

186

88 d.b. above .00020fi

Sensitivity: dynes per square centi-
meter for 10 micro-
watt input.

NG AT IT,
“EFR‘ 2 e@s

I'TELEXnc.

ELECTRO-ACOUSTIC DIVISION

TELEX PARK
Minneapolis, Minn.
S

ELECTRON ART {continued)

trons and spark discharges. A split
anode magnetron of 0.19 mm. anode
radius operating at 1,200 volts in a
magnetic field of 24,000 oersteds
developed 4 X 10 ma in an iron
purite crystal receiver placed at the
focus of a mirror located 15 meters
from the tub. The wavelength
was measured with an echelette
grating spectrometer. Spark dis-
charges between spheres produce
oscillations at an approximate wave-
length of 2rd/~/3 where d is the
diameter of the sphere. This tech-
nique was used to obtain radiation
for biologic studies.® A similar
method is to shock excite aluminum
dipoles in a flowing stream of oil.
The energy so produced is detected
by a thermocouple and the wave-
length measured with wire grat-
ings.* Although the power from
these oscillations is low, it is suffi-
cient for such physical measure-
ments in the laboratory as the
absorption of  electromagnetic
waves by gases in the study of
intermolecular forces.” Refinements
in present techniques and new
techniques may push the frequency
limits higher.

(1) Rising Sun Magnetron, ELECTRONICS,
P 202 Aug. 1946. Brief description of
magnetron design developed at Columbia
University Radiation Laboratory.

(2) Wideband Microwave Amplifier Tube,
ELECTRONICS, p 90 Nov. 1946. Character-
istics and operating principles of beam

traveling-wave tube.

(3) Lafferty, J. M., A Millimeter-Wave
Reflex Oscillator, J. of Appl. Phys,, p 1061
Dec. 1946. Based on analysis of factors
affecting frequency limitation of reflex os-
cillators, tubes to give very short wave-
length were built and tested. See also
Pierce, J. R., Physical Limitations in Elec-
tron Balllstics, Bell Syst. Tech. J. p 305
July-Oct, 1945.

(4) Cleeton, C. E. and Williams. N. H.,,
The Shortest Continuous Radio Waves, Phys.
Rev., p 1091 Dec. 1936, Letter to the editor
describing a split anode magnetron.

(5) Montani, Angelo, A Generator of
Damped Microwaves, ELECTRONICS, p 115
Sept. 1944. A half watt at 7,000 mc is
produced from an array of metallic spheres.

(6) Cooley, Jean P. and Rohrbaugh, John
H,, The Production of Extremely Short
Electromagnetic Waves, Phys. Rev., p 296
May 1945. An abstract of this paper ap-
peared in ELECTRONICS, p 298 Sept. 1945.

(7) Beringer, Robert. The Absorption of
One-Half Centimeter Electromagnetic Waves
in Oxygen, Phys. Rev., p 53 July 1946. Out-
put from one-cm klystron was fed into a
silicon-tungsten  crystal which produced
second harmonic output for these absorp-
tion measurements.

Thermal-Magnetic
Control

APPARATUS OR PROCESSES depending
on temperature for proper opera-
tion can be controlled at any tem-
perature between 180 F and 1,000 F
by Curie Point alloys. These are
alloys of iron in proportions to ob-
tain the required Curie point. Below

July, 1947 — ELECTRONICS



RELAYS

for Electronic Circuits

BULLETIN 700 UNIVERSAL RELAYS are a new and important
addition to the standard line of Allen-Bradley solenoid relays with
a 10-ampere rating. These universal relays have two banks of con-
tacts which permit quick and easy changes from

NORMALLY OPEN TO NORMALLY CLOSED contacts
@éﬁ ...or vice versa ... merely by shifting terminal con-
.. . j nections. (See diagrams at left.} They are ideal for
©="0 electronic applications in which circuit connections
ORMAL e e e 1o Must be interchangeable to meet varied operating
:,°:::::l:;.‘;:.?:::c:::.'.::.:: conditions. Available in 2, 4, 6, and 8 poles, with
double break, silver alloy contacts which need no

Dimensions I
3%in.x3in.x33% in.

or stick. Hence, these relays are good for millions of trouble-free

7 . [ maintenance. There are no pins, pivots, bearings, or hinges to bind
S PPt o = .
operations in electronic service. Send for bulletin, today.

.

P
{ onlictl o ormactims

Relay with OTHER ALLEN-BRADLEY RELAYS & CONTACTORS
4 NORMALLY-OPEN {2

0 NORMALLY-CLOSED 242 BULLETIN 810 BULLETIN 702
TIMING RELAYS SOLENOID.
are ideal for any CONTAC-
service requiring TORS for
an adjustable heavy duty
delayed action ratings up to
relay. Have normally open or 300 amperes.
normally closed contacts. Arranged for
Relay with ] Magnetic solenoid core is 2- or 3-wire
;N'::;;':ﬁlyy'(f;:'i‘n.. - restrained from rising by the remote con-
CONTACTS 912 piston in oil dash-pot. Adjust- trol with push buttons or auto-
able valve in piston regulates matic pilot devices.
' time required to pull piston Enclosing cabinets for all
IN(:;::AYLLV;I-'(I;PEN% through oil-seal and trip the service conditions. Double
3 NORMALLY-CLOSED contacts, which open or close break, silver alloy contacts
CONTACTS &8I0 . with quick, snap action. Ideal require no maintenance,
for transmitter plate voltage Solenoid mechanism is simple
Reloy with ; control. “  and trouble-free.
0 NORMALLY-OPEN
4 NORMALLY- CLOSED Allen-Bradley Co.
CONTACTS % 110 W. Greenfield Ave. Aljen-Bradley Universal

Relay in standard pressed

Milwauvkee 4, Wis.

steel enclosure.

[-BRADLEY

RELAYS

ALLE

RESISTORS
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4204 WRIGHTWOOD AVENUE,

Package of

PERMANENT PERFORMANGE

® Kester Cored Solders are scientifically manufactured

to provide permanent, dependable results in every type
of soldering operation. They equip your product with
rugged staying power——protect against service difficul-
ties.

® Kester Cored Solders are simply and easily applied.
Self-contained fluxes are positive-acting and will not
disintegrate or lose their fluxing power.

® Kester Rosin-Core Solder, for electrical work, con-
tains a patented plastic rosin flux. Ideal material for
clean, tight electrical connections, Kester Rosin-Core
Solder will not cause corrosion or injure insulation.

® For general soldering, use Kester Acid-Core Solder
to safeguard the equipment you build . . . with tight,
trustworthy solder bonds.

® Kester engineers are at your service, to help you se-
lect the right solder, and the correct strand and core-
size for every operation. Write them fully; there is no
obligation.

KESTER SOLDER COMPANY

Eastern Plant: Newark, N. J.
Canadian Plant: Brantford, Ontario

STANDARD FOR INDUSTRY

CHICAGO 39, ILLINOIS

ELECTRON ART {continued)

this point the alloys are ferromag-
netic having high permeability,
above it they are paramagnetic hav-
ing very low permeability. The
transformation temperature is fixed
by the alloy composition and is un-
affected by other factors. These
metals, prepared by the Curie Point
Alloys Co. (Chicago), can be used
in magnetic circuits to provide con-
trol. For example the metal can be
the armature of a relay. While be-
low its Curie point it will be at-
tracted by the relay’s magnetic field,
but if heated above the Curie point,
it will no longer be so attracted.
The transformation from ferromag-
netic to paramagnetic states is re-
versible and occurs in either direc-
tion at the same temperature in
any given alloy.

Developmental Television
In France

SMALL TELEVISION CAMERAS and
high definition pictures are being
developed in France. The equip-
ment furthest toward application is
the 819 line system of La Radio-
Industrie featuring a new icono-
scope with a primary image only
one square centimeter in area. This
camera, called the Eriscope, uses
16-mm movie camera lenses giving
a depth of field from two meters to
infinity without refocusing. It can

Television camera is as maneuverable as
a newsreel camera

July, 1947 — ELECTRONICS
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Courtesy HURLEY Machine Division, maokers of GLADIRONS

wHY ARE CORNISH wire PrODUCTS SPECIFIED BY THIS
LARGE MANUFACTURER OF IRONING MACHINES?

Because their ENGINEERING Department knows by test that
they will give foithful and enduring performance . . .

Because their PRODUCTION Department finds that they
hove those qualities essential for quick installation on
their assembly line . . .

Because their PURCHASING Department realizes that these
Quality Products, backed by dependable service, are
sold at prices that spell true economy . _ .

CORNISH WIRE CO.,

15 Park Row « New York City, 7
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ELECTRON ART {continued)

be used for normal outdoor shooting
at intensities down to 500 lumens.
The tube is now built of Pyrex;
when molybdenum glass is dvailable
it is expected that the primary
image size can be reduced to 64
square millimeters. The camera
also houses a preamplifier and final
stages of the sweep circuits, the
generators and frequency dividers
being in the fixed studio equipment.

Transmission of the doubly in-
terlaced picture at 50 half frames
per second will be at 200 mc from a
transmitter to have a peak power of
1 kw. Synchronizing pulses are to
be transmitied by a-m, the 10-me
picture band by f-m, and the sound
by f-m on a separate 200 watt trans-
mitter with a maximum swing of
== 75 kec and an a-f band from 30
to 15,000 cps.

Other French firms are experi-
menting on high definition, the sys-
tem of the Comp:ignie des Comp-
teurs having 1015 lines. The gov-
ernment-owned Television Fran-
caise has resumed experimental
daily broadcasting from its 30-kw
Eiffel Tower transmitter with the
prewar 450-line picture.

Survey of New Techniques

A DEVICE has been developed at
Wright Field that enables a plane
to fly a straight line. It operates
from shoran signals and is being
used in acrial mapping to permit
the photoairplane to follow a
straight course in taking a sequence
of photographs of a large area. The
Straight Line Indicator can either
provide instrument indication for
the pilot or operate an autopilot.
Electrical drilling of dies has
been independently developed at the
U. S. Bureau of Standards and the
Soviet Electrical Institute. The
technique as developed at the
Bureau of Standards is applied to
drilling diamond dies used in draw-
ing such fine wires as those used
for vacuum tube grids. The dia-
mond is drilled by electrical sparks
formed between a needle point and
the diamond. Dies for 0.0004 to
0.015 inch wires are produced in 40
hrs against about 150 hrs by con-
ventional drilling. The electrical
erosion technique developed in Rus-
sia is substantially the same but is

July, 1947 — ELECTRONICS:
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The Type 1802-A Crystal Galvanometer (a “gal-
vanometer’’ rather than a ‘'voltmeter’” because it does
not have the high accuracy of most other G-R instru-
ments) measures voltages from 30 to 1,000 Mc, and is
useful up to 4,000 Mc. It is direct-reading from 0.1
volt to 100 volts and is finding considerable utility
in u-h-f measurements.

Essentially it is very simple — a 1N21B crystal and
a d-c amplifier. To obtain the high upper-frequency
limit, however, several mechanical and electrical de-
sign problems are involved. The crystal rectifier ex-
tends the frequency range far above that obtained with
the usual tube diode; however, the uniformity of com-
mercially available crystals is below that of the v-t
diodes and limits the instruments accuracy to +=5%.

for
VOLTAGE

MEASUREMENTS
to
1,000 Mc!

The upper frequency limit is dependent upon the
design of the pick-up probe. The probe assembly has
been designed to minimize inductance by using cylin-
drical blocking and by-pass condensers. The probe
design and the crystal itself result in an average probe
resonant frequency of about 1800 Mc. Individual
crystals modify this resonant frequency.

The amplifier uses a degenerative cathode-follower
circuit arranged as a bridge system. The sensitivity of
the meter is essentially independent of zero setting.

Two capacitance voltage dividers are supplied as
multipliers extending the voltage ranges to 10 and
100 volts. Fittings for plugging into coaxial connec-
tors are furnished.

TYPE 1802-A Crystal Galvanometer . . . $210.00

WE HAVE A FEW IN STOCK — Order Now for Probable Immediate Shipment

GENERAL RADIO COMPAN

i 90 West St., New York 6

ELECTRONICS — July, 1947

920 S. Michigan Ave., Chicago 5

Cambridge 39,
Massachusetts

950 N. Highland Ave., Los Angeles 38
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BROADCASTER

EACH A
POTENTIAL RECORDING

MASTERPIECE

Soundecraft dises are the culmination of a five-year
engineering search for wider dynamie range, lower surface
noise, freedom from *‘grey-cut” and *swish® in dise
recording.

Soundecraft engineers have developed a conting process
that now makes possible the application of high solid
content, finer grained lacquers in an unusually thick, ¢lean
and uniform coating.

Check and compare these Sounderanft qualities with other
blank discs you may be using now.

Background noise lowered 2—4 db
Dynamie range inereased

Elimination of unpredictable ®grey cuts”
Reduction of suriace **swish”

Increase of sapphire life

HERES OUR OFFER . . . . .

In order that you may test for yourself our

claims for Sounderaft dises, a **Broadcaster®
dise will be sent without charge to anyone

detaching this page and sending his name
and address to us.

REEVES SOUNDCRAFT CORPORATION

New York 22, New York

10 East 52nd Street ©

ELECTRON ART {continued)

applied to drilling, slotting, or cut-
ting hard metals.

Metal-ammonia solutions rapidly
frozen to —85 C are superconduc-
tors of electricity and sensitive de-
tectors of infrared rays. This ma-
terial is a superconductor (that is,
has no electrical resistance) at a
higher temperature than any of the
some forty other materials found
to be superconductors (close to
—273 C). Dr. R. A. Ogg, Jr. of
Stamford University who 4s con-
ducting the research on these solu-
tions believes they may shortly be
applied to infrared detection.

X-ray diffraction identification of
crystals at temperatures up to 1,500
C can be done by replacing the
photographic film by a Geiger
counter. In the technique devel-
oped at the National Bureau of
Standards the Geiger counter,
which can withstand higher tem-
peratures than film, is moved
through the diffraction pattern by
a synchronous motor. The pattern
is recorded on a strip chart. The
equipment is used in studying the
modifications of crystalline states
at elevated temperatures and the
rates of inversion and crystal for-
mation with powdered samples. The
Bureau has designed a furnace for
use with a Norelco x-ray spectrom-
eter adapted to this study.

PRESIDENTIAL RADIO

Familiar equipment appears in the receiv-

ing room of the communications center that

travels with President Truman and his

party on the rails. Installed in a former

Pullman car, the transmitters and receivers

are powered by two diesel 25.kw
generators

July, 1947 — ELECTRONICS



«an be S0lved Better
with 0-D 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 to find out that some
mixers don't cause radio interference,
Mixers equipped with C-D 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 . PA

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. K-7, South
Plainfield, New Jersecy. Other large
plants in New Bedford, Brookline and
Worcester, Mass., and Providence, R, L.

CORNEH-NIBIHEB

WOrId's Jargesy
orld’s Iarge;( Manufactyrer of

- CAPACITORS

PER . ELECTROLYTIC

TYPICAL NOISE SUPPRESSORS

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 — July, 1947

CAPACITOR #3

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

193



NEW PRODUCTS
{continued from p 142)

plate load resistor, 250,000 ohms;
grid resistor, 500,000 ohms. Fur-
ther details are outlined in Bulletin
943.

Impedance Vectorgraph (13)

SoUND APPARATUS Co., 233 Broad-
way, New York 7, N. Y. A direct
SPECIALIZATION graphical recording of resistive and

Moldite iron co:‘es are nro‘;
duced by specialists engage 3 . u
ech:nIviely in the m:nulactlult'- reactlve components Of an Jmped
ing of iron cores. complete Q :
line of magnetic iron cores. ance as a function of frequency 18
For use at all freguencies in-
cluding television and FM is
now available,

ENGINEERING

It is a simple matter for
Moldite engineers to fit the
right core to your particular
coil for the best results.
Moldite engineers are thor-
oughty familiar with every
iron core apnlication and will
be glad to assist you in deter-
mining which of these com-
ponents can best satisfy your
requireaments,

PRODUCTION

With our vastly expanded pro-
duction facilities, we are in
the position to meet your
urgant iron core reguirements.
Qualtty. economy and depend-
ability are assured.

SAMPLES

Moldite sample iron cores will
be submitted for design, test
and pre-production purposes
upon rereipt of your request.
Use Moldite material grade
designations to insure promnt
and exact duplication of the
required cores. Specify
“MOLDITE” for **QUAL-
ITY.”

now possible with the Impedance
Vectorgraph used in conjunction
with a twin recorder and beat-fre-
quency oscillator. Resistance and
reactance can be separately and si-
multaneously recorded from 1 to
4,000 ohms in 6 ranges, with a
. separate expansion of either scale.
Polarity of reactance is indicated.
The instrument will find use in
measurements of transducers, fil-
ters, and transmission lines.

Dime-Size Snap Switch (14)

Mvu-SwITCH CorP., Inc., Canton,
Mass. The Q-Switch is a small snap-
action switch designed for high-
current capacity in various combi-

L

NATIONAL
MOLDITE COMPANY

25 MCNIGOMERY STREET o HILLSIDE 5, NEW JERSEY

SALES REFRESENTIATIVES
MICCLE STLANTIC STATES MID-WESTERN STATES:
Robert A, Sylwester - L. C. Lowery Co. Harold Kadell
401 No EBroad So. Philadelptia, Pc. 20 M. Wacker Drive Chicago, iJlinois

WESTERN STATES: J. J. Perimuth A iates, 942 Maple A » Los Angeles 15, Calitornla
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Announcing—

MINIGLASS QUARTZ CRYSTAL UNITS'

For Broadcast, FM and Television Applications

These compact, hermetically sealed, high performance units are designed for your
multiple applications in the range of 2,500 to 10,000 kilocycles — with a tolerance

of £250 cycles at normal room temperature.

MINIGLASS crystals are designed for low cost quantity production. Available for

immediate deliveries.

Manufacturers of Radio Quartz Crystals
MELVIN L. SMITH LABORATORIES

tPatent Applied For KANE, PENNSYLVANIA

ELECTRONICS — July, 1947 195



NEW PRODUCTS {continued)

o nations up to single-pole, double-
throw. Its small size makes is par-
ticularly applicable in industrial

POWER supplIEs electronic equipment.

Facsimile Motor (15)

| CycLoumM Motor CoORP., 5-17 46th
Road, Long Island City 1, N, Y. The
Cyclohm type 29 ventilated syn-
chronous motor can be supplied in

ratings of 1/100, 1/75, and 1/50
horsepower, 1,800 rpm, 115 v, 60
cps. The motors can be used for re-

PRECISION

&

} 3

ACCURACY _ .

¥ : , ! ;ord.mgl and ta(Ii)e pulhggtand f.(;:r
acsimile recorders and transmit-

PERFORMANCE ~ .o

Built to rigid U. S. Government Specifications

SPECIFICATIONS Serateh Filter (16)

INPUT—!15 v. 56-60 cycle
REGULATIONS—Less than 1/20 volt change in output voltage with change of from

BurNELL & Co., 45 Warburton Ave.,

100-140 V.A.C. input voltage & from NO-LOAD to FULL-LOAD (over very wide Yonkers 2, N. Y. A new scratch

latitude at center of variable range) filter with flat response within the

RIPPLE—less than 5 millivolts at all loads and voltaaes pass band and extremely sharp at-

DIMENSIONS—Fits any standard rack or cabinet (overall: 19 in. wide: 12/ in. high: tenuation above the cutoff frequen-
11 in. deep; shipping wt.—100 pounds) : : :

cies is adaptable to all types of

TYPE A—VARIABLE FROM 210 TO 335 V. D. C. @ 400 M. A. iy For pe

TYPE B1—VARIABLE-TWO RANGES: 400-600 V. D. C. @ 125 recordings. Three different cuto

M. A. and 600-890 V. D. C. @ 125 M. A. frequencies are provided that can

CONSTRUCTION FEATURES be selected on a single-circuit
switch.

Weston model 30! (or equal) milliammeter and voltmeter ® Separate switches, pilot
lights, and fuses for FIL and PLATE VOLTS @ All tubes located on shockmount assemblies
® Fuses mounted on front panel and easily accessible ® Can vary voltage by furning

small knob on front of pane|, Can easily modify Type Bl from POSITIVE to NEGATIVE g

output voltage ® Individual components numbered to correspond with wiring diagram. Heat Transfer Unit an

Rigid construction: components designed to withstand most severe military conditions— EASTERN INDUSTRIES. INC.. New
$ b |

physical and electrical; were greatly under-rated,
All units checked and inspected at 150% rated load before shipment.

. (Type A: 2.836: 6-6L6: 2-65F5; 1.VRI50; 1-VR105
Tube complement: | 7/0 0 BY: 2.836; 2-6L6; 2-6SF5; 1-VR150; 1-VR105

Haven 6, Conn. The Model No. 1
heat transfer unit, developed for

IMMEDIATE DELIVERY

NET PRICES—F. O. B. BALTIMORE, MD.
TYPE A—$189.00 TYPE B1—$185.00

Complete with tubes and ready to plug in—Prices subject to change without notice

NATIONAL RADIO SERVICE CO.

Reisterstown Rd. & Cold Spring Lane . Baltimore 13, Md.
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If you want to Save Money
IN SILVER APPLICATIONS

use

ERAL PL

Laminated Metals

Why pay the high cost of solid

silver when General Plate
Laminated Metal . . . precious metal
permanently bonded to inexpensive
base melal . . .gives vou the performance
characteristics ol solid silver yet costs you
considerably less P

By permanently bonding silver to base metals,
General ’lale gives you such laminated sheet,
wire and tube combinations as edgelay, inlay, wholly
covered or covered one side or both. Thus you get the
silver exactly where you need silver performance bul
without the expensive solid silver cost.

You get other advantages, too. General Plate Laminated
Metals are easier (o fabricate, are more workable, have
betler spring properlies, are easier lo solder, and provide
structural and mechanical properties not obtainable in

solid silver.

General Plale Laminaled Melals are also available in
many olher precious (o base metal and base Lo base melal
combinations. Invesligale these versatile melals. Write

for information or engineering assistance.

GENERAL PLATE DIVISION

of Metals & Controls Corporation
50 Church St., New Yark, N.Y; 205 W, Wacker Drive, Chicago, Ili.; 2635 Page Drive,
Altadena, California; Grant Bidg., Pittsburgh, Pa.

ATTLEBORO, MASSACHUSETTS

RAAL <
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* New Crystal
* Pickup Achieves
* High Sy
 Compliance

Cartridge requires less
than 15 ounce stylus force.
Sapphire stylus which can
be removed and replaced
without tools.
Crystal pro-
tected against
extremely high
humidity. With-
stands heat

up to 250°F.

Here's a crystal pickup
that sets a new high in pickup standards!

o @ Maximum stylus life due to highly

compliant mounting and low stylus
s force . . . almost impossible to chip.

® Low distortion.
® Less than ¥2 ounce stylus force required.
® Stylus removable and replaceable without tools.

® New crystal mounting keeps crystal effective in high
humidity . . . in heat as high as 250°F.

® Tests show cartridge unharmed
after 15 minutes in boiling water.

P

Get the full story on this new
crystal pickup developed by y.

the finest crystal research in the ,_A‘F The BrUSh

nation. Write today.

m  Development Co.

3405 Perkins Avenue
Cleveland 14, Ohio
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NEW PRODUCTS {continued)

television, radar, induction heating
and similar apparatus will dissipate
up to 1,000 watts depending upon
the operating temperature range.
The unit is equipped with a four-
bank radiator, cooling fan, circula-
ting pump, reservoir, flow switch,
thermostat and necessary fittings.
The pump and fan are mounted on
opposite ends of the same motor
shaft. The motor is 1/40 hp, 3,450
rpm., 110 volt a-¢ induction type.
The overall size is 19§ x 5} x 103
inches high and the approximate
weight is 40 pounds. The unit is
encased in a black crackle finished
sheet metal cabinet.

Coating Unit (18)

NATIONAL RESEARCH Corp., 100
Brookline Ave., Boston 15, Mass.
The type 3102 coating unit is a
medium-size vacuum evaporator
suitable for the deposition of mag-
nesium fluoride on optics and the
preparation of evaporated metal
films. A dry-air pressure of 5 X
107 millimeters of mercury can be
obtained in nine minutes on a clean
empty 18-inch glass bell jar.

Miniature Dry
Electrolytics 19)

SoLAR MFG. Corp., 285 Madison
Ave., New York 17, N. Y. Type LB
etched-foil capacitors are now avail-
able in values from 8 microfarads

at 150 working volts d-c to 200 mi-
crofarads at 1.5 working volts d-c
in containers measuring # by 1%
inches. In larger cases, 8 by 1%
inches the capacitances are 12 and
300 microfarads at the same volt-
ages.

Light Integrator (20)

SibwArDp MFG. Co., 261 Broadway,
New York 7, N. Y. The Tim-O-Lux
is a device for automatically inte-
grating light and the length of tirhe

July, 1947 — ELECTRONICS
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O ENDS AN UNEVENTFUL JOURNEY—a journey in
which Standard Aircraft Radio has played its part towards
safety—keeping contact with the ground—performing its

duties reliably, day and night.

Notable amongst the new ‘‘Standard '’ sets for civil aviation

is the S.T.R.12.  V.H.F.—miniaturised—12 spot frequencies
on ‘send’ and ‘receive’— telephony and M.C.W.—
overall weight 18 Ib.

5/’0
(727

RIRCREE

Srandard Telephornes and Cables Limired + TELECOMMUNICATION

ENGINEERS + OAKLEIGH RMM|@.M
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7" The Finest
Electrical
Connectors

Money can build
or buy!

O - W

4
.
-
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-
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o e secrer 15 SCINFLEX |

Bendix-Scintilla* Electrical Connectors are precision-built
to render reliable peak cfficiency—day-in and day-out
even under difficult operating conditions. The use of
Scinflex—a new Bendix-Scintilla developed dielectric
material —makes them vibration-proof, moisture-proof,
pressure-tight, and materially increases flashover and creep-
age distances. Even under extremes of temperature—from
—67° F. to +300° F.—their performance is remarkable.
Dielectric strength is never less than 300 volts per mil.
The contacts, made of the finest materials, carry maxi-
mum currents with the lowest voltage drop known to the
industry. Check the list of outstanding features below—
then write for detailed information on these truly superior
connectors. They belong on every job where there is no
compromise with quality. #TRADEMARK
® Vibration-proof ® Pressure-tight
® Moisture-proof ® Minimum Weight
® Radio Quiet
® Single-piece Inserts

® High Arc Resistance
® Easy Assembly and Disassembly

® No Temporary Overloads ® Low Electrical Resistance

L3

SCINTILLA MAGNETO DIVISION of By,
ol

SIDNEY, NEW' YORK:

AVIATION CORPORATION

NEW PRODUCTS {continued)

supplied for developing photo-
graphic emulsions. Fluctuations in
light intensity are compensated in
the instrument by additional expos-
ure time so that once a satisfactory
print has been obtained it is only
necessary to leave the controls set
for a complete run of prints from
that negative.

UHF Signal Generator (21)

HASTINGS SALES ENGINEERING Co.,
532 Commonwealth Ave., Boston 15,
Mass. The General Communication
Co. model P142 uhf signal generator

is designed to furnish an r-f signal
for calibration and alignment of re-
ceivers or for general laboratory
work in the range from 1,200 to
4,000 mec. Unmodulated, pulse-
modulated, or frequency-modulated
signals can be selected at will. The
oscillator is a velocity-variation re-
flex type using an adjustable cavity.

Heavy-Duty Rectifier (22)

ELECTRONIC RECTIFIER Inc., 737 N.
East St., Indianapolis, Ind. Ability
to operate over a temperature range
from minus 40 to 284 F, and light
weight are the outstanding features
of the new heavy duty magnesium-
copper sulphide Lektron rectifier.
Chief weight-saving feature is ex-
tension of the magnesium rectify-

July, 1947 — ELECTRONICS
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non-corrosive

Ersin’ Multicore Solder was the first solder in the
world to be made with THREE cores—and it is the
only solder in the world made with extra-active

ERSIN FLUX.

No. other solder

offers you the same advantages of speed, efficiency,

and economy per joint.

THE ADVANTAGES OF THREE CORES
The thre= core construction of

Multicore gives

High

precision production.

solder

walls
rapid meting.

provide

Speed

Thinner

extra

Flux  continuity

eliminates waste of solder lengths
without fux, .

ERSIN

THE
Only the purest tin and .lead .are
used i the. manufacture of Ersin
Multiccre Solder. Multicore is made
as stancard in gauges 'between 10 and
22 S.W.35. (.128 to .028 in., 3.25I to .71I
mm.) and in five standard antimony-

,free alleys.

ADVANTAGES OF QUALITY

Other-alloys and gauges
can be supplied to ‘special order.

MULTICORE

THREE

US.A, enquiries to
BRITISH INDUSTRIB GORP., 315, Broadway, New York 7, N.Y.

1]

SNI-DOR RADIOLECTRIC LTD., 455 Craig Street West, Montreal

Enquiries regardmg other territories to

"MULTICORE SOLDERS LTD., Mellier House, Albemarle Street, London. w.i. England

Tel.: REGent l411." Cables :

Dustickon, Piccy, London

THE ADVANTAGES OF ERSIN FLUX
Ersin: Flux, contzined in the three
cores of Multicore Solder, is a high
grade rosin, subjected to a complex
chemical process which increases
its fluxing actior without impair-
ing the well-known norn-corrosive
properties of the original rosin.

ERSIN

Canad ian enquirles to

FLUX



WHEN YOU SEE THESE SYMBOLS..

THINK OF S.S.WHITE
FLEXIBLE SHAFTS

The arrow identifies these sym-
bols as variable elements. And
where there are variable ele-
ments, it pays to think of S. S.
White flexible shafts. As one
well-known engineer puts it—

"In electronic equipment variable elements must
be strategically located for premium electrical per-
formance. In most cases the resultant mechanical
placements of these elements do not readily adapt
themselves to a symmetrical front panel placement
of control knobs. S.S.White flexible control shafts,
as couplings between the elements and their control
dials, allow us complete freedom in our mechanical
and electrical design."

260-PAGE FLEXIBLE SHAFT HANDBOOK
FREE TO ENGINEERS - - - - = « = = = = - -

It gives complete information and engineering
data about flexible shafts and how to select
and apply them, Copy free, if you write for it
on your business letterhead and mention your
position.

S.SWHITE uvnusnml.

THE 8. 3, WHITE DENTAL MFG. CO.
DEPT. & 30 BASY 40th ST., NEW TORK 6, N. Vo
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WEXIBLE SHAPTS o MEXIBLE INAFT TOOLS + AIRCRAFY ACCISSONNS
SMALL CUTTING AND GRIMDING TOOLS +  SPECIAT FORMWIA RVISIRS
FRESD * PRASTIC SPeC . PASTICS

Onc of Americas ARAA Industrial Entorprises

NEW PRODUCTS (continued)

ing plates beyond the core dimen-
sions of the rectifier to serve as heat
radiating fins.

Projector for Television
Transmitters (23)

Rap10 CorP. OF AMERICA, Camden,
N. J. A new 16-mm television film
projector type TP-16A is a modified
sound motion picture projector
adapted to project onto the mosaic
of a television camera pickup tube
as a means of programming televi-
sion broadcast stations. The scan-
ning sequence of ordinary film has
been modified in the machine by the

introduction of elliptical gears so
that the film motion is effectively
synchronized with standard televi-
sion signals. Radio-frequency volt-
age is used on the exciter lamp fila-
ment of the sound section and a
stabilizer is provided to insure
sound reproduction at virtually the
originally recorded pitch.

Multitester (24)

Rapio City ’Ropucts Co., Inc., 127
West 26th St.,, New York 1, N. Y.
The model 462 multitester has a d-c
sensitivity of 20,000 ohms per volt,
uses a germanium crystal rectifier,
and employs individual unit cells
for the ohmmeter. The d-c ranges
are 2.5 to 5,000 volts; a-¢, 2.5 to
5,000 volts; 0.1 to 500 milliamperes
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(EOR YOUR CONVENIENCE . . .

PANEL INSTRUMENTS NOW AVAILABLE

To supply you with instruments at the time you
need them, General Electric is accumulating a stock
of 3V-inch, round and rectangular panel instru-
ments in all the popular ratings. No waiting for
delayed shipments . . . just place your order and
they’re on the way to you.

NEW DISCOUNT BENEFITS

Also, more favorable prices, made possible by
new discount benefits, are now available to you
when ordering these standard types and ratings.

Included in these stocks of compact, high-quality
G-E instruments are ammeters, voltmeters, mil-
liammeters, and microammeters . . . instruments
for applications where AVAILABILITY counts.

INSTRUMENTS MADE TO ORDER

In addition, General Electric is equipped to solve
your individual instrument problems. Requests are
welcomed for special, made-to-order instruments
to be incorporated in your product where standard
models cannot be used. For further information
contact your General Electric representative or write
to Apparatus Department, General Electric Company,
Schenectady 5, N. Y.

VU METERS are now normally stocked in the following

styles: non-illuminated, no mask, “A" scale; illuminated, no mask, “A”

or B’ scale. Black covers are standard; gray covers can be furnished.

HEADQUARTERS FOR MEASUREMENTS

GENERAL @ ELECTRIC

602-105
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Radio equipment nsed in United Air Lines Mainliners tested at maintenance base.

For Greater Operating Efficiency

UNITED AIR LINES selects

UNTTED

AIR LINES

United Air Lines’ new deluxe rransport,
the four-engined Mainliner 300, speeds at
five miles a minute. Features of the planes
include elecroaic automatic pilots.

204

CREl Radio Engineering Courses
for Group Training of its
Radio-Electric Personnel

The scheduled air lines of the U. S.
offer the safest transportation in the world

. . and radio-electronics lends its certain,
guiding hand of assurance. United Air
Lines as part of its own program for high-
er operating efficiency has contracted with
Capitol Radio Engineering Institute for
further training of RADIO-ELECTRIC
PERSONNEL. Through the aid of CREIL
training, United is—

1. Increasing the technical ability of its
technical radio personnel.

2. Enabling its staff to perform duties
move efficiently and in less time.

3. Increasing the personal worth of each

man to the organization and to himself.

No business is too large, few busi-
nesses are too small to profit by the CREI
“Employers’ Plan” of group training for
technical radio personnel.

A plan similar to that now in operation
at United Air Lines is flexible and can be
patterned to suit your own requirements.
For information please write to—

Mr. E. A. Corey

CAPITCL RADIO

ENGINEERING INSTITUTE

An Accredited Technical Institute

16th and Park Road, N. W.
Washington 10, D. C.

NEW PRODUCTS

(continued)

ac-2000v08
-

1m0 4l

sRODUCTS CO MM

"
RADIO CITY

d-c; up to 100 microamperes and 20
megohms.

Midget Inductors (25)

CAMBRIDGE THERMIONIC Corp., 445
Concord Ave., Cambridge 38, Mass.
Type LSM midget inductors are

only & inch high. Slug tuned, they
can be used for filters, wave traps,
or other inductive circuit elements.

Audio Voltmeter (26)

FREED TRANSFORMER Co., Inc., 72
Spring St., New York 12, N. Y. The
new type 1060 vacuum-tube volt-
meter can be used at audio and
ultrasonic frequencies as well as
for a null detector in d-c bridge
measurements. Input impedance is
50 megohms shunted by 15 micro-
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5“ SELENIUM RECTIFIERS ARE
RAPIDLY BECOMING STANDARD
IN INDUSTRY FOR ALL
RECTIFIER APPLICATIONS

Aow g @

o
.. - )
: o

The Modern Solution for all Rectifier ~
applications. Selenium Rectifiers are w
ENGINEERED FOR ENGINEERS. Seleniuvm ‘:1\\\
Corporation of America meets exacting A
specifications of modern electronic devel- -
opments. Manufacturers of a broad line of == s
Selenium Power and Instrument Rectifiers, 4 M/”F H— B
Self generating Photo-Electric cells and ?A Ej’ﬁ 7 i

can be called vpon for the development
and production of special rectifiers for any
application.

allied scientific products. Selenium Corpo
ration of America’s engineering experience \1

SEH SELENIUM CORPORATION OF AMERICA
Affiliate of m Incorporated

e 2160 EAST IMPERIAL HIGHWAY +  EL SEGUNDO, CALIFORNIA
45-F
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TESTING UNITS

The Acme Voltrol provides a
full range stepless control from
0 to 135 volts. Its requlation is
accurate to within 4/10 volt ad-
justment. Unlike resistance reg-
ulators, the output voltage is
practically independent of the
load. Voltrol is the ideal testing
instrument for predetermining
the performance of any electri-
cal device or product under
voltage {luctuation conditions.
Avadailable in portable model
(illustrated) and panel mounting
types. Write for Bulletin 150.

ACME BREAKDOWN TESTER

An entirely new kind of testing
unit that provides for actual
checking of circuits at approved
standard testing voltages and
in addition indicates grounds,
shorts or opens. 100% leakage
type fransformer limits current
under short circuit conditions,
thereby preventing needless de-
struction to materials at point
of breakdown.

Instead of simply indicating the
resistance value of the insula-
tion, which serves no practical

purpose, the Acme Insulation Tester permits the application of
high voltages to positively prove the safety qualifications of the
electrical device or apparatus under test. The Acme Insulation
Breakdown Tester may be adjusted to supply voltages of double
the rated voltage plus 1000 in accordance with Underwriters’
Laboratories testing recommendations.

ACME ELECTRIC CORPORATION

31 WATER ST.

CUBA, N. Y.

TRAN:S FORMETR RS

206

NEW PRODUCTS (continued)

microfarads. Operating from 117-
volt lines, the voltmeter has a fre-
quency range from 10 cycles to 500,-
000 cycles, with a maximum varia-
tion not exceeding 0.5 db. Voltage
ranges spread between 0,001 and
100 volts in five steps.

Variable Speed Control (27)

WELTRONIC Co., 19500 West Eight
Mile Road, Detroit 19, Mich. The
series MCVAI is a variable speed
control for 230-volt d-c motors from
a 230-volt a-c power source, The

unit can be used on any shunt-
wound d-c motor up to and includ-
ing 3-hp rating. Remote forward,
reverse, and stop pushbutton con-
trols can be provided as well as a
remote speed control. Dynamic
braking of the machine is included.

X-Ray Counter (28)

WESTINGHOUSE ELECTRIC Corp., 306
Fourth Ave., Box 1017, Pittsburgh
30, Pa. The new counter that re-
cords x-rays at a speed of 1 micro-
second over a wide range of inten-
sities consists of a photomultiplier
tube wrapped in a sheet of fluores-
cent screen covered with black pa-
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You're Lodkingatj 9 Wire-Failure

PROBLEM

e

EIse

A 11

SOLVERS

(1) Rockbestos A.V.C. Switchboard Wire.
Cord. (4) Flexible Apparatus Cable.

(2) Thermostat Conirol Wire.
(5) Rockbestos Fircwall Hookup Wire.

(3) Duplex Heat Resisting Flexible
(6) Al-Asbestos Magmet Wire.

(7) Al-Asbestos Lead Wire. (8) Rockbestos A.V.C. Motor Lead Cable. (9) A.V.C. Multi-Conductor Cont=ol Cable.

All Permanently Insulated to Assure
'RELIABLE PRODUCT PERFORMANCE

If yvour product has the stuff that builds sales
you know that performance means more than
price where wire-buying is concerned. You also
know that your wire has to take use, abuse and
assorted operating conditions once your creations
leave the shipping room. But you may not know
that Rockbestos wires, cables and cords (125
different types) will give them performance-pro-
tection that salesmen can write home about —
with repeat orders!

Wire-failure prevention is built into Rockbes-
tos wires with permanent insulation — ageless
impregnated asbestos so highly resistant to heat,
flame and deterioration that it won’t bake
brittle or flow under high temperatures or con-
ductor heating overloads — won’t ignite under
shorts or carry flame —and won’t rot or swell
from exposure to grease, oil or fumes, T

If you make any of the products A X

a RO(‘%B

ol
[

‘é;(n

%
NG 24

il
i ()
ESTOS®

4 &

listed, or others too numerous to mention
Rockbestos wires will more than pay their way
by reducing replacements, repairs or servicing
and protecting good-will:

Airplanes Mining Machines
Buses Motors
Calculators Ovens
Cash Registers Projectors
Communications and Ranges

Signaling Equipment Radios
Electronic Controls Rheostats
Elevators Switchboards
Furnaces Toasters
Locomotives Waffle Irons

X-ray Equipment

For recommendations write to the nearest districi
office or:

ROCKBESTOS PRODUCTS CORPORATION
449 Nicoll Street, New Haven 4, Conn.

ROCKBESTOS

The Wire with Permanent Insulation

NEW YORK BUFFALO CLEVELAND LOS ANGELES PITTSBURGH DETROIT CHICAGO ST.LOUIS SAN FRANCISCO SEATTLE PORTLAND, ORE.
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90900 Series
Cathede Ray Oscilloscopes
The No. 90902 ard No. 90903 Rack Panel
(3%) Oscilloscopes, for two and three inch
tubes, respectively, are inexpensive basic
units comprising power supply, brilliancy and
centering controls, safety features, magnetic
shielding, switches, etc. As a transmitter moni-
tor, no additional equipment cr accessories are
required. The well-known trapezoidal meni-
toring patterns are secured by feeding modu-
lated carrier voltage from a pick up icop
directly to vertical plates of the cathode ray tube
ond audio modulating voltage to hotizontal
plates. By the addition of such units as sweeps,
puise generators, amplifiers, servo sweeps,
etc., all of which can be conveniently and
neatly constructed on companion rack panels,
the original basic 'scope unit may be expanded
to serve any conceivable application.

JAMES MILLEN
MFG. CO., INC.

MAIN OFFICE AND FACTORY
MALDEN
MASSACHUSETTS

M

NEW PRODUCTS {continued)

per, Visible light is blocked by the |
|
|

paper but the tube detects and am-

{ plifies the fluorescent light that ap-
pears when an x-ray strikes the

| screen. ‘

| |

I Capacitor-Resistor Bridge(29) :

GENERAL ELECTRIC CoO., Syracuse,
N. Y. The type YCW-1 por'cableI
capacitor-resistor bridge will meas- |
ure capacitance from 0.000005 to
200 microfarads in three ranges

and resistance from 5 ohms to 20
megohms in two ranges. Insulation
resistance, leakage current, and
power factor are also indicated.

Panel Meters (30)

SHURITE METERS, 61 Hamilton St.,
New Haven 8, Conn. A complete
line of a-¢c and d-c meters of the 2-
and 23-inch types are available in

e S

e

N |

rectangular All

round or
d-c meters are polarized-vane and (
solenoid type, while the a-c meters

cases.

are double-vane repulsion type.
They are further described in Bul-
letin F-64.

(31)

UNITED STATES RUBBER Co., Rocke-
feller Center, New York, N. Y. A
powder that can be blown into auto-

Antistatic Tire Powder

You can't go wrong when you
depend on Sillcocks-Miller for
plastic dials. These experienced
engineers are recognized
throughout the industry for their
ability to fabricate plastic ma-

terials to close tolerances. The
combination of this skill and com-
plete production facilities pro-
vides a dependable source for
the quality and service you want
— at a price that's right.

Write for illustrated booklet or
phone South Orange 2-6171 for

quick action.

THE SILLCOCKS-MILLER CO.

10 West Parker Avenus, Maplewood, L &
#alllng Address: South Orangs, & &

|TY, PRECISION-MADS
POR COMMERCIAL
QEQUIRBMENTS.

18 IN HIGH QUAL
RICATED
DUSTRIAL

SPECIALL
PLASTICS PAB
YECHNICAL AND IN



RO\

/ /_ . | /

\ i e/ y ;
. // _ictured hf!é ls a tuding- fork fzetgency stzndard wj;th
7 o accuracy guara,nteed( fo ong ‘part per million per degree
&Centnrade /’fhe fork is temperature- compensated /and
H herfetically se:}led against variations of; ‘f)arometrlg pres-
| Miiﬂi/sure This starrdard, when combined wn;h basic eqq.pmemr
?acnlnates ‘:mcurz;t}e ‘speed 3}15 time c!(n{trol by xznechamcal
|
electrical acoy;tlcal or Igpfncal me;ap /:’ i"‘
The Jmt/ is avaxlabfe separately or in comjunction With
m,miﬂete txmmg"mstrumencs Our engi /geers are ready o/

70) 0,95\ — W___//v\\/cooperate any problem. ; /
’MIL B oRATO
~_ Ea AIRCRAFT - - LA /

ki , /
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aRoADCAST PROGRAM swirciing 1s A ciNeH
e SINGLE KEY conpgo,

Western Eleclric s
PROGRAM DISPATCHING SYSTEM

changed studio, line and trans-
cribed programs, auditions and
announcements. For full details
on its many operating advan-
tages, write Graybar Electric Co.,
420 Lexington Ave., New York
17,N.Y.,or...

ASK YOUR LOCAL Gr ayl)—a—R

BROADCAST REPRESENTATIVE

This new Relay Type Program
Dispatching System reduces your
most complicated radio broad-
cast switching operations to the
movement of one key. It speeds
up switching in serving several
destinations with rapidly inter-

I 717 ) . |
e || \ j~ .’I
e WM N o

L A .
4 ?"‘ ‘\‘tz'“ ,,:_»/_.L_{ I/
M /

-

THE LATEST IN VHF HARMONIC MODE CRYSTAL UNITS
With RH9 in a simple one tube oscillator circuit output X-tal frequencies from 12
to 75 mc. while operating in the 3rd, 5th, or 7th mechanical mode, can be gener-
erated. These frequencies can be multiplied to higher frequencies as desired.

270N

® .005% maximum frequency drift from —55°¢ to -+90°c

® Capacity between pins approximately 1 mmids

@ Shock and vibration tested (Ideal for mobile equipment) For Specifications
@ For transmitting, receiving. and filtering circuits of Crystal Unit
e For FM and TV RH-3 write for
e Higher frequencies on special order Catalog RHC-2

REEVES-HOFFMAN

CORPOQOQRAT. I ON

vl

[prssazisi&iis]

Bl

SALES OFFICE: 215 EAST ‘91 STREET, NEW YORK 28, N. Y.\
PLANT: 321 CHERRY STREET, CARLISLE, PA.
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NEW PRODUCTS {continued)

mobile inner tubes reduces one par-
ticular type of static encountered in
automobile radio installations. An
air hose and specially designed con-
tainer are used to inject a small
amount of the powder into a de-
flated tube.

Cathode-Ray Oscilloscope
(32)
RADIO CoORP. OF AMERICA, Camden,
N. J. The type WO-60C is a general-
purpose oscilloscope built especially
for use in industrial applications.
It will handle voltages as high as

850 volts peak to peak and its low-
frequency response reaches 0.5 cy-
cles. Upper limit is 300,000 cycles.
Three tubes are furnished for gen-

eral applications, low-frequency
work, or photographic recording.
They can be quickly and easily in-
serted for the specific job of the
moment.

Electronic Automatic
Sorter (33)

DoALL Co., 254 North Laurel Ave,,
Des Plaines, Ill. The model DS-20
packaged selector for mechanical
parts consists of three units—gage
head, master control, and segre-
gator. The selector is adjusted by
use of gage blocks. Lights indicate
the go-no-go tolerances at the same
time that a meter indicates exact di-
mensional variations from the
standard. Attachments for count-
ing numbers of pieces or making the

July, 1947 — ELECTRONICS



Type AR-16
(Air-Spaced)
Exciter Coils and Forms
These gir-spaced coils are suitable

for use in stages where the plate input
does not exceed 50 watts and are avail.
able for the 6, 10, 20, 40 and 80 meter

bands. All have separate link coupling coils

and all include the PB-16 plug, which fits the

XB-16 Sockef.

AR-16 Coils, End Link, Center Llink or Swinging Llink,
Net price..........ccooooiiiiviinnni, $1.15 {Include PB-16 Plug}
PB-16, Plug in Base Only.... ....Net price....5 .27
XB-16, Plug-in Socket Only. ....Net price...§ .33

The HRT is a new plastic tun-
ing knob with a chrome
plated appearance circle. The
HRT knob fits a V4" diame-
ter shaft and is 2" in
diameter. Available in Black
or Gray.

HRT Knob....Net price....$ .75

The HRS Knobs
are a new serias of
plastic knobs with o
13" diameter chrome- l

THE NATIONAL EMBLEM

ON PARTS 1s YOUR
GUARANTEE OF QUALITY

For over 25 years, hams, engineers and radio tech-
nicians have agreed that National parts were thor-
oughly reliable in manufacture and performance.

That reputation is your guarantee of quality when
ordering National parts for new equipment.

If you need parts that will fit as they're supposed
to, that will give you long hard service, then
National’s your best bet — as any radio veteran
can tell you.

Send today for your copy of the new 1947
National catalog, containing over 600 parts.

NMNational

Company, Inc.
Malden, Mass.

Please write to Department 10
National Company, for further information.

plated skirt, They all fit
V4" diameter shofts. Three
types are available in
Black or Gray.

HRS-1 Knob...ON-OFF thraugh 30° rotation..... Net price. $ .51
HRS-2 Knob....5-0-5 through 180° rotation.. .. Net price. $ .5
HRS-3 Knob....0-10 through 300° rotation.. .Net price.......$ .51

MAKERS OF LIFETIME

The AR-2 and AR-5 coils are
high Q permeability tuned
RF coils. The AR-2 coil tunes
from 75 me to 220 mc and
the AR-5 coil tunes from 37
me¢ to 110 me with suitable
capacitors.

AR-2 High Frequency Coil

AR-5 High Frequency Coil.
XR-50....

RAD11O

XR-50 coil forms may be wound
as desired to provide a permea-
bility tuned coil. The farm wind-
ing length is 11 /14" and the form
winding diameter is 2", The
iron slug is 3" diameter by
12" long.

EQUIPMENT

ELECTRONICS — July, 1947
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103 West 43rd St

212

Here are two rare bargains for
the engineer who needs them
... and at g bargain! But that's
the way Harvey operates. ..
all the standard merchandise in
stock . . . specials when they are
real buys, or hard-to-get.

2.5 KW TRANSFORMER

Step-up or step-down power
transformer, Type CRP-301223,
made by Raytheon Mfg. Co.
From 220/440 v. to Y15 v, or
from 115 v. to 220/440 v.
Rated 2.5 kw. Measures 10V
inches square by 11, inches
high. Completely louvred and
well insulated and shielded
steel case with mounting brack-
ets. Weighs app. 65 lbs.

Harvey Special Price..$49.50

CONSTANT VOLTAGE
TRANSFORMER

Here's the item everyone has
been waiting for . .. a constant
voltage transformer very con-
servatively rated at 0.82 kw.
Primary voltage 92-138 v. sec-
ondary voltage 115 + % of
1 %. Shipping weight app. 130
Ibs. A rare bargain at.$135.00

Among the many stock items
which Harvey always has in
stock are test instruments and
equipment. This sample istypical:

GE Electronic Switch, Type YE-9,
This instrument was designed
for special electrical studies of
wave-form, phase, frequency
relationship, etc. It will show
the simultaneous observation,
for comparison, of two or more
independent signals on the screen
of a cathode-tube oscilloscope.

$59.50

Note: All prices are Net, F.0.B.
NYC and are subject to change
without notice.

r
C

NCOMPANYING.
., New York 18, N. Y.
| i e i

NEW PRODUCTS (continued)

equipment operable by a sightless
person can be supplied.

' Amateur Frequency Meter (34)

BROWNING LABORATORIES, INC,
Winchester, Mass. The model MJ-9
frequency meter provides a means
for checking the frequencies of f-m

or a-m transmitters operating in
the amateur bands from 3.5 to 148
me. A 500-kc crystal oscillator is
used as a reference standard and
the overall accuracy of the unit is
0.05 percent at all frequencies.

Phonograph Amplifier (3%

ALLIED RaDIo CORP., 833 West Jack-
son Blvd., Chicago 7, Ill. The
Knight 4-watt amplifier can be
driven by any high-impedance crys-

tal pickup and will satisfactorily
operate a 10-inch speaker. It is
physically small so that it can be

turntable and speaker combinations.

Double Winding Relay (36)

| STEVENS-ARNOLD Co., 22 Elkins St.,
South Boston, Mass. The type 162
relay has double windings, one of

fitted into a cabinet designed for |

CRAFTSMANSHIP

et

TRANSFORMER
CASES

Z:}:.Now available in quantity, OLYM-
PIC standardized transformer cases
are specifically designed to meet all

normal requirements where standard

cases are used. Construction is rigid,
with rounded corners, and tight-fitting
covers top and bottom. OLYMPIC stand-
ard transformer cases can be furnished
with pierced covers, studs, brackets or
channels.

for illustrated bulletin—no obligation.

Inquiries are invited—write

. »7C0lf__ EAEE B A_v [ ] o <

I~ e 0 e e 2ne |
€1-625 7 VW VA 2%
€175 3 W 2w 2
e 4 2w 24 3"
B2 R h A"

[ Eaa s 3w 3 3

BGELE 7 w3 A%
£1.125 8 3% % 4 |

t? 1137 9 I VA" AT
B3 10 4% 4% 5" |
E1.151 N5 DN 5"
E1.36 2 S W e

OLYMPIC

TOOL & MFG. CO., INC.

39 CHAMBERS ST. NEW YORK 7, N.-Y.
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@® When you specity General Electric
mycalex for your designs, small as well
as large electric parts can be com-
pletely insulated. This gray, stone-
hard compound of glass and mica is
recommended for its high dielectric
strength—low loss factor—toughness—
heat resistance—chemical and dimen-
sional stability.

G-E mycalex is available in the
shapes and quantities you neced. It can
be ordered in standard rods and sheets,
or it can be molded or fabricated to
your specifications. Samples will be

GENERAL 3 ELECTR

ELECTRONICS — July, 1947

supplied to you on request.

You can test this unique insulating
material in your own plant by having
G-E mycalex specialists fabricate sam-
ple parts from your designs. After test-
ing, your designs can be converted to
the speediest, most economical mold-
ing processes. For more details, send
for a free copy of General Electric's
hooklet, “G-E MycaLex.” Just write to
Section S-20, Plastics Division, Chemi-
cal Department, General Electric
Company, 1 Plastics Avenue, Pittsfield.
Massachusetts.

IC

CD47-M20

Plus these &

Insulation Advantages...




NEW PRODUCTS {continued)

which is used for operation and the
other as a hold-in coil. It is made
in one size with single-pole, dou-
ble-throw contacts for use with re-
sistive or capacitive loads. Catalog
214 gives complete information on
how to use this device for photoflash
and similar service.

Television Capacitors 37)

CORNELL-DUBILIER ELECTRIC CORP.,
South Plainfield, N. J. The type
TMC series of capacitors with ca-
pacitance range from 0.005 to 0.05
microfarad in d-c voltage ratings

V444

from 2,000 to 5,000 volts has been
particularly designed to meet the re-
quirements of television equipment
manufacturers. The units are tubu-
lar metal-can types with end leads.

High-Frequency
Capacitors (38)

CORNELL-DUBILIER ELECTRIC CORP.,
South Plainfield, N. J. The type UP
electrolytic capacitors are charac-
terized by their ability to operate

e i S

The wunits illustrated represent a complete

redesign of our older precision attenuators for

laboratory standards. Flat for afl frequencies in the audio
range. Reasonably flat to 200 k.c. up to 70 db.

Bulletin sent on request.

Maonufacturers of Precision Electrical Resistance Instruments

337 CENTRAL AVE. « JERSEY CITY 7 N.J.
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Here's WIRE with 4
“WIND-ABILITY” PLUS 1%

FOR MINIMUM
OVER-ALL WINDING
COST AND MAXIMUM

UNIFORMITY

HIGH SPEED winding — whether bobbin, random
or gang — subjects magnet wire to punishing treatment. Insulating film
must be tough, yet pliable. Copper must have the proper degree of anneal.

The spool-to-spool uniformity must be right.

Essex Extra-Test Magnet Wire has earned an unexcelled reputation in the
most exacting applications. It helps insure coils of uniform size and resist-
ance value  maximum turns in available space—freedom from broken

wires, pile-ups, crossed turns, runbacks, spaced turns, and frequent tension

WIRE
PRODUCTS |

adjustments. When you specify Essex Extra-Test Magnet

Wire you can be sure.

Plants: Fort Wayne, Indiana; Detroit, Michi-
gan; Anaheim, California
Warehouses* and Sales Offices: *Adanra,

Ga.; *Boston, Mass.; *Chicago, lil.; Cleveland, E s s E x w I R E c ORP o R AT lo "

Ohio; Dallas, Texas; Dayton, Ohio; *Detroir,

Michigan; Kansas City, Mo.; *Los Angeles,
California; Milwaukee, Wisconsin; *Newark, FORT WAYNE 6' INDIANA
N. J.; Philadelphia, Pa.; *St. Louis, Mo;
*San Francisco, Califoraia.
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5 wg/’/&/'

‘RESEARCH, DEVELOP-
MENT AND LOW COST
PRODUCTION OF

' and other

“WITHIN THE ENVELOPE”
TUBULAR STRUCTURES
for all types of
ELECTRON TUBES
TO STANDARD
SPECIFICATIONS OR
SPECIAL DESIGN

‘P!odu:ed under Superior patents

5 Wg/’/ 7

SUPERIOR TUBE COMPANY
ELECTRONICS DIVISION

2500 Germantown Ave.
NORRISTOWN, PA.
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NEW PRODUCTS {continued)
at high temperatures. An addi-
tional feature is the elimination of
intercoupling between individual
sections at radio frequencies. Di-
mensions of the regular type UP
capacitors have not been exceeded.

Multipole Sequence Relay (39)

STRUTHERS-DUNN, INC.,, 146 No.
13th Street, Philadelphia 7, Pa. A
new reversing, separate-circuit
ratchet-operated multipole sequence
relay known as type 96AFA, it is
adaptable to numerous applications
involving the addition and subtrac-
tion of loads, as in switching in or
switching out individual units from

a bank of capacitors. It is a two-
coil relay. One operating coil steps
the cam shaft forward, a step at a
time. Similarly, the second opera-
ting coil steps the shaft in the re-
verse direction. Mechanical stops
limit the forward and reverse travel
of the shaft. Standard ratchets sup-
plied have 12 teeth. Thus a total of
12 contacts may be obtained in a

sequence, with no more than 6 sepa-

rate contacts between each pair of
bearing supports. Operating coils
are for a-c use only. Engineering
data Section 4681 contains full de-
tails on this as well as other se-
quence relays.

Radiation Delector (40)

NorRTH AMERICAN PHILIPS Co., Inc.,
100 East 42nd St., New York 17,
N. Y. A new compact portable Gei-
ger-counter radiation detector uses

‘5}/]””]]% -

0
J

Gaskets of Silastic’

Seal High Vacuum Systems

1 e 5

COURTESY MINNEAPOLIS-HONEYWELL REGULATOR €O.

Silastic, the Dow Corning Silicone Rubber, is
a unique kind of rubber-like material. It has
special properties which enable it to give
excellent service in many situations where
organic rubbers fail rapidly. You can do
things with Silastic which can't be done at all
with organic rubbers. You can do many
things better with Silastic than you can with
conventional rubbers.

Consider the sealing of high vacuum systems,
for example. Organic rubbers are used for
this purpose, but they have to be "condi-
tioned” by heat treating or leaching with
solvents. Such treotment generally removes
the volotite materials which would destroy
the vacuum and contaminate the system—
but it weakens the rubber and makes it less
resilient.

Gaskets of Silastic, however, need no condi-
tioning. No plasticizers of any kind and no
organic rubbers are added to Silastic. It is
cured at temperatures beyond the limits of
most organic rubbers and is non-volatile even
at high temperatures and under high vacuum.
That's why Minneapolis-Honeywell Regulator
Co. uses gaskets of Silastic to seal high
vacuum systems in which lenses are cooted
with magnesium fluoride vaporized at high
temperatures.

Silastic stays elastic in orctic cold or oven
heat. it is inherently stable to extreme heat,
cold, and weathering. Some stocks also have
exceptional resistance to chemical attack.
Silastic is, therefore, an ideal gasketing
material for many industrial uses, including
high vacuum equipment. Its usefulness as a
gasketing materiol is described in leaflet
No. N 13-2.

*TRADE MARK, DOW CORNING CORPORATION

DOW CORNING CORPORATION
MIDLAND, MICHIGAN

New York e Chicago ¢ Cleveland ¢ Los Angeles
In Conade: Fiberglas Canade, Lid., Toronto
In England: Albright and Wilsaen, Lid., London

[ —

R orning

IN SILICONES

| FIRST
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NOW

PLANTICON
GLANSMIKES

Contains the following subjects:

CHART OF RF CURRENT RATINGS

Glassmike characteristics and design data
Comparison of Glassmikes and Mica Capacitors
Uses of Glassmikes for improved RF and Audio
bypassing

Use in Audio and RF coupling

Glassmikes in television power supplies

Video coupling

Vibrator buffer applications

Geiger Counter Capacitors

Instrument capacitors

and many other applications

* PLASTICONS: Plastic.-Film Dielectric Capacitors

N ’ sef
@ ond€h o

Partial list of
PLASTICON™ users:

Argonne National Laboratory

Allis Chalmers Manufacturing Co.
Armour Research Foundation

Belmont Radio Corporation

Carnegie Institute of Technology
Dahlgren Proving Grounds

Eastman Kodak Company

Electronic Equipment Laboratery, Wright Field
Federal Telephone & Radio Corporation
Federal Telecommunication Laboratory
Farnsworth Television & Radio Corp.
Galvin Manufacturing Corporation
General Electric Company

Hazeltine Electronic Corporation
Humble Oil Company

Massachusetts Institute of Technology
Monsante Chemical Company, Oak Ridge, Tenessee
National Advisory Council on Aeronautics
North American Philips Company

Naval Research Laboratory

Naval Ordnance Laboratory

National Research Council, Canada
Progressive Welder Company §
Radio Corporation of America

Russell Electric Company

Radio Receptor Company

Rauland Corporation

Sciaky Brothers

Sylvania Electric Company

Sperry Gyroscope Company

University of California at Los Angeles
University of California

University of Michigan

Victoreen Instrument Company
Westinghouse Electric Company

Enclose nominal charge of ten cents for handling and
mailing when writing for this free booklet, or obtain
from your local distributor.

Your Jobber stocks a complete line of

PLASTICONS™ in metal cans and Glassmikes

Condenser Products Company

1375 NORTH BRANCH STREET .

CHICAGO 22, ILLINOIS
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TRIODE PERFORMANGE

The superiority of a
triode amplifier is
most apparent in the |
final test...listening

YTRIODE TUBES used throughout. 2 — 6B4G, WAUTOMATIC BIAS CONTROL greatly increases

4—7A4, 2—7N7, 1—5U4G, 1-5Y3G. undistorted power at moderate cost.
Y%Three push-pull stages preceded by an in- *Gain—55 to 120 db in various models.

verter stage.
*Lr:leurrs‘:t:?e transformer insures good push-pull *P:;;edu:gnd::ﬂ:_,e:im','r ne';i’(:::k-:"l’w tag
i it o3 e o ot G DS ST
*Flat within 0.2 db to 30,000 cycles. % Power available for other units —250 volts,

0.090 A DC; 6.6 volts, 5 A,
%0.6% harmonic distortion and 0.2% inter-

modulation distortion at 5 watts. *Fuses—Main power and 6B4G plate line.
YRated power—30 watts at 2, % total *Anru:hvely finished :hussns Hngh quality
distortion, ts. Finest work

The BROOK HIGH QUALITY
AUDIO AMPLIFIER

- ) Designed by LINCOLN WALSH

BROOK ELECTRONICS, Inc., 34 DeHart Place, Elizabeth 2, N. J.

Large or Small

RECI'NIG\II.AR

e PAPER TUBES

inside Perimeters from.592"to 19"

With specialized experience and automatic
equipment, PARAMOUNT produces a
wide range of spiral wound paper tubes
to meet every need . . . from 5" to 30" long,
from .592" to 19" inside perimeter, includ-
ing many odd sizes of square and rectan-
gular tubes. Used by leading manufacturers.
Hi-Dielectric, Hi-Strength. Kraft, Fish
Paper, Red Rope, or any combination,
wound on automatic machines. Tolerances
plus or minus .002°. Made to your specifi-
cations or engineered for YOU.

Pﬂl’ﬂlﬂﬂ“lﬂ' PAPER TUBE CORP.

616 LAFAYETTE ST., FORT WAYNE 2, IND.
Manufacturers of Paper Tubing for the Electrical Industry
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NEW PRODUCTS (continued)

five tubes and can be carried in the
hand or by a shoulder strap. Con-
trols and indicators are located on
a top panel so that adjustments and
measurements can be made while
the unit is being carried.

Snap-Action Relay 4D

GuarDIAN ELEcTRIC MFG. Co., Dept.
SA, 1625 West Walnut St., Chicago
12, Ill. The series 100 relay with

snap-action contacts is suitable for
such use as motor starting in which
fast make and break are desirable.

Resistor Kit (12)

INTERNATIONAL RESISTANCE Co,,
401 North Broad St., Philadelphia
8, Pa. A new basic kit of resistors
suited for engineering and develop-
ment laboratories, broadcast sta-

tions, schools, and colleges contains
471 basic resistors and 6 bands for
adjustable types. They are all
packed in a metal cabinet.

Resistance Limit Bridge (43)

HERBACH AND RADEMAN Co., 517
Ludlow St., Philadelphia 6, Pa. The
RLB110M  electronic resistance
limit bridge has been designed for
the rapid production testing of re-
sistors in the tolerance ranges of
plus and minus 5, 10, 15, or 20 per-
cent. It is essentially a d-¢ Wheat-
stone bridge followed by a two-stage
direct coupled d-¢ vacuum tube

July, 1947 — ELECTRONICS



wILCO
‘:ONTMPT':ODU(TS INCLUDE:

Silver - Platinum - Ty
! - Tungs -
TH::;ya-s Sintered Powdegr '}:r;!ol
i TATIC BIMETAL
'ionempercture ranges, deflec-
resm.(a.tes and electrical
SILVER l‘SI'.I;,D
JACKETED WIRSEEEL

Py
ourl\:;:‘ on Steel, Copper, Inva
er cominations req::estedr

ROLLED GOL
(+]
NI-SPAN C* PLATE AND WIRE

New Consta
nt Mod
SPECIAL MATERIALS uluspAlioy,
m!;mc Mark,
tarnatioal Nicke) 05, . Inc,

ELECTRONICS — July, 1947

SILVER, PLATINUM, TUNGSTEN
SPECIAL ALLOYS, POWDER METALS

ASSEMBLED 10 THERMOSTA‘HC BIMETAL, STEEL, BERYLLIUM
COPPER AND OTHER NON-FERROUS METAL SPRINGS, BLADES,
BRACKETS, ARMS AND SCREWS. (BRAZED, RIVETED, WELDED, SPUN)

Many munufodurérs find it advantageous fo turn
over their contact assembly problems 1o Wilco. From
Wilco’s accumulated experience, they obtain con-
tact assemblies precisely conforming in size, shape
and material to their ind'widuul requirem’enis.

Wilco Contact Assemblies are fobricuied by an
organization of thoroughly skilled engineers an
craftsmen, with a 33-year record of adapting elec~
trical contacts and ihermosiuﬁc pimetals 10 thov-
sands of industrial and military applications- They
embody—Hke all Wilco maieriuls-——the basic excel-
fence for which Wilco has been famous since

Contact materials of maximum ductility, hardness,
density, freedom from sticking, low metal transfer,
high conductivity and arc-resistance - - ° Thermo-
static Bimetals meeting the most exacting standards
for temperature indication, temperature control and
temperature compensuﬁon .. . these ore the ad-
vantages of Wilco contact assemblies.

Whether your requitemenis are for individual Wilco
materials of for assemblies supplied by us complete
.. . Wilco engineers will gladly help yoVv ‘meet
them successfully.

THE H. A WILSON COMPANY

105 Chestaat S Newark 5, New jersey ° Branch Ditices: Chicags, Detrolt, Los Angeles, pravidence

SPE(\AL\S\'S §OR 33 YEARS IN THE MANUPA(\'URE of ‘HERMOM!\'M.S
ELECTRICAL CONTACTS * PRECIOUS METAL BIMETALLIC PRODUCTS

MM,M,,,,M BV ESES. 3 Be




‘ NEW PRODUCTS (continued)

BRADLEY S

PHOTO ELECTRIC

voltmeter circuit arranged so that
the resistance deviation from the
desired value is directly indicated
on a meter. A battery source of low
voltage has been used to insure ac-
curate measurements as low as 1
ohm without excessive power dissi-
pation.

SIMPLIFY PHOTO-ELECTRIC | proto Relay (44)

APPARATUS SpeciaL Propbucts  Co., Silver
Luxtron* photocells convert light Spl‘ings, Md. A phototube relay in-
directly into electrical energy. No tended for industrial use has plug

i external source of voltage is re-
v quired. Meters and relays can be |
f operated directly from Bradley

Luxtron photocells, improving con-
trol over manvufacturing operations,
reducing your costs, They meet the
most exacting requirements. Ad-
vanced manufacturing techniques '
make light-actuoted Bradley cells
the choice all over the world. l
Besides the housed model shown 1
with its plug-in contacts, Bradley |
also offers tube socket, nut-and-bolt |
types and pigtail contact mount-
b ings. In oddition, Lluxtron un- '
mounted cells are aveileble in
many different sizes ond shapes.

“1.M.REG.U.S.PAT. OFF.

TR Wiies drawn to .0004” diameter.

1 connections for quick removal and ' .
. i replacement with an identical unit. Ribban rolled to .0001” thickness. '
lllus_troted literature, Speed of operation of the equipment > o
available on request, 1 is 1/20 second, with 1 second for i Special Alfoys for individuol
shows more models of ; release. The output circuit contains i requirements.
Bradley photocells, plus i | a relay that will handle a 5-ampere { ok 1

a line of copper oxide
and selenium rectifiers.
‘Write for “The Bradley
Line.”

noninductive load. { WRITE for list of stock alloys.

Automatic Rheostat (45)

e s e ek it
-l

. ELECTRIC REGULATOR CoORP., 1915
Park Ave.,, New York 385, N. Y.
The Regohm is a new automatic ‘
rheostat that can be used as a vari-
able circuit element for a regulated ‘
rectifier, saturable reactor power
amplifier or similar device. It con-
«ists of a solenoid that gradually
opens up to ten contact fingers se-
{ quentially as current through the

BRADLEY

LABORATORIES, INC.

82 Meadow St. New Haven 10, Conn.
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HOW

Resistance-Voltage

Characteristics
are altered by

Resistor Design

Here are negative resistance-voltage
curves plotted for two GLOBAR type
BNR Resistors. Both resistors are
voltage sensitive. However, the two
curves coincide at one point only,
namely, 30 volts. But, of more impor-
tance, observe how the difference in
resistor design drastically alters its char-
acteristics. Note the cffect a change in
the shape of the resistor has on the
slope of its resistance-voltage curve.
Fundamentally, this change in character-
istics is accomplished by altering the
specific resistance of the resistor.

Graphically presented here, this variance
in characteristics—caused by resistor de-
sign points up an important factor in
specifying and ordering GLOBAR re-
sistors to meet exact needs of specific
applications. It is a good reason why
GLOBAR resistors are not carried in
stock, but are quickly made to your re-
quirements.

To save time and trouble in producing
for you voltage sensitive resistors that

GLOBAR ceramic Resistors

TYPE
r"o:o,ooo‘ el R
[ e -
N
[}
1
|
1
10,0008 b

OHMS

RESISTANCE
i

0001 7
1
N
| o
| ot
|
a3
i " .
‘ . I i -
, .
s EL T i)
1001 T e s

. - —

witl do the job for which they are in-
tended, we ask only that you furnish a
few simple facts. Briefly tabulated, this
neccessary information is:

1 Type of apparatus in which the re-
sistors are to be used.

2 Method of mounting and space limi-
tations.

3 Normal operating voltage and peak
voltage if available.

4 Resistance and inductance of the cir-
cuit if available.

3 6 T ROI = a 4 0

BNR "GLOBAR'" VOLTAGE SENSITIVE RESISTORS

g 7T 891

i

N
{
|

1N
S0 ‘ j
Wi}
!
. {
1
\ {
‘l ‘
\ i
1
N
\

i |
1 {
2 ot o | ,I
4 B
IR _'. ]
1 N | T D AT
01 2 3 2 3 67801 |
10 100 4
1
vOLTS i
Lad

5 Ohmic resistance of the resistor and
allowable plus and minus tolerance.

6 Maximum voltage applied continu-
ously or intermittently.

7 Duration of load and elapse of time
between its application.

For your engineering tests, we can fur-
nish samples in a hurry. For any infor-
mation that may be helpful in working
out your resistor problems, feel free to
call on us. The Carborundum Company,
Globar Division, Niagara Falls, N. Y.

sy CARBORUNDUM

TRADE MARK

“Carborundum” and "Globar” are registered trademarks which indicate manufacture by The Carborundum Company
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180" VISIBILITY

with

.

SPECIAL CONICAL

&
X

This is THE light for industrial ma-
chine "ON-OFF” signalling. A
rugged conical lens, which was SERIES 1600
perfected by Gothard, together

with the well balanced design of ! NDI C AT OR
Series 1600 Indicator Light, which l I G H T S
mounts lamp well forward, pro- i)
vides excellent visibility from all A e
angles. The conical lens is molded
with tiny hemispheres on the inner
surface for maximum light diffu-
sion. Lamp removes from front.
Smooth, easily cleaned outer sur-
face. Jewel colors: red, green, am- }ode! 1600~

115 volt Can

ber, blue, opal and clear. If you delabra lamp.
Model 1604 —
do not have a Gothard-Johnson & to 24 voit
. . single contact,
catalog—write for it. bayonet base

amp.

Model 1605—
Gothard Division 6 to 24 volt

double contact,

E. F. JOHNSON COMPANY ! bayonet base

Waseca, Minn,

JOHNSON

& Ilﬂ:..mm.} rname in Moadio

. EDGEWISE-

f‘ WOUND
COPPER STRIP

ﬁ‘.ﬂ CoILS

(Steatite or Glass
Bonded Mica Insulated)

No size limitations— custom built for specific applications
These large B & W coils are popular for, tank
circuits, antenna matching networks and similar
applications where rugged dependability must be
combined with design adaptability to meet in.
dividual conditions. Custom built units, based on
standard B & W designs are available.in either
fixed, tapped or continuously variable types and
with either fixed link or fixed variable link in
any combination. Send details of your application
for recommendation and quotation.

BARKER & WILLIAMSON, Inc.

237 Fairfield Ave., Upper Darby, Pa.
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NEW PRODUCTS {continued)

coil is increased. Designed for d-c
use, only a small dry-disc rectifier
is required for a-c service. The con-
trol resistor is separately mounted
and connected with the contacts
through the contact studs on the
unit that is plugged into a socket.
An illustrated bulletin is available.

Low-Voltage Power
Supply (46)
ELECTRO PRODUCTS LABORATORIES,

INC.,, 549 West Randolph St., Chi-
cago 6, Ill. The Model A power sup-

[ SV VU 2 o o

ply unit has been designed partic-
ularly for furnishing 6 or 12 volts
of well-filtered d-¢ power for auto-
mobile, marine, and aircraft radio
receiver testing. The unit weighs
31 pounds.

Crystal Probe 47

Rap1o CorP. of America, Camden,
N. J. The new type MI-8263 ger-
manium crystal probe adapts the
Voltohmyst and Chanalyst for cir-
cuit testing of television, frequency
modulation and other vhf applica-
tions up to 100 me.

General Purpose Motor  (48)

L & R Mrc. Co., 577 Elm St.,
Arlington, N. J. The small motor
illustrated is rated at 1/10 hp, 5,000
rpm, a-c or d-¢c and has a spindle
with £ in. shaft extending both
directions. It is equipped with

July, 1947 — ELECTRONICS



simplifies design - saves installation time - cuts waste space

Taking less than one cubic inch of space, this new
General Electric selenium rectifier has been
designed to give new economies, new design pos-
sibilities to manufacturers of small radio sets. It’s
a cost-saver in all stages of production from the
drawing board to the assembly line. Available now,
to help you cut costs, it gives you these three big
advantages:

SIMPLIFIED DESIGN — A conventional circuit con-
sists simply of a G-E selenium rectifier in series with
a ballast resistor in one side of the line, feeding into
a capacitor across the line.

SMALLER ASSEMBLIES — This baby rectifier fits
into spaces where tubes and sockets just can’t go.
It lets you design for smaller assemblies, smaller
cabinets — gives you more room for other parts.
LESS INSTALLATION TIME — Only two connections
to make. Save time that’s normally wasted in wiring

SELENIUM
RECTIFIER

for sockets and tubes. Cut assembly-line breakage
losses and slowdowns.

Built for ample current capacity, the new General
Electric selenium rectifier can stand up to the
inverse peak voltages obtained when rectifying
(half-wave) 110-125 volts rms, and feeding into a
capacitor.

Normal operating temperatures of small radios
were taken into consideration in the designing of
the General Electric selenium rectifier. Ratings are
based on ambient temperatures of 50 C to 60 C.
Heavy varnish coating and spring contact construc-
tion provide uniformity of performance against
variations of humidity and temperature.

Write for information that will help you to utilize
the advantages of General Electric selenium recti-
fiers in your designs. Section A71-731, Appliance
and Merchandise Department, General Electric
Company, Bridgeport 2, Connecticut.

GENERAL @) ELECTRIC
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ELECTRICAL

INSTRUMENTS
for Laboratory & Plant

A WHEATSTONE &
) KELVIN BRIDGES

e

501 Eighteen models
covering labora-
tory, plant and
field applications.
Ranges from
0.00001 ohm to 100
megohms. High ac-
curacy. Exception-
ally sturdy con-
struction.  Bulletin

100.
GALVANOMETERS

Fifty-one models in a wide range of
sensitivities for nearly every application.
Spotlight Galvanometers with sensitivi-
ties up to 0.0006 £A per mm. Widely
used in laboratory and production line
testing, for deflection as well as null
measurements. Bulletin 320.

PRECISION POTENTIOMETERS

Twenty-seven laboratory and portable
models for precise voltage measurement.
Widely used as laboratory standards in
meter calibration and for thermocouple
measurements. Bulletin 270,

COIL TESTERS

For rapid
low-cost pro-
duction testing
of shorts and
opens in coil
windings of
nearly every
shape and size.
Bulletin 109.

LIMIT BRIDGES

For rapid low-cost production testing
of resistors from | ohm up to 10 meg-
ohms. Bulletin 100.

DECADE RESISTANCE BOXES

Thirty-five models covering the range
from 0 to 100,000 ohms. Decade Resistors
with increments down to 0.0l ohm avail-
able. Exceptionally sturdy construction
assures long-term accuracy. Bulletin 100.

Q,,ﬁ, STANDARD RESISTORS

Reichsanstalt and National
Bureau of Standards types
from 0.001 ohm up to 10,000
ohms, limit of error 0.02%, and
0.01%,. Standard shunts from
0.00002 ohm to one ohm,
limit of error 0.04%,. Bulletin
100.

SPECIAL INSTRUMENTS

In addition to the partial listing of in-
struments above, the Rubicon Company
produces a wide variety of special equip-
ment involving in one way or another the
precise measurement or control of some
electrical quantity. Inquiries for equip-
ment to meet special needs are invited.

RUBICON COMPANY

Electrical Instrument Makers
3757 Ridge Avenue o Philadelphia 32, Pa.

*F
i
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NEW PRODUCTS

{continued)

double ball bearings requiring no
lubrication. The price, $33 fob, in-
cludes three-step pulley, foot rheo-
stat and reversing switch.

Contact Spring |
Assemblies (49)

P. R. MALLORY AND Co., Inc., Indi-
anapolis 6, Ind. Three groups of
contact springs can be assembled
into many types of spring stackup

depending upon the needs of the
circuit designer. Dimensional draw-
ings on tracing paper are available.
Additional information on this spec-

ification sheet includes alloys and ’
contact materials for special uses.

(50)

RayTHEON MFG. Co., Newton, Mass,
The type RK61 subminiature thy-
ratron is particularly adapted for
radio control in model aircraft and
boats. The tube can be used as a
self - quenching superregenerative
detector to operate a high-resist-
ance relay in the anode circuit upon
reception of a signal. Filament
voltage is 1.4 v; current is 0.05
amp. Anode voltage is 45 v.

Remote-Control Tube

Automatic Tube Exhaust(51)

Ei1sLer ENGINEERING Co., Inc., 740
South 13th St., Newark 3, N. J.
The type 24 head automatic exhaust
machine can be used to manufac-
ture bulbs up to the 1,500-watt
size as well as the larger types for
electronic tubes. Operation of the

|
|

M«»&Tm//az&mm
. Use SILVER
GRAPHALLOY

] {

i :
I I | 1
| | |
|

\
Em
IS
t
|3

@%& CONTACTS
2y !

in BRUSHES .
E for high current density @ mini-
A mum wear @ low contact drope
fow electrical noise @ self-lubri-
cation

in CONTACTS
for low resistance ® non-welding
character

GRAPHALLOY works where others won't
Specify GRAPHALLOY with confidence.

| *A special silver-impregnated graphite

GRAPHITE METALLIZING

CORPORATION

1055 MEPPERHAM AYENUE, YONKERS 3, NEW YORK
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COMPETITIVE

SALE

SOLDERLESS CONNECTORS iz
SOLDERING LUGS

WAA offers you another big chance to save on your
electrical material needs.

Here it is—almost $2,000,000 worth of solderless con-
nectors and soldering lugs will be sold on sealed bids.
The following Regional Offices: BostoN, NEw YORK,
PHILADELPHIA, CINCINNATI, CHICAGO, LOS ANGELES,
SaNn ANTONIO and SAN FRrancisco have the largest
inventories.

For full information concerning descriptions of items,
location, packaging, and conditions of sale write to any
of the above offices or visit your Customer Service Center.
At the same time request that your name be placed on
the Regional Office mailing list for this type equipment.

SOLDERING LUGS

o Most Sizes Are Available.

.# Exporters! Your business is solicited.
Much material which is surplus in
the United States is urgently needed
or is readily salable in other coun-
tries. Watch for other offerings; many
of them may be of interest to your
clients.

SOLDERLESS CONNECTORS

Many Types Available in Large Quantities.

A 0fFfCE 0t 6 ENERAMIL DISPOS AL "‘tl\l,"

WAR ASSETS ADMINISTRATION

Offices located at: Atlanta +« Birmingham - Boston - Charlotte - Chicago - Cincinnati

Cleveland » Denver » Detroit - Grand Prairie, Tex. » Helena * Houston « Jacksonville - Kansas City, Mo. 1212
Little Rock - Los Angeles sLovisvilles Minneapolis * Nashville s New Orleans - New York - Omaha + Philadelphia

Portland, Ore. « Richmond - Salt Lake City + St. Louis * San Antonio « San Francisco « Seattle » Spokane - Tulsa
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ELECTRONIC

THE NEW

—

MPLICALL

INTERCOMMUINICATION

Aweriea’s Pineer Business Communication Systems

Featuring:
“"Busy’’ Signal—visual type using
neon bulb indicater
Plug-ln Masters for quick ex-
change or tronsfer
IHluminated volume control to in-
dicate “on'
Balanced Lines~—eliminate} need
for shielded lines to Remote sto-
tions
Handset—optional for private

Dramatically differentinits impressive plasticstyling,
definitely advanced in funciional design . .. that’s the
New AMPLICALL! Apart from exceptional tidelity
of speech reproduction, the New AMPLICALL in-
corporates a number of exclusive advantages in oper-
ation and installation which scts it aparcas a signifi-
cant design achievement in the intercommunication
field. New AMPLICALL Systems are avatlable to meet
every conceivable business communication require-
ment. You are invited to write for full details cover-
ing America’s Finest Intercommunication Systems.

conversation
THE RAULAND CORPORATION
4265 N. Knox Avenue, Chicago 41, Illinois

RADIO - RADAR - SOUNO . CDMMUNICATIDN) . TELEVISIDN

i
n“"eas
ricot? ior

)/ SEND BLUEPRINTS
L\z‘I.NP /)7, AND SPECIFICATIONS -
JURES  NO OBLIGATION!

When you use these tough, light-

weight and inexpensive parts,
you build their many advantages
into your own product. Fabri- i
cated to order, BAER FIBRE
washers, special shapes, terminal
boards, and other parts are ac-
curately and uniformly produced
to specification in any quantity.
Selection of grades by physical
and electrical qualities, permits
application to a wide range of 1
operating conditions and require-
ments., Investigate now!

LITERATURE ON REQUEST

N. S. BAER

i - COMPANY
\‘““‘\‘?' 3 e . MONTGOMERY ST., HILLSIDE, N. J.
oW® E

226

| NEW PRODUCTS

{contlnued)

equipment is continuous and auto-
matic, requiring only manual feed-
ing and removal.

Replacement Vibrators (52)

AMERICAN TELEVISION & RADIO
Co., 300 East Fourth St., St. Paul,
Minn. A new line of auto radio re-
placement vibrators has been devel-
oped and put into production.

Capacitance Bushing (53)
ERIE RESISTOR CORP., Erie, Pa. The

new tyvpe 2373 feed-through Cera-
micon capacitor has been developed
primarily as a heavy-current carry-

ing insulated bushing rated at 1,000
volts d-e¢ for use on industrial heat-
ing and similar equipment.

Railroad and Marine
(54)

UNIVERSITY LOUDSPEAKERS, INC,
225 Varick St., N. Y. Four new
speaker types, MIS, MIL, MM-2,
MM-2F, ranging in power from 5
to 15 watts meet severe require-
ments of marine and railway instal-
lations. Dust, live steam, and salt

Speakers
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/ THE NEW FENWAL

APPLIANCE THERMOSWITCH*
CONTROL

Safe¢Accurate s long-Lasting
Temperature Control For All
Types of Electrical Appliances

The unique and rugged design of the new

Fenwal Appliance THERMOSWITCH Control

provides a heat control unit that will withstand
shock, vibration, tampering and other opera-
tional hazards that lower product life. .. and
influence buying attrtudes.

Note these outstanding features:

® Torque applied to terminal binding posts will not
shift contact support members.

@ Adjusting screw will not drift under normal vibra-

tion.

® The mounting bracket provides for side or bottom

mounting, or a cross-mounting bracket is available
for special applications.

® One-piece, welded case and cover assures rugged,
tamper-proof unit. .. stable temperature settings.

TWO DISTINCTLY DIFFERENT MODELS FOR HIGH

AND LOW TEMPERATURE RANGES

The Appliance THERMOSWITCH Control is avail-
able in models especially designed for both high and low
temperature ranges. The high temperature model pro-
vides control over the wide range of 50°F.—600°F. The
low temperature model provides extremely critical
control for low temperature applications throughout its
range of 50°F.-250°F. Each model assures the highest
degree of efficiency and dependability; both incorporate
the outstanding Fenwal characteristics.

SPECIFICATIONS
Overall case dimension: 14" high x 84" wide 214" long.
Maximum Load Rating: 1200 watts on 110 volt 60 cycles,
TEMPERATURE RANGE:

50°F.to 250° F. (Series 30003 )

50°F. to 600° F. (Series 30002)

*T. M. Reg. U. $. Pat. OF.

"in
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1. Expanding stainless steel
case.

2. Fine silver contacts.

3. Contact Supporting Mem-
bers.

4. Low expansion metal
bridge.

5. Ceramic Insulating But.
tons.

6. Precision Ceramic Loca-

tor.

7. Stop Collar.
8. Adjusting Screw.
9. Terminal Binding Posts.

RUGGED ®© COMPACT © LIGHTWEIGHT

74

'M
W FOR FOOL-PROOF PERFORMANCE

There is a Fenwal THERMOSWITCH Control to
meet the requirements of most temperature control
applications. Write for complete information.

el R

FENWAL INCORPORATED

43 PLEASANT STREET, ASHLAND, MASSACHUSETTS
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VOLTS

OHMS

MILS

DECIBELS
‘AMPERES
MICROAMPERES

WJMW /
‘with the NEW Precision

Multi-Master
Series 858

20,000 and 1,000 ohms
per volt

High speed, 854 range, dual-high sen-

sitivity AC.DC de-luxe muiti-range

test set. Ranges to 6,000 volts — 600

megohms — 12 amperes — 70 DB —

60 microamperes.

Automatic push bution range and func-
tion selection. A supersensitive test set
particularly engineered for reliable, high
speed measurements in modern electronic
circuits. Easy reading, 412’' meter. Al
standard functions at only two tip jacks.
600 megohm insulation resistance test
range. Recessed 6,000 volt safety jacks.
Etched-Anodized aluminum panels.

RANGE SPECIFICATIONS
* 8 triple duty voltage ranges to 6,000
volis. Initial range 0-3 volts.
20,000 AND 1,000 ohms per volt D.C.,
1,000 ohms per volt A.C.
8 D. C. current ranges from 0-60 micro-
amps to 12 amps.
6 ohmmeter ranges to 600 megohms.
8 D.B. ranges from —26DB to 70 DB
8 output ranges to 6,000 volts.
Model 858-L; modern, shallow, bakelite
éuborutory type case, size 73 x$83/39x
4

* %% %

Model 858-P; portable, hardwood case with
tool compartment and cover, size 834 x
10 x4Ve ... .oi i e e $49.94

{complete with batteries and
High Voltage test leads)

ASK to see the ''Precision”
Quality Test Instruments on
display at all leuding radio
parts and equipment distribu-
tors. Signal Generators, V.T.
Vv.M’'S, Tube Testers, Multi-
Range Test Sets, etc.

PRECISION

APPARATUS CO., Inc.

line of

92-27 Horace Harding Blvd.
Elmhurst 10, N. Y.
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NEW PRODUCTS (continued)

spray have no effect upon their ac-
tion. They are furnished with a
flanged edge for flush cabinet
mounting or with an adjustable
bracket for wall mounting. Impe-
dances are 8 or 15 ohms.

Tube Tester

Rapio City Probucts Co., Inc., 127
West 26th St.,, New York 1, N. Y.
A portable tube and set tester,

(53)

model 805B, combines a volt-ohm-
milliameter, capacitor leakage
tester, and roll chart for tube index.
A germanium crystal diode rectifier
is used for a-c measurements.

Volt-Ohm-Milliammeter (56)

TRIPLET ELECTRICAL INSTRUMENT
Co., Bluffton, Ohio. The Model 2450
electronic volt-ohm-milliammeter
has two voltage regulator tubes to
provide stability for both the posi-
tive and negative voltages, within
a line variation range of 90 to 130
volts. Ranges include: d-c volts;
0, 2.5, 10, 50, 250, 500, 1,000; a-c
volts, 0, 2.5, 10, 50, 250, 500, 1,000;
d-c milliamps, 0, 0.1, 1.0, 10, 50, 250,

TRACING CLOTH

for

HARD PENCILS

® Imperial Pencil Tracing Cloth has the
same superbly uniform cloth foundation
and transparency as the world famous
Imperial Tracing Cloth. But it is distin-
guished by its special dull drawing sur-
face, on which hard pencils can be used,
giving clean, sharp, opaque, non-smudg-
ing lines.

Erasures are made easily, without dam.
age. It gives sharp, contrasting prints of
the finest lines. It resists the effects of
time and wear, and does not become
brittle or opaque.

Imperial Pencil Tracing Cloth is right
for ink drawings as well.

IMPERIAL
PENCIL
TRACING
CLOTH

SOLD BY LEADING STATIONERY AND
DRAWING MATERIAL DEALERS EVERYWHERE.

Y E K K "N N X _F_B N ¥ R _¥ _N ]
_--_-----,
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PERMEABILITY

A distinct advance
lor Fll -/I Recerer Design

1. Higher L/C ratios.

2. Freedom from microphonics.

3. Greater frequency stability.

. Shorter H. F. leads.

All tuning elements in one
integral unit.

. Lower overall cost.
® This company has long pioneered the permeability tuning field and
has secured a number of patents which disclose substantial improvements in
that field. These patents are all available for licensing upon reasoncble terms.

Please communicate with us if you would like to discuss the licensing
of your company under these patents.

JOHNSOX LABORATORIEN

DIVISION OF MANTLE LAMP COMPANY OF AMERICA
2793 W. Jackson Boulevard, Chicago 6, lllinois

4, Simplified wiring and switching.

ELECTRONICS — July, 1947
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New Catalog 1969
DG Free on Request.
Specific Datafurnished
separatfely on larger
types.

® The big JOHNSON condenser line offers an
unequalled choice of types and sizes beginning
with miniatures with .015” plate spacing, and
extending through the pressurized types which
offer RMS voltage ratings to 30,000 V. and

Johnson Products

Include capacities to 10,000 mmf. Each type is carefully
Transeifhing [& designed by electronic engineers for maximum
densers — Inductors  Circuit efficiency. Many exclusive JOHNSON

— Tube Sockets —
R. F. Chokes — @
Antennas — Insula-
tors — Connectors —
Plugs and Jacks —
Hardware Pilot
and Dial Lights —
Broadcast Compon-
ents—Directional An-
tenna Equipment

developments such as the heavy, beaded edge plates
on commercial types not only increase electrical
efficiency, but reduce mounting space, and through
the savings in material, lower your costs.

JOHNSOrN..,almudadmet'n Radeo

€. F. JOHMSOMN CO. - WASECA, MINNESOTA

AN da el #1920 4] g0y

A \ g 4
A Sy [
A.c. OR D.c. ‘4

POWER |

WER

’ -

PORTABLE, ’

STANDBY OR ’

STATIONARY -

)

PRODUCTS

ONAN ELECTRIC PLANTS
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NEW PRODUCTS {continued)
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1,000; ohms, 0 to 1,000 (midscale
10), 10,000 to 100,000; megohms,
0, 1, 10, 100, 1,000. capacitance in
uf is 0, 0.05, 5, 50, 500,

57

GENERAL ELECTRIC Co0., Syracuse,
N. Y. The doughnut f-m antenna
unit illustrated shows the method

F-M Broadcast Antenna

of mounting and feeding an an-
tenna composed of these elements.
Eight units give a power gain of
seven,

Water-Cooled Conductor (58)

TITEFLEX, INc., 517 Frelinghuysen
Ave., Newark 5, N. J. A new wa-
ter-cooled  flexible, high-power,
high-frequency conductor consists
of a brass, water-tight convoluted
inner core with an outer braided
conductor. A high-frequency flex-
ible insulation is extruded over the
outer braid. Application of the con-
ductor to high-frequency heating
equipment and similar use is ex-
pected.

Literature

(59)
Metallized Capacitors. Solar Man-
ufacturing Corp., 285 Mad-
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NOW —

A QUALITY
2-KW INDUCTION
HEATING UNIT

ror only $650.

Never before a value like this new
2-KW bench model “Bombarder’ or high
frequency induction heater . . . for sav-
ing time and money in surface harden-
ing, brazing, soldering, annealing and

many other heat treating operations.

Simple . . . Easy to Operate . . .
Economical Standardization of Unit
Makes this New Low Price Possible

This compact induction heater saves
space, yet performs with high efficiency.
Operates from [10-volt line. Complete
with foot switch and one heating coil

Send

samples of work wanted. We will ad-

made to customer's requirements.

vise time cycle required for your par-
Cost, complete, only $650.
Immediate delivery from stock.

ticular job.

Scientific Electric Electronic Heaters
are made in the following range of
Power: 1-3-5-7!/5-10-12!/5-15-18-25-40-60-
80-100-250KW.—and range of frequency
up to 300 Megs. depending on power
required.

Division of

“$"" CORRUGATED QUENCHED GAP CO.

107 Monroe St., Garfield, N. J.

PILOT LIGHT
ASSEMBLIES

PLN SERIES—Desugned for

.--'ﬁn.-

NE-51 Neon Lamp

Features

THE MULTI-VUE CAP
BUILT-IN RESISTOR
110 or 220 VOLTS
EXTREME RUGGEDNESS
VERY LOW CURRENT

Write for descriptive booklet

The DIAL LIGHT CO. of AMERICA

FOREMOST MANUFACTURER OF PILOT LIGHTS
900 BROADWAY, NEW YORK 3, N. Y.
Telephone—Algonquin 4-5180

* PR DIALS,
PANELS
& PLATES

Premier Dials, Panels and Name-
plates combine maximum utility
with the added PLUS of sales
appeal.
Rich colors and “baked-

‘ in” finishes! Premier metal prod-

Sharp, clear and accu-

rate!

ucts reflect this superiority in

increased sales for you.

] Etched and Lithographed on

! o & luminum

e « Branze

= Manel

= Bross

= Copper

s Mickel Silver
= Stainless Steel

PREMIER METAL ETCHING COMPANY |

Quality Products for Over 35 Years :
43-27 2IST STREET, LONG®ISLAND CITY [, N. Y. /
A
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DETAILED EXAMINATION
OF CONTINUOUS FILM

The AVIMO Film Assessor
has been designed for the

projection of 35mm or

16mm Film of Oscillograph

‘Traces or other phenomena.

Frames are projected singly

or continuously on to an

optically flat surface and

magnification is from x12
to x36.
successive frames is accu-
rate to within + .0036

atmaximum enlarge-

Projection of

ment,

AVIMO  Continuous  Film
Recording Cameras provide
permanent records of oscillo-
graph traces.

AVIMO Ltd., TAUNTON
(Eng.) Tel. 3634

Designers and Manufacturers of
Scientific Cameras

_ET OVER TWENTY YEARS
OF EXPERIENCE GUIDE YOU

®
ELECTRICAL INSULATION CO., INC.
12 VESTRY ST., NEW YORK 13, N. Y.

GENERAL

Speakers make

DIFFERENCE

« s« and what a

DIFFERENCE!

General Electric Speakers
are built to be different—
better. For warm, live, pulsat-
ing radio and record repro-
duction, specify speakers by
General Electric.

@ Better tone quality

@ High wattage handiing capacity
@ No warping of voice coll

@ Greater design possibilities

@ Overall greater efficlency

© Better controlied air gaps

@ Rigldity, strength, durability

Consult General Electric now
foryour Speaker requirements.
Write to: General Electric Com-

bpany, Electronics Department,
Syracuse 1, N