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No. Application impedance impedance Price
A-10 Low impedonce mike, pickvp. 50, 125/150, 200/250, 50,000 ohms 30-20,000 $15.00
or multipte line 10 grid 333, 500/600 ohms
AN Low impedance mike, pickup. 50, 200, 500 ohms 50,000 ohms 50~10,000 16.00
or line to Vor2 grids multiple alloy
shield for
extremely low
hum pickup
A2 Low impedance mike, pickup. s 125/150, 200/250, 80,000 ohms overall 30-20,000 15.00
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Leaders because they perform reliably under all operating
conditions, these fixed mica dielectric capacitors are used in elec-
tronic applications wherever long life and successful performance
are demanded.

Each tiny El-Menco Capacitor must pass life and
humidity tests; meet standards set by the United States
Army and Navy; pass tests at double their working
voltages; prove their dielectric strength, temperature
co-efficient and capacitance drift, and have their in-
sulation resistance double-checked. These little leaders
are molded in low-loss bakelite and wax-dipped for
salt water immersion seal. They’re available in a wide
range, all impregnated, all precision-made, all JAN,
RMA and RCM color-coded.

CM 15 MINIATURE CAPACITOR Why not protect your product’s
Actual Size & x 14" x 3% performance with capacitors made
For Radio, Telev1snon and Other . . . .

Electronic Applications under these rigid conditions?

2 to 420 mmf. capacity at 500v DCw

2 to 525 mmf. capacity at 300v DCw 4

Temp. Co-efficient +50 parts per SPeCny E I'-M E N C o

million per degree C for most TESTED @ RELIABLE @ LEADERS!

capacity values

6-dot standard color coded THE ELECTRO MOTIVE MFG. CO., Inc.
WILLIMANTIC CONNECTICUT

Werite on your
e firm letterhead for
gresa - i Catalog and Samples
MOLDED MICA "MICA TRIMMER

CAPACITORS

FOREIGN RADIO AND ELECTRONIC MANUFACTURERS COMMUNICATE DIRECT WITH OUR EXPORT DEPT. AT WILLIMANTIC, CONN.
ARCO ELECTRONICS, INC. 135 Liberty St., New York, N. Y.—Sole Agent for Jobbers and Distributors in U.S. and Canada

2 May, 1949 — ELECTRONICS



Complete information
on Fastell “E"”, and
other contact mate-
rials is available in
the Fansteel Hand-
book for Engineers,
on Electrical Contacts.
Copy of this valuable
book will be sent to
you upon request
without obligation.
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WH ETHER your station operates on low power or high
power, AM or FM, you’ll find the tubes you want in

Western Electric’s line.

Always known for long service life and top quality perform-
ance, these broadcast power tubes and rectifiers—all
engineered by Bell Telephone Laboratories—are now being
made for Western Electric by Machlett Laboratories, Inc.,
another pioneer in the development of electron tubes.

Loolk over the listing of types below — and for further infor- 251A
mation, call your local Graybar representative or write

Graybar Electric Co., 420 Lexington Ave., New York 17, N.Y.

Western Electric

— QUALITY COUNTS —

Western Electric’s line of high power transmitting tubes includes:

212E Air cooled triode, 275 watts
220C Water cooled triode, 10 kilowatts
220CA Forced-air cooled triode, 5 kilowatts
222A Water cooled high vacuum rectifier, 25 kv. inverse voltage
228A Water cooled triode, 5 kilowatts
2328 Water cooled triode, 25 kilowatts
232BA Forced-air cooled triode, 8 kilowatts
233A Water cooled high vacuum rectifier, 50 kv. inverse voltage
236A Water cooled triode, 20 kilowatts
5541 2408 Water cooled triode, 10 kilowatts

2418 Air-cooled triode, 275 watts
251A Air-cooled triode, 1000 watts
2558 Mercury vapor rectifier, 20 kv. inverse voltage
270A Air cooled triode, 350 watts
279A Air cooled triode, 1200 watts
298A and B Water cooled triode, 100 kilowatts
3088 Air cooled triode, 250 watts
340A Water cooled triode, 25 kilowatts
341AA Forced-air cooled triode, 5 kilowatts
342A Water cooled triode, 25 kilowatts
343A Water cooled triode, 10 kilowatts
343AA Forced-air.cooled triode, 5 kilowatts
3578 Air cooled triode vhf, 400 watts

DISTRIBUTORS: IN THE U. 5. A.— Graybar 363A Air cooled pentode, vhf, 350 watts

Electric Company. IN CANADA AND NEW- 379A Air cooled triode, 1200 watts

FOUNDLAND— Northern Elecuric Co., Ltd. . - .
5530 Forced-air cooled triode, vhi, 3 kilowatts
5541 Forced-air cooled triode, vhf, 10 kilowatts

4 May, 1949 — ELECTRONICS
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TIME AND MONEY
WITH THIS NEW

- WHISTLER
U-375

Adjustable
Perforating
Die Set

MONEY-SAVING opportunity to prove in

your own plant the many advantages of
Whistler Adjustable Dies. Now being employed
by thousands of metal working shops. The compact
design of this special U-375 unit (10” x 12" working
surface) provides up to 25 holes, 135" tc 3" diameter.
Pierce materials up to and including 14" mild sheet
steel...in one opcration. Minimum centers of 7" are
permitted. Set-ups are made quickly and into production
within hours. Precision perforating on long or short runs
at much reduced expense. Re-use of punches and dies writes
off first cost. The U-375 unit is shipped complete ready for

immediate set-up.

SR 4@ SENT FREE ON REQUEST

[ AU wupaen Special U-375 Booklet and General Catalogs.
oy In brief informative style, with clear-
cut illustrations, this literature gives
complete details about Whistler Ad-
justable Dies. Write today.

ELECTRONICS — May, 1949 5
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Heat dissipat

Heat dissipation can be mighty tough
. . . but not for IRC resistors. They are
universally engineered for the lowest
possible operating temperatures and
maximum power dissipation within the
smallest size units consistent with good
engineering practice.

Long experience with the widest line of
resistor types in the industry has pro-
vided IRC with a wealth of “know-how’’
on resistor heat dissipation. In Power
Wire Wound Resistors for example, the
complete range of tubular and flat types
manufactured by IRC utilizes a special
cement coating to attain rapid heat dis-
sipation. This dark rough surface does
double duty by effectively guarding the
windings against harmful atmospheric
moisture and corrosion. Use the handy
coupon to get complete data on proven
advantages of IRC Power Wire Wounds.

IRC Flat Wire Adjustable types . o
There are 52 spe- N | Power ratings Windings are of
cific types af IRC Wound Resistors feature the ex- from 2 to 225 highest grade Gl
Power Wire offer a higher ¢lusive IRC non- watts. Variety of loy wire on tough

space-power
ratio,

Wound Resistars. corrosive contact 8 terminal types. ceramic forms,



tough
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New, ADVANCED BT Resistors obsolete present
performance standards for fixed composition resistors.
Extremely low operating temperature and excellent
power dissipation in compact, light weight, fully insu-
lated units at V3, V2, 1 and 2 watts. These ADVANCED
resistors meet JAN-R-11 specifications. All the facts
are included in 12-page technical data Bulletin B-1.

Water-cooled LP Resistors utilize high velocity
water stream flowing in spiral path against thin
resistance film. High power dissipation is made
possible by centrifugal force holding water in
thermal contact with resistance surface. Resistance
film less than 0.001"' thick with active length
much less than Y4 wave length at FM and tele-
vision frequencies, gives excellent frequency =
characteristics. Resistance values 35to 1500 ohms; i
15% tolerance standard; power dissipation up
to 5 K.W. ac. Bulletin F-2 gives all the facts:

——

Heat dissipation properties of alu-
minum are used to full advantage in
housing and winding core of IRC Power
Rheostats, 25 and 50 watts. Type PR
Rheostats operate at full rating at
about half temperature rise of equivo-
fent units. Can be operated at full
power in as low as 25% of rotation
without appreciable difference in tem-
perature rise. Direct contact between
rheostat and mounting panel allows
rapid conduction to panel of a portion of
heat dissipated. Send for Bulletin E-2.

If you have the heat put to you for
speedy service on small order resistor
requirements for experimental work,
pilot runs, etc., yowll appreciate the
advantages of IRC’s Industrial Service Plan. This enables
you to get *round-the-corner service from the local stocks of
your IRC Distributor. He's a good man to know . . . we’ll
gladly send you his name and address.

r————————————————-——-----'

! INTERNATIONAL RESISTANCE COMPANY
i 403 N. BROAD ST, PHILA. 8, PA.

Wharavon, the, Cincuit, Sage- M-y ) "

Power Resistors .© Voltage Dividers
Insulated Composition Resistors » Low

Wattage Wire Wounds ¢ Controls NAME. . oo i as B 0 0 e B sy JEE RN T2 « o« < R G B 4@E e - Fe e s .
DepositedCarbonPrecistors *Precisions
INTERNATIONAL HF and High Voltage Resistors TITLE ot 2 2 e me -+ 16 o 0 [ G mmis o F « @ 80600 e a9l 3 e W R Y S Ry P 0 .
Voltmeter Multipliers ¢ Rheostats
RESISTANCE COMPANY ] COMPANY . L et e “s
401 N. Broad Street, Philadelphia 8, Pa. N o101 13- T A R E R ) ’

In Canada; international Resistance Co., Ltd., Toronto, Licensee
J.F.,ARNDT & CO.,ADV.AGENCY



When you list the qualities most desirable in a sup-
plier of wires and cables for your electronic equip-
ment, you will find that Lenz most nearly answers
your description of a dependable source.

First, this company has the engineering background
and experience, the knowledge of your requirements
in wires and cables that are needed to help draft

your specifications.

Second, it has the facilities to produce these wires

LENZ ELECTRIC MANUFACTURING CO.

WIRES and CABLES

&(M OF ELECTRONIC EQUIPMENT

and cables in volume exactly to specifications, eco-
nomically and promptly.

Third, it is a reliable organization with over 40 years
background of dependable service to the communi-
cations industry.

Make Lenz your principal source for wires and cables.
A Lenz wire engineer will gladly consult with you
regarding your special requirements. Correspondence
is invited.

IIIN ]90411

BUSINESS SINCE

® 1751 No. Western Avenue, Chicago 47, Illinois
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One CLARE RELAY will do the work...

of a Relay and Filter-Condenser in Many Plate Circuit Installations

THREE SIZES AND TYPES OF Utmost simplification of many plate circuit instaflations is pos-
CLARE PLATE CIRCUIT RELAYS sible with CLARE Plate Circuit Relays which make unnecessary

the use of filter-condensers with or without induction networks.

By thus reducing the number of circuit elements, these CLARE
Relays often make possible real savings of weight, wiring and cost.

TYPE "C” RELAY

If your design involves plate circuits, it will pay you to get full
information at once. CLARE sales engineers are located in prin-
cipal cities. You are invited to make use of their wide experience
in every problem which involves the use of relays. Call them
today, or write: C. P. Clare & Company, 4719 West Sunnyside
Avenue, Chicago 30, Illinois. In Canada: Canadian Line Mate-
rials Ltd., Toronto 13. Cable Address: CLARELAY.

Write for Clare Bulletin No. 104

CLARE RELAYS

First in the Industrial Field




VINYL DIELECTRIC
FOR PERMANENT,

o e e

e fa
0 e O

10

SOMETHING BRAND NEW IN

OPERATING
RANGE —10
L TO 105°C

IT REDUCES

LABORATORIES SPEEDS WIRING

TURBO REL-16A Insulated Wire is the biggest
news in hook-up wire to be announced in recent
years. Its unusual characteristics make it possible
for the first time, to stock one single type of wire
for all requirements—point-to-point wiring, cabl-
ing, equipment and component leads.

REL-16A is a free stripping insulated wire com-
posed of a tinned copper conductor, covered with a
layer of non-deteriorating vinyl plastic, overlaid
with a close-woven lacquered glass jacket. The

...now you need stock

but one wire for every
< hook=up and lead
requirement!

R oo LIS
APPROVED BY WIRE AVAILABLE IN
UNDERWRITERS INVENTORY, ALL SIZES

105°C
CONTINUOUS
OPERATION

@ NON-POROUS, NON-FRAYING
@ FREE STRIPPING INSULATION
@ FLEXIBLE

® AVAILABLE FOR 300 AND 600 V.

@ NON-DETERIORATING VINYL DIELECTRIC
@ WITHSTANDS POTTING TEMPERATURES

12 TO 30 AWG

combination of free stripping and the tinned con-
ductor enormously speed production. The vinyl
dielectric gives permanent electrical protection, and
the lacquered glass woven outer layer insures the
utmost mechanical protection.

The overall gualities of REL-16A are so thoroughly
outstanding that this is the first thermoplastic wire
to earn Underwriters’ approval recognition for 105°
C continuous operation. Check the advantages—
write for free sample today.

WILLIAM BRAND & COMPANY

276 FOURTH AVE., NEW YORK 10, N.Y. * 325 W. HURON ST., CHICAGO 10, ILL.
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How Motorola is using Centralab’s
“P.E.C.”” to help build more and finer
television receivers than

ever before!

Arrow points to Centralab’s Custom Couplate
which Motorola engineers are using to save
space and cut assembling time of their new
TV models.

Chassis courtesy of Motorola Corp.

*Centralab’s *‘Printed Electronic Circuit”

— Industry’s newest method for
improving design and manufacturing efficiency!
SPEEDED production and finer products go hand in hand where

Centralab’s amazing Printed Elecironic Circuit is concerned.
Take the case of Motorola’s new television receivers, Engineers for
Motorola find that CRL's Couplate — a printed interstage coupling

plate — saves production time by cutting in half the number of

connections to be soldered . . . that it speeds assembly by simplifying

) ) wiring operations, They also find that Coxplaie helps them produce

')‘(C?UPL{\TE"I is m?,fée Olf high EIEIEICtF,KdCetmmiC finer TV reccivers by practically eliminating loose or broken connec-
posigvfl::sis?:rie 1t:’hu?r‘1‘;d;grear:3 vigr;?o?cf{ tions — from plat_e load reslstqr to couplmg‘capacntior. . S
circuit diagram of CRL's Cox plate is shown below. Integral Ceramic Construction: Each Printed Electronic Circuit

is an integral assembly of H/-Kap capacitors and resistors closely
bonded to a steatite ceramic plate and mutually connected by means
of metallic silver paths “printed” on the base plate.

(2) For complete information about Couplate as well as other CRL
Printed Electronic Circuits, sec your nearest Ceritralab representative,

Plate i or write direct.

Loag :
Kesistor (¢

" = Centgalab ==

o G
+1 (3 @

Plate Supply

Division of GLOBE-UNION INC., Milwaukee

ELECTRONICS — May, 1949 1



Jhe
Weather-Proof

Even where climates quickly kill cables, the ether is always ready to
carry a Standard Multiplex Telephone Trunk Link,

The system is easy to install, thoroughly reliable in operation, and
simple to service.

Each equipment deals with up to 24 channels which handle any
kind of A.F. traffic in the 300-3400 c/s range, including teleprinter
and automatic telephone signals.

Time-sharing Multiplex ensures low crosstalk and noise levels, and
fading does not affect speech levels.

A UHF carrier is used and the normal line-of-sight range may be
extended by automatic repeaters.

Complete terminal equipment occupies a double cabinet 7’ wide x
24" deep x 6’6" high, and aerials may be up to 100’ away from
the equipment.

Write for our Bulletin No. 511 which gives further facts and figures.

Srondord Telephortes and Cables Limited Radlio Division

An I, T. & T. associate
OAKLEIGH ROAD, NEW SOUTHGATE, LONDON, N.11, ENGLAND

R.DS
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FOR BEST WE

LDER PERFORMAN

G-E IGNITRONS!

Specify these sturdy control tubes for
their quality (it’s an industry byword)
o « « their proved reliability!

LECTRONIC welding is &
i high-speed welding.

Often it sets the plant pro-
duction pace. Let the curve of
welder efficiency drop, and end-
of-line output slows to match. So
designers and builders of welding
equipment strive for fast-tempo
performance that’s dependable.
They're aided by a formula that
reads, “Use General Electric igni-
trons for control.”

Design plusses give these fine
tubes leadership. Investigate the
carefully annealed fernico metal-
to-glass seals at all terminals —
strong, tight, lasting. Study the
special clamp construction at the
end of the anode lead—how the
copper strands, with no soldered
connection, make direct electri-
cal contact with the bus bar. Just
two of many superior details in a
product engineered with pains-
taking care!

Go on to materials used . ..the
mercury for the cathode pool,

/. », which not only is the
purest obtainable, but

is further cleaned and re-
distilled by G. E.; the anode
graphite—highest-grade that can
be had; the oxygen-free copper
of maximum conductivity in the
anode lead.

Manunfacture . . . to General
Electric precision standards rig-
idly maintained! Testing . . . the
most comprehensive in the field,
with G-E ignitrons continually
being checked at the factory un-
der actual welder conditions at
top ratings!

Thesearethe tubesfor the weld-
ing equipment on which your
name will appear and your repu-
tation must rest. Experienced G-E
tube engineers gladly will assist
you in ignitron choice and appli-
cation. Phone your nearby G-E
electronics office, or wire or write
direct to Electronics Department,
General Electric Company, Sche-
nectady 5, New York.

"~

GENERAL 3 ELECTRIC

Max kva
demand

GL-5550/GL-415
GL-5551/FG-271
GL-5552 /FG-235-A

GL-5553 /FG-258-A

g FIRST AND GREATEST NAME IN ELECTRONICS

Corresponding
avg anode
current

Max avg
anode
current

100
200
400
800

300
600
1,200
2,400

12.1 amp
30.2 amp
75.6 amp

22.4 amp
56 amp
140 amp

192 amp 355 amp

Ratings are for supply voltages of 600 v rms and below.

Ignitor requirements are 200 v and 30 amp.

ELECTRONICS — May, 1949
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THIS NEW KAHLE MACHINE

(g -

#1405 Cathode Ray Tube Sealing Ma-
chine. 16 hcads for sealing up to
12 13 inch tubes; 12 heads for seal-
ing up to 16 inch tubes. Adaptors
fz:)rl these sizes instantly interchange-
able.

e - CUTS DOWN SHRINKAGE
~-STEPS UP TV TUBE PRODUCTION

A TYPICAL EXAMPLE OF KAHLE DESIGN AND
ENGINEERING FOR THE ELECTRON TUBE INDUSTRY

Typical Kahle Customers Kahle Engineering Company is the specialist's specialist in electron tube machinery

Over the Years of all types. Our cathode ray tube machines show why. Théy are designed to

, do a specific job. From their massive, stable base up to their smooth, fast-indexing
General Electric Co.

Radio Corporation of America turret, they are built for the ultra-precision operations needed to produce perfect

Westinghouse Electric cathode ray tubes. Designed and constructed to run 24 hours a day.

Philco

L . h .
Sylvanio Electric We specialize in equipment and methods for manufacture of complete production

National Union units for cathode ray tubes, sub-miniature tubes, electronic tubes, fluorescent lamps,
DuMont neon tubes, photo cells, x-ray tubes, glass products.

Brown Boveri (Switzerland)

Lumalampan (Sweden) Consultations invited. Send for our new catolog.

North American Philips

1309 Seventh Street

(ohle Automtic Tube  Machine ' 3 ENGINEERING: CONPANY -2 NP,

have been in continuous use since 1941

1 May, 1949 — ELECTRONICS
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BALL BEARING
CARRIAGE SUPPORT

SHOCK-PROOF
FRICTION DRIVE

BROADBAND TUNING

CRYSTAL AND
BOLOMETER DETECTION

SLOPE ELIMINATED
BY ELECTRICAL LEVELLING

LOW REFLECTION
CONNECTORS

CALIBRATED PROBE
POSITION MEASURED
TO OUTPUT COUPLING

Each product is designed, manufac-
tured, and tested with the precision
necessary to meet the exacting
requirements of the microwave re-
search engineer. An illustrated cata-
log may be obtained by writing Dept.
E2 on company letterhead.

202 TILLARY STREET,
BROOKLYN 1, NEW YORK
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PRD Slotted Sections and Probes are now available
for determining with maximum precision the phase
and magnitude of impedances at microwave frequen-
cies. These units are precision fabricated devices for
use in exploring the standing wave patterns of r-f fields

in microwave transmission lines.

The instruments shown are only two of an extended
geries of coaxial and waveguide slotted sections spe-
cifically designed for precise impedance measurement
over the microwave spectrum from 1,000 to 40,000
megacycles per second. PRD offers a full complement
of microwave measurement and test equipment includ-
ing Attenuators, Frequency Meters and Standards,
Tuners, Matched Loads, Directional Couplers, Sig-
nal Generators and Standing Wave Amplifiers.

DEVELOPMENT COMPANY, Inc.
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Centralab reports to

Here's how Wells Gardner engineers have applied two P.E.C. units to build
more and finer table-model radios. Arrows point to Filpec (left) and Couplate.

Chassis courtesy of Wells Gardner & Co,

More and more manufacturers are turning to CRL's space-saving helping this firm cut radio assembling time by reducing the
Printed Electronic Circuits to help them produce finer products, number of components needed and by climinating many solder-
faster. That's how it is with Wells Gardner & Co., Chicago. ing operations. What's more, these same units improve per-
Two Centralab P. E. C. units — Conplure and Filpec — are formance by resisting temperature and humidity.

\ e

ACTUAL

SIZE LR
‘.
"Filpec". \, \ Capacitor
Actual size \ fu-"

CRL's Couplate consists of a plate lead Centralab’s Filper is designed for use as a balanced diode load filter, combines
resistor, grid resistor, plate by pass up to three major components into one tiny unit, lighter and smaller than one
capacitor and coupling capacitor. ordinary capacitor. Capacitor values from 50 to 200 mmf. Resistor values from
Write for Bulletin 42-6. 5 ohms to 5 megohms, For complete information, write for Bulletin 42-9.
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Electronic Indus

For by-pass or coupling applications, Centralab’s development of a revolutionary, new Slide Switch promises improved
check CRL’s original line of ceramic AM and FM performance! Flat, horizontal design saves valuable space, allows
disc and tubular H/-Kaps. For full short leads, convenient location to coils, reduced lead inductances for increased
facts, order Bulletins 42-3 and 42-4. efficiency in low and high frequencies. Rugged, efficient. Write for Bulletin 953.

MODEL “R™ ‘MODR “E” MODEL “M"
Let Centralab’'s complete Radiohm line take care of your special needs. Wide Great step forward in switching is
range of variations: Model "R’ — wire wound, 3 watts; or composition type, CRL's New Rotary Coil and Cam In-
1 watt. Model “E” ~— composition type, /4 watt. Direct contact, 6 resistance dex Switch. Its coil spring gives you
tapers. Model "M — composition type, /> watt. Write for Bulletin 697. smoother action, longer life.

LOOK TO CENTRALAB IN 1949! First in component research that means lower costs
for the electronic industry. If you're planning new equipment, let Centralab’s sales

and engineering service work with you. Get in touch with Centralab!

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

ELECTRONICS — May, 1949 17



Now! A Top Quality Tape Recorder at a Reasonable Price

New PRESTO
Magnetic Tape Recorder

T LAST, a magnetic tape recorder that
A fully measures up to the most exact-
ing requirements of broadcast network op-
erations, independent stations and tran-
scription producers, yet priced to have
wide appeal.

Compare these specifications:
® Frequency response: 30 to 15,000 cps = 1 db.

@ Signal to noise ratio: Over 60 db below max.
signal.

® Fast speed, 240 ft. per second forward and
rewind, instantly reversible.

® Recording speeds 7Y%” or 15” per second
(15" or 30” per second provided on request).
Speed selection by special 2-speed motor.

® Reels direct mounted on motor shafts. Uses
any type and size of reel up to 14",

® Erasing, recording and playback heads all
mounted in separate housing — entire unit
connected by plug-in for immediate replace-
ment.

o Full-size illuminated scale V. U. meter on
top panel.

Now! Greater
Accessibility

Illustration shows how ev-
erything mechanical and
electrical can be serviced
from the front and top. Am-
plifiers and power supply are
in swinging door behind re-
movable panels. Mechanical
units are mounted on top
panel, hinged at rear so it
can be opened upwards.

RECORDING CORPORATION

Paramus, New Jersey

Mailing Address:
P. O. Box 500, Hackensack, N. J.

In Canada:
WALTER P, DOWNS, Ltd., Dominion Square Bullding, Montreal

WORLD'S LARGEST MANUFACTURER OF INSTANTANEQUS SOUND RECORDING EQUIPMENT AND DISCS

18
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NEW SPORES FOR A BIG WHEEL. ..

. e TYPE T & DYR
h‘ DYKANOL
: PAPER

CAPACITORS

C-D

first in

'BLACK CuB"
MOULDED PAPER
TUBULARS

NOW|ADDS Mirtaoons

TYPE UP
TV ELECTROLYTICS

AUTO
VIBRATORS

// /
T
s
to supply more of mj ?JM— "%

WAVAVAVAS

your componenf needs from one another

in the

dependable source

C-D machinery of progress!

The famous Za@radon * line of
capacitors, Division of RCA, has now

joined the world's largest capacitor fam-
ily. C-D makes another great stride in its
40 years of increasing growth to serve in-
dustry with the finest capacitors for every
radio, electronic and TV application.

Cornell-Dubilier Electric Corporation, Dept. K6-9,
South Plainfield, New Jersey. Other large plants
feo. U3 Fer OF in New Bedford, Worcester, and Brookline, Mass.;
Indianapolis, Ind.; Providence, R. I. and subsidi-
ary, The Radiart Corporation, Cleveland, Ohio.

ELECTRONICS — May, 1949 19



The tube you

Tune your sales message to

the wave-lengths they use!

AS TO the favorite radio programs of readers of

ELECTRONICS, your guess is as good as ours.

But this we do know! These technical “brains”
read ELECTRONICS for information. This inspired
industry is changing month by month. The
“standard reference” wherein these changes are

first recorded is ELECTRONICS. First in the field,

call

“electron’is
filled with

engineers!

These engineers are

of many lores. .. electrical

aero * process * maintenance ° in-

dustrial control - design - research

(to mention just a few)

its leadership has never been seriously challenged.

It will pay you to make your ads as meaty and
informative as are the editorial pages. Forget the
conventional advertising devices. Facts come
first. Get from your engineering department the
technical story about your product or service.
Pack your message with data. Use engineer lan-
guage as much as possible. Keep it up — you’ll

find that such advertising gets resulcs!

electronics

DESIGN...PRODUCTION...USE

ABC

A McGRAW-HILL PUBLICATION

20

530 WEST 42nd STREET

Established 1930 ABP

NEW YORK 18, N.Y
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"RADIO AND" TELEVISION MANUFACTURERS MAY BE
RISKING THEIR REPUTATION IF THEY DO NOT KNOW THESE

WHAT IS ERSIN FLUX? Ersin Flux, found on

WHY IS A THREE CORED :
SOLDER DESIRABLE ?

DOES IT COST MORE TO USE
ERSIN MULTICORE SOLDER?

WHY ARE <DRY’ JOINTS
IMPORTANT ?

WHAT  ABOUT FEDERAL
SPECIFICATIONS AND
AVAILABILITY OF SUPPLY ?

IR o MTAINING
P .oN-CORROSIVE FLUX

27////(///////, |

i

i

!'I _L,J/ ."‘.','- . -
R THREE CORE @®” SOLDER WIRE
MADE WITH NON-CORROSIVE EXTRA-ACTIVE ERSIN FLUX

Address U.S.A. and Canadian inquiriesto: BRITISH INDUSTRIES CORP.
315, Broadway, New York 7, N.Y.

I

Inquiries regarding other territories to: MULTI CORE SOLDER S LTD.

Mellier House, Albemarle Street, London, W.I, England




A COIL PRODUCTS CO.
—__HUNTINGTON PARK, CAL.

STANDARD COIL PRODUCTS (0, BANGOR MICH. 7

COSMALITE

in STANDARD COIL PRODUCTS ¢O. TUNERS

Of course COSMALITE is used by the STANDARD The advantages of COSMALITE SHELLS for TELE-

COIL PRODUCTS CO., INC. in their Television and ~YISION DEFLECTION YOKES are many. Of prime
importance is the fact that we have available, with-

Auto Set Tuning Assemblies. It is the first choice out charge, the tools for punching and notching many

of those who insist on precision and quality products types of Cosmalite shells and coil forms. This means

at prices that are right! attractive prices with quicker deliveries.
P g

Consult us
on your needs!

% CLEVELAND CONTAINER

201 BARBERTON AVE. CLEVELAND 2, OMIO

PLANTS AND SALES OFFICES at Plymouth, Wisc., Chicago, Detroit, Ogdensburg, N.Y., Jamesburg, N. J.
ABRASIVE DIVISION at Cleveland, Ohio
CANADIAN PLANT: The Cleveland Container, Canada, Ltd., Prescott, Ontario

REPRESENTATIVES

CANADA WM. T. BARRON, EIGHTH LINE, RR *], OAKVILLE, ONTARIO
METROPOLITAN
* Reg U. S. Pat. Off. NEW YORK R.T. MURRAY, 614 CENTRAL AVE, EAST ORANGE, N.J.

NEW ENGLAND E. P. PACK AND ASSOCIATES, 968 FARMINGTON AVE.
WEST HARTFORD, CONN,
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TUBULAR
Hi1-@Q. ceramic caracitors:

£ 680 mmf.

.250x .562

8 100.cenk e

C|-2 .25°X 0812

R PR -

Cl-3 .340x 1.320

o Gaim TV 0k ‘d"'-’“n‘*f-’l"

Cs-1

i e o WY J' Nt

CSs-2

00,0 W L5

Cs-3

5000 | _ F Qi

Cs-4

- iy T

.253x 1.078 i
(of 19 |

Segbritd
™ —

CETISYYT)

.340x1.062 ,
CF-2

| » MY

CN-5 .340x1.500

S . o= o el . 4l
WEEAA=1 00 R
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ALL DIMENSIONS ARE MAXIMUM

ELECTRICAL REACTANCE GENERAL OFFICES:

® FRANKLINVILLE, N.Y.

CORPORATION SALES OFFICES:
® IN ALL PRINCIPAL CITIES




requiring extremely high writing
rates and high vertical-deflection

For wide-band oscillographs

sensitivity. Electrostatic deflection and focus.

' Another Du Mont “First”"—the new
Du Mont Type 5XP-! A multiple-intensi-
fier design, it features deflection sensi-
tivity never before achieved by a
cathode-ray tube in either the low- or
high-voltage category. Specifically:

At En; of 2000 volts and En; of 4000
volis, only 24 to 36 d-¢c volts/in. of de-
flection are required! This is approxi-
mately three times the sensitivity of a
low-voltage tube such as Type SLP-A.
This superlative performance of the
vertical plate system is due to the de-
sign of the plates and to a slight increase
in overall tube length—only %" longer
than Type SLP-A.

Also featured are the high ratios of Eu3
to Eb; voltages—up to 10:1, and high

overall accelerating potential — up to
25,500 d-c volts.

Because the usable vertical deflection
is a function of the ratio Eu3/Ep;, the
full-screen deflection available at ratio
1:1 is reduced to 2.5" at 2:1, 1.75" at 5:1,

Capacitance from D3 to D4 held to 1.7 ppf by
virtue of this new deflection-plate design, de-
spite longer length and closer spacing required
for high sensitivity.

and 1.25" at 10:1 ratios, respectively.

Another feature is the shielding be-
tween deflection plates Di-D; and D3-Dy
to prevent interaction between plate
pairs. And for general shielding of the
tube, Du Mont mu-metal shield Type
2502 is available.

A choice of phosphors is available, such
as thePl, P2, P4, PS5, P7 and P11 screens.
The flat face makes for ease of visual
measurement and photography.

As with all Du Mont tubes, Type 5XP-
is available as a separate unit or in com-
bination with a Du Mont oscillograph.
Several Du Mont oscillographs already
in use, notably Types 280, 256-D, 250-H
and 248-A, are readily adaptable to this
latest tube.

‘ Write for detailed literature on the Type 5XP- tube and how it can be used in your Du Mont oscillograph.

@©ALLEN B. DU MONT LABORATORIES, INC.

17

E R I g i el

ALLEN B. DU MONT LABORATORIES, INC., PASSAIC, N. J.
CABLE ADDRESS: ALBEEDU, NEW YORK, N. Y., U.S.A.

24
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In any technical business
the specialist has a unique
value in his specific field.
It is logical that a manufac-
turer of a specialty product
should be of greater value
in his particular field. :
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Built on Aluminum

THE pinch hitter who swats the ball over

the heads of the outfielders for a homer
has “the extra something that spells top
performance.”

In any field it's the extra something that
makes top performance possible.

Nowhere is this rule more forcefully demon-
strated than in Seletron Selenium Rectifiers.
Their extra rugged construction and high
precision standards have enabled them to
establish unbeatable performance records in
every type of application. Efficient—depend-

e

In addition to the power stacks illustrated Seletron Uble_duruble: under the severest service
Selenium Rectifiers are furnished in small sizes. COﬂditiOl‘lS.
Specify SELETRON SELENIUM RECTIFIERS FOR Leadi . d desi .
RADIO AND TELEVISION APPLICATIONS. eading engineers and designers specify
and recommend Seletron Rectifiers.
CODE NUMBER 5L1  5M1  5P1  5RI 5Q1 Furnished in a wide range of voltages and
Current Rating 75ma. 100 ma. 150 ma. 200 ma. 250 ma. ndivi
curren
Plate Height 1 13167 11/2° 11/2° M ts to meet individual
Plate Width 7/8" 137187 11/4% 11727 requirements.

Write today for catalog. Address Dept. ES-17

SELETRON DIVISION

@ RADIO RECEPTOR COMPANY, INnc.

Since 1922 in Rodio and Electranics

251 WEST 19TH STREET. NEW YORK 11, N. Y,
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die pressed

Die pressing enables AlISiMag to produce
many shapes and sizes in large quantity ...

speedily, and at low cost

One of several batteries of AlSiMag presses, These
presses range from fully outomatic high speed presses
to large presses hondling pieces up to 14” square.

For better, speedier service, AlSiMag makes its dies in its

own modern die shop. This die shop serves only our customers,
operates on a non-profit basis. Superior die pressing equipment
and technique is another reason why American Lava

Corporation is known as Headquarters for

Custom Made Technical Ceramics.
{

RPORATION '_@_{L@@

AMERICAN LAVA CO

R F

CHATTANOOGA 5, TENNESSEETE

SALES OFFICES: ST. LOUIS, MO., 1123 Washington Ave., Tel: Garfield 4959 e NEWARK, N. J., 671 Broad St., Tel: Mitchell 2-8159 e CAMBRIDGE, Mass., 38-B Brattle St.,
Tel: Kirklard 4493 e CHICAGO, 9 S. Clinton St. Tel: Central 1721 e LOS ANGELES, 324 N. San Pedro St. Tel: Mutual 9079 e PHILADELPHIA, 1649 N. Broad St.




MYCALEX 410

Sets astonishing high operational
record for telemetering commutator
used on aeronautical research proj-
ects ... MYCALEX 410 only insula-
tion to fill exacting requirements.

To March 18, 1949, more than 282 hours of
maintenance free, high speed, clean signal
telemetering commutator performance has
been logged on MYCALEX 410 Units. . . . Ex-
perience indicated four hours was optimistic
. « . specifications hoped for ten hours . . .
and the challenging problem was solved by
MYCALEX 410 molded insulation.

SPECIFICATIONS TO BE MET IN PRODUCING MYCALEX 410 MOLDED
INSULATION COMMUTATORS FOR TELEMETERING

0.D. 2.996” 4 .000 — .002 » Location of 3 slip rings and the 3 contact
arrays from the center has a total tolerance of + .001. e Contact spacing
6° apart = 1 minute. o Parting line thicknesses on insulation body are
+ .002 —.000. « Concentricity between ball -bearing bushing and 0.0.
.0015. o Assembly height from face of slip rings and contacts to Mycalex 410
has tolerance of 4 .002 —.000. ¢ Every contact must be tested from its
neighbor contact for infinity on a 500 voit megger meter o Plate ambient
—20° C:. to 4+ :100° C. « Plate to operate at 95% humidity nmiust not warp,
crack, change in dielectric constant or resistivity » 'Contacts to resist high
temperatures and must not loosen when repeatedly: heated by soldering.

SPECIFY MYCALEX 410 for Low Dielectric loss. . . . High Dielectric strength.
... High Arc Resistance. . . . Stability over wide Humidity and Temperature
Changes. . . . Resistance to High Temperatures. . . . Mechanical Precision.
... Mechanical Strength. . . . Metal Inserts Molded in Place. . . . Minimum
Service Expense. . .. Cooperation of MYCALEX Engineering Staff.

I sINCE 19,9

e

MAKES HISTORY

llustrated are top and bottom views of the MYCALEX
410 molded insulation commutators manufactured to
the specifications of Raymond Rosen Engineering Prod-
ucts, Inc., for Air Material Command and Navy teleme-
tering projects. This commutator, with 180 contacts
and 3 slip rings of coin silver, samples sixty channels
of information such as air speed, altitude, angle-of-
attack, temperature, pressure, voltage and other vari:
ables; and provides thirty synchronizing pulses.

MYCALEX 410 molded insulation is designed to
meet the most exacting requirements of all types
of high frequency circuits. Difficult, involved and
less complicated insulation problems are being
solved by MYCALEX 410 molded insulation . . .
the exclusive formulation of MYCALEX CORP. OF
AMERICA . . . our engineering staff is at your
service.

MYCALEX CORP. OF AMERICA

3 “Owners of ‘MYCALEX’ Patents”

TRADE MARK RIC. U § PAT. OFF,

\Plunl and General Offices, CLIFTON, N. J. Execulive Offices, 30 ROCKEFELLER PLAZA, NEW YORK 20, N. Y.
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OMNIDIRECTIONAL RANGE

A national program...a superior

all weather navigational facility

for all aviation...a first

N line project at Collins... 14

Rapid progress toward successful completion of
the ODR system of radio navigation in the United
States is a prime example of Government-Industry
cooperation:

The CAA designed and installed the national net-
work of ODR stations—300 operating now—200
more going in fast. Aeronautical Radio Inc., airline
subsidiary, wrote the aircraft equipment specifica-
tions. Collins, leading its field, designed and built
the equipment.

A thousand Collins sets have been ordered by fore-

Collins 51R VHF (108—136 mc) 280 channel navigation receiver.

I".E’.r . ] N B . . ( :.
box. [/ Omni-bearing selector. M%Q Deviation indicator. @

This accessory unit will provide mounting for 2 omni-bearing indicators, 3 servo amplifiers for RMI,
In 1 ) .

*Now officially referred to by the CAA as VOR (Visual Omni-Range).

IN AERIAL RADIO NAVIGATION, IT'S...

COLLINS RADIO COMPANY, Cedar Rapids, lowa

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

ELECTRONICS — May, 1949

available now!

most airlines, government agencies and individuals
.. . one half of these have been delivered . . . current
deliveries, 30 per week. The complete job was done
—receivers, power units, instruments, test equip-
ment, antennas, accessories for all types of installa-
tions. They are on the production line, ready, tested,
CAA type certificated.

ODR has arrived. If you operate airplanes for
business or pleasure, you need ODR airborne equip-
ment. Collins is your source. We will welcome in-
quiries based on your requirements.

O

< :b‘.'& . — —;’/“9
VHF navigation antenna. | /(ﬂ
.\ S
P |
Jummm—— e —————
. J '

458 South Spring Street, Los Angeles 13, California

PR A S
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A HANDY LITTLE GADGET
WE THINK YOU'LL LIKE
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This Sprague Capacitor Indicator comes in mighty handy
to engineers, designers or anyone else who works with
capacitors. Fits the pocket. With it you can quickly con-
vert the capacitor color code to capacitance, tolerance
and voltage values; determine the availability of re-
quired capacitor types in the proper physical sizes, and

read partnumbers direct without cross reference ordelay.

Write on company stationery for your Indicator to-

day.-We'll send it promptly—with our compliments.

Capacitors
4 > *Koolohm Resistors 3
P I o N E E R S O F *Jrademark Reg. U.S Pat. Ot

ELECTRIC AND ELECTRONIC PROGRESS

SPRAGUE PHENOLIC MOLDED TUBULARS

The most important paper dielectric capacitor

development since the war. \Q“‘ >
Smaller than conventional paper tubulars—highly heat- :‘:@n‘ . 2
and moisture-resistant—non-inflammable —rugged o “p" {
-vibration-resistant—conservatively rated for —40°C. s :9
to +85°C. operation, (o

Write for Sprague Bulletin 210A. Samples on request
to quantity users.

SPRAGUE ELECTRIC COMPANY, NORTH ADAMS, MASSACHUSETTS
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FOR PRODUCTION TESTING AND
SORTING OF COMPONENTS . ..

“AUTO-BRIDGE

The Auto-Bridge is an automatic impedance bridge operating
at high speed for testing resistors, capacitors, inductors, or im-
pedances and sorting units into as many as 8 groups according
to values predetermined by plug-in standards. Units ranging
from 10 ohms to 5§ megohms may be checked and sorted at the
rate of 2400 per hour into 8 groups. or 3600 per hour into 4
groups. Accuracy of measurement within plus or minus 0.3%
can be obtained at 1000 cycles on resistors within the range
from 10 ohms to 1 megohm.

® The Auto-Bridge eliminates the human factor and therefore
the greatest single source of error in repetitive testing routine.

® [t provides exireme flexibility of operation in going from
one test run to another. Only 2 minutes required to change a
setup by means of plug-in standards.

® Test pieces are fully at rest while being measured, for maxi-
mum daccuracy.

® Test pieces are automatically sorted into containers in
accordance with ditferent toleramce limits.

® Provides Quality Control of the highest order at the lowest
cost, by accurately checking and sorting radio, electronic and
electrical components to set tolerances.

@ Continual operation is assured by regional servicing facili-
ties, including spare chassis for promptly restored operation, as
well as stocked replacement parts and tubes.

© The Auto-Bridge pays for itself in short order out of direct
savings in time and labor.

® CONSULT US REGARDING YOUR QUALITY CONTROL TEST REQUIREMENTS.
Indusitrial

§:j Industrial lnstruments ,o..

17 POLLACK AVENUE
JERSEY CITY 5, N.J, U.S. A.

Instruments:
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One Terminal Block

precision molded of
Melamine

g and
Two Yoke Blocks
e

Completely Insulate the
Contacts of the

When entrusted with molding electrical

ST R U T H E HS ) “ U N N parts, Consolidated espouses two Freedoms

NEW SMALL Freedom from Flash Freedom from Scrap

REVERSING CONTACTOR Twelve precisely positioned threaded brass

inserts lush themselves across the width of
the Terminal Block. Sets of three double-
prong contacts angle into the base of two
Yoke Blocks. All are clear of flash, the threads
are clean of scrap . . . perfection finishing
obtains! For the care Consolidated exer-
cises in delivering top quality custom mold-
ing, we enjoy the confidence of America’s
most prominent electrical manufacturers.
May we so serve you? Facilities include
mold construction—and finished processing!
Inquiries invited!

Your Blueprint
in Plastic

Photo, Courtesy of
Steuthers-Dunn, Inc., 150 North 13th St., Philadelphia 7, Pa.

— Morching forward
with Plastics since' 1874

Sranches: NEW YORK. 1790 8roadway = GLEN ELLYN (sudurk Chicago. {11.), 749 Crescent Blvd o DEVROIT, 550 Maccabees 8ldg o CLEVELAND, 4614 Prospect Ave. +  BRIDGEPORT, 211 Stata St
PRODUCT DEVELOPMENT - MOLD DESIGN - MOLD CONSIRUCTION +  PLUNGER MOLDING - TRANSFER MOLDING - INJECTION MOLDING « COMPRESSION MOLDING
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A MESSAGE TO AMERICAN

INDUSTRY ¢

74th OF A SERIES

The Election of November 2,1948

GAVE NO MANDATE
FOR SOCIALISM

’Ele President and those who support his legis-
lative program have objected to the substance of
my previous editorial, which appeared under this
headline: “Now is the Time to FIGHT SOCIAL-
ISM in Washington.”

In that editorial I explained how Washington
is poised to follow the disastrous policy of forc-
ing industry to skimp on new plants and new
equipment. That policy landed Britain in the
numbing embrace of the Socialists. I cited the
experience of Britain to show how such skimping
on industrial tools can bring a nation to economic
stagnation . . . and Socialism.

The President, in his recent Jackson Day
speech, brushed aside this warning . . . “They
are again trying to frighten the people with the
old worn-out bugaboo that Socialism is taking
over in Washington.” Senator Francis J. Myers
of Pennsylvania asserted that I was guilty of
“warfare against any reasonable effort to keep
our system of free enterprise working.”

These criticisms may be sincere. But they are
not well-founded.

I want to show why they are not well-founded

by basing this editorial on Washington rather
than Britain.

In Washington the Administration has pro-
posed a legislative program, the key parts of
which would clearly put the country far on the

road to Secialism. Let us see how.
There are two steps in the process:

FirsT: The government by its taxation pro-~
gram undermines private industry so that it
cannot provide itself with the necessary new
plant and tools.

SEconD: The government itself steps in to
provide the plants and equipment that it
has blocked industry from getting. That is
Socialism.

Here is how Washington is promoting Socializa-

tion of the steel industry—and of other industries.

Steel has been expanding its capacity and im-
proving its equipment chiefly by plowing back
its profits. During the last three years it has spent
$1.4 billion for new plants and new tools. That
was more than the companies had available from
their own earnings. But profits provided more

continued on next page




than half of that money —more than $700 mil-
lion. The remainder came from loans and from
depreciation reserves set aside out of the earnings
to replace worn-out equipment.

Profits must continue to provide the funds
needed to pay for the bulk of the steel industry’s
necessary expansion. That is because private citi-
zens, their income slashed by heavy taxes, have
not been willing to buy steel stocks even at prices
ruinously low for the companies and their present
stockholders. The stock market currently prices
the mills and other facilities of the nation’s princi-
pal steel-producing companies at far less than
fifty percent of the cost of reproducing them.

Let us take another example. Profits are essen-
tial to expansion in the electric light and power
industry also. This year private companies are
planning to buy $2 billion worth of new plant
and equipment. To do that without going over-
board in debt, they must sell to the public some
$300 million worth of common stock. A squeeze
on their profits would make that sale virtually
impossible.

For tens of thousands of small business enter-
prises profits afford virtually the only practical
source of funds for new equipment and expansion.

In the face of these and many other examples
that might be cited, what is the most effective way
to prevent industry from re-equipping itself and
expanding is capacity to meet our essential needs?

Obviously, it is to cut down profits. And that
is what the Administration is trying to do. The
President has declared that steel prices are too
high, and is demanding that Congress raise taxes
sharply on all corporations.

There you have the first step toward social-
izing industry.

Next comes step two. Have the government
supply the tools and equipment which, by taxa-
tion, it prevents industry from getting.

The Administration has proposed legislation
to carry out this second step. It is called the

“Economic Stability Act of 1949,” for short, the
“Spence Bill.”

This bill gives the President the power to pro-
vide industrial facilities—in steel, power or any
other industry —where he finds that a shortage
is hampering or is likely to hamper the economy.

True, the bill says that the government is not
to construct new plants if private companies will
do it through government loans, on terms pre-
scribed by the President. That may be just one
step short of complete socialization. But it is only
a short step. And the Spence Bill authorizes the
government to take that step.

By itself, the Administration’s “Stability Act”
sounds harmless enough. It would have the gov-
ernment build plants only as a last resort. But it
provides also that if private enterprise cannot
turn out all the goods the country needs, the
government can and should step in and provide
the equipment to do it.

Now, take that power together with an Ad-
ministration tax program that undercuts the abil-
ity of private enterprise to supply the new plants
and equipment it needs out of its own earnings.
That combination promotes government owner-
ship and operation of industry.

And that is Socialism.

The American people, of course, have the right
to live under any system they choose—Capitalism,
Socialism, Fascism, Communism, or what-have-
you. But before Socialism or any other “ism” is
imposed upon us from above, the people should
know the facts. If this editorial shall have con-
tributed in some small degree to that end it will
have served its purpose.

The election of November 2, 1948 gave no
mandate for Socialism.

President, McGraw-Hill Publishing Company, Inc.,




Good-All Electric Mfg. Co. requires
100% zelicbilitey ! |

That's why

HEINEMANN

MAGNETIC
CIRCUIT BREAKERS

are used in the rectifier
shown below

Many of these Cathcdic Protecfion Rect fiers
are ins-alled by Good-All Electric Mfg. Co. in
movuntain cauntry, swamps, and desert country—

often maccessible for months. “hus, it is
absolut2 y sssential that cll component

parts Functicn with 100% reliability :
The HEINEMANN CIRCUIT

BREAKER shown above gives
absolutely dependable, yet

in all temgeratures.

fiexible circvit protection. Al-
though the breaker trips INSTANTLY
on short circuit or dangerous over-
load, a magnetic-hydraulic time delay
retards the trip unit in case of minor,
temporary overload. Rotation of the
high speed latch releases contacts
which are under heavy spring pres-
sure, whilz the high speed blow-out,
thrcugh magnetic cction, gives instant

arc interruption.

Winite Bor Further Information

4\597@5\[%3’ =
" HEINEMANN ELECTRIC COMPANY

97 PLUM STREET : " TRENTON, NEW JERSEY
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Manvufacturers of electrical apparatus and

appliances, repuair and maintenance depart-
° ,
VERY HIGH BREAKING STRENGTH ments and rewind shops will find MIRAGLAS *

© WILL NOT STRETCH OR SHRINK CORDS ideal wherever a low-cost high qual-
o WILL NOT ROT ity binder twine or high strength tension

* RESISTS OILS, CORROSIVE FUMES member is requi.red for...
AND MOST ACIDS saniing Hailt st e

r ] tring band ] 1 -
* GOOD MOISTURE RESISTANCE i e s o CURCIEA D
.. -protecting front of commutator V-ring...

AND IS THE LOWEST-COST CORDAGE reset strings...tying slot insulation . . . bind-
ON THE MARKET COMBINING ALL ing on V-ring extension...filling in winding
THESE ADVANTAGES T coils...lashing ends of coils in large motors

and -generators — and when wax-treated

MIRAGLAS* CORDS are made for assembling and tying wire harnesses.

by plying fine, strong, flexible

fiberglas (filaments of glass)

into twines ranging in size from

.014” to .154” in diameter and :

avallable either treated or un- 'For MIRAGLAS* CORDS as for all other ELECTRICAL

treated. Treatments: oll, neo- 'INSULATIONS you can depend upon MITCHELL-

prene or wax.
RAND “Electrical Insulation Headquarters” since 1889.
*Woven of fiberglas

A PARTIAL LIST OF M-R PRODUCTS: FIBERGLAS VARNISHED TUBING, TAPE AND- CLOTH « .INSULATING PAPERS
AND TWINES « CABLE FILLING AND POTHEAD COMPOUNDS + FRICTION TAPE AND SPLICE - TRANSFORMER COM.
POUNDS - FIBERGLAS SATURATED SLEEVING - ASBESTOS SLEEVING AND TAPE + VARNISHED CAMBRIC CLOTH AND
TAPE - MICA PLATE, TAPE, PAPER, CLOTH, TUBING + FIBERGLAS BRAIDED SLEEVING + COTTON TAPES, WEBBINGS AND
SLEEVINGS « IMPREGNATED VARNISH TUBING + INSULATED VARNISHES OF ALL TYPES - EXTRUDED PLASTIC TUBING
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operate
in safety

T —

The Sorensen Voltage Regulator is simple and compact, easy to install. It has only
four tubes — all standard except the special Sorensen Diode*. It is designed to fit

in a small space — ideal for either relay rack mounting or cabinet mounting.
Don’t take chances! There is one sure, safe protection for delicate instruments and
complex equipment — Sorensen Voltage Regulators.
SPECIFICATIONS *the SORENSEN
for the 1000S Model SAFETY DIODE
Input Voltage Range 95—125 V.,
Output Voltage Range adjustable between 110—120 V. Why does Sorensen make its own
Output Load Range 0—1 KVA Diode?
Regulation Accuracy =+ 0.1% against line 1. to preserve rigid quality control
=+ 0.2% against load
Harmonic Distortion less than 2% 2. to permit interchangeability of
Power Factor Range down to 0.7 P. F, diodes
Recovery Time 3 to 6 cycles 3. to insure proper ageing of the
Line Frequency Range 50 to 60 cycles tube, a process which improves sta-

Other Models from 150 VA to 15 KVA single phase
and 45 KVA three phase.

NOBATRON and B-NOBATRON 4

Send for information on these
highly stabilized D. C. Regulators.

Literature Available! Send for your Saturable
Core Reactor Data Booklet — It's FREE

LINE AND

WWMPROfECTED

LOAD STABILIZATION

Sorensen Electronic Voltage Regulators
alone give you dll these extra safety features:—

o Full protection against both line and load changes
from one instrument.
o Overvoltage protection using the special Safety
Diode, developed by Sorensen for hair line precision.
e Additional protection against overvoltage by use of
a Heinemann Circuit Breaker.

e Protection against overload through a Klixon Over-
load Protector,

bility and permits Sorensen to un-
conditionally guarantee its diode
tubes for 2500 hours.

to give you a diode with an octal
base, eliminating pin-resistance diffi-

culties.

_Eor €NSen and company, inc.

375 Fairfield Ave., Stamford, Connecticut
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RIE TRIMMERS

easy assembly

dependable performance

reasonable cost

These Erie Resistor Trimmers are com-
pactly designed for easy installation on
the assembly line and give the design
engineerwidelatitudein chassislayout.
They have a rugged stability that spells
long life and dependable performance.

Erie Trimmers have the quality that
indicatestheiruse onthe highest priced
sets, with a price tag that permits their
adoption for the most competitive FM
and TV numbers. Specifications are
given below. Samples will be sent to
interested manufacturers on request.

Approx.
12 times
octual size

STYLE 554

U STYLE 557

STYLES 554 and 557

Capacity Ranges:
Zero Temp. Coeff. 1.5.7 MMF, 3-12 MMF &
5.25 MMF
N750 Temp. Coeff. 5.30 MMF & 8-50 MMF
Working Voltage: 350 V.D.C.
Q Factor @ 1 MC.: 500 min.
Initial Leakage Resistance: 10,000 megohms min.
Styles: 554 Mounted with Spring-Clip: 557 for
Sub-panel or Bracket Mounting

36

Approx.
114 tinies
actual size

STYLE 531 and 532

STYLES 531 and 532

Capacity Ranges: 0.5-5 MMF & 1-8 MMF

Working Voltage: 500 V.D.C,

Max. Temperature: 75°C

Q Factor 1 MC.: 1,000 min.

Initial Leakage Resistance: 10,000 megochms min.

Styles: 531 for panels .015" to .039"; 532 for .040"
to .065

Approx,
octual size

STYLE TS2A

STYLES TS2A and TD2A

Capacity Ranges:
Zero Temp. Coeff. 1.5-7 MMF & 3-1
N300 Temp. Coeff. 3-13 MMF & 5.20 MMF
NS00 Temp. Coeff. 4-30 MMF & 7-4
Working Voltage: 500 V.D.C.
Q Factor @ 1 MC.: 500 min.
Initial Leakage Resistance: 10,000 megohms min.
Styles: TS24, Single Condenser;
TDZ2A, Dual Condenser

ERIE RESISTOR CORP., ERIE, PA.
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Now you can work with

Permanent Magnet Material

(Manufactured under license from Western Electric Company)

. /ts 2/5'//55/5
/'55 Linme

/
I\
? \r) ;)

ARNOLD can supply REMALLOY
in the form of BARS and CASTINGS
or SINTERED TO SPECIAL SHAPES

REMALLOY generally may be used
‘instead of 36-41% Cobalt Permanent
Magnet Steel—replacing it without
design changes, and at a cost saving.

In addition to our customary production of all types of ALNICO and
other permanent magnet materials, we now produce REMALLOY.
The various forms in which it is available—bars, castings or sintered
shapes—are all produced under the Arnold methods of 100% quality-
control; and can be supplied to you either in rough or semi-finished
condition, or as completely finished units ready for assembly. ® Let
us help you secure the cost-saving advantages of REMALLOY in your
designs. Call or write for further data, or for engineering assistance.

THE ARNOLD [NGINEERING (GOMPANY

SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CC'RPORATION ﬂ\\-ﬁllv
147 EAST ONTARIO STREET, CHICAGO 11, ILLINOIS

C o
A No‘.o

SPECIALISTS AND LEADERS IN THE DESIGN, ENGINEERING -AND MANUFACTURE OF

PERMANENT MAGNETS
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It you knew Moly’...as we know Moly’!

& & & & & » & o 0 0 ® 0 0 0 0 0 0 00 0 0 &

WHETHER you need Molybdenum
for conventional use or for an
unusual application, we can supply
you with Elmet Molybdenum in sheet,
rod or wire form.

F'rinstance: A manufacturer recent-
ly required some Molybdenum rod
that could be machined and formed
into unusual shapes. We introduced
him to ELMET MOLY — and solved
his problem. It conformed perfectly

*

*

to the unusual requirements of the job
and was delivered to his complete
satistaction.

For Molybdenum for any applicec-
tion, you can rely on ELMET MOLY'.
We've supplied it in sheet, rod or wire
form for such varied uses as electronic
tubes, windings for high temperature
furnaces, precision laboratory appa-
ratus, metal vaporization equipment
and firing boats.

*

North American Philips also supplies Tungsten and other metals in fine wire
form . . . bare, coated or plated with silver, gold, copper or enamel

So, when you have a problem on Fine Wire, Tungsten, or Molybdenum, why
not call on Fine Wire Headguarters. Phone, wire, or write to North American
Philips, makers of NORELCO Fine Wires and ELMET Tungsten and Molybdenum

products.

NORTH AMERICAN PHILIPS COMPANY, INC.

Dept. FA-5, 100 East 42nd Street, New York 17, N. Y.

38
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with this revolutionary New

Here it is . . . General Industries’ newest devel-
opment in phonomotors . . . a dependable,
single-powered unit for a/f three types of rec-
ords—78 RPM, 33% RPM and 45 RPM.

Speed shifting is accomplished by means of an
external shift lever which ingeniously positions
various spindles in contact with the idler wheel.
At 78 RPM, the rotor shaft is in direct contact
with the idler wheel. For the slower speeds, the

ELECTRONICS — May, 1949

MODEL TS—Extremely compact 2 pole, shaded pole motor
ideally designed for use in record changers and all types of
portable phonographs and radio-phonograph combinations.

PHONOMOTOR!

rotor shaft is automatically disengaged and one
of two secondary spindles is moved into con-
tact with the idler wheel to produce the desired
speed. Both secondary spindles are driven from
the rotor shaft by specially compounded oil-
resistant Neoprene belts.

For additional information—specifications,
blueprints and quotations —write, wire or

phone roday.

The GENERAL INDUSTRIES Co.

DEPARTMENT B +« ELYRIA, OHIO

e s
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What happens when you hear? What happens inside
your ear when sound waves come in from a telephone
conversation ?

Bell Telephone Laboratories scientisis have developed
special apparatus to help answer these questions, for the
telephone system is designed to meet the ear’s requirements
for good listening.

In the test pictured above, the young lady sits before
loudspeakers in a soundprocofed room with a small hollow
tube, reaching just inside the ear canal. Sounds differing
slightly in frequency and intensity come from a loud-
speaker. The subject seeks to lell one from another, record-
ing her judgment electrically by pressing a switch.

Meanwhile, the same sound waves pass down the hollow
tube to a eondenser microphone, and a record is made of
the exact sound intensities she identified. Results help
reveal the sound levels yon can hear clearly and without
strain—the sounds your telephone must be designed to carry.

Scientists at Bell Telephone Laboratories make hun-
dreds of tests in this manner. It’s just one part of the work
which goes on year after year at the Laboratories to help
keep Bell System telephone service the finest on earth.

BELL TELEPHONE LABORATORIES 4=
Exploring and inventing, devising and perfecting, for con-

tinved improvements and economies in telephone service.



Karp

makes

cabinets

- tiny ——
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From a simple, inexpensive metal box to the most elaborate housing —we are equipped
to build cabinets and enclosures of any kind.

We have no ready-made stock items. Each job receives custom workmanship. This
permits flexibility in your specifications, yet our modern production methods keep prices
in line with competition.

Our long-experienced craftsmen, aided by the most up-to-date mechanical facilities,
impart to ea:h job, big or little, the unmistakable mark of superior workmanship. This
gives added value to your finished product. Attention to the most minute detail means
complete uniformity that makes your final assembly operations easier and less costly.

Our vast accumulation of stock dies often saves our customers the expense of special
dies. Painting and finishing are done in an ultra-modern air-washed atmosphere—
dustproof.

From design to delivery we offer you superior work and service in sheet metal fabri-
cation. Tell us your needs. Write for informative literature.

HWARP METAL PRODUCTS €O., INC.

215-63rd STREET, BROOKLYN 20, NEW YORK
Corslorne Crallsier tre Sicel Nelal
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FHEE ~“PRODUCTS of EXTENSVE RESEARCH”
INSTRUMENTS & COMPONENTS!
HIGH FIDELITY OUTPUT TRANSFORMERS ~ “0” INDICATOR

Primary matches tollewing Secondery + hdb Mazimym
Trpe No. | typical tubes |mn-dn»¢. Impedanca | “from Tevel
Fivsy Push  pull )A)l lASGlI. J00A", 5000 ohms | 500, 333, 750, | 20-30000 1S watts
I75A%, SALs, L6 200, 125, S8 cycler
s | rew ol w- “iasen, ean | w0 ohme 07,15 10| T0a0000 | s warts No. 1030 Frequency range
T NI RS TR T R T o u e o e from 20 cycles to 50 kilo-
o oo ; ), 756, iy
206,175, 50_| cycis cycles, "@'* range from
f
Firss :ub:d:\:l R I ) #3000 | 18 vatn .5 to 500. ' Q" of induc-
G RN e AR e tors can be measured
Fiese s, 10,000 oh: 30,2015, t0, 2:';; 13 11 w"h up 'o 50 voj’s T IS
E o . ¢
SR e Er X R AR Y T the coil. Indispensable
R T Ty X Ex e D instrument for measure-
ey i
20y, ST b Y e ment of "Q’" and induc-
Fien n..A e, ase | 0 ohm (3020 s w, W00 | 1 weite nd o
300A's, BAT crcles tance of cpjls, Q" and
e e 2:?: ﬁ,.“,.n.: e 300 ehme ﬁ’u’:’s’fa" et el capacitance qf capaci-
Fiver | Fah pull 60 or 900 ohms | 30, 2, 30000 | 3 wem tors, dialectsic losses,
Pusk lllll ull“ll L 75, 5,15, |J cyclas and power fac'Or of in_

sulating materials.

INCREMENTAL
INDUCTANCE COMPARISON BRIDGE
BRIDGE

IMPEDANCE RANG o.. wi
o Is five
directly #r
wuitiplior switch, This £ con be ox te
10,000 hesries by the 6es of en exteras! re-
shitasce.

INDUCTANCE ACCURACY: Withls plus or
mines 1% through the frequency raage frem
40 to 1008 cyclos.

NULL DETECTOR

No. 1140 For bridge measurements,

providing visual null indications or

aural ingicafion; when used in con- ;

sl ndaton i wwd i <t HERMETICALLY SEALED m/mmmrf
may also be used as a high gain am-
plifier for general laboratory work.
Functionally, the instrument consists
of a high gain linear amplifier with a
30 db input attenuator in addition
to the variable gain control. Output
voltage is 40 volts: undistorted into
| megohm load, and [0 volts into

No. 1010 An invaluable instru-
ment for precision Iaborafory
adjustment and incoming in-
spection of resistors, capacita-
tors and inductors . ., . Entirely
self-contained, A.C. operated
and includes a three frequency
oscillator, an A.C. bridge and
a null detector.

20,000 ohms.
Ho. 1161 L
Mo. 1160 100 1KY steps Ho. 1162 4
10x1 HY steps 101 .01 HY steps 101 01 HY steps |
1010 HY steps 102,001 HY steps 10x 001 HY steps op
V001K steps 2000-50.000 cycles 1010001 HY stops No. 1184

10210 HY steps
10.000-300.000 cycles 101 1 RY steps

10x .1 HY steps
50-1000 cycles

$00-15,000 cycles

For telemetering and remote control ap-

7cmcd¢€ Tudleetond 0N EREQUENCY HI“QCOILS o e = =

1000 IS 000 cycies 'IYD:;O'!‘OIOOO cycles ::’;0'0‘ !’00 000 cyties #I 900 Ioo HY
1..4«...«. Value  Type o Volue Type > Velue Type r )
S MNY r.so00v T M g .S M . -~
10 MHY r.0017 2 n: :.:::? : ll: ;:::: #1901 75 HY [ J -
15 MHY 70027 3 MM F-1802 2 MM r.18s82
By opmo tm wm SN TUS 41902 50 WY mw
7S MY F.80SY 10 Mu r.180 : :: :::; &
oo M . -
200 Muv  rieoer 30 Mm town  riase #vo3 25 HY
S00 MHY 7-8097 S0 MK 18 MKW F-1887 o
TS0 MHY F-8107 78 N F-1809 -
ST AN e M e rame #so4 10 HY
1.3 MY F.0137 180 Mk ¥7-1013 40 i r.1860
2 WY F-91387 2 L] F1012
3 Wy versr 300 mm vieis :: :: ::::; #I 905 5 HY
-, 4 WY F-e217 a L] -1014 N
s omy va31 00 M Tisis 100 mm F 1863 #]’o‘ 1 HY Naorrow band pass filters for remote
Righ lity toroidal coil 4 " bd i dust ) control and telemetering applications.
igh quality toroidal coils wound on molybdenum permalloy dust cores. s
AIl" those listed above can be supplied in hermetically sealed cans, Avc'labl_' from ”o,Ck High pass, low pass, band pass and band
comrqercnal type construction or open units. Other types can be in the indicated in- elimination filters for communication
supplied out of stock on special orders. ductance values, -and carrier systems,
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"Today, ever increasing demands
for the famous Eimac triodes keep
assembly lines. producing . record-
breaking quantities. -,

EIMAC
TYPE 450TH

ELECTRONICS — May, 1949

Follow the Leaders o

L]

/TUBE The Power for R-F

Many years of reliable service in many types of application
have established the Eimac 450T as the standout triode in its
power class.

Recent technical achievements make the 450T a still better
tube. Adoption of the Pyrovac plate and a non-emitting grid
have amplified this already rugged tube’s ability to ““take it.”
Life expectancy and overload handling qualities have been
increased multifold.

Comprehensive technical data

on the Eimac 450T are
immediately available . . . write direct.
EIMAC TYPE 450TH
ELECTRICAL CHARACTZRISTICS
Filament: Thoriated tungsten
Voltage = - - = 7.5 volts
Current - - - - - - - 12.0 amperes
Amplification Factor {Average) - - - - - - 38
Direct Interelectrode Capacitances {Average)
Grid-plate - - - - - - - - - 5.0 wufd.
Grid-filament - - - - - - - - 8.8 uufd.
Plate-filament - - - - - - 0.8 pufd.
Transconductance {l, =500 ma., E, =400v.) - - 6650 umhos

MAXIMUM RATINGS
Radio Frequency Power Amplifier and Oscillator
Class-C Telegraphy {Key-down ccnditions, | tube)
Frequencies below 40 Mc.
D-C Plat: Voltage - - - - - -
D-C Plat: Current - - -
Plate Dissipation - - . = - N
Grid Distipation -

6000 Max. Volts
600 Max. Ma.
450 Max. Watts
65 Max. Watts

EITEL-McCULLOUGH, INC

728 San Mateo Ave., San Bruno, California
Export Aqents: Frazar & Hansen, 301 Clay St., San Francisco, California
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® Jockson Portable Power Plonts are
built in copacities of 1.25, 2.5, ond
5 K.V.A. Radial members of the
rotor are high-energy magnets mode
of Alnico V. Indiana Permanent Mag-

nets work their magic on both big

jobs ond small.

44

PERMANENT
MAGNETS

THis PERMANENT-MAGNET Rrotor means
RELIABLE ROUND-THE-CLOCK POWER

121 FEWER PARTS...
LESS MAINTENANCE WITH

INDIANA
PERMANENT MAGNETS

121 fewer parts in a better, more dependable generator! That's what
Indiana Permanent Magnets have done for Jackson Portable Power

Plants. The rotor now is a permanent magnet field. There are no brushes

or collector rings . . .

no commutator sparking or arcing. Less heat is

developed. Over-all size and costs are reduced. Mainténance is mini-

mized. Here, again, modern design with Indiana Permanent Magnets

is a product plus that pays.

INDIANA PERMANENT MAGNETS MAY BE YOUR ANSWER, T00!

For four decades, the pace-setting de-
sign techniques at Indiana have made
possible new and better permanent
magnets. And, on countless different
products, this versatile “packaged en-
ergy” improves performance, permits
new functions, saves space and money
... as mechanical force in holders and
separating devices . .. in transforming
electrical energy into mechanical mo-
tion, and vice versa . . . in changing
the apparent characteristics of mate-

SPECIALISTS I'N

‘“"PACKAGED

rials. Indiana offers you the experi-
enceand know-howof morethan 30,000
different applications. Let’s get our
engineers together on yoxr problems.
Write today.

Free Book for Desiguers

Ask for free Book No.
4-E5 —our new per-
manent magnet refer-
ence manual. A note
on your company let-
terhead will bring a
copy to your desk.

DI\ THE INDIANA STEEL PRODUCTS COMPANY

6 NORTH MICHIGAN AVENUE -

CHICAGO 2,

ENERGY"” SINCE 1908
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The Coordinated Design and Styling of Westinghouse

L instruments contribute greatly to the space-saving

Here’s on-the-job proof of instrument performance ! arrangement and excellent appearance of this installation.
For such complex and exacting instrument applica-
tions, reliability is a “must”. Every part of Westinghouse
instruments is completely designed and manufactured by
Westinghouse to insure proper relation with all other
parts. This undivided responsibility and attention to all

IargeSt hYd ruelectric details assures you of unfailing performance.

. What are YOUR electrical measuring problems?
dBVElD ment In the Would they include—reliable performance . . . styling
- e 9. ... size ... readability . .. or different types of service

f ... portable . .. switchboard . . . panel . . . recording?

The vast lines of Westinghouse electrical measuring

wn rld . emplnys instruments provide you with the answers to all of these
s s s U . . .
\

problems. Every Westinghouse instrument is backed up
by more than 60 years of skill, “know-how”, and ex-

WE STI N G H 0 U S E perience in every field of industry.
[ Westinghouse Instruments Also Provide You With

’ Dials that stay white under Springs that remain con-
I N STR U M E NTS all conditions. stant for Iife.
: ' Magnets that stay perma- Quick delivery of more
nent. different ratings and types.
Pivots with high shock capac- Complete Nationwide
ity and low friction. Service.
J-40363

you cAN BE SUKE... IFITS

Wastinghouse instzumen: specialists are availeble in the field for
coasultation on your instrument problems. Call vour nearest
Westinghouse office, or write Westingouse Ebectric Corporation,
P. O. Bex 868, Pimtsburgh 30, Pennqlvamn

send for booklet B- 2209-A, Commur ication [nstrument Bookler
B-3283, or Switchboard Instrument Eook! t 3-3365.

Shipshaw No. 2 of the Aluminum Company of Canada on
the Saguenay River in Quebec, Canada, is the Iarges! hydra-
electric devzlopment in the world centained in a single
powerhouse. Twelve giant hydro units, with a total generat-
ing capacity of 1,200,000 horsepower, are controllec fram
the complex board, shown above,



GUARANTEED
ACCURACY

1 part in 100,000

(.001%)

Uses

Time bases, rate indicators, clock systems, chronographs,
geo-physical prospecting, control devices and for running
small synchronous motors.

Type 212

TERMINATION N jeahlred
Front and Rear 1

. Bimetallic, temperature-compensated fork, no heating or
CONSTRUCTION heat-up time is required.
Standard 8% x 19" Panel Fork is hermetically sealed, no barometric effects on
HOUSING frequency.
8% x 19" x 8" Metal Cabinet Precision type, non-ageing, low coefficient resistors used
WEIGHT where advantageous.
25 pounds Non-linear negative feedback for constant amplitude
control.
No multi-vibrators used.
Synchronous clock simplifies checking with time signal.

S eci/icaliond

Accuracy—1 part in 100,000 (.0019%,).
Temperature coefficient—1 part in 1,000,000 per degree
centigrade (or better).

N

AR

Outputs—
1. 60 eycles, sine wave, 0-110 volts at 0 to 10 watts
American Time Products, Inc., (adjustable).
580 Fifth Ave., New York 19, N. Y. 2. 120 eyele pulses, 30 volts negative.
Gentlemen: 3. 240 cycle pulses, 30 volts positive and negative. Pulse
Please send descriptive folder, No. 212 duration, 100 micro-seconds.
product of

Name .
Company AMERICAN TIME PRODUCTS
Address.. o

580 Fifth Avenue lN C ., New York 19, N. Y.
City o State. ...

Operating under patents of the Western Electric Company
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= QUALITY =

ALLEN-BRADLEY
FIXED ano ADJUSTABLE RESISTORS

“"Qur Model 163 Automatic Scaling Unit,”’ says John L. Kuranz,
of Nuclear Instrument & Chemical Corporation, Chicago, "' contains
103 Allen-Bradley fixed resistors and two Bradleyometers. To achieve
the dependability so necessary in this type of research tool, our
tests show that only A-B resistors can be used. In addition ta their
functional superiority, their small size makes our portable mstru-
ments really portable.”’

Where superlative performance is a must . . . where unfailing
dependability is a basic requirement . . . as in nuclear research
... you will find Allen-Bradley quality resistors. If you must meet
high-quality standards . . . specify Allen-Bradley resistors.

Allen-Bradley Co., 110 W. Greenfield Ave., Milwavkee 4, Wis.

RADIO RESISTORS
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take your choice. .
FIXED
PAPER-DIELECTRIC
CAPACITORS

., =

Readily available for DC electronic applications, these capaci-
tors are manufactured in accordance with joint Army-Navy
specifications JAN-C-25. Case styles include types CP 53, CP
54, CP 55, CP 61, CP 63, CP 65, CP 67, CP 69 and CP 70.
Capacitance ratings are from .01 Muf to 15 Muf, and voltage
ratings are listed from 100 to 12,500 volts.

These capacitors are constructed with thin Kraft paper, oil
or Pyranol* impregnated, which provides stable characteristics
and high dielectric strength. Plates are aluminum foil, manu-
factured according to detailed specifications. Special bushing
construction provides for short internal leads, preventing pos-
sible grounds and short circuits. The cases have a permanent
hermetic seal to provide longer life. A variety of mounting
arrangements are available for various installation requirements.
Write for detailed description and operating data: Bulletin
GEA-4357A.

#Pyranol is General Electric’s non-inflammable liquid dielectric for capacitors.

:_sAWESﬂAca.tC@i_

CUT COSTS

b

Less than one inch long, and only
one inch square, this postage-stamp-
size selenium rectifier offers radio build-
ers substantial savings in production
costs. Only two soldering operations
and a minimum of hardware are neces-
sary for installation in places where a
rectifier tube and socket won’t fit.
They’re built to safely withstand the
inverse peak voltages obtained when
rectifying (half-wave) 110-125 volts,
rms, and feeding a capacitor as required
in various radio circuits. Tests prove
that selenium rectifiers will outlast the
conventional type of rectifier tubes, at
the same time costing less. Send for
bulletin GEA-5238.

May, 1949 — ELECTRONICS



HOLDS
OUTPUT VOLTAGE
CONSTANT

This 500-va voltage stabilizer is suit-
able for a wide variety of electronic
applications where constant voltage is
demanded. Voltage variations from 95
to 130 volts are absorbed almost in-
stantaneously and output voltage main-
tained at 115 volts (plus or minus 1
percent). There are no moving parts,
no adjustments to make. This unit will
operate continuously at no load or short
circuit without damage to itself. It will
limit the short circuit current to approx-
imately twice stabilizer’s normal full
load current rating. Other sizes avail-
able range from 15 to 5000 va. For
details, check bulletin GEA-3634B.

ol
, Y ‘
{ GENERALHELECTRIC

TIME METER 3

o, axraT7Ivoure T TIeE)

WANT T0 TIME
TUBE LIFE?
Suitable for installation in radio trans-

mitters, these G-E time meters provide
accurate record of tube operating time.

ELECTRONICS — May, 1949

They record in hours, tenths of hours,
or minutes. Ratings range from 11 to
460 volts. Installation on a panel or
switchboard is simplified by quick-
wiring leads. Timer harmonizes with
other panel instruments in appearance
and size. Dependability is assured by
Telechron* motor drive. Also available
for portable use or conduit and junction
box mounting. Check bulletin GEC-472.

FOR YOUR TELEVISION SETS

General Electric’s television cord set
comes in 6-foot lengths, made of 2/18
Pot-64 brown Flamenol* rip-cord. Set
has brown plastic plug and new brown
Flameno! connector molded on opposite
end. Rip-cord has smooth finish, resists
oil, water, acids, alkalies, or sunlight
deterioration. Rating is 7 amps., no. 18
wire. Set is designed for assembly on

*Trademark Reg. U. S. Pat, Off.

~ TINELY HIGHLIGHTS
~ ON G-E COMPONENTS
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television receiver rear panel, auto-
matically disconnects when panel is
removed. Write for further information.

DEPENDABLE CONTROL
FOR AUTOMATIC DEVICES

G.E.’s multi-contact relays are in-
expensive units built specifically for
appliances and vending machines. Con-
struction features assure quiet, reliable
operation, and compactness makes them
adaptable to a variety of devices such
as coin changers, phonographs, and
television receivers. Single-circuit con-
tacts or combinations of contacts for
multi-circuit application are attached
to the same sturdy frame and coil
assembly, affording a multiplicity of
relay forms. Ratings are 5 amperes at
115 volts or 24 volts, a-c or d-c. Get
details from Bulletin GEC-306.

I General Electric Company, Section E667-1 I
J  Apparatus Department, Schenectady, N. Y. 7]

/
/

Please send me the following bulletins:
I [JGEA -3634B Voltage Stabilizers

[ GEA-4357A D-C Capacitors
[ GEA-5238
[ GEC-306 Multi-contact Relays
I [1GEC-472 Tube Timers

Selenium Rectifiers

l NAME ... o B,

COMPANY

ADDRESS.

_STATE. .
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Phtommrngraphlcs are un|y part of the story...

RBSTANCECHANGE
2.0~ vs. TEMPERATURE OF
-~ "CUPRON" -
1.5 Z‘— - +—t—t+—
EVERY KNOWN TEST QUALIFIES g I -
WILBUR B. DRIVER ALLOYS FOR 10U |
Z |
SUPERIOR INSTRUMENTATION! Sl ]
. S‘J I 1'
Photomicrographic checking of grain size and g j- e \l/ !
quality of metals is only one of the exhaustive &] |
tests which Wilbur B. Driver resistance alloys are | i
subjected to throughout production. There are =5 DEGREES
many others including ASTM life, tensile strength, 20 100 2¢0 300 400 500 ©
. . . ’ G
yield point, hardness, micrometer and thorough 212 352 572 752 932 OF
testing for resistance. These constant checks plus
industry-old experience, are the reasons you can CUPRON:
depend on all Wilbur B. Driver alloys to perform FOR CONTROLS, RHEOSTATS, FIC.  1OW
as specified. The alloys listed are so produced, and RANGE OF TEMPERATORE.
are especially recommended for instrumentation. MANGANIN: 2

FOR: METER AND INSTRUMENT SHUNTS.
b _ LOW TEMPERATURE COEFFICIENT. LOW-
2 THERMAL EMF AGAINST COPPER

EVANOHM:
HMIGH RESISTANCE AND LOW TEMPERA-
TURE COEFFICIENT REDUCE SIZE AND
INCREASE CHMIC STABILITY OF WIRE
WO JIND RESISTORS..

WILBUR B. DRIVER CO.

150 RIVERSIDE AVE., NEWARK 4, NEW JERSEY

May, 1949 — ELECTRONICS
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|I-T-E OVAL RESISTORS SAVE SPACE!

When space is limited—as in aviation, sound, or electronics applica-
tions—I-T-E Oval Resistors and Oval Resistor Assemblies may be the
solution you’re looking for.

Specially designed to meet the exacting and changing needs of
the electronics industry, these modern, wire-wound power resistors

are distinguished by their high unit-area wattage ratios, which are
due in part to the heat dissipation qualities of the mounting brackets.

STANDARD 7 :
IXED rEsy
from 5 o 299 wm,"ou

An I-T-E Oval Resistor—or an assembly of I-T-E Oval Units—
has a much higher wattage rating than that of a conventional round
resistor of comparable size. You save space and, at the same time,
gain the dependable performance of I-T-E quality resistors.

No matter what your resistor problem is—space, exacting service,
or dependable performance—be sure to investigate I-T-E Oval Resistors.
Complete technical information, as well as valuable application data,
are contained in the new I-T-E Resistor catalog. Send for it today.

oLl
STABL g RESIST
m 10 ¢ 200 Wmo“
s

There's an I-T-E Resisior for Every Purpose>

limitgy

1 for
2 30 1075 Wage,

I-T-E OVAL RESISTORS

| |
‘ Maximum Recommended | Mounting
Type Watts Length Resistance Centers

108 Oval | 30 1| 10000 2"

200 Oval 40 2" | 15000 2%
316 Oval 55 | 3% | 25000 4%’
424 Oval 65 4%’ 35000 5%
600 Oval 75 | & 50000 6%""

RESISTORS 70 Sprciar e
5 ]
0N LT£ gy huni:(.".‘. ,:.:.P"Unom e

ot 0%,
Tolwances of 55 Pty ."":In.:'normd tolecangy
{0 Ordge,

POWER RESISTORS

The Leader In Technical Excellence

I-T-E CIRCUIT BREAKER CO., RESISTOR DIVISION, 19TH & HAMILTON STREETS, PHILADELPHIA 30, PA.
SWITCHGEAR o UNIT SUBSTATIONS ¢ AUTOMATIC RECLOSING CIRCUIT BREAKERS o RESISTORS o SPECIAL PRODUCTS

ELECTRONICS — May, 1949



“Which of these
IS on your mind?”
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wire

Whether it’s just good hook-up wire you
need, made to government, Underwriters’,
or your own specifications...or...a special
video transmission cable engineered to
meet your precise requirements—
Ansonia Engineers have plenty of “know-
how” which will help to assure long-term
satisfaction from the equipment you
build. Why don’t you write us about the
cable or wire problem that’s on your
mind right now!

THE ANSONIA ELECTRICAL COMPANY

SUBSIDIARY OF NOMA ELECTRIC CORPORA_TI'_QN '
ANSONIA, CONNECTICUT
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Model 45T1A1

RESEARCH laboratories, educational institutions, and
production test departments will welcome this
new low-priced, small sized regulated power supply.
Performance-engineered to meet practically every type
of application within its field, and every budget re-

Type PS-4. Dual Regu-
lated Power Supply
providing two sep-
arately regulated sup-
plies. Individual d-c
current output 0 to 200
milliamperes; in paral-
lel 0 to 400 milliam-
peres maximum. Volt-
age output: 250 to 400

See the wide range of
Regulated Power Supplies
that are made by—

GENERAL @B ELECTRIC

quirement, it rounds out General Electric’s very com-
plete line of regulated power supplies. A striking num-
ber of features have been enclosed in this sturdy steel
case—that will impress every engineer as noteworthy.
Look them over—then order for immediate delivery.

Y 4%” built-in meter with clear, easily read scale.

Y Two position switch on panel permits operator to read
either volts or milliamperes on the meter.

Operator can switch back and forth under load to
monitor continuously.

The 4ST1A1 is continuously variable...180V to 300V
at 60 milliamperes.

Maintains constant output with varying line voltage
or varying load conditions.

Supplies separate AC voltage at 6.3V—center tapped
at 2%2 amperes.

The unit may be operated grounded or ungrounded.

o o % % %

All components have been ultra-conservatively rated.
Y Ripple is less than 10 millivolts RMS.

For complete information on General Electric Regu-

lated Power Supplies write General Electric Company,
Electronics Park, Syracuse, New York

20{40%/0%//0%007/&/”2%%&_

GENERAL ELECTRIC

164-H)

ELECTRONICS — May, 1949

volts.

Type YPD-4. This unit
provides a wide range
of output voltages
which makes it ex-
tremely versatile for
laboratory work. D-C
current output 0 to
0.125 amperes maxi-
mum. D-C voltage out-
put 160 to 1500 volts,

Send for a copy
of our free

catalog. o

Type YPD-2. A me-
dium power unit of
high quality for use
wherever a closely
regulated d-c volt-
age of low ripple
content is required.
D-C current output
0-300 milliamperes.
D-C voltage output
250-450 volts.

Type YPD-4

33



*" TROPITAN" Furmfure by Ritts Co., Los Angeles, Cul

...when AMERICAN PHILLIPS SCREWS
are used to fasten fine furniture like this™
Take a look at this handsome living room.

How would yox like to try building furniture like zbat, with wobbly screws
and slipping, slashing drivers? Well, neither would the builders of this
visibly top-quality line. So they play safe. They use American Phillips
Screws instead of binding the frame together, . . . and haven’t a worry in the
world about cost, spoilage, or complications in production. In fa¢t, they
guarantee the frame for life.

CANT SUP out ‘Nor do they haye any worry about their ultra-
A-WINGED DRW?;““D RECESS modern designs being spoiled by old-fa‘sh.loned, ugly, slotted screws. ..
of p“\ll nor about any burred screwheads left to injure customers and clothes and
spoil repeat sales. For against all these former threats, they now have
American Phillips Protection at every fastening point. Now, how about
you? What fastening worries do yox have? Write.

ALL TYPES @

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

54
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Temp. Coeff. of Resistance:
+ 0.00002 max. from —=50°c o 4100°c

Higher Ohmage makes possible Smaller
Resistors—Increased Savings

Compared with Manganin and Constanta
(Advance®*), the copper-base alloys widely used for
high accuracy wire-wound resistors, the electrical resis-
tivity of Karma* is exceptional — 800 ohms per
circular mil foot, at 20°C, it is more than 2.7 times
greater. Now you can wind even smaller precision
resistors at still lower cost per ohm.

More Stable Resistance permits Wider Ap-
plications—at Wider Temperature Ranges

The comparably Low Temperature Coefficient
of Resistance of Karma remains constant over a very
much wider temperature range than that of Manganin
or Constantan (Advance*). The ‘‘useful range' of
Karma is more than 8 times that of Manganin and 4
times that of Constantan (Advance*). Karma, therefore,
is especially adapted for service in precision resistors
that are subjected to severe changes in temperature.

Low Thermal EMF Value against Copper assures
Extreme Accuracy

In cases where error due to voltage generated
by thermal EMF against copper must be confined to
negligible proportions, Manganin has long been ac-
cepted as ideal for resistor windings. The thermal EMF
value for Karma against copper is equal to that of
Manganin itself!

A 2~

€

Temperature —Resistance
characteristics of
KARMA
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High Resistance to Oxidation prolongs Elec-
trical Properties

The superior surface oxidation resistance of
Karma, essentially a nickel chromium alloy, enables it
to retain its fine electrical properties longer than the
copper-base alloys Manganin and Constantan (Ad-
vance *).

Higher Tensile Strength permits Faster Winding
Speeds — saves Production Time

In addition to its outstanding electrical qualities,
Karma affords physical advantages over the commonly
accepted alloys. lts higher tensile strength permits
faster winding speeds; its lower thermal expansion
minimizes distortion and movement in windings.

In a word, this urgently needed Driver-Harris
alloy offers plus values all along the line. Ask us about
it. We shall be glad to supply you with complete data.

KARMA manvutfactured only b
Driver-Harrzs Compzmy

HARRISON, NEW JERSEY

BRANCHES: Chicago, Detroit, Cleveland, los Angeles, San Francisco, Seattle
Manufactured and sold in Canada by

The B, GREENING WIRE COMPANY, LTD., Hamilton, Ontario, Canada

*T.M. Reg.U.5.Pat.Off. *Formerly D-H experimental alloy #2331



DU PONT
HELPS TELEPHONE ENGINEERS
SOLVE TOUGH PROBLEM

NEW WESTERN ELECTRIC CABLE CONSTRULZTION

New Jacket of Polythene
and Aluminum is used as Shield
on Telephone Cahle

INSULATED
WIRES

PAPER

The shortage of lead for telephone cable INSULATION

sheathing was solved recently, after
some years of research, by engineers of
Bell Telephone Laboratories and West-
ern Electric. They found an economical

CORRUGATED
ALUMINUM
SHIELD

answer in a jacket of a new plastic,
Du Pont polythene . . .
an aluminum shield.

DU PONT
<« POLYTHENE
JACKET

extruded over

Polythene was chosen because of its
mechanical properties, resistance to many
chemicals, resistance to weathering when
properly compounded, and ease of ex-
trusion. And the moisture-resistance of
the polythene-aluminum combination
is excellent.

“‘Alpeth” cable shown above, a joint development of Bell Telephone Laboratories

and Western Electric Company, is now being manufactured by Wastern Electric.

ELECTRICAL ENGINEERS FINDING MANY NEW
USES FOR DU PONT POLYTHENE PLASTIC

36

The use of polythene in telephone cables
follows its widely accepted use in many
other types of electrical equipment. In
one current application, polythene is
used to mold the potential coil to the
electromagnet core of a new watt-hour
meter. Polythene provides greater in-
sulation sirength, reliability . . . and
extra-long life for this potential coil.

Polythene molding powders may be
injection- or compression-molded . . .
extruded as sheeting, tubing, or wire-
covering. They are available in a range

of colors. The demand for polythene still
exceeds the supply, but continuing in-
creases in production are being pushed
to meet this situation.

Facts about properties of Du Pont
polythene and examples of current use
may be obtained by writing 1. 1. du
Pont de Nemours & Co. (Inc.), Plastics
Department, Empire State Building, 350
Fifth Avenue, New York 1, New York;
7 South Dearvorn Street, Chicago 3,
Dlinois; or 845 East 60th Street, Los
Angeles 1, California.

BETTER THINGS FOR BETTER LIVING .
. THROUGH CHEMISTRY

May, 1949 — ELECTRONICS



OSCILLOSYNCHROSCOPE

MODEL OL-15B

Combining the functions of

OSCILLOSCOPE and SYNCHROSCOPE

An Outstandingly Versatile Instrument
Applicable to—

® TELEVISION e FACSIMILE
® PULSE MODULATION ® RADAR

GENERAL FEATURES

Five-inch cathode ray tube operating at 4,000 volts accelerating
potential. Ordinarily supplied with P1 phosphor, others avail-
able on special order.

Vertical amplifier flat within 3 db. from 5 cycles to 6 mega-
cycles. One inch deflection with .05-volt RMS input.

Horizontal amplifier flat within 1 db. from S cycles to 1
megacycle.

Built-in calibrating system for determining wave amplitude.
No external meter needed.

Deflection plates and intensity grid available directly at front
panel terminals.

No waiting for trace to reappear after adjusting gain or
applying DC component to input.

Low capacitance, high impedance probe supplied for mini-
mizing test circuit disturbance.

Reasonably ~symmetrical waves permit full screen vertical
deflection.

Contained in single cabinet, weighs less than 100 pounds.

¢ COMPANION

SWEEP CALIBRATOR
MODEL GL-22

For accurately calibrating sweeps. Mark-

s ers are provided at 1/10, }, 1, 10, and
100 microsecond intervals which may be applied as deflection
or as intensity modulation. May be triggered directly from
OL-15B. Write for bulletin MC-549.

ELECTRONICS — May, 1949

INSTRUMENTS e

® NUCLEAR PHYSICS
® COMMUNICATIONS

AS AN OSCILLOSCOPE

Linear sawtooth sweeps continuously variable from 5 to 500,000
per second in conjunction with the excellent vertical amplifier
outlined. Permits observation of RF waves and envelopes
to above 6 megacycles. Because of the extended ranges of
the amplifiers and sweep generator, oscilloscopic capabilities
are correspondingly increased over standard oscilloscopes.

AS A SYNCHROSCOPE

An internal trigger generator continuously variable from 200
to 5,000 cycles can be used to excite external equipment as
well as the sweeps. The trigger can be made by panel control
to lead or lag the start of the sweep by amounts up to 1,000
microseconds, making it possible to phase any part of a pulse
or transient onto the screen for measurement. Sweep speeds
of 3, %, 1, 5, 20, and 200 microseconds per inch provide con-
venient image time expansion for detailed observation. As the
sweep generator will sweep once for each incoming pulse,
single transients or pulses occurring at irregular intervals
can be observed or photographed.

FAIRCHILD OSCILLO-
RECORD CAMERA

For permanent records of waveforms on

35mm. film. Single frames or variable
continuous motion permit recording of

all phenomena. Various lenses, maga-
zines, etc. available. Easily set up with OL-15B. Write for
bulletin MF-549.

Canadian Representative
MEASUREMENTS ENGINEERING
Arnprior, Ontario



Miznzmize
Control
Szze!

REDUCE COST!

WITH THESE

NEW ALLIED RELAYS

The Allied PO and POY relays,
replacing the. DO and DOY relays,
save space, save cost. These ad-
vantages will have special appeal
for engineers in electronic, air-
craft and other industries requir-
ing medium power, all-purpose
relays. :

POY RELAY
A semi-sensitive, dual coil relay
for operation in vacuum tube or
other limited power circuits. Same
contact rating and arrangement

as PO.

DIMENSIONS:
Same as PO.

COIL RATING:
Up to 110 volts D.C, at 600 milli-
watts. Not supplied for A.C.

MOUNTINGS:
Standard, #6-32 tapped holes.
Not supplied with stop nuts.

The PO & POY relays are ad-
aptations of the well-known
general purpose Allied BO relay,
and like all other Allied relays
may be obtained hermetically
sealed.

Every part in these precision-
built relays is designed to deliver
thoroughly dependable service
with extra long life. For complete
information and operating char-
acteristics of the new PO and
POY and other precision-built
Allied Relays, -write us for latest
Allied catalog.

PO RELAY

This relay, shown above in the 4-pole
model and shown be o« ia the 3-pole
model, is supplied in 2-. 3- and 4-
pole normally-closed, ncrmelly-open
or double-throw contacts. I standard
silver contacts bave carry ng capacity
of 15 amperes at =4 vo.ts D.C. or
110-volts A.C. non-incuctive.

COIL RATING: A.C. 805 =clt amperes
nominal or 17.5 veltamp2r2s maxi-
mum at 25 to 60 cycles ard up to
220 volts.

D.C. Up to 120 volz 1t I watt mini-
mum or 8 watts maxioiar,

MOUNTING. Standarl #we-32 tapped
holes. Also supphed wih #6-32
stop nuts.

o

ALLIED CONTROL COMPANY, INC.

2 EAST END AVENUE, NEW YORK 21, NBW. YORK
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*Snap a switch; or touch a button. An
instant surge of electrical power thru
your ESSEX WIRE CORPORATION
ELECTRICAL ASSEMBLY activates

any unit that you choose to function.

7o /wvousrry 2

Complete nerve systems for anything you make that
is actuated by electricity, from appliances to motor
cars, are an old Essex specialty. We've been engi-
neering and fabricating WIRE ASSEMBLIES since
the days of the first automobile.

Proper balancing and flow of current; the right
flexibility and insulation, and perfected layout and
design stem from Essex engineering know-how and
experience. Through a network of twenty plants
Essex completely engineers, processes and controls
the assemblies from wire bar to your appliance.
The wire, connectors, terminals, coils and re-

lays made in Essex plants are designed to perform
in ESSEX WIRE ASSEMBLIES even if the load
should be greater than required under the most
severe operating conditions.

ESSEX WIRE ASSEMBLIES are custom tailored
to your product. They will make your product’s
name synonymous with dcpendable performance
in the minds of your customers. They will give you
maximum efficiency at minimum cost.

Consult an ESSEX representative, or send your

~ specifications to THE SERVICE ENGINEERING

DEPARTMENT of Essex, at Monticello, Ind.

BUILT TO PERFECTION

WIRE ASSEMBLY AND

PROVED BY INDUSTRY

CORD SET DIVISION

ESSEX WIRE CORPORATION MONTICELLO, INDIANA

ELECTRONICS — May, 1949
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Pyroimd Type' BSTM Copacitors
° are now in volume produ:ﬁon :
. “for leodmg TV-receiver

" manwfacturers throughout the

- US.AL ond Conado

CAPACITORS

»$‘»

£YRAMID ELECTRIC (OMPANT

155 Oxford Street
Paterson N3, US A

’fx: TELEGRAMS: WUX Paterson, N. 4.

i
o

i

i

| CABLE ADDRESS: Pyramidusa T
]
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BUSINESS BRIEFS

By W. W. MacDONALD

-

Referring Once Again to indus-
try mobilization (p 68, Jan., et al)
we herewith report that in mid-
January Task Committee No. 1 of
the Electronics Equipment Industry
Advisory Committee came up with
a Plan. It was approved by EETAC
February 16 and submitted to the
Munitions Board, where it is still
under official scrutiny at this writ-
ing.

Stripped of the whereases, the
Plan essentially (1) throws cold
water on the Contingent Contract
idea, (2) suggests that a firm of in-
dustrial engineers be hired to de-
termine Government’s probable
needs and the industry’s possible
capacity, (3) urges -classification
of government projects now under
way “expedite” and ‘“defer” and
stopping of the latter on M-day, (4)
proposes military deferment of key
men and engineers as well as pro-
duction personnel on major proj-
ects, (5) plumps for appointment
of a four-man Procurement Pro-
gram Directing Committee com-
posed of three officers and a civilian
to coordinate the activities of the
three Services, (6) suggests the use
of open competitive bids, competi-
tive bidding by previously qualified
bidders and negotiated contracts to
fit specific cases.

These, we think, are the accu-
rately briefed highlights of the
Plan. If not, it is our impression
that there will be plenty of time to
make amends in these columns be-
fore the Munitions Board reaches
any decision.

Screaming on the part of eastern
manufacturers about the shift of
the Instrument Show, held in Phila-
delphia in 1948, to St. Louis in 1949
seems to be subsiding. We hear that
1% times as much exhibit space has
already been sold, with the shindig
still over four months away.

Color Television Adherents may
find the following off-the-cuff think-
ing stimulating:

In a still photograph there are
two factors of major importance

. subject interest and technical

quality . . . with color a possible
third. In a movie there are three
factors . . . subject, technical qual-
ity and motion . . . with color a pos-
sible fourth. In television there are

four . . . subject, quality, motion
and liveness . . . with color a pos-
sible fifth.

We don’t know the precise impor-
tance of color in any of these pic-
tures, but it obviously represents a
smaller slice of the pie in television
than in the other two cases.

TV-Station Box Score, as of
January 1, 1949. looked like this:

Num-

Status ber Cities Fst. Cost

On the air.. 50 30
Under const. 74 41 } $30,300.000
Pending . ... 311 94 66,300,000
435 165 $96,600,000

Breakdown of major business in-
terests of the 435 stations on the
air, under construction and pendl-

mng:

Newspaper publishing ....... . 128
Broadcasting only .. 3 - B 66
Motion pictures, theatres ete...... 27
Radio manufacturing ..... LA .AL 25
Merchants, dealers, etc. .......... 25
Misc. manulacturmg e 18
Real estate, msurance etc ...... 17
Qil production .................... 17
Educational institutions ........... 10
Miscellaneous ...... 3-8 -0 508 - 76
UnkHOWn .. .. veiiie e 26

Of the 435 tv stations, 333 (76.7
percent) are affiliated with a-m or
f-m stations.

Reader Frankel of W8CTW (and
WBLK) thinks the average age of
amateurs is not increasing (p 68,
March), calls attention to the two
yvoungsters pictured on the front
cover of March QST and a yarn
about a 12-year older in December
by way of proof.

Ok om, that’s three. But how
about the other 81,1677

Magnetic Tape has so far been
used chiefly for sound-recording.
Telemetering and similar applica-
tions are, however, increasing. And
we are told that use of tape to pro-
gram important industrial opera-
tions is in the offing. One machine
manufacturer, whose name must
still be kept under wraps, is known
to be experimenting with tape as a
means of automatically cycling a
lathe through a series of difficult
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REL manufactured the equipment used by Major
% Armstrong in the first public demonstrations of prac-
tical FM transmission.

REL was the first manufacturer to produce and
install commercial transmitter equipment for FM
broadcasting.

REL established the first studio to transmitter FM
relay ever installed. This equipment is still func-
tioning between Boston and Paxton, Mass., 43 miles
airline over two ranges of hills.

REL engineered and built the first commercial FM
transmitter rated at 50 KW output.

B The “Quadriline” circuit structure, at one stroke,
¥ eliminated a host of expensive RF and mechan-
. ical construction problems at the 10 KW level.

: i »' e REL .transmitting an.d receivirf)ig equipment vx.'as.used
~ FIRST WITH AN FM NETWORK! rotworke This net covered b totel distanes of 445 miios
il st o s with total radiated power of approximately 450 KW.

oo R S S e o With the introduction of REL Model 694 STL equip-
IRST WITH UHF sn.' it ment, the art and practice of FM broadcasting took
. @ another great stride forward free from the handicap of

" inadequate wire line facilities.

Simultaneously with the introduction of high
' performance STL equipment REL announced
the amazingly efficient and economical “Ser-
rasoid Modulator!’

Look to REL and its program of exploiting wide-band
FM on all fronts, where it is vital to secure large phase
shifts with great linearity and low noise for the answers
to multiplexing, telemetering, point-to-point and all
other communications problems.

RADIO ENGINEERING LABS - INC

35-54 36th STREET, LONG ISLAND CITY 1, N. Y,
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what |
these fastenings |
“are used for? |

Do you recognize these HOLTITE fastenings?
Guess what industry uses each of them.
Check yourself by the list below.

CONTINENTAL makes them all and thousands more

Of all the 400,000 varieties of fastenings that literally hold our indus-
tries together, Continental makes a large proportion marketed under

the famous HOLTITE trade name. 5‘*) Most of them are standard — screws,

nuts, and bolts for every use in every

industry. Others like the well-known

HOLTITE-Sems and HOLTITE-Phillips screws are patented specialties and the
famous HOLTITE-Thredlock, Locktite and Tap screws were first designed and 1
produced by HOLTITE. Sometimes a fastening engineered by HOLTITE
for one industry finds an unexpected use in another. Often a HOLTITE- ‘

Engineered fastening will replace several parts that a manufacturer is using. Why

not discuss your fastening requirements with a Continental Sales-Engineer. He

will focus on your requirements all the broad industrial-fastening experience and

ingenuity of Continental. Remember Continental is constantly improving
HOLTITE products, lowering their cost and broadening service.

ENGINEERED FASTENINGS FOR PRODUCT ENGINEERS

This Trademark

A. HOLTITE-Phillips Type “H” Brass Tap (coarse thread— ‘
patented slotted point) Screw designed to eliminate taps and
tapping operations in fastening polystyrene refrigerator
assemblies.

B. Hex-head lag screw, a special development for fastening |
metal to wood in aircraft assemblies. \
C. Special shaped screw to hold sections of home utensil in )
alignment by small lug at end of thread. Assures proper as-

sembly of utensil after cleaning. ‘
D. HOLTITE-Phillips Set Screw, used in assembling glass

panel store fronts. Eliminates driver damage to costly pol-

ished panels. Screws made of Aluminum, Stainless Steel

H@I‘::THTE or Silicon Bronze to prevent staining.

T. M. REG. U.S. PAT, OFF.

1904
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BUSINESS BRIEFS {continued)

operations, a job formerly requir-
ing the services of a highly-skilled
operator.

As The Trend in industry de-
velops, and more manufacturers
move from meters that merely in-
dicate to types that record and then
to instruments that effect automatic
control of machines and processes,
more engineering on the part of
suppliers will be required. One
manufacturer making all three
types of gear reports that he has
already found it desirable to quad-
ruple engineering personnel.

One Of Our Biggest companies
is said to be nearly ready for the
market with an “inert-electrode”
welder that meets rigid FCC spe-
cifications regarding radio interfer-
ence.

The Air Force, at last report,
was pushing a bill authorizing a
network of early-warning radar sta-
tions in the continental United
States and some outposts to the
tune of $160,750,000. Of this
amount, however, only $68,250,000
would go for electronic equipment
and USAF is understcod to have
on hand $42,250,000 worth of gear,
some of which would be useful in
the program.

The remainder would still be a
lot of new business.

Speaking Of Radar, the five
Western Union nations are budget-
ing to buy themselves half-an-
hour’s warning of any air assault.
The first important concrete result
of cooperative measures for de-
fense will probably be installation
of detection gear stretching 1,500
miles from Lubeck on the Baltic to
southern Tunisia.

The proposed radar scireen would,
we hear, cover Holland, Belgium,
Luxembourg, France, the British
Isles, Corsica, Tunisia and at least
the coastal belt of Algeria. The
French and British zones of Ger-
many might be included. Italy,
Denmark, Norway and the Ameri-
can zone of Germany have not at
this writing been integrated in the
plan but may be tied in eventually
within the frame work of the Atlan-
tic Pact.

Each of the countries mentioned
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would finance construction and op-
eration of equipment on territories
under its control.

GI’'s Studying Radio by mail
total 45,386, which is 26 percent
of the 173,278 enrolled in postage-

stamp courses.

Receiver Sales by RCA licensees

during 1948

totaled

16,833,709

units, worth $711,725,715. Here’s
the way the total broke down:

VOLTAGE RELAYS
TEMPERATURE COMPENSATED

for Constant Voltage Operation,
or Battery Charge Control.

TYPE UNITS DOLLATRK
FKlectrie
Table (under
$12.50 billing
price) . 2,847,482 327,174,643
Table (over $12. 50
billing price)
-M oL 3,854,132 72,416,210
A-M/F-M ..... 420,324 15,125,242
F-M (including
converters) . 84,827 2,131,190
Consoles
A-M ... 81,982 5,174,943
A-M/F-M . 13,514 3,419,024
Table-Radio-
Plionos
A-M ... 629,676 28.593.125
A-M/F- 14,269 958,340
Console- Rarho-
Phonos
A-M ... : 631,618 54,469,316
A-M/F-M . 805,092 115,031,095
Battery
Portable A-C/D-C 2,559,271 15,600,190 |
Table T L M 261,457 6,642,357
Consoles .. .. . 263 11.387
Auto .. 3,113,721 98,979,258 |
Television 120~
Converters 3,63 935,136 |
Radio Table
Models .. ... 578,763 109,618,204 | o
Radio Consoles R N0L-
Direct viewing. 196,233 44,561.145 | w
Projection 12,085 ,838,333 | (G}
Radio Phonos g
Direct Viewin; 141 159 55,067,704 | L
Projection 874 2,599,734 | o)
Phonographs >
Phono only 350,940 5,981,942
With radio —~
attachment . 6,623 211,180 | <
Without Cabinets o
3 . 51,533 1,616,797 o
-M F-IVI . 24,928 1,6565,05 0o
Television . ... 5,278 913,371 |

Mortality among radio receiver
manufacturers is notoriously high. ) =l ! .
Brand names, vanishing from the | i o . 100 125
market since the business began, TEMPERATURE DEGREES. F.
now total 788, according to Zen-
ith’s H. C. Bonfig. |

A Resistance, hence operating voltage, of uncompensated relays rises with
temperature.

At A Radio Show back in the
early days one of our editors picked
up a dummy tube filled with a mys-
terious amber liquid as an adver-
tising stunt and, possessing an
experimental nature, sampled the
contents. The result proved exhil-
arating.

Remembering the experience, this
same gent sampled the pinkish con-
tents of a small vial distributed,
also by way of advertising, by an
exhibitor at the recent National
IRE Convention. Then he rushed
for the washroom.

What, we ask in the general di-
rection of Camden, is in that little
db-juice bottle?

B .Compensation from Spring’s Thermal Characteristic gives constant
operating voltage.

€ Overcompensation, giving negative characteristic used in Battery Charge
Control,

ALl SIGMA SERIES .5 RELAYS are available
with either characteristic. Write for “Applica-

tion Notes #3" giving detailed description and
listings.

Slgm Instruments, ixc.
.Wafa)e RELAYS

62 CEYLON ST., BOSTON 21, MASS.
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Can you afford a switch

that isn’t dependable ?

ENGINEERING DATA SHEETS

Send for the Mallory Engineer-
ing Data Sheets on the RS
series. They contain complete
specifications for available cir-
cuit combinations with respec-
tive terminal locations, dimen-
sional drawings — everything
the engineer needs.

SPECIFICATION SHEETS

Specilication sheeis for all RS
switches have also been pre-
pared. These sheets are printed
on thin paper to permit
blueprinting. The sectional
drawings indicate standard and
optional dimensions—make it
easy for you to order pro-
duction samples built to your
requirements.

There is a Mallory switch to fit your

design —write for further details.

Design engineers who specify Mallory RS switches know they are getting the best
that substantial construction and precision manufacturing can produce. They
know that Mallory RS switches protect their good name because they provide
maximum long-life and eflicient dependable service.
Mallory RS switches are available with cam and ball type index assembly, or with
positive indexing hill-and-valley double roller 1ype index assembly.
These are the features that make Mallory switches famous for dependability and
quality. All are advantages of extreme importance in television and high frequency
applications where stability is essential.

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

Terminals and contacts of special Mallory spring alloy, heavily silver-plated to insure
long life at low contact 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 throughout rotation.

Six rotor supports on the stalor—insure accurate alignment.
Brass rotor shoes, heavily silver-plated—insure low contact resistance.

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

Precision Electronic Parts— Switches, Controls, Resistors

M

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

SERVING INDUSTRY WITH

P.R.MALLORY & CO.Inc. Capacitors Rectifiers

Contacts Switches

A L L o R Controls Vibrators
Power Supplies

Resistance Welding Materials
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CROSS

> OVERSEAS . .. The prospect of establishing tele-
vision service in foreign countries, particularly in
Furope and South America, has the international
sales departments of American, British and Duteh
manufacturers in a dither. The crux of the matter
is the standards to be adopted. Should they follow
American or British practice? Evidently, the adop-
tion of one or the other might give a preferred posi-
tion in the market. So far as studio and transmitting
equipment is concerned, it is not difficult to meet the
customer’s desires regarding standards without
major increase in cost. But receivers are different:
if foreign standards depart too widely from those
used by the manufacturer in his domestic product,
the cost of exported sets may rise substantially,
possibly enough to price them out of the market.
We feel strongly that, whatever standards are
adopted in foreign lands, they should not restrict the
utility of the service. Further, at the risk of starting
an international argument, we venture to remark
that two important aspects of the British standards
are restrictive. One is the use of a 2.5-mec video
band, as compared with the 4.0-mc standard in the
U.S.A. The choice of a narrow bandwidth must in-
evitably restrict the detail of the images provided to
foreign customers. The second is the 25-per-second
picture transmission rate, adopted in Britain to con-
form with the 50-cps power supply frequency. This
limits the brightness of flicker-free images to a value
substantially lower than that possible with the 30-
per-second American rate. It is true that the major-
ity of European countries now in the market for
television systems use 50-cycle power, and that the
25-per-second frame rate is attractive for that reason.
But in South America and the Orient, 50 and 60-
cycle systems are mixed, often in adjacent cities
within range of a single station. Moreover, experi-
ence in America has shown that 30-frame sets can
operate satisfactorily on 50-cycle power systems.
These are the only important items. We hold no
strong brief for the horizontal polarization or the
negative polarity of modulation used in the United
States. But we do believe that television service

ELECTRONICS — May, 1949

TALK

overseas should have the benefit of the wider fre-
quency range and the higher frame rate provided in
the American standards.

» RADLAB ... We have modestly refrained thus far
from commenting in this column on a publishing
venture of which the McGraw-Hill Book Company is
particularly proud. This is the Radiation Labora-
tory Series, a truly definitive compilation of radar
information in 27 volumes, prepared by staff mem-
bers of the MIT laboratory. But we can hardly
withhold the information, just announced, that the
royalty earned on the 1948 sales of this series, and
paid to the Treasury of the United States, amounted
to $34,253.61. Our many friends of Radlab davs will
no doubt be gratified to know that, at long last,
their efforts have resulted in a payment to the
Treasury rather than from it. Incidentally, we
think this Series is an excellent argument in favor
of the growing trend among government activities
to seek commercial publishers for important works
of this type.

» RAZORS ONLY ... While returning from a recent
trip to the West Coast, we were so bold as to plug
a portable television set into the 115-volt a-c socket
provided in our Pullman bedroom for electric razors.
Apparently there were at least 115 watts back of the
socket, because the set went to work. An aerial made
of twin-lead ribbon, hung on the window with suction
cups, provided the pickup. So, going through Cleve-
land on the New York Central, we saw the fights from
Madison Square Garden, courtesy station WNBK, and
a basketball game, courtesy WEWS. Incidentally
the set, with an aerial on the ground floor of a home
in San Diego, picked up a good picture from KNBH
atop Mount Wilson at Los Angeles, at an airline
distance of 115 miles. This is no particular credit
to the set, since evervone in San Diego gets the LA
stations. But it does show that the California micro-
volts are just about as big as the California kilowatts.
Total score for the trip: 20 stations in five cities.
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Exposure to Microwaves

Recent experiments on animals with high-intensity 12-cm radiation indicate that a danger-

ous amount of heat may be generated beneath the surface of living tissue without causing

By W. W, SALISBURY
Director of Research

Collins Radio Company
Cedar Rapids, lowa

LARGE number of prelimi-

nary experiments conducted
with anesthetized laboratory ani-
mals indicate that injury by expo-
sure to microwave radiation may
occur at relatively low field inten-
sity. It has also been found that
pain cannot always be relied upon
to warn of a dangerous field.

The most vulnerable parts of the
body are those not abundantly sup-
plied with blood. Blood is an effec-
tive coolant and acts to distribute
heat developed at the site of irradi-
ation, preventing excessive local
temperature rise. Certain parts of
the body are not effectively cooled
by the blood stream. Examples are
the lens of the eye and some in-
ternal organs such as the gall
bladder, urinary bladder and parts
of the intestines. When such organs
are subjected to microwave irradia-
tion very high local temperatures
may result.

Result of Experiments

A series of experiments was per-
formed on rabbits to determine the

A WARNING—NOT A
PRESCRIPTION

The purpose of the authors and edi-
tors in presenting this article is to warn
workers against the dangers of uncon-
trolled exposure to high-intensity r-f
energy, not to recommend for or against
any method of diathermy or any particu-
lar frequency for medical treatment. The
latter matters are the concern of compe-
tent medical specialists, who alone can
define the tolerable dosage and method
of application in specific cases

fever or the sensation of pain

JOHN W. GLARK

Research Division
Collins Radio Company
Cedar Rapids, lowa

extent of damage to the eve. These
animals were chosen because their
eyes closely approximate the size
and shape of the human eye. It
was found that cataracts were
formed upon exposure for 10
minutes at a field intensity of about
3 watts per square centimeter at a
wavelength of 12 em. The cataracts
do not become apparent immedi-
ately, but develop 3 to 10 days after
exposure. Infrared, ultraviolet and
x-ray radiations are known to pro-
duce painless lenticular changes in
human eves. Apparently, micro-
wave exposure will produce similar
results much more rapidly. How-
ever, to date no experiments have
been performed on humans.

Pulsed Power

No experiments have yet been
performed to evaluate the relative
dangers of pulsed power as com-
pared to continuous power. How-
ever, rough calculations of the
thermal time constants of typical
physiological structures indicate
that these are long as compared to
the interval between pulses in typi-
cal radar sets. Accordingly, it
seems reasonable to evaluate the
danger from apparatus of this type
in terms of average power rather
than peak power.

Experiments have been per-
formed at wavelengths other than
12 em. Preliminary results indicate
a radical variation of physiological
effects with wavelength, These can
be ascribed to variation in loss
factor of the body with wavelength.

At longer wavelengths where the
loss factor is relatively low the
temperature of the whole body is
raised, giving rise to artificial fever

and H. M. HINES

Department of Physiology
University of lowa
Iowa City, lowa
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FIG. 1—Experimentally-determined varia-
tion of temperature in an excised beef
eye exposed to microwave radiation

and to a sensation of warmth but
with little danger of tissue damage.
At extremely high frequencies the
loss factor is relatively high and
energy is largely absorbed near the
surface. This may cause severe
surface burns, but ordinarily the
sensation of pain will give ample
warning in such cases. At wave-
lengths in the vicinity of 10 em, on
the other hand, the loss factor is
such as to cause the highest temper-
atures to occur about a em below
the surface in structures not cooled
by an abundant flow of Dblood.
Figure 1 illustrates these points.

Technical Explanation

Consider a greatly simplified
situation. A plane wave of electro-
magnetic radiation falls upon an
idealized animal, assumed to be a
homogeneous dissipative medium.
The energy density in the electro-
magnetic field a distance x below
the surface of the animal is

E =FE.e* (1)
where F, is the energy density
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Anesthetized rabbit being irradiated with |2-centimeter radio waves

(measured in watts per square cen-
timeter) at the surface and «a is the
attenuation constant of the medium.
Since a is the fraction of the energy
removed from the beam in one
centimeter, the energy transferred
to the medium as heat is just «
times the energy density at the
point in question., This transfer of
energy from the beam of electro-
magnetic radiation to heat in the
tissue is assumed to be solely due to
dielectric heating. Let us define
H(x) as the number of watts per
cubic centimeter of heat energy
transferred from the beam to the
medium. Then

H(x) = a E(.’E) = a Eoe—‘” (2)

It is well known that the loss
factor and hence the attenuation
constant of most materials in-
creases with frequency. This is
certainly true of water, which
makes up the greatest part of most
tissues. We can accordingly draw
qualitative curves of FE(x) and
H(x) for our idealized animals at
a low and a high frequency. These
are shown in Fig. 2A and 2B
respectively.

The temperature rise caused by
a distribution of heat like that
shown in Fig. 2B depends entirely
upon the cooling of the medium. In
absence of any cooling, the temper-
ature at any point, T (zx), will be
proportional to the total number of
joules of energy that has been put
into the medium at the point z.
That is

T(x) = CH(x)t (3)
where C is the thermal capacity per
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unit volume of the medium and ¢
is the time of exposure. So in this
case the shape of the temperature
function is the same as that of the
heat function.

A part of the body such as the
eye, which 1is free from blood
vessels, is cooled mostly by convec-
tion from the surface. In this case
the temperature of the surface will
be maintained at or near room
temperature, T,. Deep in the struc-
ture, however, the effect of conduc-
tive cooling is negligible and the
temperature will vary as in Eq. 3.
Figure 2C shows temperature
curves for this case.

Findings Are Preliminary

Work to date has merely demon-
strated the danger from exposure
to mierowaves, particularly in the
vicinity of 10-ecm wavelength. It
must he emphasized that.no stand-
ards of safety have as yet been
established; in the meantime,
microwave radiation should be
treated with the same respect as
are other energetic radiations such
as X-rays, «-rays and neutrons.

Several previous investigators
have failed to find damage due to
microwave irradiations. This is
probably due to either or both of
two causes: the field intensity was
not high enough, or the investi-
gators did not wait long enough for
latent damage to develop. The
field strength known to be danger-
ous, 3 watts per square centimeter,
is not likely to occur except in the
immediate vicinity of a powerful
transmitter. The area of cross sec-

tion of a typical 10-em waveguide is
about 28 square centimeters. Ac-
cordingly, one must have a total
power of about 90 watts to reach
the danger level. In free space the
energy is much less concentrated,
so a much larger total power is re-
quired.
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REQUENCY MODULATION has be-
Fcome an established broadcast-
ing service, the spread of which has
created a demand for high-power
frequency-modulated transmitters.
The general manufacturing pattern
followed has been to meet the de-
mands of f-m broadcasters by sup-
plying transmitters starting at 250
or 1,000 watts and, in building-block
style, adding higher-power ampli-
fiers as complete units. The basic
transmitters are then used as ex-
citer-drivers. The Symmetron 50-
kw amplifier to be described has
been specifically designed to com-
plete a 50-kw transmitter utilizing
a nominal 10-kw transmitter as the
exciter-driver.

The R-F Tank Circuit

The design of a 50-kw radio-fre-
quency amplifier for the 88-t0-108-
mc band presents numerous prob-
lems to the circuit designer. Many
tube types, proved reliable in opera-
tion at lower frequencies, become
unusable in this band owing to ex-
cessive interelectrode capacitances,
high grid or filament-lead induct-
ance, and the attendant difficulties
presented by the physical dimen-
sions of the tube elements approach-
ing appreciable fractions of a wave-
length at the operating frequency.
Lumped circuit constants are, for
the greater part, unusable because
of the undesired effects of distrib-
uted inductance or capacitance.
Linear circuit elements such as
open-wire or coaxial transmission-
line sections are suitable, but often
tax the ingenuity of the designer in
providing means for tuning, input
and output coupling, and in obtain-
ing satisfactory electrical clear-
ances for the low-impedance tanks

QUARTER-WAVE INPUT OUTPUT GOUPLING
MATCHING TRANSFORMER CAPACITANGE
NG
¥ £ S PLATE TANK
/ g 3 INDUGTANGE
INPUT i . >,
FROM EXCITER- CATHODE TANK  OUTPUT TO
DRIVER INDUCTANCE ANTENNA
E4
PLATE PLaNE” | 47 GATHODE TANK
GRID PLANE L SHORTING BAR
T H o g
PLATE TANK
CATHODE ~
PLANE SHORTING BAR

FI1G. 1—Equivalent circuit and basic tank
configuration of the amplifier
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FIG. 2—Cross-section of the amplifier tank arrangement, with detail of typical block-
ing-capacitor construction

A Coaxial 50-Kw

The Symmetron amplifier, employing eight air-cooled tri-

odes in a grid-separation circuit and driven by a 12.5-kw

exciter, requires 118 kva at 90-percent power factor for

rated 50-kw output. Tank design calculations and experi-

mental values for production prototype are given

associated with high-power-level
operation.

These difficulties justified the con-
struction of a model to realize the
greatest possibilities from an amp-
lifier of commercial design. Con-
sideration was given to different
tank designs, with the following
features regarded as essential: an
amplifier using air-cooled tubes to
eliminate the water jackets, pumps,
cooling radiators, and other incon-
veniences of water-cooled tubes; a
tank employing a grounded-grid,
or grid-separation circuit, for de-
sign simplicity and reliability.

An investigation of possible tank

designs, based on these considera-
tions led to two alternatives, each
appearing to satisfy operating re-
quirements. It was decided in sub-
sequent planning to complete each
of these tank designs on paper to
evaluate more thoroughly their re-
spective merits.

The first tank type considered
was of conventional grounded-grid,
push-pull design using two tvpe
3X12500A3 cluster-triode tubes.
Shielded two-wire lines with loop
coupling were used in the cathode
and plate tanks. Inherent limita-
tions and difficulties appeared as
this design progressed. The shielded
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F-M Broadcast
Amplifier

By D. L. BALTHIS

Electronics and X-Ray Div.
Westinghouse Electric Corp.

Baltimore, Md.

plate tank, when designed for the
low required impedance of approxi-
mately 35 ohms at 100 me, left in-
adequate space for the output coup-
ling loop and, in turn, the loop upset
circuit symmetry. Contact was de-
sired between the plate-line short-
ing bar and the shield enclosing
the plate lines to prevent undesired
resonance effects. This necessitated
shunt feeding the lines through a
blocking capacitor, or operating the
shield at high d-c¢ potentials in a
protective enclosure. Likewise, the
shorting bar and output coupling
loop required adjustable mountings,
since their positioning would have
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been dependent on the operating
frequency. Similar difficulties ex-
isted in the design of the cathode
tank. These problems, although
solved on paper, resulted in a1 me-
chanically complex tank with num-
erous adjustable controls. This
tank was regarded as impractical
from a production standpoint and
was eliminated from the program.

Development Model

The tank circuit regarded as
worthy of model development was a
coaxial-ring amplifier of new design
emploving eight type 3X2500A3 air-
cooled triode amplifier tubes' in

parallel. This design was completed
on paper and followed by the con-
struction of a test model which
proved successful. An output in ex-
cess of 50 kw was obtained without
stray radiation and with no tend-
ency toward parasitic oscillations or
moding. The apparent amplifier
efficiency varied between 90 and 94
percent and the driving power re-
quired was approximately 12.5 kw
for a 52-kw output. The only diffi-
culty encountered was that the tun-
ing range was limited to the low
end of the 88-to-108-mc band,
caused by the nominal plate tank
impedance being too high. This im-
pedance was lowered by reducing
the diameter of the outer cylinder
of the coaxial plate line. Proper
operation throughout the 88-to-108-
me band resulted without further
difficulty.

The tank circuit of the model is
essentially duplicated in the com-
mercial design. Consequently, the
description to follow is applicable
to either the test model or the com-
mercial design.

The equivalent circuit of the 50-
kw tank using lumped constants ap-
pears in Fig. 1, together with a
cross-sectional view of the basic
tank configuration. Referring to
the circuit, it will be seen that the
amplifier is a cathode-coupled, grid-
separation circuit of straightfor-
ward design with only three ad-
justable tuning elements.

This circuit is operationally simi-
lar to the popular grounded-grid
amplifier in that the input signal
is applied between grid and fila-
ment, the output signal is removed
between grid and plate, and the grid
is used as a shield plane between
filament and plate. It is not neces-
sary for the grid to be at r-f ground
potential in an amplifier of this
type, although such may be the case
in certain specific designs. Conse-
quently, the term grid-separation
will be adopted in describing this
circuit. In turn, the grounded-grid
amplifier becomes a special case of
the more general grid-separation
amplifier family.

In the equivalent -circuit of
Fig. 1, the input line is directly
coupled to the cathode tank through
a quarter-wave matching trans-
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former that matches the cathode-
tank impedance to the 51.5-chm
input transmission line. This
matching transformer is of fixed
design with no adjustable elements,
and performs efficiently throughout
the 88-t0-108-mec band without
alteration. The adjustable induct-
ance elements are coaxial-line sec-
tions with shorting-bar tuning. The
output capacitance is furnished by
an adjustable air-dielectric capac-
itor coupling the output line be-
tween the grid and plate planes of
the tank.

The cross-sectional view of Fig. 1
shows the basic mechanical config-
uration of the tank. This tank is
a figure of revolution and, conse-
quently, two coaxial-transmission-
line sections are formed by the
three cylinders extending down-
ward from the plate, grid, and fila-
ment planes at the top of the figure.
These coaxial line sections are tuned
by ring-type shorting bars and,
being less than one-quarter wave-
length long, form the required plate
and cathode inductive tank ele-
ments. The grid plane acts as a
shield between the filament and the
plate as shown in the equivalent
circuit.

Mechanical Symmetry

It is essential that electrical and
mechanical symmetry be preserved
in high-frequency circuits employ-
ing linear circuit elements to assure
balanced operation with uniform
tube loading. . The Symmetron
amplifier employs coaxial tanks and
the eight tubes are symmetrically
inserted into the tanks about a com-
mon axis so that each tube auto-
matically sees the same electrical
and mechanical configuration for all
operating frequencies.

The tank requires only three ad-
justable tuning controls—ecathode
tuning (shorting bar), plate tuning
(shorting bar), and output coupling
(capacitor). In the commercial de-
design, these tuning controls are
motor driven and tune through the
complete 88-to-108-mc band without
mechanical adjustment of the tank.
In actual operation, tuning is ac-
complished with lever switches,
while individual meters indicate the
respective positions of the tuning
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elements as they move into place.

The cathode and plate shorting
bars are used for both coarse and
vernier tuning of the tank. These
bars consist of phosphor-bronze
contact-finger segments mounted
about the inner and outer peri-
pheries of a circular supporting
ring. The contact-finger segments
are three inches long, with twelve
individual contact fingers per seg-
ment. The diameter of the small-
est tank cylinder with which the
contact fingers make contact is ap-
proximately twenty-two inches.
This arrangement results in a cor-
responding large number of con-
tact-finger segments for each tank
cylinder, and a low current density
for the individual contact fingers.
The contact fingers extend on either
side of the supporting member for
balanced pressure loading. The con-
tact surfaces of the fingers are
formed in an elongated-spoon shape
to form a free-sliding line contact
and are buffed-chrome finished to
provide a durable wearing surface
against the silver-plated tank
cylinders. It is interesting to note
that the radio-frequency resistance
of chrome is about the same as that
of aluminum, and is sufficiently low
for this application.

Adjustable coupling to the 63-
inch output transmission line is
provided through the circular plate
capacitor in the plate cavity of the
amplifier tank. The outer conductor
of the transmission line is attached
directly to the plate tank. The in-
ner conductor is extended to the
positionable capacitor plate through
a flexible metal bellows approximat-
ing the diameter of the inner con-
ductor. This bellows provides a
smooth transition between the
capacitor plate and the inner con-
ductor of the transmission line, and
allows the capacitor plate to be posi-
tioned along the axis of the tank by
a rack-and-pinion drive mounted in-
side the inner conductor. The ca-
pacitor couples the output line be-
tween the grid and plate planes of
the tank for voltage-standing-wave
ratios up to 1.75-to-1 (RMA stand-
ard). In addition, the output coup-
ling capacitor can be used as a
voltage divider to control the output
power taken from the 50-kw tank

for operation at reduced power.

The tank design minimizes
danger to operating personnel from
either r-f or d-c voltages. Glyptal-
bonded, ruby-mica blocking capaci-
tors isolate the d-c tube voltages
from all of the tank cylinders.
Radio-frequency voltages are con-
fined to the interior of the tank by
virtue of the basic electrical operat-
ing characteristics of cavity or
coaxial line tanks, so that the ex-
terior of the tank is free of danger-
ous r-f potentials and, at the same
time, stray r-f radiation is held to
a minimum,

Special Capacitors

The construction of the plate
blocking capacitor is shown in the
expanded view at the top left of the
tank in Fig. 2. Each layer of mica
shown is 50 mils thick, being
formed from two mica disks 25
mils thick. These mica disks are
common to all eight tubes and are
26 inches in diameter. The voltage
stress across the mica is approxi-
mately 100 volts per mil. The eight
tube anodes are tied together by
affixing the individual tube anode
contact rings to a common plate
which is a part of the plate blocking
capacitor. The d-c anode voltage is
fed to this common plate at a single
point through a feed-through insu-
lator in the top of the plate tank.
The top of the tank is, consequently,
free of d-c potentials except for the
protruding tube anodes and their
associated contact rings.

The plate-blocking capacitor con-
struction is also representative of
that employed for the grid and fila-
ment capacitors. However, for pur-
poses of individual tube metering,
these respective tube elements are
not tied together. Likewise, an
additional mica capacitor section is
employed in the filament-blocking
capacitors to bypass the two fila-
ment leads of each tube together
and prevent a build-up of r-f volt-
age across the tube filaments.

The individual grid-current met-
ering leads are brought directly
downward from the individual grid
contact rings, through the cathode
tank cavity, and out through the top
plate of the filament cylinder, using
feed-through insulators. to r-f
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FIG. 4—Enclosed tank circuit showing air ducts entering at lower right and leit.

compartment. The motor driving the output capacitor is at the right

chokes. These chokes followed by
ceramic bypass capacitors prevent
the r-f voltage, induced in the grid
leads as they pass through the fila-
ment tank, from reaching the ex-
ternal metering circuit.

The quarter-wave transmission
line matching transformer is shown
extending directly downward from
the center of the tank. This trans-
former is connected directly across
the cathode cavity at the tank. The
opposite end connects to the 33-inch
input transmission line.

In the selection of the type
3X2500A3 tube for the tank, full
consideration was given to the im-
portant factors of interelectrode
capacitance, lead inductance, cool-
ing requirements, cost and life ex-
pectancy. The tube chosen is a 5.8-
pound, relatively inexpensive, medi-
um-mu transmitting triode with an
external anode. The grid of the
tube terminates in a ring inter-
posed between plate and filament
for grounded-grid or grid-separa-
tion circuit applications. Likewise,
the tube contains a low-inductance
thoriated tungsten filament struc-
ture of cylindrical design to permit
a uniform transition between a tank
employing linear circuit elements
and the tube.

The 50-kw amplifier plate cylin-
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der and top plate are shown in Fig.
3A. The eight anode contact rings
can be seen extending through the
top plate of the cylinder. These
rings are attached to a common
mounting plate and insulated from
the top plate by sheet mica sur-
rounding the rings. The d-c¢ plate
voltage is applied to the common
mounting plate at a single point
through the feed-through bushing.
The output line is mounted directly
in the center of the top plate. Two
diametrically opposite tube viewing
windows and two air-duct openings
are provided in the cylinder. These
openings are covered with %-inch-
mesh wire screen in the tank assem-
bly to preserve the electrical sym-
metry of the circuit.

The grid cylinder and top plate
are shown in Fig. 3B. The eight
grid contact rings are symmetric-
ally mounted in the top plate. These
rings are individually insulated
from the top plate for metering
purposes by sheet mica that pro-
jects cutward from the rings. Four
screen-covered air openings in the
cylinder allow cooling air to pass
through the cylinder for the tube
filament seals.

The filament cylinder and top
plate appear in Fig. 3C. The tubes
emplov a coaxial filament structure

The plate choke is visible at the left of the tube

and the inner and outer filament
collets make contact to it. The air
baffles direct cooling air brought in
through the grid tank up into the
filament-seal structures and out
through the bottom of the filament-
tank top plate. The eight feed-
through insulators are a part of the
grid metering circuit. The under-
side of the filament-cylinder top
plate is shown in Fig. 3D. The
eight radially mounted grid chokes
are suspended between the feed-
through insulators shown in the
preceding figure and the ceramic
bypass capacitors. The holes in the
filament-blocking-capacitor disks
permit exhaust of the cooling air
from the filament seals. The fila-
ment leads to the tubes are attached
to the bolt at the center of this disk
and any one of the other bolts
around the mounting ring.

A front view of the 50-kw ampli-
fier test model with all components
assembled is shown in Fig. 4. The
tube compartment above the tank
serves as the exhaust duct for the
cooling air blown through the tube
anode coolers and protects operat-
ing personnel from the d-c voltages
on the tube anodes. These tube
compartment doors are hinged for
easy access. The anodes of the
tvpe 3X2500A3 tubes can be seen
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projecting upward through the top
plate of the plate cylinder. These
tubes are readily removed from the
tank by lifting vertically upward.
The Teflon shaft extending into the
63-inch transmission line from
the output-coupling-capacitor drive-
motor assembly engages the rack-
and-pinion postioning drive built
into the inner conductor of the 63-
inch line. The d-c plate potential is
applied to the tank through the
plate choke at the left of the com-
partment.

The cathode and plate tank tun-
ing motors appear on the underside
of the bed-plate mounting the tank
cylinders. The grid bias resistors
are located on the side walls of the
cubicle frame, and the filament
transformers on the cubicle floor.

Tank Design Calculations

The physical constants for a re-
entrant tank of the type employed
in the Symmetron amplifier can be
calculated quite accurately through
rigorous mathematical approaches,
or approximated on the basis of
lumped constants. The following
analysis is given to illustrate the
more important factors entering
the design. This analysis will, for
convenience, include in the order
stated, the output coupling capac-
itor, the plate tank, and the cathode
tank.

The output coupling capacitor
couples the 51.5-ohm output trans-
mission line directly across the
plate cavity, or between the grid
and plate planes of the tank. This
capacitance must then act as a volt-
age divider between the tank and
the output line to permit delivery
of the rated power of 50 kw to the
output load. If the antenna is
matched to the line and the line is
flat, the impedance looking into the
output line will be 51.5 ohms. Like-
wise, the voltage standing wave
ratio on the output line will be
unity. However, under RMA design
standards, allowable mismatches in
the output line and antenna repre-
senting a maximum voltage stand-
ing wave ratio of 1.75-to-1 on the
output line may be present. Under
this condition, reading from a
Smith chart, the input impedance of
the output line may vary from 29.5
or 90.0 ohms to 61.7 == j30.9 ohms,
depending upon the length of the
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FIG. 5—Limit configurations seen by

50-kw amplifier with 1.75-to-1 vswr on
output line

line. These values represent design
limits, and the circuit seen by the
plate tank may take any one of
these limit configurations as shown
in Fig. 5.

The r-f voltage across the tank
can be approximately determined
from tube handbook data. It then
becomes a simple matter to compute
the required coupling capacitance
for each of the limit conditions.
Typically, for the type 3X2500A3
tube, at an applied plate supply volt-
age of 3,700 v d-¢, the grid bias
voltage is —450 v d-c. Assuming
class-C operation with a plate cur-
rent angle of 120 degrees, the peak
grid driving voltage is 450/cos 60 or
900 v peak.

In a properly excited class-C
amplifier, the plate voltage will very
nearly swing down to the value of
the peak positive grid voltage. The

latter is equal to 900 minus 450
volts, or 450 volts. The plate volt-
age swing E,, is 3,700-450 volts,
or 3,250 volts peak. However,
in a grounded-grid, or grid separa-
tion amplifier, the grid-to-filament
voltage also acts in series with the
plate voltage swing to supply the
load.” The voltage across the load,
E;, therefore becomes

Er=E,+ E,
= 3,250 4+ 900
= 4,150 peak v
or Er = 4,150 X 0.707 = 2,930 rms v

or approximately 3,000 rms v

For the circuit of Fig. 5A, 50
kw must be developed in the load
resistance of 29.5 ohms. This power
is accomplished by a load current 7
of

P = watts/R
= 50,000/29 .5
=1,690

I = 41.1 rms amp

For this current, the impedance Z
seen by the plate tank must be
Z = E/I

= 3,000/41 1,
= 73 ohms

This impedance is provided by
the reactance of the output coupling
capacitor X, in series with the
29.5-ohms resistance. Therefore

Z =[(29.52 4 (X)) 2
(73)r = (29.5) + X2

X2 = 4,459
X. = 66.9 ohms

The value corresponds to a coup-
ling capacitor size of 23.8 uuf at
100 mec. A similar determination of
the coupling capacitance for the
circuits in Fig. 5A, B, C or D indi-
cates that the variable range of the
capacitor should be from approxi-
mately 15 to 26 puf. This capaci-
tance range is conveniently ob-
tained using a positionable plate in
the plate cavity of about eight
inches diameter, and at the same
time allowing sufficient space to
prevent voltage flashovers.

The Plate Tank

The plate tank impedance is pro-
vided by a capacitive reactance X,
an inductive reactance X,, and a re-
sistive component R. In normal
operation, using tube handbook
data, this impedance Z is

Z = E[? rms/watts

(3,000)2/50,000
= 180 ohms
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The inductive reactance X, is
that provided by the coaxial tank.
The capacitive reactance X. is pro-
vided by the grid-to-plate capaci-
tance of the tubes, the capacitance
of the top plates of the cylinders
forming the coaxial tank, and the
shunt capacitance reflected from the
output transmission line.

The tube capacitance is eight
times that of a single tube since the
tubes are in parallel. Using tube
handbook data, this is

Ctubea'i: 20 X 8 = 160 ;.L/.Lf

The capacitance provided by the
tank construction is a function of
the physical size of the tank. The
diameter of the top plate of the
grid cylinder is approximately 25
inches, and its spacing from the top
plate of the plate cylinder about 23
inches. The approximate capaci-
tance provided by the top plate is
represented by

Cuanr = 0.2244 KA/d

K=1

A = 3.14 X (25)7/4 = 490 sq in.

Clank = 0.2244 X 490/2.5 = 44 uuf

The capacitance across the tank
provided by the output line and
antenna may be determined by find-
ing the shunt equivalents for each
of the series circuits of Fig. 5.
Typically, for the circuit of Fig. A
the gseries circuit impedance Z is

Z =R—j X,

R = 29.5 ohms

X, = 66.9 ohms (at 100 mc)

Using straightforward algebra
in conjunction with the basic form-
ulas for the impedance of parallel
circuits, it can be shown that the
equivalent shunt capacitive react-
ance X, is

Xo = (X2 + RY)/X,, where X, and R

are the series circuit constants

X = [(66.9) + (29.5)7/66.9

Xa = 5,355/66.9 = 80 ohms

This capacitive reactance of 80
ohms will be tuned out by the in-
ductance of the tank when the tank
is parallel resonant. The capaci-
tance of the tank and tubes, as pre-
viously calculated, is 160 4+ 44 or
204 puf. This represents a capaci-
tive reactance of 7.8 ohms at 100
me. The tank inductance X, must
be sufficiently large to look induc-
tive by 80 ¢ohms considering this
7.8-ohm capacitive reactance. The
following relationship exists con-
sidering the parallel circuit formed
by the tank inductance X, and the
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loading capacitance of 7.8 ohms.

I XL (=47.8)/(j X1 — j7.8) = j 80
7.8 X =624 —80 X,
87.8 X1 =624

X1 = 7.1 ohms

The required inductive reactance
can be computed in the same man-
ner for 88 and 108 me. If this
computation is done for all four
configurations shown in Fig. 5, the
design limits in tuning reactance
values required for the tank will be
established. Actually, these calcu-
lated values are high because of
the approximations employed. In
the model, an inductive reactance of
approximately four ohms was re-
quired at 100 me, assuming that the
coaxial cavity started at the level
of the top plate in the grid cylinder
and extended to the top surface of
the shorting bar.

It will be seen from the foregoing
that the required plate tank induc-
tive reactances are low and of the
order of four ohms. Values in this
range are readily obtained with
coaxial transmission line construc-
tion. In the production design
tank, the surge impedance of the
plate line is nominally 5.7 ohms
using a plate cylinder having an
inside diameter of 27§ inches and a
grid cylinder having an outside
diameter of 25% inches. The short-
ing-bar travel, including safety al-
lowances at either end of the band,
is approximately 164 inches.

The Cathode Tank

The cathode-tank impedance is
that comprised by an inductive re-
actance X,, a capacitive reactance
X., and a resistive component R.
The inductive reactance of the coax-
ial tank X, is used to tune out the
capacitive reactance X, provided by
the grid-to-filament capacitance of
the tubes and the top-plate con-
struction of the grid and filament
cylinders. The resistive component
R is that provided by the grid losses
of the tubes and bias resistors and
the resistive component created be-
cause the driver supplies power to
the load.

The driving power required is
approximately 12.8 kw (from tube
handbook data) for an output of
approximately 55 kw at a grid-bias
voltage of —450. Assuming class-C
operation with a plate current angle
of 120 degrees, the grid driving

voltage E, is

E, = 450/cos 60
E, = 450/0.5 = 900 peak v
E, =900 X 0.707 = 636 rms v
The impedance Z of the filament tank is
Z = E¥/P = 636%/12,800
Z = 405,000/12,800 = 31.6 ohms

This impedance of 31.6 ohms is
matched to the 51.5-ohm input
transmission line through a quar-
ter-wave matching transformer
made of a standard 3%-inch trans-
mission-line outer conductor and a
special inner conductor. As previ-
ously indicated, this matching sec-
tion performs efficiently through
the 88-t0-108-me¢ band. It is, how-
ever, designed for a nominal fre-
quency of 98 me.

The capacitance across the cath-
ode tank contributed by the tubes
is eight times that of a single tube,

Crubes = 8 X 48 = 384 upuf

The diameter of the top plate of
the filament cylinder is approxi-
mately 22 inches, and the spacing to
the top plate of the grid cylinder 24
inches. The approximate capaci-
tance contributed by the tank con-
struction is

Ctank 2244 KA /d

K
A

0
é.l‘i X 22%2/4 = 380 sq in.
Crank = 0.2244 X 380/2.5 = 34 upf

The combined capacitance of the
tubes and tank in parallel is ap-
proximately 384 + 34, or 418 uuf.
This capacitance represents a ca-
pacitive reactance of 3.8 ohms at
100 mc which, in turn, is tuned
out by the inductive reactance of
the tank. The design limits are ob-
tained by computing the capacitive
reactance for 88 and 108 mc and de-
signing the coaxial tank to give an
equal and opposite reactance.

In the model, the cathode tank im-
pedance at 100 mc is 2.9 ohms, as-
suming that the coaxial tank starts
at the level of the top plate in the
filament cylinder.

In the production design, the
cathode tank has about 7.6 ohms.
The inside diameter of the grid
cylinder is 25 inches and the outside
diameter of the filament cylinder 22
inches. The travel of the shorting
bar in the cathode, including a
safety allowance, is about 16% in.

REFERENCE
(1) R. L. Norton, B. O. Ballou, and
R. H. Chamberlin, KSBR’s 50-Kw High-
Band F-M Transmitter, ELECTRONICS, p
30, Oct. 1947.
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Balcony view of part of the $7.000,000 equipment display at the Grand Central Palace during the 1949 IRE national
convention in New York City March 7-10

IRE National Convention

Biggest meeting in the 37-year history of the Institute of Radio Engineers drew attendance
of 16,160. Seven million dollars worth of equipment was displayed. Most exhibits lived
up to convention slogan, “Spotlight the New”

HE STATISTICAL SUCCESS of this
Tyear’s national IRE convention
is already history. During the four-
day meeting, held in the Commo-
dore Hotel and Grand Central
Palace in New York City, March
7-10, over 16,000 scientists, engi-
neers and technicians interested in
the field of electronics witnessed the
multimillion-dollar show which was
prepared for them.

In all, over $7,000,000 worth of
equipment was on display. This col-
lection of gear was spread over
three floors of the block-long Grand
Central Palace in 220 exhibits.

Annual Awards

At the President’s luncheon hon-
oring incoming IRE president
Stuart L. Bailey, Civil Aeronautics
Administrator Delos W. Rentzel
briefly outlined a program for new
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aids to air navigation. In his talk,
Rentzel described navigational aids
now in use in commercial air lines,
including ILS and GCA landing
systems. He predicted that such de-
vices would eventually be within the
reach of private aircraft owners,
and that air lines would soon be op-
erating on dependable precision
schedules.

At the annual awards banquet
Ralph Bown of the Bell Telephone
Laboratories was this year’s re-
cipient of the IRE Medal of Honor
for his extensive contributions to
the field of radio and for his leader-
ship in Institute affairs. Claude E.
Shannon, also of BTL, received the
Morris Liebmann Memorial Prize
for original and important contribu-
tions to the theory of the transmis-
sion of information in the presence
of noise, and R. V. Pound of

Harvard University was presented
with the Browder J. Thompson
Memorial award for his paper
“Frequency Stabilization of Micro-
wave Oscillators.”

Thirty-one IRE fellowship awards
(ELECTRONICS, p 140, January)
were presented at the banquet.

The main speaker of the evening
was Frank Stanton, president of
the Columbia Broadcasting System,
who discussed television and its
qualifications as an almost perfect
mass medium. Stanton was intro-
duced by toastmaster Raymond F.
Guy (NBQ).

Technica! Papers

About 170 technical papers (p
138, March) were presented during
the four-day meeting. Particular
emphasis was placed on television,
instruments and measurements,
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IRE president Stuart L. Bailey (right) presents Medal of Honor to Ralph Bown for
his original and important contributions to the field of radio

Highlights

electronic computers, navigation
aids, and nucleonics.

In a symposium on Electronic
Computing Machines one of the
most talked about papers of the
convention was presented. It de-
scribed a computer which is capable
of being programmed to play a
game of chess.

Among the relatively new de-
velopments discussed during the
Components and Materials technical
session was a new class of plastics
that are known to have substantial
and predeterminable electrical con-
ductivities.

Highlighting the third Instru-
ments and Measurements session
was a paper describing a special
tungsten-filament X-ray tube which
is energized at rates as high as 150
pulses per second at 150 kv and 60
amperes by a circuit similar to a
radar line-type modulator.

UHF television was discussed at
two separate technical sessions.
One speaker predicted 1 to 13 years
before commercial use of these fre-
quencies for television is a reality,
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while another thought a period of at
least 3 years would be required.

Exhibits

On the third floor of Grand
Central Palace the spasmodic click-
ing of nuclear instruments and the
periodic beeping of the Army’s
moon radar mock-up blended with
the rattle of machine guns and
bomb explosions coming from the
Air Force’s packaged movies, which
depicted advancements in modern
warfare methods.

Another noise maker, which,
though not strictly electronic in
nature, attracted considerable at-
tention, was the Navy’s dropping-
ball test for determining the impact
resistance of different materials.
The material which proved to be
most impervious under these tests
was, strangely enough, a glass com-
position which showed practically
no effect when hit with the drop-
ping ball.

The Signal Corps displayed a
miniature village in which sub-zero
weather conditions were simulated

even to the extent that real snow
was produced. Another exhibit fea-

tured a cigarette-package-sized
transmitter using sub-miniature
components.

The second floor, where ELEC-
TRONICS had a booth, rang with the
highs and lows of high-fidelity
music as sound-system manufactur-
ers displayed their wares in rooms
just off the main exhibit area. This
floor was dotted generously with
component displays of every de-
scription, and a number of custom-
built and build-it-yourself television
receivers were shown. Television
antennas were everywhere.

The main floor had the usual
multi-booth displays. In one corner
of the floor a cathode-ray tube indi-
cator flashed blinding 20,000-volt
pictures, while out in the center,
taking advantage of the high ceil-
ing in the Palace, a transmitting
antenna company had erected a two-
story tower all decked out with ap-
propriate beacon lights.

Proving claims that new speakers
and pickups would be “unaffected
by excessive moisture and humid-
ity”, a complete phonograph operat-
ing amid a school of live (though
somewhat bored) goldfish in a
glass-sided aquarium filled with
water was exhibited.

A time-proven crowd collector,
the one-armed bandit, gave booth
visitors an opportunity to test their
luck in a television console game of
chance. Special slugs were pro-
vided, one at a time for each partici-
pant, and when the machine payed
off, the slugs were redeemable for
chances on the console at the rate of
ten slugs per chance. This popular
sport was discontinued midway in
the show, however, due to a legal
technicality.

Three exhibitors gave engineers
a chance to experience the feeling
of being on the high-salaried end of
television cameras. Three cameras,
and their associated monitoring and
viewing screens, kept constant
vigil on the crowds. One camera,
stationed at the railing of the
balcony, was equipped with a
Zoomar lens for close inspection of
the main-floor exhibits.

A completely-equipped mobile
television pick-up bus was parked in
the freight room for inspection.—
J.D.F.
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Beam-Deflection
MIXER TUBES for UHF

Deflection techniques applied to a mixer tube may permit operation of a television receiver

up to 900 megacycles with performance superior to that of present receivers in regard to

signal-to-noise ratio, oscillator radiation and gain

By E. W. HEROLD and C. W. MUELLER

RCA Laboratories Division
Radio Corporation of America
Princeton, New Jersey
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FIG. 1—Simplified beam-deflection tube:
(A) schematic view; (B) enlarged view at
intercepting edge

FIG. 2—Equivalent circuit of beam-deflec-
tion tube with noise generators and input
resistance indicated
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FIG. 3—A comparison of three methods of design and mixer operation for beam-

deflection tubes.

The method at the right gives high gain and an equivalent noise

resistance not very different from that of amplifier operation, shown at A
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MPLIFIER AND MIXER tubes
using beam deflection have been
proposed in the past but the devel-
opment to be described is among the
few which appear to have marked
advantages over more conventional
tubes at the higher frequencies.
The present work started* be-
cause of an interest in multistage
secondary-emission amplifier tubes,
which require a higher ratio of
transconductance to current than
can be obtained with grid control.
It was later found that beam-deflec-
tion tubes were advantageous by
themselves, particularly for achiev-
ing a high signal-to-noise ratio in-
dependently of the use of a second-
ary-emission multiplier. Since it
had already been shown that beam-
deflection control was particularly
well suited for superheterodyne
mixer tubes,” this method of opera-
tion was given most attention.

Beam-Deflection Control

The general principles of beam-
deflection control for amplifiers are
perhaps most easily understood by
reference to Fig. 1A, which shows
a simplified beam-deflection tube.
An electron gun forms a beam of
rectangular cross section which
passes between two deflection plates
and is focused onto an intercepting
edge. When deflection occurs, more
or less current reaches the output
anode so that an input V,, which is
applied between the deflection
plates, causes a change in output
current. Modifications, such as
either a suppressor for secondary
electrons, or use of an electron mul-
tiplier ahead of the anode, or addi-
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FIG.

tional pairs of deflection plates, are
not shown but can be advanta-
geously incorporated.

The reason a rectangular beam is
used will be seen from Fig. 1B
which indicates how the transcon-
ductance of such a device can be
determined. The drawing shows
an enlarged view of the electron
beam as it reaches the intercepting
edge on which it is focused. When
the beam is deflected a small dis-
tance, du, at the intercepting edge,
a cross-sectional area, W dz, of
beam is allowed to pass. This leads
to an incremental change in anode
current dl,, which is the product of
this area and the current per unit
area, 7,, otherwise called the current
density: thus

dl, = j; W dr.
Dividing this expression by the

incremental deflection voltage, dV,,
gives the transconductance

_daly . dx
=gy, TV gy,
= WS (0

where S is the deflection sensitivity.

The total current in the beam,
I..x, 18 the product of the entire
beam area with the current density
i

Iymax = ji W B (2)

Although j, may vary across the
beam thickness, the equation Iis
made valid by defining B as an
effective thickness and letting 4.
represent the current density at
the center of the beam. It is seen
that the ratio of transconductance
to current is S/B, which is inde-
pendent of everything except de-
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4—Group of experimental beam-deflection tubes

flection sensitivity and effective
beam thickness. To appreciate the
significance of this, it must be re-
membered that for ordinary grid
control the initial velocity distribu-
tion of electrons limits the ratio of
transconductance to current to a
value of about 10 volts™ theoreti-
cally, and 1 to 3 volts™ practically.
Beam deflection tubes, on the other
hand, have been made to have a
ratio of several hundred and are
limited only by the practical difti-
culties of aligning a thin beam.

From Eq. 1, it is seen that the
important factors in determining
the transconductance are the beam
width, W, and the current density
7.. To maximize these, the pencil-
like beam and spherical lens optics
of the cathode-rayv or television pic-
ture tube is replaced in the present
case by a rectangular beam with
cylindrical optics to produce a high
current density image. It is known®
that the maximum achievable cur-
rent density for a line focus is
limited by the distribution and ran-
dom direction of initial velocities of
electrons from the thermionic cath-
ode to approximately

172

Tmax %jo—%— (;—;::') sin 6 (3)
where 7, and T, are current density
and temperature of the thermionic
emitter, V, is the beam voltage at
the focus and 4 is the angle (from
the axis) at which the beam con-
verges upon the focus point. For
practical deflection tubes, which
have a lens system and deflection
plates between the object and image
(see Fig. 1) 4 will be small and can-

not exceed D/2L where D is the de-
flection-plate spacing and L is the
distance from the deflection plates
to the focus point (the “lever arm”
of the detlection system). Thus,
for an oxide-coated cathode at 1,000
K, Eq. 3 reduces to approximately

Jmax = 1.9 11/ (3A)

The low-frequency deflection sen-
sitivity, using a modification of a
standard formula,' is

LLi (_Io_)“"" n
2DV, i

where L, is the length of the deflec-
tion plates (assumed short com-
pared to L), and V, is the average
voltage of the deflection plates,
while V, is the voltage of the subse-
quent parts of the system. Using
Eq. 3A and 4 in Eq. 1, the maximum
low-frequency transconductance bhe-
comes

S =~

. Ly, P
gmax = 0.9550 IV V1 (3)

This is independent of deflection-
plate spacing and lever arm length
but does depend on L,, the deflection
plate length.

For the higher frequencies, it is
found that the useful length of the
deflection plates is limited by the
transit time. If this time is longer
than one-half period of the applied
frequency, the deflection field re-
verses during the time of transit
and begins to cancel the deflection
markedly. At a transit time equal
to one-half period, the deflection is
already down to a little over half

that of Eq. 4 above! Since the
transit time in seconds over the
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length L, (in em) is given by « =
L7 % 10°° L,/V}, if we let this equal
one-half of the period of the applied
frequency, f, the L,/V,t in Eq. 5 is
replaced by a quantity proportional
to the reciprocal of frequency. In-
serting this quantity in Eq. 5, and
putting in the proportionality con-
stant which includes the approxi-
mate loss in deflection, gives

185, W
B e (6)
where j, is in amperes per em?, W is
in em, and the frequency is in meg-
acycles. When a beam-deflection
tube is used as a mixer, the best
conversion transconductance is be-
tween 50 and 60 percent of this
amplifier transconductance (see
later discussion).

It is worth examining Eq. 6 to
determine the practical limitations
on the quantities which are con-
tained in it. These may be listed as
follows: (1) The oxide-coated
thermionic cathode limits the trans-
conductance both through its tem-
perature (which appears in the
multiplying constant) and through
its current density, j,, which has an
upper limit depending upon the life
desired from the tube. (2) The
beam width, W, is limited to such
values which can still be aligned
with an intercepting edge. (3) The
deflection plates cannot practically
be made as long as desirable for the
lower radio frequencies because of
contact potential variations over
their surface, which produce ran-
dom deflections and distort the
beam. Thus, one cannot attain the
transconductance of Eq. 6 at low
frequencies. (4) One ecannot or-
dinarily use a beam which grazes
the deflection plates, as required by
the derivation above, because of
electron-optical aberrations and be-
cause, at high frequencies, there is
then a serious increase in noise in-
duced in the input circuit by the
beam.

Jmax = mhos

Signal-to-Noise Ratio

The fluctuation noise generators
are shown in Fig. 2, in which the
output noise is shown as the same
as the temperature-limited shot
noise formula.® Some of the early
tubes had noise in excess of this
due to a new phenomenon called
“space-charge interaction noise”
which was substantially eliminated
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FIG. 5—Schematic cross section of double-deflection, nonradiating mixer tube

by a reduction in beam length in the
later designs. As in all tubes at
high frequencies, a second major
source of noise is found in the in-
teraction of the beam with the
input (deflection plates). For-
tunately, when a balanced input cir-
cuit is used, the noise effects are
largely balanced out and the equiva-
lent shot-noise current, I,,, of Fig.
2, is of the order of only 10 percent
or less of the beam current. Since
the beam current itself can be made
small without loss of transcon-
ductance, this gives the deflection
tube a large advantage over grid
control or velocity - modulation
tubes.

Since the signal-to-noise ratio is
also dependent on the input re-
sistance, Fig. 2 also shows this as a
resistor comprised of the parallel
electronic input conductance g, and
the ohmic conductance (due to cir-
cuit loss go. The former is or-
dinarily negligible in comparison
with the latter because of the small
beam currents, which is again in
contrast to conventional tubes. In
beam tubes, there is no relation be-
tween the electronic loading and the
induced input noise in a balanced
input circuit.

The signal-to-noise ratio is best
expressed in terms of the noise
factor, which depends chiefly on the
ratio of equivalent noise resistance
to input resistance.® The former is
given by

2011, _
4hTrgm

201,

gm?

Req =

where T, is room temperature. As
an amplifier, maximum transcon-
ductance will occur when the beam
is split in half by the intercepting
edge so that I, = % I,,,, and

Req] . JUomes,
amplifier = Gm”

In the experimental tubes, values
of equivalent noise resistance of
the same order as conventional am-
plifier tubes were obtained but with
very much higher input resistance
and much lower capacitances.

™

Mixer Operation

Figure 3 shows three possible
ways of designing and operating
the beam-deflection tube as a mixer,
assuming additive deflection by
signal and local-oscillator voltages.
Their characteristics can be cal-
culated by one of the usual meth-
ods.” Figure 3A is the conventional
method, which leads to low gain and
high equivalent noise resistance. By
use of an aperture and phase-
reversal conversion, the gain limita-
tion can be overcome as in Fig.
3B, whereas the use of an inter-
cepting wire as in Fig. 3C allows
both low noise and high gain to be
achieved.?” For the Ilatter -case,
Fourier analysis shows that the
average mixer anode current is only
17 percent of the beam current and
the conversion transconductance is
50 percent of the amplifier g,.. Thus

201, 14 I \

Req] mixer = g2 Gm® ®
which is only 1.5 db higher than
the amplifier value of Eq. 7 (point
A in Fig. 3C). This is very remark-
able compared with conventional
mixer tubes which always have
much poorer signal-to-noise per-
formance than amplifier tubes. In
the present instance, experimental
work was done on both amplifier
and mixer beam-deflection tubes
but, since it was found possible to
overcome all the major disadvan-
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tages of the mixer, this type was
emphasized.

Experimental Tubes

A photograph of some of the
tubes which were made is shown in
Fig. 4. At the extreme left is an
early amplifier tube with a multi-
stage electron multiplier. An ex-
perimental tube similar to the one
in the photograph, but with a
b-stage electron multiplier, was
built before the war' and had a
transconductance of 100 milliam-
peres per volt, a plate current of
only 5 milliamperes, an input ca-
pacitance of only 1.5 puf, and an
output capacitance of 3.5 puf. Such
a tube is capable of amplifying a
band of 300 me with a gain of 10,
which is about thirty times as good
as a conventional 6AKS5.

The next two tubes in the photo-
graph are early mixers and ampli-
fiers using one-stage multipliers
and particularly designed for high
signal-to-noise ratio in the 300 to
1,200-megacycle range. The fourth
tube is the type 1636, a 400-600
megacycle mixer which was pro-
duced for a time during the war but
is now found only on surplus lists.
The large metal tube is a 10,000-
megacycle mixer with a built-in
resonant cavity and a multiple de-
flection system consisting of tinyv
wires. Work at this frequency was
slowed up when crystal mixers be-
came 80 successful. The last tube,
at the right, is a recent experi-
mental tube for 300-1,500 mega-
cycles in which local-oscillator
radiation was eliminated. This tube
is illustrative of the more recent
type of experimental construction
which has been used and so will be
described in detail.

Deflection Elements

Figure 5 shows a cross-sectional
view of the electrode arrangement.
Two sets of deflection plates are
used, the first pair for the signal
and the second for oscillator volt-
age. One of the unique advantages
of beam deflection is that such a
separation is possible without loss
in signal-to-noise ratio, such as oc-
curred when pentode mixers were
replaced by pentagrid mixers and
converters, A shield between the
two sets of deflection plates elimi-
nates all coupling except a negli-
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gible amount through the central
aperture. The signal plates are
brought out through a pair of heavy
parallel leads, in balanced fashion,
while the oscillator deflection leads
are brought out through a coaxial
arrangement,

The electron gun is composed of
a cathode and two narrow slits op-
erated at +300 volts with respect
to cathode. The electrostatic field
between the last of the slits and the
first set of deflection plates (which
are at +140 volts, approximately)
is used as a lens and focuses the
beam. The second pair of deflection
plates are again 4300 volts, as is
the intercepting wire, which is used
in accordance with the discussion of
Fig. 8 and is only 0.004 inch
(0.01 e¢m) in diameter. The two
small apertures allow a thin beam
about 0.6 em wide and 0.01 ¢m in
thickness to enter the lens region.
The deflection plates are made suf-
ficiently short (the effective length
is 83 mm) so that the transit time is
about % period at around 1,200 me.

To minimize lens aberrations and
induced noise, the beam occupies
only about 3 of the spacing between
deflection plates, It is of interest
that the input capacitance is only
a little over 1 puf, most of which
is in the leads.

This tube uses a suppressor and
output anode, since no electron
multiplier is needed to obtain the
required performance. Since the
war, tubes of similar construction
have been made with verv small
two-stage and four-stage electron
multipliers; they are similar in per-
formance and external appearance
to the right-hand tube in the photo-
graph, except for much higher gain.

It is of interest to compare the
performance of such a tube, with-
out multiplier, with the theoretical
values derived above. The cathode
current density was about 150 ma
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per cm® and the beam current
through the two fine slits was 200
microamperes. If the deflection
plates are placed at minimum spac-
ing, so that they are grazed by the
beam, Eq. 5 shows that

gmax = 0.95 X 0.150 X 0.6 —1—%)%2—
= 2.2 ma per v.

Since the deflection plates actu-
ally were spaced by about 3 times
the grazing distance, we would ex-
pect about 3 of this or 0.7 ma per v.
This is approximately the very best
of the measured low-frequency
values, but the average of a number
of tubes is about 0.5 ma per v. The
theoretical 1,200-megacyele value
(Eq. 6) is about 60 percent of these
figures, due to the transit-time loss.

Using Eq. 8, the mixer equivalent
noise resistance of an average tube
at 1,200 megacycles is computed to
be 30,000 ohms. Since the input
equivalent shunt resistance (which
was almost entirely due to lead
loss) was independently measured
to be of the order of 20,000 ohms,
if the induced noice is assumed to
be about 10 percent of the shot
noise in the entire beam, the mini-
mum noise factor (using Eq. 30 of
Reference 6) is

Rin

Y (72) + (72) + 20 s
=12 (or 10.8 db )

This is within a few tenths of a
db of the average of measurements
on an overall receiver in which each
of a considerable number of tubes
was tested. The best tube tested,
which had close to the theoretical
transconductance, gave an overall
noise factor about 2 db better. A
curve of overall noise factor versus
frequency for this receiver, using
an average tube, is shown in Fig, 6.
The noise factor, of course, is a di-
rect measure of noise-to-signal
ratio, since it compares the actual
ratio to the minimum existing in
the antenna. Because of the in-
terest in 500 to 1,000-megacycle
television, comparative curves are
given for a typical crystal mixer
system using a 120-megacycle inter-
mediate-frequency amplifier which
has a 6AK5 pentode as first tube.
The 6AK5 pentode noise factor is
also given in the figure. The beam-

Feate =1+ 2 +
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deflection tube, over the 500-1,000
megacycle range, is substantially

better than the other receiving
methods.
With respect to freedom from

local oscillator radiation, a table has
been prepared showing the relation-
ship of the beam-deflection mixer,
of the type described, to other re-
ceiving systems. Table I shows that
the radiation of the beam-deflection
mixer as measured is sufficiently
small to be called negligible for tele-
vision service.

The comparisons of the table are
made with the type of receiving sys-
tems in common use or commonly
proposed for television service. In
contrast to the crystal mixer, which
would radiate enough from a dipole
to give a field of several millivolts
per meter at 100 feet, the beam-
mixer radiation would be well below
the noise level of a nearby television
receiver, provided the local oscil-
lator itself is sufficiently well-
shielded.

Table I—Local Oscillator

Radiation
Receiver R-F | I-F| Micro-
System me mc | watts
Radiated
6ACT Mixer | 50-100 10 700.0
Triode R-F 50-100 | 20 0.2
Stage
Crystal Mixer/500-1000] 120 100.0
Beam-Deflec- |500-1000! 120 0.02
tion Mixer

The addition of a 1, 2 or 4-stage
electron multiplier, in place of the
suppressor and anode, increased the
gain by a factor of 4, 10 or 100,
respectively, but the signal-to-noise
performance was found to be sub-
stantially unaffected. Though a
small increase in noise factor had
been anticipated due to multiplier
noise, this was not apparent.

Constructional Details

An important feature of tubes of
the type described is the mechanieal
arrangement of parts. In the earli-
est work, cathode-ray tube tech-
nique was used, but was relatively
unsatisfactory for the rectangular
type of beam employed. Consider-
able credit must be given to two
RCA Victor engineers, N. H. Green
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and W. H. Warren, who proposed
a novel mechanical arrangement
which was modified to meet the ob-
jective of the beam-deflection mixer.
The photograph of Fig. 7 shows a
view of the complete assembly and
some of the parts of the tube. The
entire assembly is based on the two
metal stampings shown, which are
welded together to form a rigid
frame.

The deflection plates are made of
pieces of mica wrapped with foil
made of gold to eliminate chemical
contamination on the surface. These
deflection plates are riveted to the
frame to assure alignment. The

FIG. 7—Internal structure, frame stamp-
ings and deflection plates of experimental
beam-deflection tube

small intercepting wire is also ac-
curately aligned with the electron
optical system by means of this
frame. All parts, including the en-
velope are nonmagnetic. The com-
plete assembly is shown in the
photograph with the cathode end
at the left and the signal-deflection
plates brought out through the
heavy central leads for the signal
input. The local-oscillator deflection
plates are shown to the right of the
central shield and are brought out
single-ended fashion through a co-
axial connector at the right of the
photograph.

In spite of the great accuracy
with which the parts are aligned
using the metal-frame technique, it
was found that the transconduct-
ance and noise factor of some
tubes could be improved by use of
a fixed, correctly-oriented, nonuni-
form magnetic field, such as from a

very small bar magnet, By using a
cathode-ray tube characteristic
trace, it could quickly be determined
whether such a magnet would give
an improvement in transconduct-
ance and its proper orientation
could be found. On some tubes,
therefore, this correcting magnet
was soldered permanently in place
on a stainless-steel envelope and was
found to be entirely satisfactory
under all normal operating condi-
tions.

Conclusions

The work which was done in the
application of beam-deflection prin-
ciples to amplifiers and mixers has
shown clearly that these principles
are advantageous for reception
above 300 megacycles. On the other
hand, the limitations which were
encountered are such that it is not
likely that a beam-deflection type
of tube can compete in performance
with grid-controlled tubes below
30 megacycles, except for special
applications. Limited experience
obtained during the war in building
small quantities of beam-deflection
tubes has shown that many produc-
tion problems must be solved before
such tubes can be considered ready
for commercial manufacture. Such
tubes, at present, are still in the
laboratory stage.

Contributions to the tube develop-
ments described herein were made
by many colleagues at RCA Labo-
ratories and the RCA Victor Di-
vision at Harrison among whom
may be mentioned H. A. Finke,
H. C. Thompson, H. Schwalbach and
K. McLaughlin. Much of the work
was supported by Signal Corps con-
tracts during the recent war and,
in one case, by a Navy contract.
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High-Speed Production of
METAL KINESCOPES

New techniques employed in the manufacture of 16-inch and other television-receiver

picture tubes reduce the cost of such glass-and-metal types. Single-platform tilting tables

have been replaced by a series of continuous settling belts

By H. P. STEIER and R. D. FAULKNER

HE TYPE 16AP4, a 16-inch metal-
Tcone kinescope now in produc-
tion at the RCA Lancaster Plant,
involves several innovations. The
tube is designed for high-speed
mass production on automatic ma-
chinery combined with rigid proc-
essing controls to produce a type
with high quality and performance
that lends itself readily to low-cost
circuit designs.

Material Selection

The metal-cone construction is
one of several unique features of
the type 16AP4. It has made pos-
sible, without sacrificing bulb
strength, the use of a face plate
made of relatively thin glass of high
optical quality. The metal for the
cone was selected on the basis of its
glass-sealing properties; after con-
siderable experimentation a modifi-
cation of a high chromium-bearing
commercial alloy, SAE type 446,
was chosen. In addition to its ex-
cellent sealing properties, this alloy
has good corrosion resistance and
high strength.

The material used for the face
plate of the metal kinescope is
another innovation in the manufac-
ture of cathode-ray tubes. In all-
glass kinescopes, face plates are
usually made by blowing or press-
ing molten glass against iron molds.
Faces made by this method may
have rough surfaces and often con-
tain visible foreign particles which

ELECTRONICS — May, 1949

RCA Victor Div., Harrison, N. J.

reduce the quality of the television
picture. The new tube face plate,
even though it must withstand an
atmospheric pressure of about 3,000
pounds, can be made of high-quality
window glass only %-inch thick be-
cause of the support supplied to it
by the metal sealing flange. An
additional feature of the face plate
is its uniform curvature from
center to edge. In conventional all-

glass tube construction the curva-
ture increases near the periphery
and limits the useful face-plate
screen area.

The glass neck assembly is made
of lead glass No. 0120, which has a
high electrical resistance. The seal-
ing and annealing properties of this
glass permit its use with the
chrome-iron cone; it also seals read-
ily to the stem glass containing the

A conductive coating is applied by means of a brush to the glass neck and metal-cone
assembly
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The single-platform tilting tables shown in the foreground were formerly used to settle screens. New settling belt in the background
shows tubes (right) in the pouring position as fluid remaining after settling is automatically drained out. During transit along the belt
fluorescent powder settles from a water suspension

connector leads. The high resist-
ance of the glass provides required
insulation between the deflecting
yoke operating at ground potential
and the internal conductive coating
operating at an anode potential that
may be as high as 15,400 volts, the
absolute maximum rating.

Sealing Operation

One of the most important re-
quirements in the development of
the metal kinescope was that it be
capable of manufacture on modern
high-speed automatic equipment.
Accordingly, the sealing operations
were designed to require the mini-
mum amount of time and attention.

The glass neck assembly is sealed
to the metal cone with a butt seal.
The parts are held in accurate
alignment by an interior mandrel,
The entire sealing and annealing
operation is accomplished on auto-
matic equipment in a few minutes.
The face-plate sealing operation,
on the other hand, is more difficult
because the strength of the finished
tube depends to a large degree on
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the quality of this seal.

After much experimentation an
automatic sealing operation was de-
veloped that only required close con-
trol by an operator during the final
shaping of the seal. The sealing
operation consists of placing the
preassembled unit onto one head of
the sealing machine, preheating the
face-plate glass with gas fires as
the machine indexes, and then heat-
ing the metal contact with the glass
to approximately 1,200 C. After
these operations, the sealed unit is
carried through an oven where the
glass and metal temperatures are
equalized at a value near that for
the annealing point of the glass.
The finished unit is then removed
from the machine.

Because the mechanical strength
of the tube is extremely important,
a percentage of the envelopes are
taken from the production line and
pressure checked. Statistical con-
trol methods are used in all such
sampling. The samples are tested
with an air pressure of 60 pounds
per square inch (4 atmospheres), a

value that is one atmosphere
greater than the test pressure the
finished tube is required to with-
stand. This figure provides a desir-
able margin to compensate for any
loss in strength during subsequent
processing.

Screen Application

A most important preliminary
step in the application of the screen
to the 16 AP4 is the thorough clean-
ing of the interior of the bulb as-
sembly. The slightest trace of dirt
or grease would prevent phosphor
particles from adhering properly to
the face plate. Handling marks
such as finger prints and etched
areas in the face plate would affect
the appearance of the screen and
the eventual television picture. In
addition, the presence of impurities
able to mix with the screen can
poison or change the emission char-
acteristic of the phosphor. The
presence of traces of metallic im-
purities, for example iron, cobalt,
or nickel, can decrease the efficiency
of the phosphor.
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Tube on exhaust cart emerging from

Copper tubulation being pinched
off by hydraulic jaws

oven.

It is interesting to note that the
limits of most chemical purification
processes coincide with the order of
magnitude of activator usually
necessary to produce efficient phos-
phors, and with the magnitude of a
poison element detrimental to phos-
phors. The magnitude of the acti-
vator or impurity is in the range
one thousand to one million parts of
phosphor to one part of activator or
impurity.

Washing the bulb assembly of the
metal kinescope, like most other
processes in its manufacture, has
been mechanized. The bulbs are
transferred from the sealing ma-
chine to the washing machine by
mesns of a conveyor belt. As the
washing machine indexes from
position to position, the bulbs are
lowered over successive sprays of
sodium hydroxide, hydrofluoric
acid, tap water, and distilled water
in order to remove all foreign
material from the bulb.

The screen is applied to the tube
by settling the phosphor from a
liquid suspension while the bulb is
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carried on a continuously moving
belt advancing at the rate of a few
inches per minute. The settling
solution is introduced at one end of
the belt and decanted at the opposite
end when the belt moves over a
large pulley. On the underside of
the belt the sides and neck of the
bulb is washed to remove any
residual screen material and the
screen is then dried. Because a
high-quality television picture re-
quires that the screen be free of all
defects such as spots, holes, or col-
ored areas, all screens are inspected
by transmitted light, reflected light
and ultraviolet radiation before the
next manufacturing step.

After screen inspection, graphite
coating is applied to the inside of
the glass neck assembly. This coat-
ing connects with the metal cone
and is the conductor that maintains
the inside of the glass neck and
glass cone at the same potential as
the metal cone. The bulb assembly
is then baked to insure the adher-
ence of both screen and coating to
the glass.

Electron-Gun Mounting

The electron gun of the type
16AP4 is a tetrode type with heater,
thermionic cathode, control grid,
screen grid, and No. 3 grid, and in-
corporates a tilted-lens ion trap.
The gun is very similar in design
and construction to that used in the
type 10BP4 and utilizes the same
assembly methods. Gun mounting
is one of the few operations in kine-
scope manufacture requiring hand
labor, but through the use of jigs
and work-simplification methods a
high rate of production with ex-
treme accuracy has been obtained.

The gun mounted on a glass stem
is joined to the bulb assembly by
melting the glass neck of the bulb
and fusing it to the glass of the
gun stem. This operation is per-
formed on automatic equipment
that requires an operator only for
loading and unloading.

Exhagust and Basing

One of the most important opera-
tions in the manufacture of cath-
ode-ray tubes 1is the exhaust
process by which the air is removed
from the tube and the cathode acti-

vated. Until a few years ago cath-
ode-ray tubes were exhausted
one at a time on what was essen-
tially laboratory equipment. Now,
however, automatic equipment per-
forms this operation.

Complete tube exhaust systems,
mounted on carts, are slowly moved
through a high-temperature oven
and as the tube moves from position
to position in the oven, the various
exhaust processes are performed,
electrical power being supplied to
the electrodes of the tube by means
of sliding contacts. At the end of
the exhaust cycle the copper tubula-
tion in the stem of the tube is auto-
matically pinched off and a vacuum-
tight seal produced. The tube is
then transferred by means of a con-
veyor belt to the basing reel where
the base is applied and baked with
infrared heating to cure the basing
cement. After this operation, the
leads are soldered to the base pins.

Quality Control

Before the tubes can be tested the
getters must be flashed and the
cathodes aged to obtain stable
emission. These operations are per-
formed on the conveyor belt that
carries the tubes from basing to
testing.

Each tube is individually oper-
ated and inspected. The test oper-
ator not only checks the physical
and electrical characteristics of the
tube, but also inspects its overall
quality and appearance. Each tube
is painted while on the conveyor
line that carries it to the packing
department for packing and ship-
ping.

To insure standard quality a
sample lot of each day’s production
is set aside for additional tests
prior to tube shipment. Some tubes
are pressure-tested at 45 pounds
per square inch to evaluate their
strength ; some are subjected to life
test to determine how they will
operate throughout life and others
are stored for a period of time and
then retested. If the tubes fail
to pass any of these tests, a larger
number of that same day’s produc-
tion is tested and if they, in turn,
also fail to pass the tests, that day’s
production is either rejected or
tested 100 percent.
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Stable TEN-LIGHT

Six-stage ten-light decade counter uses by-passed cathodes and special coupling circuits to

ensure positive trigger action for counts up to 200,000 per second. Component tolerance

limits are extremely wide, and no special input pulse shaping is required

EN-LIGHT DECADE SCALERS,

which are more convenient to
use than binary scalers, are usually
either prohibitively complex, or
not reliable enough for certain ap-
plications. The scaler described
here employs only six stages to pro-
vide dependable ten-light decade
counting up to 200,000 counts per
second with line voltages between
80 and 150 volts, an unregulated B

supply, and wide tolerances for
nearly all components. Faster
operation may be achieved with

slight alterations.

The circuit uses a ring of five
binary elements followed by a scale-
of-two stage, as shown in Fig. 1.

Input pulses may vary in amplitude
and shape over a wide range be-
cause of the by-passed cathode in-
terstage coupling method used be-
tween the Eccles-Jordan pairs.
Figure 2 shows the circuit for a
complete decade. Capacitor toler-

INPUT

vo [OUTRUT
RING OF FIVE

FIG. 1—Block diagram of simple ten.

light decade scaler

ances are very broad, even the most
critical allowing half or double the
design center value. The most crit-
ical resistor is R,, which must be
held to a tolerance of +10 percent.
Other resistors may have much
greater tolerances.

Circuit Operation

In the following explanation, sub-
scripts L and R refer to left and
right triode sections. The normal
condition is conduction in the left
triode with the right side cut off.
The reverse or odd condition exists
as a steady state in only one element
at a time and advances to the right
by one element for each count, a
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FIG., 2—Complete circuit diagram of decade counter,

The double diode in the scale-of-two circuit increases reliability of trigger

action, but it may be dispensed with in some applications
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DECADE SCALER

By RICHARD WEISSMAN

Development Engineer
Nuclear Instrument and Chemical Corp.
Chicago, Illinois

count being represented by one
input pulse.

Cathode resistor R. is chosen to
effect the desired voltage on the
common right-hand cathode bus
with only one right-hand section
conducting. Resistor R, effects the
same voltage drop with four left-
hand sections conducting. The left-
and right-hand cathodes are split
in this manner to assure that the
odd condition will exist in only one
element at a time.

Assume that V, is the odd tube
and it is desired to advance the odd
condition to V,. This can be done
by a negative pulse either at grids
G.z or at G,,. The negative input
pulse through C, appears at both
places, initiating the desired change
in both V, and V.. The flip-flop
action in both tubes aids the input
pulse in this respect. Since the
cathodes are by-passed, input pulses
through C,, C;, C,, and C; are effec-
tively shorted out through the re-
spective plates P,;, P.., P,., and P,
before the transition, while during
transition the pulse through C; is
still shorted out by P.,. Any tend-
ency for the input pulse at
G, appearing via C,, C, and C. to
cut-off P, is overcome by the input
pulse at G.r, in addition to being
over-ridden by the positive pulse
from P,;.

As long as the input pulse rise
time (before or after the pulse is
differentiated by capacitors C, and
C, through P., and P,,) is short
enough in comparison with the
transition time and the pulse is of
sufficient amplitude, wide variations
may be permitted in pulse height
and shape as well as in the values
of interstage and input coupling
capacitors.

The scale of two, represented by
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Front view of scaler unit for use with Geiger-Muller radiation detector

Ve, is coupled to the ring by the
diode V.. Referring to Fig. 2, it
will be seen that stability requires
that one plate in the Eccles-Jordan
pair be conducting while the other
is cut off; hence either diode plate
may be at approximately plus 250
volts while the other will be at
about 130 volts. The diode cathode
will switch from plus 250 volts to
195 volts after the fifth count and
back to 250 volts after the tenth
count.

Scale-of-Two Operation

When the diode cathode goes
negative, (at the fifth count) the
negative pulse will be transmitted
only to the more positive diode
plate, the other being negative with
respect to its cathode. This pulse,
transmitted through the intrastage
grid capacitor, causes the circuit to
shift to the second stable position.
At the next input pulse, the diode
cathode will go positive, but this
pulse will appear only at a grid
whose plate is already conducting
so no shift occurs.

Thus the scale of two shifts once
every five pulses, putting out alter-
nate positive and negative pulses
for each shift; hence a negative (or
positive) pulse once for every ten
pulses.

Sufficient output from the scale
of two is available to drive directly

either a second decade or a single-
stage triode amplifier which would
be capable of operating a heavy
mechanical register or solenoid
mechanism.

Extra Components

The ten-light indicating system
involves only the use of five addi-
tional resistors of noncritical value
plus the lights themselves. Its
operation may be seen readily by
considering the voltages shown in
Fig. 2, representing the initial
state (zero count). During counts
of 5 to 9, the left and right plate
tap voltages of V, are interchanged
since at the count of 5, V, switches.
When a ring tube is in the normal
state, the right-hand plate is at
250 volts, whence it may be seen
that neither of its neons can light
since it requires 90 volts to start
the glow.

Of the two neon lights asso-
ciated with the odd-state ring tube,
only the one which returns to the
250-volt point can light, hence for
counts of 0 to 4, only the left-hand
neon of any pair can light while
for counts of 5 to 9, the right-hand
set of neons comes into action. With
this circuit there is sufficient over-
voltage to operate the neons even
at a-c line voltages as low as 80
volts; while at 150 volts on the line
the neons still funection properly.
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Wideband Television
Transmission Systems

Amplifiers and auxiliary equipment having bandwidths in excess of 40 megacycles, for
point-to-point video relay service and similar applications, are based on old theory but rep-

resent a new trend in equipment design

CAMERA EQUIPMENT
. | PICKUP-LINK TRANSMITTER
: . 1| viDEO F-M R-F
AMPLI- F3{OSCILL s AMPLI- | e
A | Fier ATOR FIER
| ’,/”
e
" //’
.~ =77 PICKUP-LINK REGEIVER ! !
I-F VIDEO | | [RADIO-] |
"l MIXER |t AMPLI- b LIMITER LadDISCRIM |l AMPLI- - LINK [t
FIER FIER |{|TRANS |}
[
T |
_______ i I
e = === TINTER-CITY RADIO LINK
| RE- e RE- 1
W/ PEATER (g4 PEATER—é
e
e
,,,,, |
|
RE- POWER TRANS -
[ Td $ VIDEO |
CEIVER ; R ITTER
i TRANSMITTER
FIG. 1—Typical elements of a wideband television transmission system
INPUT 0
OUTPUT
v
-
w
[11]
=}
w
o
z
Z
<1
(G
FREQUENCY IN MEGACYCLES
FIG. 2—Basic circuit and response of a 40-mc video amplifier using eight 6AH6 tubes

(two shown) with plate-grid feedback in each stage
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By EMILE LABIN

Federal Telecommunications
Laboratories, Inc.
Nutley, N. J.

HIS PAPER considers the band-
Twidth requirements of the
components of television networks
and describes the design of trans-
mission equipment in this field.

The complex series of transforma-
tions to which a relayed television
signal is subject are outlined in
Fig. 1. The signal at the output of
the camera is amplified in video
amplifiers, then sent through a
coaxial line or a radio pickup link
to a fixed relay station. From there,
the signal is transmitted through
radio relays or through a coaxial
line to a distant city. There the
signal is restored to its video form,
amplified again by video amplifiers
and finally applied to the transmit-
ter which broadcasts the signal to
the public.

To perform these transforma-
tions we need various tools, such as
frequency-modulated oscillators, r-f
amplifiers, i-f amplifiers, limiters,
and discriminators with bandwidths
which may have to extend, depend-
ing upon the video standards in use,
from 10 to 100 mec. The higher
figure applies to f-m transmission
of high-definition monochrome or
color pictures.

Video Amplifiers

Methods for designing broadband
video amplifiers have been extens-
ively studied, and many examples
are known. There are two outstand-
ing approaches: one uses feedback

Based on a paper presented to the In-
ternational Television Convention, Zurich,
Switzerland, ‘September 9, 1948.
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FIG. 4—Top view of the 45-mc additive amplifier pictured in Fig. 3

from a given stage to the preceding
stage, the other an artificial trans-
mission line. Figure 2 shows a
feedback amplifier having a rve-
sponse curve flat within 2 db from
60 kc to 40 me. It uses eight 6AH6
tubes and two 6J6 miniature type
tubes. The overall voltage gain ex-
ceeds 40 db into 750 ohms. The
maximum output voltage, before
limiting, is 0.5 volt.

This amplifier utilizes the input
admittance of a vacuum tube, pro-
duced by connecting its grid and
plate with a resistance, as the load
for the preceding stage of a cas-
caded amplifier. The input admit-
tance resulting from the grid-plate
resistance has a negative capaci-
tance component which subtracts
from the grid-ground capacitance

and thereby extends the bandwidth.

Although the gain-bandwidth
product of this amplifier is the same
as that of an ordinary type using
peaking coils, it possesses the great
advantage of simplicity. There is
only one coil; there is no shielding
and practically no decoupling; the
values of the components are un-

critical. The alignment of such an
amplifier is only a matter of
minutes.

Figure 3 shows the basie circuit
and frequency response of an ampli-
fier of the additive type, using an
artificial transmission line. The
frequency response is flat within 1
db from a few ke to 45 me. Figure
4 shows the construction of this
amplifier, which uses nine 6AN5
miniature-type pentode tubes and
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FIG. 3—Basic circuit and response of an additive amplifier having 45-mc bandwidth.
Four of the nine 6ANS tubes in the amplifier are shown. The voltage gain is 11 db
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has an overall gain of 11 db at a
plate current of 33 ma per tube. The
maximum output voltage is ap-
proximately 28 volts rms.

The principle of this amplifier
was proposed many years ago. It
is radically different from other
types because the total gain is not
the product of the individual gains,
but the sum of the individual gains
of each tube in the stage. It is
essentially a low-frequency travel-
ling-wave amplifier using low-pass
filter elements to couple grids and
plates in a parallel arrangement.
The input signal travels from one
grid to the next, while the signal
amplified by the first tube travels
from one plate to the next. Since
grid and plate signals arrive at suc-
cessive tubes at the same time, they
add in time phase. The amplifier
shown has proved to be very stable
and the alignment was not critical
in practice.

An amplifier built by M. M, New-
man at the Lightning & Transients
Research Institute, University of
Minnesota, illustrates the possibili-
ties of the additive circuit. It is a
one-stage amplifier which has a
voltage-gain ratio of 2.5 and is flat
within 3 db up to 250 mec. The
input and output impedances are
50 ohms. The stage actually con-
sists of ten additive sub-stages,
each one being composed of three
6AK5 type tubes. Actually, in each
sub-stage, only one tube is active,
the two others being connected for
balancing purposes. When more
gain is required, several stages of
the same type are used in cascade.
Dr. Newman has informed the
writer that he has under develop-
ment another bandwith amplifier of
the same type going up to 750 mc
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using 4 x 150 tubes.

In summary, video amplifiers of
output powers of the order of 1
watt have been built, by using exist-
ing tubes and principles, up to 50
or 70 me. In any event, low-
power video amplification is not a
limit to the use of most ambitious
video standards.

R-F Components

In the television link from the
camera to the studio or relay, it is
necessary to modulate an r-f oscil-
lator for f-m transmission over the
microwave link. This can easily
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FIG. 6—Basic diagram and response of a

120-mc i-f amplifier using six 6AKS tubes

in staggered triples. The 6-db bandwidth
is 21 mc, the gain 65 db
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be done with existing reflex kly-
strons.

Figure 5 shows the response
curve of a reflex klystron, an SCR-
12, around 5,000 mec. A linear fre-
quency displacement is obtained
over an r-f bandwidth of the order
of 40 to 50 me. Similar curves can
be easily achieved at other radio
frequencies. OQutput powers ob-
tained in this manner, of the order
of a few watts, are sufficient for
many applications. Nevertheless,
more power is desirable even at
very high frequencies when narrow
beams can be obtained with reason-
ably sized antennas.

The output power of broadband
radio links should be of the order
of 10 watts to compensate for the
increased noise generated in the
very broad band and to achieve
a sufficient margin against fades
in propagation. Radio-frequency
power amplifiers in the microwave
regions have been designed for
many years in the form of velocity-
modulated tubes. Recent efforts
have been made to extend this prin-
ciple to a design which is better
adapted to the broadband operation,
like the travelling-wave tube.

Antennas and Propagation

Microwave antennas can easily
cover frequency bands of the order
of 2 to 1 when the input impedance
of the antenna does not have to be
rigorously constant. But when the
distance between antenna and out-
put stage of the transmitter be-
comes large, the impedance match
required has to be quite accurate
and the output bandwidth of the
antenna structures is then reduced
to the order of 5 to 10 percent of
the carrier frequency. At 3,000 to
5,000-mc carrier frequency, then, a
bandwidth of 150 to 300 mc can be
accommodated.

Between the transmitter and re-
ceiver antennas, the signal travels
in space and is affected by topog-
raphy and the state of the at-
mosphere. The propagation of
microwaves is a complicated subject
which we will not treat here. How-
ever, it is entirely possible that
propagation restrictions may repre-
sent, in final analysis, the most
definite limitation on bandwidth
and the only one against which
little can be done. Frequency bands
in common use today are narrower

than 1 percent of the carrier fre-
quency. Should it become necessary
to expand to 10 percent of the
carrier frequency, the propagation
irregularities within the band may
exceed acceptable tolerances.

I-F Amplifiers

When the message is received, it
is usually transposed to a lower fre-
quency in a microwave mixer. This
operation can be done over very
broad bands, because here again,
the significant factor is the relative
bandwidth. Since noise-free r-f
amplification is difficult to achieve,
most of the gain at the receiver or
the repeater has to be obtained in
the i-f amplifier. The gain required
is generally of the order of 80 to
100 db.

Figure 6 shows the circuit and
response curve of an i-f amplifier
at 120 mc with a bandwidth of 21
mec. Figure 7 is a bottom view of the
amplifier proper. The amplifier con-
sists of six 6AK5 tubes arranged
in stagger-triples mounted on a
brass plate with top and bottom
covers. The picture shows the
simplicity of the electrical circuit
and physical configuration. The
principle of staggered stages used
to be treated, pre-war, in a qualita-
tive manner. A careful analysis of
the circuit shows that it is possible
to design accurately for much
broader bandwidth than had been
done in the past. Another i-f
amplifier, with a bandwidth of 55
mc within 3-db points and a gain of
80 db in 12 stages, is shown in Fig.
8. The amplifier in Fig. 6 was de-
signed by M. Silver, that in Fig. 8
by A. M. Levine, both of Federal
Telecommunication Laboratories,
Inc.

Staggered Damping

The second amplifier (Fig. 8)
uses the principle of staggered
damping as opposed to staggered
tuning. The input stage consists of
a grounded-grid amplifier in order
to reduce the noise factor. The com-
plete amplifier consists of four sets
of triples, making a total of twelve
stages of amplification. Each one of
the stages is tuned to the same cen-
ter frequency and has the same
coupling elements, representing a
double-tuned transformer. This
makes construction quite simple
since only one coil design and as-
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sembly is required. The only differ-
ence between individual stages is
the damping resistor across the sec-
ondary coil. In the example shown,
three values of resistances have
been chosen: 650 ohms, 240 ohms
and 180 ohms. After a triple of this
type, values of the resistances re-
peat themseives.

Limiters and Discriminators

To take full advantage of the
properties of frequency modulation,
the discriminator should be pre-
ceded by a limiter. Limiters for
very broad bands are difficult to de-
sign because the clipping action of
the limiters generate higher fre-
quencies which have to be repro-
duced if the limiter is to perform
correctly.

The limiter used with the 55-mec
i-f amplifier consists of two cascade
stages operated as very-broad-band
amplifiers. The first limiter is a
6AK5 coupled by a series shunt
video coupling network to two 6AK5
tubes in parallel. This coupling net-
work is used so that the d-c restor-
ing effect of the grids of the second
limiter removes any changes due to
averaging effect of noise. The grid
current on the first limiter is used
for the ave voltage applied to the
i-f stages. The circuit impedances
are so low in the broadband ampli-
fier that the effect of the grid cur-
rent is negligible on the limiting
action.

The discriminator uses a 6ALbS
tube as shown in Fig. 9, with line
segments as tuned elements. Line
diseriminators are capable of ex-
tremely broad bands. The one
shown has a linear voltage output
over more than a 50-me band. The
distortion of line discriminators is

espeeially small and from that point
of view they are useful not only for
television but also for microwave
links using frequency-division mul-
tiplex.

Broadcast transmitters corres-
ponding to video standards of 12 me
and supplying output power of 1 kw
at 500 mc have been designed and
one of them has been in experi-
mental operation in New York for
two years. For commercial opera-
tion, it will undoubtedly be neces-
sary to use larger powers at these
frequencies. Actually, the power
requirements will go up in propor-
tion to the bandwidth used. While
there seems to be no reason why
large powers of the order of 50 kw
could not be obtained, the industrial
realization is probably many years
off.

Home receivers with much
broader bandwidth than the ones
now used would obviously be more
expensive.

Conclusion

From the foregoing, it is evident
that the essential tools for tele-
vision links with video standards
up to 15 mc are available, or nearly
so, although the equipment is ex-
pensive. The difficulties now en-
countered in the United States in
taking full advantage of the exist-
ing standards of 6-mec channels only
prove that while the techniques for
broader bands exist in the labora-
tories it will take many years be-
fore they could be made available to
the public.

It is very interesting to note that
the weakest elements in the chain
we have examined are the output
stage of powerful broadcast tele-
vision transmitters and the home

FIG. 7—Under-panel conneciions of the i-f amplifier shcewn in Fig. 8
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receiver, This indicates that the
most promising field for improved
television standards, provided ade-
quate cameras become available,
may not be for broadcast tele-
vision, as we understand it for home
reception, but for theatre television
where broadcasting with large pow-
ers in not required and where the
cost of the receiver is not as deter-
mining a factor.

A comparable situation exists
in the film industry, where two
standards are used: the 16-mm film
for home projectors and the 35-mm
film for theatres. It seems most
likely that television will follow in
the future this same example.
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Modern Vacuum-

Television cathode-ray tube demand dictates the use of highly efficient evacuation equip-

ment. A vapor-type pump meeting all the stringent requirements is described in detail.

Automatic controls for further improvement of production rates are suggested
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FIG. 1—Early mercury-droplet pump for
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producing low pressures

THE FIELD of electronics de-
pends upon man’s ability to
remove gas from confined spaces.
This statement may be open to
criticism when considering such
things as magnetic amplifiers and
transistors, but it seems likely that
it will be some time before the need
for vacuum can be eliminated.

Certainly it is difficult to imag-
ine a means of producing television
pictures without the use of an
evacuated envelope. Since the great
expansion today is in the television
branch of electronics and because
approximately 20 percent of the
total equipment cost in a picture-
tube plant is represented by the ex-
haust machines alone, it is hoped
that the following discussion will
aid in designing the latter economi-
cally and adequately.

The need for removing air is

twofold: (1) At relatively high
pressures the distance an electron
can move without collision, scatter-
ing, and ionization becomes small
as compared to the required length
of a cathode-ray tube. (2) High
pressures mean large concentra-
tions of gas molecules that physi-
cally or chemiecally react with the
electron emitter (cathode).

Early Pump Designs

To appreciate the requisites in-
volved in adequately lowering gas
pressure it is necessary to review
some of the fundamental concepts
of matter., When working with
vacuum it is most useful to remem-
ber: (A) All matter is composed
of molecules, most conveniently vis-
ualized as small spheres, in a state
of constant agitation. (B) These
molecules move in straight lines,
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Pump Design

By GLENN L. MELLEN

Director of Applied Physics
National Research Corporation
Cambridge, Mass.

between collisions with other mole-
cules, at a velocity determined by
temperature. (C) At all tempera-
tures above absolute zero there
exist, over any solid or liquid, mole-
cules in the vapor phase.

Following von Guericke’s orig-
inal air pump and the Magdeburg
sphere demonstration, the first
pump capable of producing very
low pressure was by Toepler. In
a modification of this by Sprengel
shown in Figure 1, small volumes
of gas from the exhaust region are
trapped between mercury droplets
in a capillary tube. The trapped
gas is compressed to some higher
outlet pressure by the integrated
weight of the droplet column. The
pump is able to produce partial
pressures of noncondensibles com-
parable with that found in the best
vacuum tubes. It still finds use in
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specialized applications such as in
vacuum fusion apparatus for the
micro-determination of gas in
metals. Zero back-leakage and low
pumping speed (fractions of a liter
per second) are its major asset and
liability.

Rotary Pumps

The rotary pump and its subse-
quent refinements have made pos-
sible today’s production equipment
in the vacuum field. This pump,
Figure 2, has three basic elements:
a rotator, revolving in a housing,
with an oscillating vane that di-
vides the inlet from the outlet.

Each cycle the quantity of gas
in region A is pushed out of the
pump, while a new volume B is
formed to trap further gas for com-
pression on the following cycle.
The pump is run in oil to seal and

lubricate the sliding surfaces. Sev-
eral designs founded upon this
principle are characterized by con-
stant volumetric displacement per
cycle and vary only in volumetric
efficiency versus inlet pressure.

At the blank off (ultimate
vacuum) of such pumps two things
contribute to the prevention of
further pressure reduction. The
first is the fact that the limits of
mechanical precision and subse-
quent wear permit appreciable back
leakage of gas into the exhausted
volume. The second contributing
factor is to be found in the sealing
and lubricating oil or in the con-
taminants it contains.

Compounding rotary pumps will
produce air pressures in the neigh-
borhood of a few tenths of a micron
(760,000 microns equal 1 atmos-
phere). The total pressure, how-
ever, is generally of the order of a
few microns and is mainly deter-
mined by the vapor pressure of
residual contaminants in the oil
In fact, the major function of the
outlet (high pressure exhaust)
stage in compound pumps is that
of decontamination of the sealing
oil fed to the inlet stage.

Consider such a contaminant as
water at a temperature of 20 C.
At this temperature the vapor pres-
sure of water is approximately 20,-
000 microns. Visualize a small drop
of water in region B of Figure 2.
The droplet will rapidly volatilize,
raising the pressure toward 20,000
microns until it is all converted into
vapor, thus preventing some gas
from flowing through the inlet.
After the line of the sliding contact
of the rotator passes the vane, the
gas formerly in B is represented by
the compression volume A. When,
during the compression cycle, the
pressure in A is raised above 20,000
microns the water vapor condenses
into the liquid phase, with a conse-
quent great reduction in volume,
and thereby results in little or no
flow through the outlet. It can be
seen that a reversible process
(ignoring thermodynamics) is set
up where there is no net pumping.

Rotary pumps used on high-
vacuum systems are limited to
usual blank-off pressures ranging
from 1 to 10 microns at best. Typi-
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FIG. 6—Three-stage fractionating oil-diffusion pump

cal manufacturer’s data are shown
in Fig. 3. At blank off the pumping
speed (liters per second or cubic
feet per minute, of volume meas-
ured at the vacuunt pressure) is zero
and its value at higher pressures is
determined by which of the two
limiting processes mentioned above
is predominant. It is important to
know the actual speed-pressure
characteristics in order to ade-
quately match a rotary forepump to
a vapor (diffusion) pump. For
use with long forelines the speed at
the end of the line must be known.

Vapor Pumps

The pressures attainable on
mechanical pumps are 3 to 5 orders
of magnitude higher than those
permigsible in cathode-ray tubes,
hence some other device is neces-
sary to remove the remaining
gases. Into this breach the so-
called vapor® pump fits quite well,
although the mechanical drag
pump® will also do the job. Because
of its low pumping speed and the
critical machining tolerances neces-
sary to its manufacture, the latter
has been little used in the country,
up to the present time, and has
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enjoyed application only in Europe.

While peak speeds of mechanical
forepumps range from fractions of
a liter to a few hundred liters per
second, vapor pumps have been
built with speeds in excess of 5,000
liters per second. Since these
speeds are measured at widely
separated pressures, it is possible
for a forepump to handle the capac-
ity of the vapor pump (speed X
pressure equals capacity, in micron
liters per second, or micron cubiec
feet per minute).

The vapor pump was derived
from Gaede’s original diffusion
pump by Langmuir* and has been
a prime factor in the growth of
industrial high vacuum. Its sim-
plest form is represented in Figure
4, and the essential elements are a
pumping fluid, a boiler, a condens-
ing surface, an inlet, and an outlet.
For the present it will be assumed
that the vacuum system, exclusive
of the forepump, is constructed of
glass. Pumping fluid vapor issues
from the boiler and drives gas
molecules in the general direction
of the outlet in much the same
fashion as leaves are swept from
the sidewalk with a hose. Carry-

ing the analogy further, only those
leaves that get in the path of the
stream are swept ahead. Were
there a strong enough countering
wind, some leaves might sneak back.

It must be emphasized that, at
the pressure where vapor pumps
operate, no sucking action exists.
There are negligible intermolecular
collisions to force gas toward the
pump. The pump is merely a hole
that gas molecules can enter by
random thermal diffusion. The ac-
tion of the vapor stream is to
reduce the probability of gas
diffusion back through the inlet
below the probability of diffusion
forward into the inlet. The con-
denser is necessary to allow for re-
cycling of the pumping fluid.

A single-stage vapor pump will
produce a partial pressure of non-
condensible gas that is dependent
upon the boiler head and forepres-
sure. The higher the head, or the
lower the forepressure, the lower
will be the pressure in the exhaust
volume (with subsequent qualifica-
tions). It is impractical to use
boiler heads that will operate
against atmospheric pressure at
the outlet and still produce sub-
micron pressure at the inlet, hence
a mechanical pump is used. Pres-
sure ratios of noncondensibles
across a gingle stage of 10 to 1 to
100 to 1 are usual and up to 50,000
to 1° have been achieved.

The total pressure in the ex-
hausted volume would be the partial
pressure of the noncondensible, as
dictated above, plus the vapor pres-
sure of any liquid that is seen at
the inlet, at the temperature of the
exhausted volume walls. In the
case of Figure 4, where mercury
might be used as the pumping fluid,
this pressure would be approxi-
mately 2 microns at 20 C, 5 microng
at 30 C, and less than 10" microns
at liquid nitrogen temperatures.
This is the reason for the trap on
exhaust systems before the advent
of low vapor pressure pumping

fluids.
Analysis of the action is some-
thing like this: Gas diffuses

through the trap into the vapor
pump and is compressed to a pres-
sure where the mechanical pump
can push it out against atmospheric
pressure. Hot mercury vapor dif-
fuses back to the cooler walls, be-
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tween the trap and the pump, and
condenses. Cooled mercury vapor
at the wall temperature diffuses to
the cold finger in the trap and
freezes. Any mercury vapor that
misses the finger and gets into the
exhaust volume will diffuse around
until it either is trapped by the
cold finger or held by some physical
or chemical bond in the exhaust
volume. The pump pumps the air;
the trap pumps the mercury. Posi-
tioning of the trap should be such
that it does not see hot pump fluid
over an optical path, in order that
the rate of collection of pump fluid
will be held to a minimum. Re-
membering fundamental concepts,
it will be seen that the rate of oil
transfer will be high, if an optical
path exists from the hot oil to the
cold finger.

Cascading single stages by the
use of either individual pump units
or multiple jets in series in a single
pump permits the realization of
blank-off pressures that are rela-
tively independent of forepressure.
Permissible forepressures as high
as 1,000 to 4,000 microns can be
obtained by this means when
mercury is employed as the pump-
ing fluid. A trap is still necessary
to pump the back-diffused mercury
vapor.

Vapor Pump Fluids

In 1928 highly purified oils of
high molecular weight made their
appearance for use as vapor-pump
fluids.®* Their major attribute is
that they are fluids of low vapor
pressure at room temperature, as
shown in Fig. 5. Unfortunately,
high molecular weight does not go
along with resistance to thermal
decomposition. The chemical bonds
of complex oil molecules are suffi-
ciently weak so that some may be
broken by the heat required to va-
porize the oil. Nonetheless these
0ils with their inherent weaknesses
are capable of producing the low
pressures required in vacuum tubes
without the use of traps® and with-
out the potential personnel hazard
accompanying the use of mercury
vapor.

The action of pumping is exactly
the same with oil as with mercury,
but in general oil and mercury are
not interchangeable in the same
pump because of the necessary de-
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sign differences that arise from
optimum boiler pressures, heat in-
put, and other factors. Multiple
Jjets fed from a common boiler con-
taining Octoil will produce ultimate
pressures as indicated on an ioniza-
tion gage® in the region of a few
hundredths of a micron. The
partial pressure of air may well be
10" to 10° microns, with the re-
maining due to the vapor pressure
of the worst decomposition product
in the pumping fluid.

Except for the case of cracking
the ends off a long-chain organic
structure to form two fractions of
very high and intermediate vapor
presure, these products at room
temperature have vapor pressures
above that produced by the fore-
pump. Thus the oil is mostly de-
contaminated by the loss of the
highest fractions to the forepump.
It is the intermediate exceptions
above that will be the worst frac-
tion in the oil.

Referring to Figure 5 and com-
paring the vapor pressure of pure
Octoil at 25 C to the above blank off
of a few hundredths of a micron,
it will be seen that the worst frac-
tion accounts for an ultimate some
two orders of magnitude higher
than that theoretically possible
with the pure product. The use of
high boiler pressures to achieve
high backing pressure character-
istics with oil is inadvisable since
it is accompanied by an increase in

the decomposition rate and a subse-
quent increase in the ultimate pres-
sure. Less effective decontamination
with higher contaminant concen-
tration accounts for the latter.
Higher temperatures cause a
greater rate of oil decomposition
and higher forepressure prevents
loss of some of the fractions of
higher vapor pressure. Forepres-
sures under 100 microns are gen-
erally required on glass pumps.

The next stage of development in
the glass-pump series is covered by
the independent work of many in-
vestigators. Figure 6 illustrates a
pump of this type.® Here three
separate jets are fed by three indi-
vidual boilers. All the condensate is
returned first to the boiler feeding
the outlet end of the pump. Any
oil in the boiler feeding the inlet
jet must have been passed through
the other two boilers. In the proc-
ess of passing through it was de-
contaminated to such a degree by
boiling off the high vapor pressure
components that the worst fraction
present in this stage permits an
ultimate pressure within an order
of magnitude of the theoretical.
Pumps operating in this manner
are called fractionating or purify-
ing.

Modern Vapor Pumps

In the last decade high-vacuum
production systems have trended
away from glass equipment in an
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FIG. 7—(A) Metal vapor pump of the nonpuritying type and (B) of the purifying type
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effort to gain ease of mainte-
nance and freedom from accidental
breakage. Closer mechanical toler-
ances in production, higher operat-
ing temperatures, freedom from
heat-shock fracture, and massive
construction are a few of the ad-
vantages to be derived. From the
standpoint of cathode-ray tube pro-
duction, ease of repair or replace-
ment by a maintenance crew is of
major importance to big installa-
tions.

A typical nonpurifying vapor
pump of metal construction is
shown in Fig. 7TA. Body and cool-
ing jackets are drawn, or rolled-
and-welded, tubing and jets are
spinnings, stampings, or machin-
ings, depending upon the physicial
size and precision required. All
jets are fed from a common source
of vapor. Backing pressure re-
quirements are not as stringent as
those for a glass pump. Since
closer mechanical tolerances can be
held, especially in the outlet jet-to-
wall clearance, values in the vicin-
ity of 300 microns are possible with
proper design. Peak speeds may
be had from a few liters per second
to over 5,000, Take-apart joints
are generally gasketted with neo-
prene or some suitable plastic ma-
terial. The leakage or outgassing
of these joints must be minimized
by proper design for good perform-
ance in the vicinity of 0.05 micron
and lower.

The design can be modified to
effect purification of the oil feeding
the top jet by the addition of parti-
tions that identify a separate boiler
region with each jet, as in Fig. 7B.
Oil returning to the inner boiler
after condensation must first pass
through the region feeding the
bottom two jets. Here the highest
fractions are vaporized, leaving a
good approximation of pure oil to
feed the top jet. Metal pumps of
this design using Octoil will produce
total pressures without traps of
a few ten-thousandths of a micron.

C-R Tube Production

A pump of this type is described
in detail in the following para-
graphs. Prior to its development,
the vacuum exhaust of such large
volumes as 12 to 20-inch cathode-
ray tubes had been done on individ-
ual vacuum systems that had the
following cycle:

(1) A tube has just been finished
and sealed off.

(2) Because hot pump-oil cannot
be exposed to atmospheric pressure
for any appreciable length of time
without excessive decomposition, the
vapor-pump heater is turned off and
allowed to cool. )

(3) When the pump is sufficiently
cooled, the mechanical pump is turned
off and air is admitted to the vacuum
system.

(4) After sealing on a new tube,
the mechanical pump is started and
the pressure is reduced to a point
where the vapor pump may be turned

on.
(5) When the vapor pump has fin-
ally heated to the point where it is

working, the finish exhaust of the
tube begins.

(6) While the tube is held to what-
ever pressure the vapor pump will
produce, the elements are processed to
eliminate all possible gas from the
final product.

(7) Finally, the getter is flashed in
the tube and, after this pressure burst
has been pumped away, the tube is
sealed off.

Steps two and five may be elim-
inated, with an appreciable saving
in time, if the vacuum system is
designed to hold the vapor pump
hot at all times and still protect it
from high-pressure gas. A system
of this type has been designed, as
in Fig. 8, with the following design
requirements. It must:

(1) Be capable of producing the
required low pressures of 5 x 10™* to
3 x 10® microns on a 160-minute pro-
duction cycle (2-inch purifying pump:
anything smaller is difficult to handle
with ordinary tools).

(2) Have reasonably high backing
pressure characteristics so that high-
pressure gas bursts will be adequately
handled (close jet-to-wall spacing on
outlet stage plus moderate boiler pres-
sure).

(3) Allow for ease of cleaning and
maintenance (one wrench, a screw-
driver, and pliers are the only tools
necessary to expose all its com-
ponents).

(4) Permit the vapor pump to re-
main hot at all times (a low-imped-
ance packless high-vacuum valve plus
suitable foreline and roughing
valves).

(5) Be rustproof to maintain high
capacity near Dblank-off pressures
(stainless steel, copper, and aluminum
construction).

The ultimate pressure of this
system was 6 x 10™* mierons, as in-
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FIG. 9—Method of attaching cathode-ray

tube and ion gage
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dicated on an ionization gage
placed at the end of the glass tub-
ing. This indication was observed
at a room temperature of 25 C.
Temperature at blank off of any
pump without traps should be
specified, since the vapor pressure
of the oil and consequently the ulti-
mate indication is a function of
temperature.

When tested without the valve
assembly, this pump will generally
produce 2 x 10™* microns, under the
conditions noted above. The differ-
ence in these pressures may be
accounted for by the appreciable
outgassing of the mechanical ele-
ments of the valve. It is interest-
ing to approximate the size of the
leak or outgassing that will give
this pressure difference. Assuming
the pump has a speed of 50 liters
per second for all values below 1
micron, the capacity that describes
the 4 x 10 microns increase in
pressure is (50 x 4 x 10™*) = 2 x
10" micron liters per second. One
cubic centimeter of gas at NTP
equals 760 micron liters. There-
fore, this capacity becomes approxi-
mately 10 cc per hour. In other
words, 10 hours would be required
to leak in one NTP cc of gas in
order to justify an increase of pres-
sure of 4 x 10™ microns.

The pump-valve combination was
part of an exhaust dolly riding an
oval track that carried the cathode-
ray tubes through the bake-out
ovens. The tube was attached as
shown in Fig. 9. The oval was
divided into two production lines
with tip off of finished tubes and
seal on of new ones occurring at the
ends. Following the seal on of a
new unit, the operations of the
vacuum system were as follows:
(The vapor pump is hot, the high
vacuum (HV) valve is closed, the
foreline (FV) valve is open, and
the roughing valve (RV) is closed.)

(1) FV closed, RV opened—tube
and valve are pumped to approxi-
mately 200 microns (2 minutes).

(2) RV closed, FV opened, HV
opened (tube is now being exhausted
through the vapor pump; dolly car-
ries tube through bake-out).

(8) After final processing and tip
off of tube, the system is made ready
for another unit by closing HV and
breaking air inlet tip.

Conclusions

An exhaust history is shown in
Fig. 10, and an analysis of this
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FIG. 10—Time-pressure exhaust history of an actual television tube on the system

described

leads to some interesting conclu-
sions about the order of processing
and about potential production in-
crease.

It will be noted that the pressure
while the tube is in the ovens is
moderately high. Calculation of
the amount of outgassed material
pumped during the period from 20
to 80 minutes gives a figure of ap-
proximately 7 NTP cc. It is as-
sumed for the above calculation
that the mean speed of the system
including the glass tubing is one
liter per second. Also note that
after the tube has left the hot zones
in the oven, the gun bombardment
and filament processing release
sufficient gas to cause reasonably
high pressure bursts. It probably
would be more desirable to carry
on these operations while the tube
is in the hot zones inasmuch as the
newly cleaned glass surfaces will
now re-absorb some gas during
these pressure bursts. The net re-
sult of this will be to increase the
length of time required to attain a
given final pressure. It is conceiv-
able that if these operations were
done in the 50 to 80-minute interval
that tip off could occur at approxi-
mately 120 minutes with a net sav-
ings of almost three quarters of an
hour. Finally, the slope of the
pressure-time curve at tip off indi-

cates that the system is far from
an ultimate pressure and that a few
more minutes of pumping time
could easily result in a decrease of
pressure by a factor of two.

The pump-valve system described
has been used in the production of
cathode-ray tubes for a sufficient
period of time to prove its useful-
ness to the industry. Automatic
operation is indicated, such as
mechanical or hydraulic operation
of valves, so that savings could be
made in the labor required on the
exhaust line. This automatic opera-
tion could take the form of valves
mechanically driven from a cam
track, with the addition of a trig-
gering mechanism to close the high-
vacuum valve in the event of glass
breakage during the processing of
the tube.
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Wide-Range

Cascaded cathode followers with reactive ioads produce 180-degree phase shift with

constant loss over wide range of frequencies. Frequency modulation is accomplished by
varying plate current of phase-shift stages. Three useful generator circuits are described

HE TESTING and adjustment of
amplifier systems by means of
a  frequency-modulated signal gen-
erator and an oscilloscope has be-
come commonplace during the past
decade. In the case of f-m and tele-
vision receivers it is virtually the
only satisfactory method of testing.
This paper is concerned with the
development of a new type of oscil-
lating circuit particularly suited to
the requirements of this method.
The circuit to be desecribed con-
sists of an amplifier and a phase-
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FIG. 1—Reactance-loaded cathode fol-
lower and equivalent circuit

shifting system. It will oscillate
over any range of frequencies for
which the amplifier can be made to
have constant gain and phase shift,
and for which the phase-shift sys-
tem can be controlled to produce
the correct phase change while hav-
ing constant loss.

A single-stage resistance-coupled
amplifier has uniform gain and con-
stant 180-degree phase shift at fre-
quencies up to the point where the
distributed capacitances become im-
portant. Such an amplifier has been
found adequate for oscillators oper-
ating as high as 38 mec.

The novel feature of this circuit
is the phase-shifting system it-
self. The ordinary cathode-follower
amplifier, when operating into a
capacitive-reactance load, is ideally
suited to shift the phase of the
oscillating current while maintain-
ing constant loss. In practice, three
or four such phase shifters are
used in cascade to produce 180-
degree phase shift.

The reasons the cathode-follower
is so effective will be apparent after
analyzing the operation of such a
reactance-loaded amplifier, Fig. 1A.
The cathode follower may be con-
sidered equivalent to an a-c gener-
ator in series with a resistance and

capacitance, Fig. 1B. 1In this case,
the effective resistance may be cal-
culated by:

Rp
it a (1)
In praetice R., Fig. 1A, is made
sufficiently high so that it can be

Rprr =

omitted from Eq. 1. In Fig. 1B,
Egpy = p :L_ i E, (2)

The plate resistance of the usual
triode tube may be varied over wide
limits by simply changing its plate
current, At the same time the
amplification factor remains nearly
constant. For this reason, the
effective resistance Eq. 1 can be
made to change while the generator
voltage Eq. 2 stays the same.

In Fig. 1B, the phase of the out-
put voltage may be found by:

Rerr 3)

p—— -1 —
7] tan Xeo
and the magnitude by:
Eo = EGEN cos 6 (4)

Figure 2 shows the circuit of a
complete deviable oscillator using
four phase-shift stages. Each stage
produces 45 degrees shift in order
to have the required 180 degrees. A
shift of 45 degrees per stage is ob-
tained by making the capacitive
reactance of each stage equal to the
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FIG. 2—Fundamental circuit of cascaded cathode-follower phase-

shift oscillator
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FIG. 3—Addition of series control tubes permits more uniform

control of phase shift
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Deviable Oscillator

By MILLARD E. AMES

Test Engineer
Philco Corporation
Philadelphia, Pa.

equivalent resistance of the stage.

Since Eg4,. (Eq. 2) is always
slightly less than unity, E,/E; per
phase-shift stage in the circuit of
Fig. 2 is approximately 0.7. A loss
slightly in excess of four times will
occur, and is readily overcome by
the amplifier shown ahead of the
phase-shift stages.

Actual frequency modulation of
the circuit is accomplished by
simultaneously varying the plate
current of all four cathode-follower
stages. Figure 2 shows the modu-
lating voltage applied to the ampli-
fier grid, where it is amplified and
applied to the four cathode follow-
ers. The circuit will oscillate at the
frequency where the effective re-
sistance in combination with the
capacitive reactance will result in
a 45-degree shift per stage. Each
time the effective resistance is
altered by changing the grid bias of
the phase shifter, the circuit will
operate on a new frequency at
which the reactance of the fixed
capacitors is equal to the new effec-
tive resistance. It will be seen from
Eq. 2 and Eq. 4 that the voltage loss
of the phase shifters remains con-
stant because the amplification fac-
tor of the triode tubes does not
change, and because the phase shift
required is also constant. There-
fore, the strength of oscillation
tends to remain uniform as the
frequency is varied.

Design Considerations

An ideal frequency-modulated
oscillator would have the following
characteristics: (1) Equal output
voltage at all frequencies, (2) Low
harmonic distortion, (3) Output
frequency proportional to control
voltage, (4) Capable of operation at
high frequencies, and (5) High

This paper was presented at the Na-
tional Electronies Conference in Chicago.
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Top view of wide-range audio-frequency generator. Useful frequency range is 150 cps

to 15,000 cps

Broadcast frequency sweep generator using cascaded cathode-follower phase-shift

ascillator circuit
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ratio of maximum to minimum
frequency.

By proper design and careful
selection of components, oscillators
of the type shown in Fig. 2 can be
constructed to approach these char-
acteristics. One such oscillator has
a frequency ratio of 100 to 1.
Another can be made to sweep from
16 to 38 mc. All of the experi-
mental oscillators built to date have
a remarkably straight frequency vs
modulating-voltage characteristic.

In attempting to obtain optimum
performance, equal phase shift per
stage is a very important requisite.
The voltage gain in the phase-
shifting section is a function of
the cosine of the phase angle (Eq.
4). Maximum gain is obtained
when the phase angles are equal.
If, for example, two of the phase-
shifting stages of Fig. 2 have 60
degrees phase shift apiece, and the
other two stages 30 degrees, the
total loss will be approximately five
and one half times instead of
slightly more than four times. It
is necessary to select tubes with
similar grid voltage vs transcon-
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FIG. 4—Wide-range audio-frequency signal generator has maximum-to-minimum ire-
quency ratio of 100 to 1. Automatic-gain-control crystal diode holds output ¢tonstant

ductance characteristics. The trans-
conductance with the tube operat-
ing close to cutoff is important at
the low-frequency end of the oscil-
lator range. Transconductance at
zero bias is likewise important
when the oscillator is at the ex-
treme high-frequency end of its
range. It is also important that
the capacitors used in the phase-
shift circuit be equal.

Figure 2 shows the modulating
voltage coupled in through the
amplifier grid. This modulating
voltage can have an undesirable
effect upon the amplifier. Also, each
successive cathode-follower stage
receives a little less modulating
voltage. The addition of series
control tubes, Fig. 8, is a major im-
provement. The transconductance
of the phase-shift tubes can be
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FIG. 5—Broadcast-frequency sweep generator may be used to test a receiver’s sensitivity over a range of 540 to 1,700 ke, By applying
20-cps sawtooth voltage to Mod Inpuf, output frequency deviates linearly with respect to time
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FIG. 6—Block diagram of frequency-modulated transmitter covering the range 22 to
28 mc for use in testing television picture i-f amplitiers

varied more uniformly by having a
control tube for each phase-shift
tube. The cathode resistors are re-
placed by the control tubes with
the following beneficial effect. Since
the plate resistance of the control
tubes increases as the effective re-
sistance of the phase-shift tubes
increases, operation at lower fre-
quencies is possible.

Automatic gain control of the

amplifier is advisable when the out-
put must be unusually uniform in
voltage or where minimum har-
monic distortion is desired. In
common with other oscillators, the
amplitude of oscillation builds up
until some element of the circuit
overloads. Usually the grid of the
amplifier develops enough self-bias
to limit the output to a satisfactory
level.

Frequencies as high as 40 mec
may be attained by using high-
transconductance miniature triodes,
and obtaining the phase shift by
making use of the distributed ca-
pacitance of the tubes and wiring.
Best results are obtained by careful
balancing of these capacitances.

Some phase shift will usually take
place in the amplifier plate circuit
at the higher frequencies due to the
distributed capacitance present.
This condition is not undesirable
because the presence of a small
amount of phase shift there means
that each cathode follower need not
shift the phase quite as much. Due
again to the fact that the voltage
gain is a function of the cosine of
the phase angle (Eq. 4), the voltage
loss is not quite as great for five
stages of phase shift as for four.
The result is that the strength of
oscillation at the high-frequency
end of the range is increased.

The frequency vs modulating-
voltage characteristic curves are
phenomenally straight, as shown in
Figure 8. Apparently, the plate re-
sistance of ordinary triode tubes
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FIG. 7—Phase-shift oscillator section of television i-f sweep generator.

This portion of

the generator should be well shielded to

prevent currents in the power stages from aifecting stability and linearity. Power stages (not shown) are conventional
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Bottom view of television i-f frequency sweep generator

varies inversely with the plate cur-
rent.

Wide-Range Audio Generator

The circuit of Fig. 4 will cover a
frequency ratio of 100 to 1. A 6BJ6
is used as an amplifier, and four
12AU7’s are used as phase-shift
and control tubes. One half of each
12AU7 is the cathode follower, and
the other half is the associated con-
trol tube. Capacitors C,, C., C;, and
C, are used to produce phase shift.
An automatic-gain-control crystal
diode was added to the original cir-
cuit in order to hold the output con-
stant. A small amount of fixed bias
has been applied to the second,
third, and fourth control tubes.
This bias is adjusted for maximum
output at the lowest operating fre-
quency. The useful frequency range
of 150 cycles to 15 kec is obtained
by varying the frequency-control
potentiometer. This manual con-
trol could be replaced by a source
of a-c voltage such as a sawtooth
generator if desired. Minimum
distortion and most uniform output
is available at the cathode of the
last phase-shift tube.

Broadcast Frequency Sweep
Generator

The circuit of Fig. 5 was devel-
oped to provide a frequency-modu-
lated signal, sweeping the broad-
cast band. Receivers may be tested

100

for sensitivity over the range of
540 to 1,700 ke in one operation by
means of this transmitter.

Four 6SN7s V,, V,, V,, and V,
are employed as combined cathode-
follower and control tubes in the
phase-shift system. The 6ACT, V,
provides the amplification required
for oscillation. One half of a 6H6
is used as an automatic gain control
on the oscillator, and the other half
as power output monitor. Oscil-
lator voltage is amplified by V, be-
fore being impressed upon the grid
of the 6L6 power amplifier. The
plate of the 6L6 is transformer
coupled to the output (normally 75
ohms). This transformer has a
turns ratio of 4 to 1, and must pass
the range of 500 to 2,000 ke.

A sawtooth voltage of 20 cycles
per second is normally applied to
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FIG. 8—Curve showing extreme linearity
between modulating voltage and output
frequency

the modulator input, producing a
frequency-modulated signal that
deviates linearly with respect to
time. The same sawtooth voltage
is applied to the horizontal plates
of the test oscilloscope, while the
transmitter output is fed through
suitable transmission lines and
attenuator to the receiver under
test. One such transmitter may be
used to operate as many as 1,200
test positions simultaneously.

It is desirable that the output
voltage be flat and relatively distor-
tionless over the frequency range
of 540 ke to 1.7 me. Capacitor CP
is used to adjust the amplifier gain
at the high-frequency end of the
range. Selection of tubes may also
be necessary to keep the output flat
within =5 percent, and to keep
harmonic distortion below 10 per-
cent.

Television I-F Sweep Generator

Figure 6 is the block diagram of
a frequency-modulated transmitter
covering the range of 22 to 28 mega-
cycles, and used to test television
picture i-f amplifiers. The phase-
shift oscillator section of the trans-
mitter is shown in detail in Fig. 7,
and described in the next para-
graph. The balance of the trans-
mitter is conventional in design.
Figure 8 is a frequency vs voltage
curve for the transmitter, and illus-
trates how closely it approaches a
straight line.

The 6AK5’s of Fig. 7 are the
amplifiers, which together with the
6J6 phase-shift tubes cause oscilla-
tion. The 6C4 tubes V, to V, in-
clusive, are series-control tubes.
The center frequency control volt-
age as well as the a-c modulating
voltage is applied to the series con-
trol tube by means of a cathode-fol-
lower amplifier, V.. The r-f out-
put is taken from the cathode of
Vs rather than V, in an effort to
keep the distributed capacitance in
the phase-shift circuit as nearly
equal as is practical, since the
phase shift is caused by distributed
rather than lumped capacitance at
these higher frequencies.

The phase-shift oscillator should
be well shielded in order to prevent
currents in the output power ampli-
fier from affecting the stability and
linearity of the transmitter.
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Servo-Controlled
Tensile Strength Tester

Bonded-wire type strain gage drives recorder through oscillator-amplifier system to pro-

duce load-elongation diagrams of materials ranging from finest single textile fibers to
complex plastics and rubbers. Drive motor for pulling jaws is energized by amplidyne
and servo amplifier controlled by selsyns

HERE HAS BEEN a growing need

to study more thoroughly and
to utilize from an engineering
standpoint such materials as plas-
tics, textiles and rubber. This effort
has been considerably hindered by
the complexity of their physical
properties, not only because there
are so many characteristics to be
evaluated, but also because most
of the functions are strictly inter-
related and time-dependent.

To present an example, elastic
modulus in the case of metals is
usually considered to be a constant
under normal conditions. On the
other hand, in a textile fiber or
plastic material the value of elastic
modulus is strongly dependent on
the amount of extension, the degree
to which recoverable and non-recov-
erable creep has taken place, and
the past history with respect to
such other variables as humidity
and temperature.

Instrument Requirements

In both research and commercial
development the need has been felt
for refined techniques of tensile
measurement, particularly with re-
gard to the dynamics of the test
method. Simple ultimate-strength
determinations are of diminished
importance, because an adequate
description now requires to varying
extents such other measurements
as instantaneous elastic modulus,
creep, relaxation, and recovery, all
with respect to time as well as
temperature and humidity.

In order to design a tensile test-

ELECTRONICS — May, 7949

By GEORGE S. BURR

Instron Engineering Corporation
Quincy, Mass.

Complete Instron tensile strength tester. Pulling jaws in center secticn are controlled

by pushbutions on rigkthand panel. Gearshift lever at right provides 10-to-1 reduction

of pulling-jaw speed. Results of tesis are made available immediately by Leeds and
Northrup Speedomax strip-chart recorder on lefthand panel
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ing instrument that would meet as
many of these requirements as pos-
sible, three major conditions were
to be satisfied. First, a consider-
able versatility of control should be
incorporated in order that a varied
loading history might be applied to
the sample. Second, the dynamic
characteristics of the machine itself
should not obscure the properties to
be measured. Furthermore, a wide
range of load sensitivities is advis-
able, in order that accurate testing
can be performed on elements as
small as the finest single fibers, as
well as final materials having high
ultimate strengths.

In the instrument to be described,
electronic principles were utilized
in both the load weighing system
and the drive mechanism in the
effort to achieve these results.

Design Principles

The weighing system for detect-
ing and recording the tensile load
applied to the test sample is based
upon the use of the bonded-wire
type of strain gage. These gages,
incorporated into interchangeable
load cells to cover the prescribed
ranges, are arranged in a Wheat-
stone bridge circuit, the output of
which is amplified to operate a
Leeds and Northrup Speedomax
recorder. The pulling jaw is
mounted on a moving crosshead
motivated by two vertical drive
screws and an amplidyne-controlled
positional servomechanism. The
chart of the recorder is driven syn-
chronously at various speed ratios
with respect to the crosshead, so
that load-elongation diagrams may
be obtained with a wide choice of
scale factors for both load and ex-
tension.

These features are combined to
give the following general char-
acteristics:

(1) Full-scale load sensitivities
are available in a single instrument
extending from 2 grams upward to
5,000 pounds, with each removable
load cell incorporating as much as
a 50-to-1 choice of ranges.

(2) Inmasmuch as the load cells
themselves have a high natural fre-
quency, the speed of response of the
weighing system is limited mainly
by the recorder, which in this case
will travel full scale in somewhat
over one second, and is independent
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of the load range in use.

(3) The weighing element de-
flects a maximum of 0.003 inch upon
application of its top rated load.
This feature is of importance in
that the motion of the pulling jaw
alone will determine the rate of ex-
tension of the sample, thereby en-
abling the time-dependent proper-
ties of the sample to be correctly
evaluated. Also, the disintegration
during rupture of inextensible
materials may be investigated with-
out sudden load fluctuations caus-
ing deflections of the weighing jaw
that would interrupt the continuity
of sample extension.

(4) On account of their low de-
formation under load the cells ex-
hibit none of the effects of mechan-
ical inertia that might cause
premature rupture of the sample
or similar distortion of its stress-
strain characteristics.

(5) Through the operation of the
servo-controlled drive, means are
available for obtaining exact cross-
head speeds over the range from
0.02 to 20 inches per minute by the
use of light change gears in the low-
power reference system.

(6) Once selected, these cross-
head speeds remain synchronously
constant in either direction of mo-
tion for all loads up to maximum
capacity.

(7) By the action of small mag-
netic clutches in the reference drive,
the motion of the pulling jaw mav
be almost instantaneously started.
stopped and reversed, thus enabling
practically any variety of comnlex
loading histories to be applied to
the sample.

Load Weighing System

The load cells for the more sensi-
tive ranges use a modified bendine
beam as the strain-sensitive ele-
ment. With the exception of the 2-
gram unit, the load is transmitted
to the cantilever through a spindle
supported axially by means of dia-
phragms. For the higher ranges a
diaphragm-supported tension bar is
used. This type of construction
gives a needed rigidity and rugced-
ness to the assembly and effectivelv
discriminates against non-axial
loading. All four arms of the strain-
gage bridge are located in the cell
for maximum temperature stability.

As shown in Fig. 1, the bridge is
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excited by a 390-cycle phase-shift
oscillator, in which considerable
attention has been given to achiev-
ing good amplitude and frequency
stabilization. The output of the
cell is connected to a coarse and fine
balancing network consisting of a
ten-turn potentiometer and a ten-
step switch, thus allowing large ini-
tial loads to be balanced out without
sacrificing sensitivity of control.
The signal is amplified in a con-
ventional circuit stabilized with
feedback, but incorporating an at-
tenuator calibrated to 0.1-percent

to stray capacitance in the bridge.
It was desired that each load cell
cover as wide a range of sensitivi-
ties ag possible, and therefore the
minimum strain in the weighing
element to produce a full-scale re-
sponse was designed to be approxi-
mately 30 microinches per inch. The
maximum capacity of each cell is
limited mainly by the allowable de-
flection and is up to fifty times this
value, depending on the cell in use.
The elements of the servomech-
anism drive system are shown sche-
matically in Fig. 3. Two selsyns

Chassis of oscillator and amplifier unit

accuracy to provide a selection of
full scale load sensitivities in the
ratio of 1, 2, 5, 10, 20 and 50. An
additional control provides for
varying the overall sensitivity of
the circuit continuously between
these steps, in order that calibra-
tion of the load selector may be set
in terms of any desired units of
load.

Circuit Details

A phase-discriminating type of
rectifier circuit, with its polarizing
voltage obtained from the oscillator,
converts the amplified bridge signal
to d-c for operation of the potentio-
meter recorder. The complete cir-
cuit is presented in Fig. 2. The
rectifier also operates as a gate cir-
cuit to eliminate the effects of hum
pickup and of phase unbalance due

are used to produce a voltage pro-
portional to the error between the
desired position of the crosshead at
any moment and 1ts actual position.
The error signal is amplified by a
circuit containing anti-hunt pro-
visions and made to operate an
amplidyne motor-generator. This
unit supplies the controlling power
to the d-c drive motor, which then
rotates in such a direction as to
cause the error to approach zero.
Because the output of the ampli-
fier and amplidyne is proportional to
the sum of both the error and its
time integral, the error of the cross-
head position is kept to less than
0.0005 inch even under steady-state
conditions of load and velocity.
Furthermore, the time constants of
the system are so designed that it
will usually correct in less than 0.5
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second for sudden changes in these
conditions, such as a desired quick
reversal of crosshead motion.

Any rotation of the low-power
pilot selsyn therefore produces an
equivalent change in the position of
the pulling jaw of the machine. The
reference unit is driven by a mech-
anism containing a small synchron-
ous motor, a simple gear-change
arrangement to give the desired
head speeds, and a set of quick-act-
ing magnetic clutches which cause
the crosshead to move either up-
ward, downward, in rapid traverse,
or provide a fast braking action.

Inasmuch as both the recorder
chart and the crosshead are now
synchronously driven, the time axis
becomes an accurate measure of the
jaw position and sample extension.
This correspondence is further im-
proved by spring-loaded devices on
the drive screws which eliminate
backlash from that source, while
the gear meshes in the main drive
are held to sufficiently close toler-
ance as to introduce negligible
error.

Because the reference system has
very low mechanical inertia, it is
started, stopped and reversed al-
most instantaneously under the
action of the magnetic clutches. The
main drive cannot of course re-
spond as fast to a sudden change,
but because the servo operates on
positional error it must very quickly
get in step again, as illustrated in
Fig. 4. For comparison, the prob-
able response of a velocity-con-
trolled system is included to demon-
strate the manner in which a lag or
error would be introduced at each
reversal until the cumulative error
in recorded extension would be
appreciable.

VELOCITY-
p POSITIONAL SERVO
CONTROLLED RESPONSE

RESPONSE ?
.- \\ Z

- IDEAL
RESPONSE

/
LA?%TEBI \ \LAG EXTENSIONI
REVERSALS  \ A, A&TEER
REVERSAL

TIME

FIG. 4—Analysis of response of posi-
tional servo

A shift lever located on the side
of the instrument operates a disc-
type clutch in the main gear box to
connect a 10-to-1 speed reduction.
Thus the speed changes available in
the selsyn drive are supplemented
to provide the complete range of
jaw speeds of from 0.02 to 20 inches
per minute.

The operation of the pulling head
is controlled manually by push-
buttons located on the panel. Cer-
tain functions can be made auto-
matic by the adjustable dials at the
top of the panel, which are directly
driven from the drive screws. Each
of these contro's consists of a fine
dial graduated in 0.005-inch inter-
vals of crosshead motion, geared by
a planetary reduction to a coarse
dial graduated in the number of
integral inches up to the total cross-
head travel. Precision switches are
actuated by these dials to perform
the following functions:

(1) Stop the return or upward
motion of the jaw at any desired
point in order that a reproducible
gage length will be obtained each
time a new sample is inserted in the
machine.

(2) Either stop the crosshead at
a point set slightly bevond the
maximum expected sample exten-

sion, or initiate a rapid return
motion so that the head will auto-
matically come back to the gage
length setting.

(8) Cycle the crosshead at its
preset speed between any two
points within the extension of the
sample, so that determinations may
be made of the hysteresis properties
of the material. These controls can
also act to stop the head at either
of these points for relaxation
measurements.

(4) Additional switches are lo-
cated in the recorder, enabling sim-
ilar cyclic tests to be made between
any two load points.

(5) For more complicated rou-
tines, these controls may of course
be combined so that the instrument
will cycle between a value of ex-
tension at one limit and load at the
other.

Advantages of Servo Drive

Versatility of control has been
achieved without undue complexity
as far as the components are con-
cerned, which is clearly one of the
benefits to be derived from a servo
type of drive. The overall system
is also readily adaptable to testing
under conditions of constant rate of
loading, pending the development
of a suitable XY recorder to chart
both load and extension as inde-
pendent variables with respect to
time. The development of suitable
extensometers to measure strain
in the sample directly will broaden
this basic usefulness of the instru-
ment by permitting constant rate-
of-strain measurements. Auxiliary
devices are already under investiga-
tion for adapting the instrument to
compressional, flexural and tor-
sfonal tests, retaining the same flex-
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FIG. 5—Record obtained for sinygle fiber of wool, illustrating high
sensitivity range. Magnification ratio is 10 to 1
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FIG. 6-—Record for repeated loading of paper, illustrating mag-
nification ratio of 50 to 1 as applied to inextensible material
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ibility of loading control as previ-
ously described.

The tensile tester, because of its
special characteristics, has potential
applications in a large variety of
fields. Its utility has already been
mentioned in the research and
development of textiles, plastics
and similar materials in which. a
"omplex physical structure pre-
dominates. There are many other
fields, such as paper or fine wire
and foils, in which either the low
inherent extensibility or the low
strength of the material has made
inadequate any previous techniques.
A few typical records are described
to illustrate these points.

Typical Applications

Figure 5 is a load-extension curve
of a single fiber of wool, using a
high-sensitivity load range. The
spring effect of the original erimp
in the fiber is readily apparent, as
well as the subsequent elastic and
flow regions under straight tension.

Figure 6 illustrates the char-
acteristics of a sample of high-
grade paper in tension. In this
case the specimen was stretched
until the load reached a number of
successively increased values, with
the tension being released each time
by reversing the jaw motion. The
record shows that a form of work-
hardening takes place in paper,
since the flow region for each load-
ing cycle begins at the maximum
previously applied load. By slightly
modifying the technique, the
amount of permanent deformation
could be readily determined as a
function of varying amounts of
load or extension.

Figure 7 shows a tear test of a
fabric especially designed to resist
rip. A strengthened yarn is woven
into the material at regular inter-
vals as an inhibitor.

Figure 8 is an interesting demon-
stration of the sensitivity of an ad-
hesive test as performed on the
instrument. A length of Scotch tape
was applied to a piece of the same
chart paper as that upon which
these records were made. As the
tape was slowly pulled off, more or
less random fluctuations of load
wou'd be expected as the adhesive
separated from or pulled out the fi-
bers in the paper. However, distinct
dips in the curve were produced as
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FIG. 3—Determination of elastic modulus of nylon yarn by bracketing technique
each of the fine rulings in the chart continued with decreasing incre-

was encountered, with a somewhat
broader indication occurring at the
heavier division. In other words,
the adhesive action was definitely
sensitive to the presence of the ink
in the chart printing.

Figure 9 is an example of a pos-
sible technique for isolating for
purposes of evaluation a certain
property of a material, in this case
elastic modulus. A simple load-
elongation test of nylon will not
give an indication of modulus, since
the flow characteristics predom-
inate for even low values of ex-
tension, and also because the modu-
lus itself is a function of extension
and other past history.

The routine in this case was as
follows: the sample was extended
until the load reached 4 pounds,
then the pulling jaw was stopped
and the load allowed to relax with
time as the extension was held con-
stant. The sample was then released
to a lower value of load and the jaw
again stopped. This time the load
will gradually increase as the
sample recovers from its previous
conditioning. If this procedure is

ments of load, a point can be
reached by a process of successive
approximation or bracketing, at
which the load will not change in
either direction when the jaw is
stationary. In other words, a con-
dition of dynamic equilibrium has
been set up in the sample such that
the relaxation effect is being exactly
counterbalanced by the recovery
from its previous loading, so that
temporarily only the truly elastic
properties remain. It is now only
necessary to cycle over short dis-
placements about this line and
measure the resultant slopes to ob-
tain the elastic modulus of the
material at this value of extension.
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TELEVISION FRONT-END

Design equations for cathode-coupled r-f amplifier and several types of mixer stages
of a television receiver are derived and illustrated in this final article. Emphasis is

placed on the problem of optimizing the signal-to-noise ratio while satisfying gain,

bandwidth and adjacent-channel rejection

requirements

By H. M. WATTS
Research Physicist
Radiation Laboratory
The Johns Hopkins University
Baltimore, Muaryland

LOGICAL combination of the
A cathode-follower r-f amplifier
and the grounded-grid triode ampli-
fier, which were discussed in Part I
of this paper, is the cathode-coupled
r-f amplifier shown in Fig. 7. An-
alysis of this circuit shows that it
has some advantages over each of
its parent circuits.

Remembering that R, in Eq. 30
represents the input resistance to
a grounded-grid stage, and that R
in Eq. 42 is the load resistance of
a cathode follower, the choke in the
cathode lead (Fig.7) is made anti-
resonant with stray capacitance at
the center of the transmission band,
so that to a close approximation
R, = R..

Then, using the equations, the
overall gain of the cathode-coupled
amplifier is

oo = ‘/73"_ 0 *_l
o Ifanclil_{_gmlxr’;rtlzl:_'
M2

For a bandwidth of 8 mc per inter-
stage, the required damping re-
sistor value is calculated from Eq.
18 to be 1,400 ohms. Likewise, for
the same bandwidth in the antenna-
to r-f grid transformer, a damping
resistor value of 3,320 ohms is re-
quired.

For the 6J6, G,, is 5,000 microm-
hos, 7, is 6,600 ohms, and p is 33,
80 A.. = 21.4.

To calculate the signal-to-noise
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voltage ratio of the cathode-coupled
amplifier, we need to combine the
noise contributions of the two
tubes. The equivalent noise resist-
ance at the high side of the antenna-
to-grid transformer is half of the
damping resistor value, or 1,650
ohms. The grid-equivalent noise
resistance of the cathode-follower
stage having a G of 5,000 mi-
cromhos can be readily computed to
be 600 ohms. Adding these, the to-
tal noise resistance is 2,250 ohms.
The ratio of cathode voltage to
grid voltage in the cathode fol-
lower is 0.541, and the value of
grid circuit noise resistance trans-

Table I—Amplifier Circuit Sum-
mary (Excluding Interstage and
Mixer Noise)

Voltage Qutput
Circuit Tube  Gain S/ N R,
Grounded- 6AKS 43.8 0.450F, 141,200
Cathode 87.6 0.450E, 564,800
Gr&u'r:ided- 6J4 22.0 0.362E, 55,000
ri
Cathode- 6J4 19.5 0.585E, 16,350
_ Follower
Cathode- 6J6 21.4 0.495E, 27,600
Coupled 39.1 0.537E, 78,500

=4

L

FIG. 7—Cathode.coupled r-f amplifier

mitted to the cathode of the cathode
follower is

R = A%R, = 658 ohms (24)

To introduce the noise contribu-
tion of the grounded-grid section of
the cathode-coupled amplifier, we
must use the relationship given by
Eq. 29,
” 5 ullx

B b R Re(u £ 1)

microvolts

In this application R., the cathode
load for the grounded-grid section,
is the output impedance of the
cathode-follower section. Since the
output impedance of a cathode fol-
lower is the same as the input im-
pedance of a similar tube used as a
grounded-grid amplifier with no
plate load, we may use Eq. 30 in the
form, R, = r,/(s« + 1) ohms,
where R, represents the dynamic
portion of the output impedance of
a cathode follower. Using previ-
ously quoted values for a single

section of a 6J6, R, = 194
ohms.
Substituting this value for

Ry in Eq..29 along with other
values previously given, E’, =
0.452F,. Making use of Eq. 26,
we find that R”, = 0.205 R,. Since
R, has already been computed to be
600 ohms, R/, = 123 ohms. This
value of R’, can now be added to the
658-ohm contribution of the input
transformer and cathode follower
to give the total noise contribution
of both tubes and the input circuit,
viewed at the common cathode
point, ag 781 ohms. Applying Eq.
24 again to determine the value
of the above noise resistance as
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viewed at the final output point of
the cathode-coupled amplifier, we
have R, = 27,600 ohms where
5.95 is the cathode-to-plate gain

of the grounded-grid section
as determined in the computa-
tion of A... The noise voltage in

the output can be computed using
Eq. 26, ignoring the noise from the
interstage transformer and the
mixer, K., = 43.2 microvolts and
S/N = 0.495 E..

For operation with a grounded-
grid mixer (Fig. 10¢), R, should be
2,850 ohms. For this condition A..
is 39.1 for the combination with the
6J4 mixer, A, is 0.580 (ratio of
grid voltage to cathode voltage in
the cathode follower), R, is 757
ohms, E’, is 0.420F,, R’. is 0.1765
R,, R’, is 106 ohms, the noise re-
sistance contribution of the trans-
former and cathode follower is 757
ohms, the total noise resistance
seen at the common cathode is 763
ohms, R, is 78,500 ohms (viewed
at the final output point of the
cathode-coupled amplifier), the
cathode-to-plate gain of the ground-
ed-grid section is 10.14, E,, is 72.8
microvolts, and S/N is 0.537E..

Pentode Mixer

E. W. Herold shows® that G., the
conversion transconductance of a
pentode plate detector having sig-
nal and oscillator voltages both in-
troduced at the control grid, is

G. = 0.23G, (49)

if the oscillator voltage swings the
mixer from zero bias to cutoff and
G, is the cathode transconductance
of the tube, that is the change in
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() GATHODE-COUPLED MIXER

FIG. 8—Several mixer circuits for use
without an rf stage

cathode current per-unit-change in
grid voltage. Since Herold has
made the assumption that G. and
I, are 1.25 times the corresponding
plate transconductance and plate
current (a valid approximation for
many pentodes) for purposes of
this paper we may express Eq. 49
in terms of G,, by a suitable change
of constants. Thus,

G.=0.287 G, (50)

With a peak @, of the 6AK5 mixer
of 0.01 mho, the conversion trans-
conductance is G, = 0.00287 mho.

To transform the signal down to
a T5-chm impedance level for trans-
mission to the i-f amplifier, we may
either tap down on the plate coil for
the output, or make use of a small
(5 puf) capacitance series resonant
with the net inductive reactance of
the plate tank. The latter method
has the advantage of simpler coil
construction and the disadvantage
of adding about 50 percent to the
capacitance shunting the ecircuit.
In the interests of maximizing gain
and bandwidth, we will then use the
tapped coil, or autotransformer cir-
cuit.

If the output of the mixer were
impressed on a purely resistive 75-
ohm load, the total capacitance
shunting the mixer plate circuit is
the (approximately) 5-uuf output

capacitance of the mixer. However,
the actual load connected to the out-
put will be a second r-f transformer
whose resonant-frequency input im-
pedance is 75 ohms resistive. If
we use an autotransformer to
terminate the receiving end of the
output coaxial, its net effect on the
mixer plate circuit will be to con-
nect in shunt the grid circuit of the
first i-f amplifier stage. Assuming
the use of such an input trans-
former and a 6AKS5 first i-f ampli-
fier, the total effective capacitance
shunting the mixer plate circuit
will be 14 uyuf, which will call for a
net antiresonant resistance of the
load of 1,425 ohms (see calculation
for 6AK5 amplifier-to-6AK5-mixer
interstage) consisting of 2,850
ohms shunted across the mixer
plate circuit and 2,850 ohms across
the first i-f stage grid circuit. The
conversion gain, A, is the product
of conversion transconductance and
load impedance, so A4,, = 4.09.

The mixer plate transformer
must be designed to transform
from a 2,850-ohm level to a 75-ohm
level so there will be a voltage step-
down from mixer plate to coaxial
output jack. The net voltage gain
from the grid of the mixer to the
coaxial output jack is A/, = A,
(75/2850)* = 0.664.

For the 6AK5 mixer of Fig. 8,
the noise resistance is shown by
Herold® to be R,,,, where

I,
& )e.

and where I, and G, refer to zero
bias cathode current and cathode
transconductance of the mixer tube
respectively. Changing from G, to
@G,, as before,

Bom = ( 15+ 21 (51)

_12+416.87,/G,

Rum = a. (52)

For a 6AKS5 tube at a screen voltage
of 120 volts, the zero-bias plate cur-
rent is 20 ma and the zero bias
transconductance is 10,000 mi-
cromhos or 0.01 mho. Therefore,
by Eq. 29 the tube noise equivalent
resistance referred to the grid is
R.. = 4,560 ohms.

Table T and the data computed
for the 6AK5 mixer form Table 11,
which summarizes the features of
the 6AK5 mixer in combination
with various r-f amplifiers. The
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quantity, Ri.., used in Table I is the
sum of mixer equivalent-grid noise
resistance and interstage noise re-
sistance; while R, is the sum of R...

and the output noise resistance
for the appropriate r-f ampli-
fier as listed in Table I. The

quantity R, (A’.)* is in turn equal
to R, referred to the coaxial output
jack of the unit.

Technically, before computing E,,
we should add the transformed
total noise resistance of the first i-f
input circuit plus the first i-f tube
equivalent-grid noise resistance,
but practically the term is neglig-
ible (2,850 ohms circuit resistance
plus 1,360 ohms first i-f tube grid
equivalent-noise resistance equals
4,210 ohms which is transformed in

the total noise resistance for the
twin-triode mixer as

R. = 19/G, (54)
Under the intended operating con-
ditions, the peak transconductance,
G., of a 6J6 is 6,500 micromhos so,
R. — 2,920 ohms. As in the case
of the 6AK5 mixer, the tube noise
resistance is small but not neglig-
ible, compared with the total noise
resistance in the plate of the pre-
ceding r-f stage.

The conversion transconductance
L]
G, = 0.28 G, = 0.00182 mho. (55)
Since the output capacitance of the
6J6 is substantially the same as
that of the 6AK5, the same load
impedance can be used and the con-
version gain 4, = 2.59.

is

Table II—Summary of Performance of BAK5 Mixer with Various

Amplifiers
R-F Amplifier Tube R,, R R, R.(A')? E., Gain S/N
Grounded-Cathode 6AK5 141,200 6,000 147,200 65,000 66.3 29.1 0.440,
Grounded-Grid  6J4 55000 6000 61000 26900 42.6 11.6 0.313E,
Cathode-Follower 6J1 16350 7,400 23750 10470 26.6 13.0 0.489E,
Cathode-Coupled  6J6  27.600 6,000  33.600 14,800 31.6 14.2 0.449E,

Table III—Performance of 6]6 Mixer with Various Amplifiers

Total

R-F Amplifier Tube R R(A’.)? R, E. S/N Gain
Pentode 6AK5 145,500 25,650 266,760 425  0.433E;.. 18.40
Grounded-grid 6J4 59.300 10,470 10,580 26.8 0.315Eqn 9.24
C_nt‘hode—Follower 6.J4 20,100 3,510 3,650 15.7  0.521F,,., 8.18
Cathode-coupled 6J6 31,900 5,630 5,710 19.7  0.A456E.., 8.98

impedance in the ratio 75/2,850 to
yield 111 ohms effective at the coax-
ial cable jack).

The 6J6 Mixer Circuit

For the 6J6 mixers of Fig. 9, the
equivalent noise resistance is’

R = 13/G, (63)
for the mixer section of the tube,
where G, is the zero bias transcon-
ductance in mhos of the tube. An
additional source of noise in this
circuit is the triode section that is
used to transmit oscillator voltage
to the mixer proper. The noise re-
sistance of a triode is (Eq. 25)
R = 38/G,., where G,, is the average
transconductance of the tube in
mhos. To a reasonable approxima-
tion, the average transconductance
is equal to half of G, the peak
transconductance, so we may write
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The cathode circuit may be
either a low-impedance-level selec-
tive-narrow-band circuit resonated
at local oscillator frequency, in
which case it must be tuned from
station to station; or it may be a
broad-band circuit, in which case it
cuts the conversion gain to one half
(this can be proved by use of Eq.
27 to determine the gain of a tube
whose cathode load impedance is the
cathode output impedance of a sim-
ilar tube) but does not have to be
tuned. The conversion gain for the
6J8 mixer with a wide-band cathode
circuit is therefore 1.830. Since we
use the same impedance transfor-
mation ratio in the 6J6 mixer plate
circuit as in the 6AK5 mixer cir-
cuit, (the two tubes have practic-
ally the same output capacitances),
the gain of the 6J6 from signal grid

(C) CATHODE COUPLED

FIG. 9—Circuits employing a 6J6 mixer.

For narrow-band cathode circuit at (A),

C, or 100 upf is added and Ly is adjusted

to resonate with C; at the oscillator fre-

quency. For wide-band cathode circuit

at {B), L, is adjusted to resonate with
stray capacitance

to coaxial output jack is 4’, = 0.42
for the switched cathode circuit and
0.21 for the fixed cathode circuit.

We may repeat the process used
in setting up Table II for the
6AK5, this time introducing the
quantity R.. which is equal to
R(A’,)? plus the transformed noise
resistance of the first i-f stage, 111
ohms. In Table III, the figures
given are for the tunable cathode
circuit. For fixed-tuned operation,
the gain figures are half of those
shown,

Grounded-Grid Mixer

The grounded-grid mixer shown
in Fig. 10 has several features that
require an analysis quite different
from that for the pentode. In the
case of the circuits of Fig. 10A and
10C it is found that the impedance
level of the amplifier plate load can
be doubled (for the same overall
r-f head bandwidth) thus doubling
amplifier gain. Assuming that the
input impedance to the mixer is
about 80 ohms and that the input
capacitance is 7 puf, the bandwidth
of the mixer cathode circuit is ap-
proximately 285 megacycles. From
a different viewpoint, the circuit
behavior can be summarized by say-
ing that the grounded-grid mixer
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input provides no significant capaci-
tive loading on the r-f amplifier-
mixer interstage.

In the case of the grounded-grid
amplifier grounded-grid-mixer com-
bination of Fig. 10B, it is not only
possible to increase the impedance
level of the amplifier plate load,
but it is also conceivable that some
impedance lower than the maxi-
mum allowed by the bandwidth
would give a maximum gain for the
overall unit due to the interaction
of the stages on each other.

In the case of the cathode-fol-
lower r-f amplifier grounded-grid-
mixer, the circuit is indistinguish-
able from a cathode-coupled mixer
operating without an r-f amplifier
except for one point. The single
point of difference between the two
circuits is the choice of the plate
to be used for output. This “no r-f
cathode-coupled mixer” configura-
tion is the better so we shall drop
the cathode-follower r-f grounded-
grid-mixer combination and discuss
its twin in a later section.

The primary feature that re-
quires individual treatment for
each r-f amplifier circuit associated
with a grounded-grid mixer is the
cathode load impedance presented
to the mixer by the amplifier and
the influence of this impedance on
cathode-equivalent noise resistance
of the mixer.

Referring to the pentode r-f
grounded-grid-mixer circuit of Fig.
10A, the a-c plate resistance of the
pentode is of the order of 0.3
megohm, so that with an interstage
impedance transformation ratio of
(for instance) 3,000:100 ohms, the
load resistance presented to the
mixer cathode is about 10,000 ohms.
This is such a large cathode load
resistance that the grid-to-cathode
gain, A,x in Eq. 32.1 is essentially
unity. Therefore Eq. 53 gives the
desired noise resistance, 867 ohms.
This is small but not completely
negligible compared to the output
noise resistances of other amplifiers.

In the 6J4 grounded-grid r-f 6J4
grounded-grid-mixer combination
we are faced with the problem
of providing maximum voltage
transfer to the input impedance of
the mixer. Since the plate load
impedance of a mixer is very low at
the signal frequency, the input im-
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FIG. 10—Three types of r.f amplifiers
feeding a 6J4 grounded-grid mixer

pedance of the grounded-grid mixer
is simply 1/G.., a constant. There
exists the possibility that either the
maximum-voltage transfer require-
ment or the bandwidth requirement
may fix the interstage transformer
ratio. An analysis reveals that the
total gain from antenna to mixer
output jack is given by

M1 + 1
sz

RL 1/2
'm + RL]

where R, is the load resistance pre-
sented to the r-f amplifier plate by
the interstage transformer, G, is the
conversion transconductance of the
mixer, and p, and r,, refer to the r-f
tube. It is apparent that as R,
ranges from 7, to o the gain in-

A =G [RIF X

creases only 40 percent, so that
there is no great advantage in
using a high transformer ratio. If
we use R, = r,, = 4,500, the inter-
stage bandwidth is 10 mc so
the interstage gain is down 0.7
db at 2 mc each side of carrier fre-
quency, and according to Fig. 2, the
mixer plate circuit is permitted a
bandwidth as small as 4/0.85 or 4.7
me. Resistor R, the mixer plate
resistor, is then 2,420 ohms total
for a 14-puf mixer plate circuit
total capacitance.

From the above, the mixer input
impedance is 80 ohms, so the r-f
plate-to-mixer  cathode  voltage
transformation ratio is A, = 0.1675
for the 6AK5-6J4 and the 6J6-6J4
combinations, and 4, = 0.1330 for
the 6J4-6J4 combination.

At the 6J4 mixer cathode we thus
have the following voltages and re-
sistances:

" RF

Amp  Mixer E, R,

614 G-G  6J4 541 Ezne 2,850 ohmis
6AKS5 G-C 6J4 147 Eu. 16,700 ohms
616 C-C 6J4 655 Epe 3,150 ohms

The conversion transconductance,
G., is 0.0042 mho, so for the 6J4-
6J4 combination, the conversion
gain A, is 10.14, and for the 6AKS-
6J4 and 6J6-6J4 combinations A. =
5.88.

The voltage ratio for the mixer
plate to coaxial output transformer
is A, = 0.176 for the 6J4-6J4, and
A, = 0231 for the 6J6-6J4 and
6AK5-6J4 combinations.

The net mixer-cathode to coaxial-

Table IV—Summary of Tubes and Circuits

R-F Tuned
Amplifier Mixer Gain K Amin Circuits
6AKS5 G-C 6AKS5 29.1 0.410 17.6 2
6AKS5 G-C 616 (fixed cath) 9.2 0.433 17.3 2
6AKS5 G-C 6J6 (tuned cath) 18.4 0.433 17.3 3
6AKS G-C 6J41 20.0 0.436 17.5 2
6J4 C-F 6AKS 13.0 0.489 19.6 2
6J1 C-F 6J6 (fixed cath) 4.1 0.521 20.8 2
6J4 C-F 6J6 (tuned cath) 8.2 0.521 20.8 3
6J4 G-G 6AKS5 14.6 0.343 13.7 1
6J4 G-G 6J6 (fixed cath) 4.6 0.345 13.8 1
6J4 G-G 6J6 (tuned cath) 9.2 0.345 13.8 2
6J4 G-G 6J4 9.7 0.388 15.5 1
6J6 C-C 6AKS5 14.2 0.4419 17.95 2
6J6 C-C 616 (fixed cath) 4.5 0.456 18.3 2
6J6 C-C 6J6 (tuned cath) 9.0 0.456 18.3 3
6J6 C-C 6J4 8.9 0.415 17.8 2
None 6AKS5 11.8 0.332 13.3 1
None 6J6 (fixed cath) 3.44 0.457 18.3 1
None 6J6 (tuned cath) 6.88 0.480 19.2 2
None 6J4 1.93 0.239 9.6 0
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output gain isthen A — A, X 4, =
1.79 for the 6J4-6J4 combination,
and A =1.36 for the other combina-
tions.

The voltages at the coaxial out-
put jack are tabulated below:

R-F

Amp Mixer I, E, S/N
6AKS5 6J1 200 E,.. 45.8 0.436 E,,,
6J1 6J1  9.70 E..e 25.0 0.388 E,,,
6J6 6J4 890 K.y 20.0 0445 E,,,

No R-F Amplifier

If each of the three mixers were
operated with no r-f stage as shown
in Fig. 8 we would have a some-
what different picture. We lack
only a formula for noise re-
sistance of a 6J4 mixer having a
75-ohm cathode circuit resistance.
Substituting this value of R; and
previously known values for the
other factors in Eq. 29, the noise
voltage is 46.9 percent of that for
a grounded-cathode triode mixer.
Equations 26 and 583 show that
R, = 276/G,. For the 6J4 with
G, = 0.015 mho, R, = 191 ohms.

All of the data required for the
various mixer circuits operating
with no r-f amplifier are tabulated
below.

6AKS Mixer, Fig. 8A

Tube noise resistance rel'errcd to grid 4,500 ohms
Grid circuit antiresonant resistance. 3,540 ohms

Total noise resistance at grid. . . . .. 6,270 ohms

Noise voltage at grid. . .. .. ... .. .. 20.6 uv

Gain, antenna jack to grid. . ... 6.87

Gain, grid to output Jack... ... ... 1.72]

Total grid noise resistance referred
tooutput................ .. ... 18,550 ohms?

Total noise resistance at ouLput . 18,660 ohms

Noise output voltage. . ... 355 uv

Signal output voltage. ... ... ... ]l 8 Eant

Signal-to-noise ratio

6J4 Mixer, Fig. 8B

Tube noise resistance referred to_
cathode. ... ................. 191 ohms

Input circuit resistance............ 75 ohms
Total input noise resistance........ 230 ohms
Total input noise voltage........ .. 3.94 puv
Gain, cathode to output jack. . 1.93
Total input noise resistance referrt-d
tooutput............... .. ... .. 857 ohms
Total noise resistance at output. 968 ohms
Notise output voltage. . . . ...... ... 8.09 uv
Signal output voltage. .. ... ... ... 1.93 Eoni
Signal-to-noise ratio. . ... ......... 0.239 K.
Switched Fixed
Cathode Cathode
6J6 Mixer, Fig. 8C Coil Coil
Tube noise resistance re-
ferred to grid. . ... ... . 2,000 ... ..
Grid circuit antiresonant
resistance............. 6,300 ... ..
Total noise resistance at
grid. .. ...l 5,150 ...

Noise voltage at grid. . .. 18.7
Gain, antenna mck to')zrld 917 ...
Gain, grid to output jack. 0.75 0.375
Total grid noise resistance
referred to output. . 2,900 725
Total noise resistance at
output............... 3,010 836

Noise output voltage. ... 14.3 uv 7.52 pv
Signal output voltage.... 6.88 Eant 3.44 Eunt
Signal-to-noise ratio. . ... 0.480E..: 0.457 Eoni

110

The associated i-f amplitier
should be designed to have as much
of the required gain of the receiver
as stability against regeneration
will permit. For the particular con-
ditions existing in this case, it has
been found practical to have a gain
of 100 db, or a voltage step-up of
100,000 to 1, in the combined i-f and
video amplifier. Since a video out-
put of 40 volts is sufficient to fully
modulate the kinescope grid for
most tubes, an i-f input of 400 wv is
needed. It has been experimentally
determined that a signal-to-noise
voltage ratio of 20 db or 10 to 1 is
necessary for good reception. This
means that the r-f and mixer should
provide at least enough signal
gain that there will be an accom-
panying 40 uv of noise at the coaxial
output jack. If the signal-to-noise
ratio is expressed as S/N = KFE,.,
and if §/N is set equal to 10, then
E.. = 10/K. The minimum accept-
able r-f section gain is then that
needed to bring E... up to a 400-pv
level, A,.., = 400/E,,.; and A, =
40K. From these data we can set
up Table IV shown on the preceding
page.

Summary

Table IV shows that the 6AK5
mixer is the only mixer with no r-f
stage that has almost as much gain
as A,., although the 6J6 with
tuned cathode has one of the best
signal-to-noise ratios of all circuits
considered. Of the combinations
employing a 6J4 grounded-grid r-f
amplifier, only the 6J4-6AK5 com-
bination has more gain than A..

One surprising point demon-
strated by these data is the lack of
signal-to-noise superiority of the
6J4 grounded-grid amplifier com-
pared to the 6AK5 amplifier. The
reason is that the low input imped-
ance to the grounded-grid stage
permits only a small signal voltage
step-up before the signal finds itself
on common ground with tube noise
for all further amplification.

Of those combinations using a
6J4 grounded-grid amplifier, the
6AK5 mixer provides most gain,
with only one tuned circuit and with
a slight margin over the minimum
acceptable gain. Another possibil-
ity brought out by the data in
Table IV is that of using a
grounded-grid 6J4 r-f amplifier fol-

lowed by a 6AK5 r-f amplifier and
a 6AK5 mixer where the total range
of frequencies over which the unit
is to work does not exceed 190 mec,
and where maximum obtainable
gain is needed. Such a combina-
tion would have a voltage step-up
of 548 or a gain of 54.8 db (which
would reduce required i-f and video
gain about 70 db), a signal-to-noise
ratio of 0.496 E.., and would re-
quire only two tuned circuits.

Of the several mixers operated
with a 6AK5 r-f stage, although all
combinations have a gain of & or
more times A,., the 6AKS mixer
provides the most gain with nearly
the same S/N and the minimum
number of tuned circuits. The
6AS6, which is a 6AK5 having the
suppressor brought out to a
separate pin, could be used as a
mixer with oscillator voltage injec-
tion at the suppressor. This cir-
cuit would reduce the capacitance
shunting the amplifier-mixer inter-
stage, which would make possible
a slightly higher interstage imped-
ance and increase gain, but a lower
conversion transconductance (due
to screen dissipation limitations)
would produce about the same over-
all gain and signal-to-noise ratio as
the 6AK5 mixer. Pentagrid mixer
tubes such as the 6BE6 have such
low conversion transconductance as
to be out of the question.

The 6J4 c-f r-f combinations ex-
hibit the best obtainable S/N
ratios, but unfortunately at the ex-
pense of gain. The 6J4 c-f r-f-6AK5
mixer provides a very good S/N
of 0.489 E.,, with a gain only 3 db
short of A,

Although the 6J4 as a grounded-
grid mixer without r-f amplification
and the 6AK5 mixer operated with
no r-f amplification look good on
the basis of tube and tuned-circuit
economy, both should be vigorously
rejected on the basis of excellent
capability of transmitting oscil-
lator power to the antenna.
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Lead Sulfide
Photoconductive Cells

Practical operating data and characteristics of recently improved lead sulfide cells.
Present applications of the cells include sound-on-film transducers using infrared in-
stead of conventional light sources, spectrophotometry, pyrometry and industrial controls

By S. PAKSWER
Chief Engineer

Continental Electric Co.
Geneva, Illinois

LTHOUGH photoconductivity was
Aobserved on natural galena
many years ago, the modern lead
sulfide cell is a relatively recent
development. A clear picture of
the electrical properties of semicon-
ductors was obtained just before
the war and it was applied in the
U.S.A,, Britain and Germany to de-
velop infrared detectors for mili-
tary uses in optical telephony and
telegraphy which could not be in-
tercepted by the enemy nor jammed
like radar.!

The methods of manufacturing
these cells are greatly variable®**"
A grid of conductive material such
as carbon or platinum is ruled on
the inside surface of a bulb or on
ylass plates and the grid is electri-
:ally connected to terminals sealed
into the glass bulb. A layer of lead
sulfide is then deposited either
chemically or by evaporation in
vacuum or in air at reduced pres-
sure on the area between the bars
of the grid. This deposition can be
simultaneous with or it can be fol-
lowed by an activating heat treat-
ment at determined temperature
and pressure conditions. Finally
the activated surface is sealed off
in vacuum or otherwise protected
against atmosphere.

The original PbS lattice has lost
the sulfur at some small regions and
has therefore an excess of Pb. On
other regions the sulfur has been
replaced by oxygen either built into
the lattice or absorbed intersti-
tially, the desired final product be-
ing a homogeneous mixture of both
types. Furthermore, a dipole layer
of O, atoms may be absorbed on the
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surface and barrier layers can be
formed at the contact surface with
the conductive grid material. The
properties of the cells will greatly
depend on this structure; thus the
spectral response varies consider-
ably with the amount of oxvgen in
the layer and its thickness (absorp-
tion) ; noise is greatly dependent on
the material of the contacts and the
formation of the barrier layer at
the contacts and at the boundaries
between PDbS crystalline particles
with excess or defect impurity; the
electrical resistance and the sensi-
tivity are also functions of the
thickness and the layer structure.
In view of the physical relation-
ships governing the resistance and
the signal to noise ratio, the sensi-
tive surfaces must be made small in
area. This in most cases is a favor-
able feature as it allows the design

FIG. 1—The tallest lead sulfide cell shown above is about 1%2 inches high.

of commercial tubes in miniature
and subminiature size.

In Fig. 1 are represented such
tubes. Tubes A and B have a single
grid on the side, C has a double
grid on the side, and D is an end-on
type cell.

Light Sensitive

The spectral response of typical
lead sulfide cells is represented in
Fig. 2 and compared to the spectral
response of the S-1 response and
S-4 response phototubes and to the
visibility curve of the eye. It should
be pointed out that in this graph
the maximum of sensitivity for each
curve is arbitrarily set to 100. Two
curves are given for the lead sulfide
surface, one shows the spectral re-
sponse of a typical commercial cell
with a maximum around 1.2-1.5 y,
the other that of a cell with a maxi-

Types A
and B have a single grid on the side, type C has a double grid and type D is the
end-on cell

m
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FIG. 2—Spectral response curves of S-1, S-4 and lead sulfide surfaces

mum at around 2.6 p.. The spectral
response is variable between these
two limits as to the position of the
maxima, the appearance of double
maxima and other factors. Since
the maximum of curve 2 in abso-
lute units is often much lower than
the maximum of curve 1 it is pos-
sible for cells of type 1 to have even
better response in the far infrared
than cells of type 2. Cooling to low
temperature shifts the long wave
threshold to longer wavelengths.*

The dark resistance of the cells
depends greatly on the type of acti-
vation and the temperature. At
room temperature most commercial
cells have dark resistances between
0.2 and 5 megohms with an average
around 0.75 megohm. Cooling in-
creases the resistance. The resist-
ance increases by a factor of about
2 when the temperature decreases
from 30 Cto 0 C.

Electrical Action

Radiant flux falling on the active
surface of the cell decreases its
resistance. The change in resist-
ance Ar/r, is linear with increasing
illumination up to 0.001 lumen on
the surface for areas of 3 X % inch.
If a constant d-c voltage is applied
to the cell and a resistance in series,
this drop in the cell resistance will
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lead to an increase in the voltage
drop across the load. If the photo-
conductive cell is replaced by a
photoemissive tube the same radi-
ant flux will also produce an in-
crease in voltage across the load.
This voltage sensitivity can be ex-
pressed by the equations:™

Photoemissive tubes

av. ks
da ds
L+ B,

= Rs (Vacuum tubes)

= RsA (Gas tubes, R <1 Meg)
Photoconductive cells
v ERdr
i~ (R-+ntdf
E dr

skl Trdf (Optlm;l)m Value

Voltage developed across load re-

gistor R

Load resistor

Flux in lumens or watts

Luminous sensitivity of photo-

emissive tubes in microamperes

per lumen at some specified color

temperature

e = Voltage developed across the
photoemissive tube

ds/de = Change in s per unit change in

voltage across photoemissive
tube

A = Gas amplification of gas photo-
emissive tubes

E = Voltage supply in circuit

r = Resistance of photoconductive cell

r¢ = Dark resistance of photocon-
ductive cell

dr = Change in resistance of photocon-

ductive cell due to a change in

radiant flux df

n

oy o

Therefore photoconductive and
photoemissive tubes can be directly
compared. Data is plotted in Fig.
3 for photoelectric surfaces with
three different responses: the
photoemissive responses S-4 and S-1
and the photoconductive surface
lead sulfide. The color temperature
range of the tungsten lamp was
1,700-2,900 K. In these graphs the
total radiant flux in watts falling
on the photoelectric surfaces is a
constant for all color temperatures.
The voltage sengitivity is expressed
in volts per microwatt of radiation
impinging on each surface.

On the photoemissive tubes the
voltage sensitivity is practically in-
dependent of the area of the surface
for constant radiant flux; on the
lead sulfide cell voltage sensitivity
is inversely proportional to the area
as it will be shown later. For the
vacuum photoemissive tubes, volt-
age sensitivity is directly propor-
tional to the load resistance; for the
gas photoemissive tubes, the volt-
age sensitivity is approximately
proportional to the gas ratio if the
load resistance is of the order of 1
megohm or less. Optimum values
of voltage sensitivity for the lead
sulfide cell and a given voltage are
obtained using a load resistance
equal to the light resistance of the
cell.

Curves 1 and 2 in Fig. 3 give the
voltage sensitivity as a function of

o
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FIG. 3—Voltage sensitivity of different
photoelectric surfaces as a function of
the color temperature
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color temperature for the S-1 and
S-4 photoemissive vacuum tubes
when the load resistance is 1 meg-
ohm. The average sensitivity of
the S-1 tubes is taken as 20 ua per
lumen and that of the S-4 tubes is
40 pa per lumen. These values are
taken at a color temperature of
2,870 K. Curves 3 and 4 are for
photoemissive gas tubes. The aver-
age sensitivity of both S-1 and S-4
gas tubes is 160 microamperes per
lumen. Curves 7, 8, and 9 give the
voltage sensitivity of the lead sul-
fide surface in function of color
temperature for cell areas of 0.1
cm?®, 1.3 e¢m’, and 6 cm® respectively.
The voltage sensitivity of the lead
sulfide cell corresponds to that of an
average cell.

In comparing these various sur-
faces, consider curves 3, 4, and 8.
For high color temperatures around
2,900 K it is apparent that the S-4
surface gives the best voltage sen-
sitivity, the S-1 surface next best,
while the lead sulfide surface gives
slightly lower sensitivity than that
of the S-1 surface. At color temper-
atures around 1,700 K however, just
the reverse is true; voltage sensi-
tivity for the lead sulfide being by
far the greatest while that of the
S-1 surface is down by a factor of
4 and that of the S-4 surface by a
factor of 100. From these curves
it is evident that the only advantage
of lead sulfide cells with areas
larger than 1 c¢cm® is for operation
with light sources of relatively low
color temperatures. But even at
high color temperatures the lead
sulfide gives a decided advantage
when the available radiant flux can
be condensed on a small area of the
order of 0.1 cm® (} X % inch).

Frequency Response

The question of dynamic sensi-
tivity (frequency response) of PbS
cells is still under investigation.
Statements made are contradictory ;
some measurements indicated for
certain cells a flat response in the
audio range, others showed a con-
siderable loss at 5,000 cycles.
Plotted in Fig. 4 (right scale) are
measurements made on typical com-
mercial cells (type A and B) as
compared to measurements made on
vacuum and gas-filled photoemissive
tubes, the sensitivity of the vacuum
phototube being taken as a zero-db
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level throughout the audio range.

These measurements were made
with 50-cycle black and white film
rotated at different speeds on a
drum. The radiation of an exciter
lamp (calibrated at 2,870 K) was
projected by a Simplex optical sys-
tem on the film. Under these condi-
tions the drop in response of the
PbS cell seemed to be only slightly
greater than the drop of a gas filled
S-1 response tube.

This result should be considered
as preliminary only, as there are
indications that at lower color
temperatures the frequency re-
sponse may drop off much more
rapidly.

The luminous sensitivity of lead
sulfide cells in a-c operation can
also be expressed in terms of sig-
nal-to-noise ratio. In photoemis-
sive high-vacuum tubes noise is due
to the shot effect of thermal emis-
sion. At room temperature and
photoemissive current of the order
of 0.1-1.0 pa this noise is consider-
ably higher than the noise in the
series resistor.

The noise in photoconductive
materials is given by the sum of the
noise due to thermal fluctuations of
electrons in the resistive material
(Johnson noise) and noise due to a
voltage component, probably related
to the barrier layers at the different
boundaries. This noise is near 20
db lower than the noise in typical

directly proportional to the applied
voltage and inversely proportional
to the square root of the sensitive
area. At higher voltages or higher
frequencies, the thermal noise com-
ponent is increased.

It can also be shown that the sig-
nal produced by the same radiant
flux on different size areas is pro-
portional to the applied voltage and
inversely proportional to the area.
The signal-to-noise ratio is there-
fore practically independent of the
voltage until a certain point is
reached where the ratio starts to
decrease, due to an increase in
thermal noise. For constant flux
the signal-to-noise ratio is inversely
proportional to the square root of
the sensitive area but for constant
flux density (illumination) the ratio

is directly proportional to the
square root of the area.
The signal-to-noise ratio in-

creases considerably when the tem-
perature is lowered. A change
from 30 C to 0 C increases the ratio
by 8 to 10 db.

Noise Data

In Fig. 4 (left scale )is shown
the noise in microvolts rms per unit
bandwidth measured at room tem-
perature and a voltage of 35 volts
at the cell. The two curves corre-
spond to average cells A and B of
Fig. 1 (grid area % x % inch). It
can be seen that the noise drops off

gas tubes. It can be shown that the considerably towards higher fre-
predominant voltage component is quencies. Noise in microvolts over
°a
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FIG. 4—Curves A and B show the average noise output of cells A and B of Fig, 1.
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gas tubes; and curve 3 to the signal sensitivity of lead sulfide surfaces
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a frequency range (or the equiva-
lent noise input) can be calculated
using the equation

‘/ S
ey = 2!
Jeu

fi
where ey, is taken from Fig. 4. If
this bandwidth is sufficiently small
so that ey, can be considered con-

stant this reduces to

ev = ey, VB
where B is the effective rectangular
power bandwidth.

Signal-to-noise ratios can be ap-
proximately calculated for any
color temperature, bandwidth, volt-
age, and cell area with the use of
Fig. 3 and 4 and the relationships
shown above, For example, the sig-
nal-to-noise ratio of cell A and 0.1
cm® area at a color temperature of
2,870 K, at 1,080 cycles and a band-
width of 2 percent or 21 cycles at
half power points for a signal of
1 microlumen can be calculated as
follows:

This  bandwidth  corresponds
roughly to an effective rectangular
bandwidth of 27.1 cycles. The noise
is calculated by multiplying the
square root of the effective rectan-
gular bandwidth times the noise per
unit bandwidth at 1,080 cycles to
give 6.66 X 10°° volts. The signal
is taken from the voltage sensitivity
at 2,870 K which is 4.3 X 10 volts/u
watt and divided by a conversion
factor of 22.73 to obtain volts/p

lumen. The signal-to-noise ratio is
then given by

1.89 X 103

6.66 x 10~ ~ 101 db.

If this calculation is carried out at
1,700 K the corresponding figure is
66.5 db.

There have been up to now no in-
dications of deterioration of the
cell surface on life test. Exposure
to air does not deteriorate the sur-
face immediately as in photoemis-
sive cells but causes a slow drift
in resistance and sensitivity. Rise
in temperature beyond 100 C should
be avoided.

Summing up, the lead sulfide cell
is a rugged, nonmicrophonic device
of miniature size, linear response,
and low noise level. This is particu-
larly favorable for use in applica-
tions where the frequency is below
10,000 cps, the color temperature
in the range 400 K to 2,900 K and
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the light flux can be concentrated on
a small area up to 0.1-1.0 cm’
Under these conditions photocon-
ductive PbS cells can vield consid-
erable advantage over photoemis-
sive tubes.

Circuits and Applications

The circuits used on PbS cells are
similar to the standard circuits
used on phototubes. Slight modi-
fications must be incorporated to
account for the change in voltages
and the initial dark current. It
should be remembered that the
photoconductive cell is a lower im-
pedance device, thus allowing the
use of longer connecting cables, an
item of importance in industrial
control work.

In Fig. 5, 6, and 7 are represented
some typiecal circuits, and the com-
parison of the indicated values with
values used in corresponding cur-
rent circuits for photoemissive
tubes will give an indication for the
designer concerning the modifica-
tions to be introduced in phototube
circuits when phototubes are re-
placed by PbS cells. In Fig. 5 is
represented a thyratron relay trig-
gered by an increase in light, in
Fig. 6 a thyratron relay triggered
by a decrease in light, and in Fig. 7,
a circuit sensitive to modulated
light which can be used as a first

IMEG ‘J
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ce-7oi-ca(% g

RELAY
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FIG, 5—Thyratron relay operated by an
increase in light

CE-701-C2

RELAY 2,000 4MA

M
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booocieia 1IBY AG eeeeeene-

FIG. 6—Thyratron relay operated by a
decrease in light

stage in sound reproduction or in
industrial applications where the
device is responsive to a chopped
light source regardless of back-
ground illumination.

In all applications the question of
light sources and optics will arise.
The preceding considerations show
that PbS cells will operate efficiently
on tungsten lamv sources. It also
follows that advantages can be ob-
tained from the high infrared re-
sponse by using light sources of
low color temperature or selective
emitters with infrared radiation.
One method of procedure consists
in running tungsten lamps at low-
ered voltage which also has the
beneficial effect of increasing their
life.

Another method consists of using
resistance wire such as nichrome
and running it at temperatures
around 1,000 C. In this case, the
60-cvcle hum from a-c supplies is
considerably decreased; however
there is a loss in signal.

As a third solution the use of in-
directly heated exciter lamps has
been proposed. In these lamps
indirectly heated cathodes of receiv-
ing type tubes are used as light
sources. The hum is practically
nil; however, due to a limitation in
color temperature given by the
materials used, the signal is also
impaired.

The use of long-wave infrared ex-
citation is furthermore complicated
by the fact that the optical glasses
have marked absorption between 2
and 3 w and that the present optics
are chromatically corrected for
much shorter wavelength. In some
applications, like sound reproduc-
tion, a proper balance of all the
factors involved such as spectral re-
sponse of the tube, emission char-
acteristics of the light source, prop-
erties of the optical system and ab-
sorption characteristics of the film
material has yet to be attained in
practice.

The first practical achievements
have been in the motion picture in-
dustry and in the field of spectro-
photometry and pyrometry although
considerable work is being done on
installations for industrial control
use.

There are at present thiree 16-mm
sound projectors using lead sulfide
cells on the market. In a projector
designed by the Apollo Division of
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the Excel Movie Products, Inc., the
properties of the PbS cell were put
to profit in a radically new design of
the sound head which lowered cost
considerably. 1In this case the cell
is excited by a nichrome wire and
the optical system is greatly simpli-
fied. A Revere projector follows
more conventional design principles
for high quality sound reproduc-
tion.

A greater expansion of the use of
PbS in the motion picture industry
will be possible when solutions are
found for light sources and optics.
At present, films with dyed tracks
cannot run on PbS cells with the
same efficiency as on photoemissive
cells with S-4 response. Further-
more, investigations continue con-
cerning the frequency characteris-
ties of PbS cells and the possible
improvements to be made in this
respect.

Measurements

Several papers have been pub-
lished concerning the use of PbS
cells in stellar photometry, spectro-
photometry, and pyrometry.®® It
has been found that these cells com-
pare very favorably with thermo-
couples as they have an equivalent
signal-to-noise ratio and a much
faster response. For measurements
further in the infrared up to 5-6 u,
cells with PbSe and PbTe surfaces
have been developed using tech-
niques similar to those used on PbS
cellg, B

The good infrared response will
offer advantages when cells of this
type will be used in burglar alarms
and controls of all kind using dark
infrared radiation. The small size
will offer advantages when the dis-
tance between the radiation source
and the cell is short, such as it
generally is on protective devices on
machine tools. When the longer
distances are required the circuits
and the optical systems and the
source must be designed to com-
pensate for the smaller amount of
radiant flux falling on the lead sul-
fide cell.

It is recommended the same prin-
ciples be used as for photoemissive
tube * that is, parallel beams for
moderate distances, concentrated
beams for short distances and mod-
ulated beams for long distances or
for use where the level of extra-
neous illumination is high. In this
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FIG. 7—Input stage for lead sulfide

modulated light amplifier

last application it should be re-
membered that although the signal
at constant radiant flux may be
lower in the case of PbS cells than
in the case of photoemissive tubes,
the photoconductive cells have a
considerable advantage in the sig-
nal-to-noise ratio, especially in cases
where it is not possible to use
vacuum tubes and high load
resistors.

In certain applications, especially
for outdoor work, some difficulty
may be encountered due to the high
temperature coefficient of these
cells. In this case it is possible to
design a cell circuit in which a
second cell of the same type would
be used t¢ compensate for tempera-
ture changes.

Counting and Sorting

PbS cells and in particular the
double surface cell, Fig. 1C, are of
particular interest in devices for
photoelectric measurement, count-
ing and sorting of very small ob-
jects. In an industrial application
at present under development, the
PbS cell registers diameter differ-
ences of less than 10 mils.

Some applications may derive ad-
vantage of the fact that it has not
been possible to date to manufac-
ture a good end-on phototube with
S-1 response in a miniature bulb of
approximately %-inch outside diam-
eter. There is definitely a large field
of applications for a miniature end-
on tube with infrared response to
work in conjunction with small in-
candescent lamps. Such cells could
be used stacked in large numbers in
tabulating machines, in electric
signs with a varying design or text,
and in all other similar applications
where a configuration of holes in a
continuous band should be trans-

lated into electric impulses.

The lack of a good phototube of
miniature dimensions has possibly
been one of the reasons why the
multiple attempts to develop a
photoelectric phonograph pickup
have not led to a popular product.
The photoconductive cell seems to
be a promising tool in this case too.

These few examples are given
only as an illustration of the broad
potentialities of the PbS cell in elec-
tronic equipment. The area of its
applications does not completely
overlap the area of use of photo-
emissive tubes; thus new and broad
fields may be_opened to the designer
of industrial photoelectric equip-
ment.
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TRANSFER FUNCTIONS
for R-C and R-L
Equalizer Networks

T HE accompanying tabulation
of transfer functions or the
ratio of output to input voltage
(E,/E)) is the vesult of at-
tempts to determine the elec-
trical equivalent network of a
pneumatic servo system and
to find a satisfactory equalizer
for that system. The phase angle
¢ between E, and E, is also given
in the tables. Transfer func-
tions of the elementary networks
are common knowledge and are
included for the sake of com-
pleteness. Wherever possible
the gain curves are represented
by asymptotes and the corner
frequency which is the inter-
section of these asymptotes.
Where two or more corners exist,
they must be of the order of a
decade apart in order that the

By E. W. TSCHUDI

) Pilotless I’lane Div,
Fairehild Engine and Airplane Corp.
Karmingdale, N. Y.

by asymptotes. When it is de-
sired to compute the actual gain,
p should be replaced by jw in the
transfer function and the ampli-
tude computed in the usual man-
ner for complex quantities;
squaring the real and then squar-
ing the imaginary components
separately, adding them and then
taking the square root of the
sum. For example in No. 1,

1
4= \1 + T
and the gain is 20 log A. In net-
works including inductance, the
ohmic resistance of the induct-
ance, R,, is represented as a

sponse curves are not included
since it is comparatively simple
to compute the phase angle at
several representative frequen-
cies. In general the phase angle
is positive when the associated
gain increases and negative when

the gain decreases (attenua-
tion).
The inclusion of phantom

shunt impedances in No. 1 and 8
indicates the transfer functions
are not affected by their pres-
ence. The values of T, and T,
in the corner frequencies of No.
4 and 6 are the roots of the quad-
ratic expressions in the denomi-
nators of these transfer func-
tions. They are different from
the two time constants T, and T.
that are, respectively, the pro-
ducts of R.C, and R.C..

gain curve may be represented practical necessity. Phase re- (Continued on p 118)
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No. 16G12422

o 1y With Lead
¢’ : \ L
o No. 60M13781
N Ry Without lead
=~ v
Ry @\ = ‘-_._‘._&4
i !
=\ 1
Base

CINCH Electrostatic Shields

To dampen vibration, lead weighted shields

e are a must for television reception—the CINCH
shield for the miniature snap-on type socket
has internal spring “fingers” that grip and hold

®  tube. And for use with any CINCH “J” type
socket, miniature and

Noval, as pictured.

[ ]
i j &J "
No. 16G13729
¢ Miniature Without lead
No. 16G13940
Noval Without Lead
* [
>
No. 16G13728 All electrostatic
® Miniature With lead shields and tube
No. 16G13938 holders can be
Noval With Lead SUpp‘ied in black
° Tube retainers with ventilating win- finish
dows . . . designed to provide a “J’ inish to commer-
slot type tube shield for tube retention cial or govern-
ly. ..
purpose ony ment finish re-
" MINIATURE: NOVAL: quirements and
138" long. . ... No. 16G13744 12 long... .. No. 16G13740 ifi i
1%" long. .. .. No. 16G13742  1-15/16" long. No. 16613934 specifications.
2Va'' long.....No. 16G13597 238" long. .. .. No. 16G13936
®
AVAILABLE AT LEADING ELECTRONIC JOBBERS . . . . .. everywhere

"CINCH MANUFACTURING CORPORATION 25 yuvas s st

Subsidiary .of United-Carr Fastener Corporation, Cambridge. 42, Mass..



TRANSFER FUNCTIONS (continued from p 116)

NE TWORK TRANSFER FUNGTION GAIN CURVE
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Teaching Surgery by Television!

EG B Mirrn s

Through the use of televisian medi-
cal students and visicing duvctors
are as close to the operat ry field
ws the surgeon himself.

JOURTESY OF RADIOCORPOPATION & F AMERICA

... and Mallory borrows the

surgeon’s rubber gloves for exacting manufacturing

There are more rubber gloves in this picture than you can see. They are worn by
Mallory craftsmen in assembling the Mallory FP Capacitor. Thus no human hand*
touches any vital part during processing and assembly.

Mallory knows there can be no compromise with quality—in television. New standards
are essential for long life, dependability and trouble-free operation. The “rubber glove”
technique is typical of Mallory’s exacting standards.

Mallory FP Capacitors are accustomed to severe service—have been operating at 85° C.
for years. Even though this extreme temperature may not be apparent in your
particular model, it’s good to know that Mallory gives you an extra margin of safety.
So make it Mallory and be safe.

FP is the type designation of the Mallory developed electrolytic *The chlorides present in perspiration cause
capacitor having the eharacteristic design pictured. Adopted as destructive corrosion which shortens the capac-
standord by RMA, it is famous for dependable performance. itor’s life in the field.

SERVING INDUSTRY WITH

P.R.MALLORY & CO.Inc. Capacitors  Rectifiers
Contacts Switches
Controls Vibrators

Power Supplies
Resistance Welding Materials

P. R. MALLORY & €9., Inc., INDIANAPOLIS 6, INDIANA
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TRANSFER FUNCTIONS (continued from p 118)

NETWORK TRANSFER FUNCTION GAIN CURVE
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ANOTHER -hp- SERVICE

Person-to-Person Help With
Your Measuring Problems

Almost anywhere in America, —hp— field
representatives can give you personal help
with your measuring problems. They have
complete data on —/p— instruments, their
performance, servicing and adaptability.
Call the nearest —hp- field representative
whenever, wherever you need help with a
measuring problem.

BOSTON, MASSACHUSETTS

Burlingame Associates
270 Commonwealth Ave.
KEnmore 6-8100

CHICAGO 6, ILLINOIS
Alfred Crossley & Associates
549 W. Randolph St.
State 7444

CLEVELAND 12, OHIO

M. P. Odell
1748 Northfield Avenue
Potomac 6960

DALLAS 5, TEXAS

Earl W', Lipscomb
4433 Stanford Street
Logan 6-5097

DENVER 10, COLORADO
Ronald G. Bowen
1896 So. Humboldt Strect
Spruce 9368

FORT MYERS, FLORIDA

Arthur Lynch and Associates
P. O. Box 466
Fort Myers 1269M

HIGH POINT, NORTH CAROLINA
Bivins & Caldwell
Room 807, Security Bank Building
Phone 3672

LOS ANGELES 46, CALIFORNIA
Norman B. Neely Enterprises
7422 Melrose Avenue
Whitney 1147

NEW YORK 7, NEW YORK

Burlingame Associates
11 Park Place
Digby 9-1240

SAN FRANCISCO 3, CALIFORNIA

Norman B. Neely Enterprises
954 Howard Street
Douglas 2-2609

TORONTO 1, CANADA
Atlas Radio Corporation, Ltd.
560 King Street West
Waverley 4761
WASHINGTON 9, D. C.

Burlingame Associates
2017 S. Street N. W,
Decatur 8000

ELECTRONICS — May, 1949

AMBITICES

—hp—~ MODEL 200C

From 1, cps to 10 mc, there’s an —bp— resistance tuned oscillator en-
gineered to your exact need. Ten precision oscillators in all, including a
portable unit that operates from batteries. Each has the familiar —bp-
advantages of high stability, constant output, wide frequency range, low
distortion and no zcro set during operation. —bp— precision oscillators
are used by radio stations, manufacturers, rescarch laboratories and sci-
entists throughout the world.

SPECIFICATIONS OF —hp— OSCILLATORS

INSTRUMENT | FREQ. RANGE ouTPyT DISTORTION FREQ. RESPONSE PRICE
—hp— 200A 35 cps to 35 ke 1 watt/22.5v Less than 1% + 1 dbto 15 ke $120.00
—hp- 2008 20 cps to 20 ke 1 watt/22.5v Less thon 1% * 1dbto 15ke 12000
_hp- 200C | 20cpsto 200 ke | 100 mw/10v Le"‘o'gg"u' % + 1 db to 150 ke 150.00
—hp- 200D 7 cps 1o 70 ke 100 mw/10v ]Lg‘c;'s"";"7:)°/;c = ""’o’:;‘:"g“""' 175.00
—hp-200H | 60cpstoé00ke | 10mw/lv Less thon 3% * 'L‘Z*(‘)b"fc“” 350.00
—hp- 2001 6 cps to 6 ke 100 mw/10v :‘:;v':"]"') 'cp/‘ + 1db,61a6000cps | 225.00
—hp—-201B 20 ¢ps 1o 20 ke 3 w/42.5¢ tft;"‘f:u;/;;/n al dlv’o':;:”gh""' 250.00
—hp- 2028 Yy cpsto 50 ke | 100 mw/10v lf,‘; :'5‘6’5 ]cp/s ig;& lg$'° 350.00
—hp- 202D 2 cps to 70 ke 100 mw/10v :g‘:;:‘":";;fc * "ad;:)' Zc“” 275.00

(o= 2048 | cpto 20 ke 2.5 mw/5v Less than 1% =1 d‘:;:;‘:“"""' 175.00
—hp-650A | 10 cpsto 10 me 15 mw/3v lgg‘;'s“;"]'o'c’f‘k 1 dt’u':g":”g"”‘ 475.00

For complete details on any ~hp— HEWLETT-PACKARD CO.

instrument, write direct to factory  1855-A Page Mill Road, Palo Alte, California
or contact the —hp— technical rep- Export Agents: Frazar & Hansen, Ltd.
resentative nedarest you. 301 Clay Street * San Francisco, Calif., U. S. A,

FoOoR S PEED A ND ACCURACY

@ laboratory instruments
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TUBES AT WORK

Including

INDUSTRIAL CONTROL

Edited by VIN ZELUFF

400-mc Oscillator

Nondestructive Testing Laboratory

Spark Guard for Electrostatics. . . ..
Siren-Controlled Traftic Regulator. .
Infinite Rejection Beam...........

400-me Oscillator with Subminiature Tube

By EUGENE A. FATTEY

Receiving Tube Seclion
Thermionics Branch
Rvans Signal Laboratory
Belmar, New Jersey

THE 0SCILLATOR to be described
operates at 400 megacycles and pro-
vides over one watt of useful r-f
power with a plate-circuit efficiency
of 40 to 45 percent when using a
type 5703 subminiature tube. Al-
though designed for laboratory in-
vestigation of filamentary and heat-
er-cathode type subminiature tubes,
the comparatively high efficiency
and compact design of this oscil-
lator extends its usefulness to prac-
tical applications as well as labora-
tory use.

Tests have indicated good per-

formance in the amateur and citizen
frequency bands between 400 and
500 megacycles when using various
types of commercially available sub-
miniature tubes. Although power
output diminishes quite rapidly
above 500 megacycles, an output of
446 milliwatts was obtained at 720
megacycles from tube type 5703.
As shown in Fig. 1, the circuit
diagram is quite conventional elec-
trically. All unnecessary chokes
and capacitors have been eliminated
to provide the utmost in simplicity
consistent with high efficiency. Pro-

This GE automatic tube cartoner feeds flat folding cartons from a magazine, makes up

the carton, inserts a tube. closes the top and bottom tuck-in flaps, and imprints the

tube type designation on the top panel of each carton in one continuous automatic
operation at the rate of 160 cartons a minute
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underside views of

and
oscillator

Front, rear

vision has been made for use of an
external wvariable grid leak for
initial adjustment purposes.

The filament choke is of the
bifilar wound type and has a fairly
broad effect over a range of about
10 percent of the operating fre-
quency. The number of turns may
be altered to provide feedback con-
trol. Too many turns will be evi-
denced by critical load coupling and
failure to obtain maximum output
when the plate voltage is turned off
and on.

In testing heater-cathode tvpe
tubes, a difference in results has
been observed depending on which
side of the filament the cathode is
connected. For example, in testing
tube type 5703 it was found that
connecting the cathode to the fila-
ment lead adjacent to the plate lead
gave increased efficiency.

The photographic views together
with the chassis and other parts
layout of Fig. 2 give all the neces-
sary physical details of construe-
tion. The plate and grid inductances
are formed of No. 12 copper wire to
provide a loop about 1% inches out-
side diameter. The load lamp in-
ductance is also formed from a loop
of No. 12 copper wire 13 inches out-

May, 1949 — ELECTRONICS



SOLDERING TIPS

Good soldering technique and maximum
efliciency demand uniformity in the flux
content, strand size, core size, and alloy of
the solder. I{ any of these qualities are
lacking. it means that from time to time
there will he a marked ditfference in the
results and a loss in economy.

As an example, a solder that does not con-
tain a uniform flux content might result in
too much residue, which may bhe very
harmful to the finished work: or in direct
opposite, there might not be enough flux
to properly remove the oxides, resulting in
a faulty soldered connection. All Kester
Flux-Core Solders are made with various
core sizes containing a flux content ranging
from 4 of 19, to as much as 7% by weight.
These core sizes are available in each of 68
different strand sizes, ranging from .009 to
250”. Not too much emphasis can be
placed upon the nmportance of the correct
core and strand size in relation to the spe-
cific joh that must he done.

A very important factor in controlling core
sizes is that various core sizes or openings
can be obtained only by making the solder
with a simmgle corc. Multiple core solders
have insufficient Hexibility in ther flux
content to meet the many fluxing sitnations
encountered in industry today. With Kester
you have at single core, but that single core
15 available in six different sizes or open-
ings designed to provide varying percent-
ages ol flux, so essential to precision solder-
ing.

Soldering Tips will be pleased to answer
any questions you have pertaining to solder
and soldering fluxes. Address all questions
to Soldering Tips, 4204 \Wrightwood Ave.,
Chicago 39, 111,

Question: How many soldered connections
are there in the average television re-
ceiver?

Answer: We have made a local survey
among four of the important producers
of TV receivers and have obtained varied
answers which range from a minimum
of 350 to 1000, or an average of 632
soldered connections in a ten-inch tele-
vision receiver which is completed and
ready for the market,

NOW AVAILABLE The New
Manual — “SOLDER and  Soldering
Technique’’!

Send for this complete analysis of the prop-
erties of soft solder alloys and soldering
tfluxes . . . a comprehensive reference book
that you will want to retain. It’s yours for
the asking . . . request it NOW !

[ADVERTISEMENT]

ELECTRONICS — May, 1949

KESTER SOLDER

parfner in

lectronic

Kester “Resin-Five’” Core Solder is The TV tuner pictured above, manu-

more active, more efficient, and
faster than any rosin flux—yet is
absolutely non-corrosive and non-
conductive. The finest flux-core sol-
der made for all television and
radio work. Available in diameters
as small as .010". .. 5 different core
openings for each diameter... all
practical alloys.

tactured by Standard Coil Products
Company, contains 210 soldered
connections, all made with Kester
"Resin-Five"” Core Solder,

Call in a Kester Technical Engi-
neer today and have him show you
how ""Resin-Five” Core Solder in the
proper size and alloy will increase
your soldering efficiency.

FREE —TECHNICAL MANUAL

Send for Kester’s new manual, “SOLDER

and Soldering Technique”—a complete >
analysis of the application and proper-

ties of soft solder alloys and soldering

fluxes.

KESTER
SOLDER

KESTER SOLDER COMPANY

4204 Wrightwood Avenue, Chicago 39, lllinois

Factories also at Newark, New Jersey « Brantford, Canada
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parts to high temperatures.

THE FRONT COVER

HE operator checks the anode temperature of a Z13200 trans-

mitting tube with an optical pyrometer at the Brooklyn, N. Y.
plant of Amperex Electronic Corporation.
on exhaust where induction heating is utilized to raise internal metal
This drives off any residual gas and
provides the long tube life so essential to this radiation-cooled unit
which has a plate dissipation rating of 2,500 watts.

The photo shows the tube

side diameter, wired as shown.

A capacitance tuning effect is
provided by using the base of the
No. 47 panel lamp as one plate of a
capacitor and one-half the base of
a similar type of lamp base as the
other plate. The load lamp circuit
may be tuned to resonance by ad-
justing the improvised capacitor to
the oscillator frequency with a sig-
nal generator or simply by experi-
ment.

A small loop of No. 18 wire sold-
ered to the base of the load lamp
will facilitate application of a cali-
brating vo'tage later. This load
circuit represents a compromise be-
tween the ideal and one with prac-
ticability. Since a No. 47 panel
lamp has a rather high impedance
at 400 megacycles, it is not entirely
suitable for use in a series tuned
circuit.

An increase of several percent in
power output can be obtained by
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tapping the load lamp, from which
the base has been removed, across a
portion of a resonant load circuit so
as to obtain a better impedance
match. However, this type of cir-
cuit is somewhat more difficult to
construct and requires a blocking
capacitor if provision is to be made
for introducing a d-c¢ calibrating

voltage. Also, tuning is extremely
_____ EH_NO.47 PANZL LAMP
fio000 LOAD
> CIRCUIT
L EXTERNAL
GRID
LEAK L
GROUND SIDE
oF CHOKSED\ o 10T TWISTED
24E WIRE § INSIDE
At DIA, COIL 1" LONG
An
B- CIN puF

FIG. 1—Circuit of the 400-mc oscillator. The
fixed capacitors are button type

sharp, requiring a carefully de-
signed tuning capacitor if reson-
ance is to be maintained.

Very loose coupling is also re-
quired, necessitating more chassis
space and a departure from com-
pactness. Although the load circuit
used in this oscillator has a broad
tuning effect and some impedance
mismatch, the latter can be partly
corrected by resonating at a fre-
quency 10 to 20 percent lower than
the operating frequency.

The following collection of data
shows operating conditions used in
evaluating tube type 5703, together
with the average of results obtained
in testing 10 tubes. All tubes tested
showed good stability, with only a
one to two-percent change in fre-
quency noted when changing tubes.

Output

Test of tube tvpe 5703 at E, of
6.3 volts and E, of 135 volts guve a
plate current of 20 ma, grid current
5.2 ma, grid resistance 1,500 ohms,
and power output 1.143 watt at 400
me at an efficiency of 42.3 percent.
By silver plating all metal parts of
the oscillator and optimizing condi-
tions, a useful power output of
1,259 milliwatts has been obtained
at a plate efficiency of 46.6 percent.

Power output was measured by
the following method. A photocell
was used to note the degree of bril-
lianey of the load circuit lamp. The
oscillator was then shut off and di-
rect current applied to the load lamp
until the photocell indicated the
original value. The direct-current
power required for this was as-
sumed to be the equivalent of the
r-f power previously obtained.

This oscillator lends itself well
to the study of antennas and arrays.
A half-wave antenna loads easily
when coupled loosely at the center
near the grid and plate button
capacitors. A No. 48 panel lamp
at the center of a half-wave receiv-
ing antenna will glow when two feet
distant from the transmitting an-
tenna. This distance can be in-
creased by the addition of directors
and reflectors.

It is believed that information
thus far obtained points the way to
still higher efficiencyv. Tests have
indicated that the power dissipated
as heat by the oscillator tube repre-

(continued on p 138)
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AGNAVOX specializes in quantity
production of quality loud speakers
—_exclusively for the manufacturing trade.

= | The year-old Magnavox Paducah plant is
specially designed and equipped for the
' most efficient, most economical manufac-

ture of loud speakers. Here the industry’s
foremost designers and engineers — with

means lovd speakers e xportnce  are e 10 meetyour

specifications exactly.

Over 100 different types of Magnavox
speakers now are available . . . in every field

...AND MAGNAVOX SPEAKERS and magnet size. Illustrated catalog with
MEAN BUSINESS FOR YOU'! complete specifications free on request.

Write today on your company letterhead.
The Magnavox Company, Sales and Engi-
neering Offices, Components Division,
Fort Wayne 4, Indiana.

The Magnavox Company of Kentucky, Paducab

Magnavox Is The Oldest And Largest Producer Of Quality Loud Speakers!

Mdﬂ NAavox
has served the radio industry for over 34 years
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THE ELECTRON ART

Edited by JOHN MARKUS

Strain-Gage Multiplier

Electronic Slide Rule............
Radioactive Rings Reveal Wear. .
Radar Delay Network Tester.....
Interferometer for Microwaves. . ..
Omnidirectional Aircraft Antenna
Novel Regulator Circuit....... ...
Disposal of Radioactive Wastes. . ..
Survey of New Techniques.......

Strain-Gage Multiplier

AN INSTRUMENT for multiplying
modulated carrier voltages in an
analog computer has been recently
developed at the Dynamic Analysis
and Control Laboratory of MIT.
The basic multiplying element in
this instrument is a wire-resistance
strain-gage Wheatstone Dbridge.
One of the moduluted voltages, the
multiplier, is applied to the input
terminals of the bridge network,
and the second modulated voltage,
the multiplicand, controls the de-
gree of unbalance of the bridge.
The product voltage appears as the
modulated output of the bridge net-
work.

The application in which the
multiplier is employed required an

accuracy of 0.1 percent of full-scale
output and a multiplication time
constant of less than two milli-
seconds. These specifications were
met by the system shown in the
diagram. The multiplicand is com-
pared with a signal provided by a
second, constantly excited strain-
gage bridge. This feedback bridge
is coupled mechanically to the multi-
plying bridge in such a fashion that
the degrees of unbalance in the two
bridges are proportional. This ar-
rangement effectively applies nega-
tive feedback around those elements
which are most likely to drift and
introduce error. Both the multi-
plving bridge and the feedback
bridge are driven by a transducer

GYRATION IMPROVES X-RAY TUBE EFFICIENCY

Large coil produces rotating magnetic field that moves focal spot of eleciron beam in

circle on target face in order to distribute heat over greater surface area of target. Motor-

driven lathe arrangement synchronized with magnetic field gyrates entire tube to keep

external x-rays at a fixed point of focus despite wiggling of electron bzam. Experimental

apparatus shown was developed by graduate student Arthur 1. Berman at Palo Alto
x-ray lab of Stanford University
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MULTIPLIER

MULTIPLYING
_ BRIDGE ‘.é VpSINGt

LAAA A
W

CENTER-TAPPED >
VOICE COIL,

PRODUCT

orter ———————O>
4 / KV, V, SINWt
NPTl Z L

/ " A
—d
I3 S
L Z
’AAA AAA
M
FEEDBACK BRIDGE
- 000 -
OuTPUT —_—=
AMPLIFIER m
I i
compEn- | VoSNt
SATING \
NETWORK STRAIN- [
SENSITIVE FEEDBACK
WIRES [ CIRCUIT
DETECTOR
INPUT K, d SINwgt -+
AMPLIFIER

N E—
MULTIPLICAND V.SIF:J{J(;'

Block diagram of mulliplier arrangement
for use in analog computer

that is no more than a precision
loudspeaker.

The latest type of multiplier built
by the laboratory has three multi-
plying bridges and one feedback
bridge all mounted on the same
frame and is thus capable of form-
ing three products or the fourth
power of a single quantity.

While the multiplier was origi-
nally designed for 400-cycle sup-
pressed-carrier voltages, it operates
satisfactorily at almost any audio
frequency and with modification
could be made to operate even above
this range. It is not readily adapted
to d-c operation, however.

This instrument was described at
the 1949 IRE National Convention
by C. H. Woods, E. St. George, L.
Isenberg and A. C. Hall of Massa-
chusetts Institute of Technology.

Electronic Slide Rule

A NOVEL parametric electronic com-
puter that operates on the principle
of a slide rule but accepts data sup-
plied in the form of electrical volt-
ages was the subject of a paper
presented by Charles J. Hirsch of
Hazeltine Electronics Corp. at the
1949 IRE National Convention.
Much as with an alignment chart,
data voltages are aligned in time in
the same manner that data quanti-
ties are aligned in distance on a
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FREQUENCY MODUE#TED SIGNAL GENERATOR . B

FM-AM SIGNAL GENERATOR

Type 202-B

Tl 7

In January, 1946. ot the L. R. E. National Convention in New
York City, a preliminary engineering model cof the type
202-A FM-AM Signal Generator was displayea for the
first time. Many well known FM and television engineers,
invited to comment frankly on performance specifications,
suggested refinements and faatures which they believed
would be most desirable in the finished design.

Utilizing this valuable information, Boonton Radio Corpora-
tion’s engineers worked another full year before they were
ready to place their approval on the final design—the type
202-B FM-AM Signal Generator.

The advantages of #his essential instrument were recognized

EOONTON-N=)-U-S-A

_ Settccat s S O
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BOONTO]{ KADIO

54-216 megacycles

w/z%c/ ﬁmwéz/m/ 0/ %Wmm/

immediately. Since its enthusiastic reception, the 202-B has
increased in popularity and today it is generally accepted
as the acknowledged standard of FM-AM signal generator
performance. Practically every well known radio manu-
facturing concern is now placing incrensing numbers of this
versatile instrument in full time use, assisting their engineers
and research staffs to design and produce better, lower
cost radio and television receiving equipment.

if you have an FM or television instrument requirement, fet
vs acquaint you with full particulars and technical data
comcerning the Type 202-B FM-AM Signal Generator. Write
for Catalog f.

el o
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slide rule. Since the time scales of
this electronic slide rule may be
calibrated according to any function
of time which can be electrically
Tealized, a large variety of opera-
tions can be performed. Such time
scales may be logarithmic, linear,
trigonometric, or combinations of
these.

A capacitor discharging through
a resistor supplies a logarithmic
time scale. If x and y are known
functions of time and » is a known
constant, the computer can perform
the following operations: z"; zy;
zfy; x+y; sin z; sin nr; sin'z;
cos x, cos f nx; cos'x; log x; f xdt;
§ xdy; dx/dy. Since the opera-
tions are completed in a very short

time (milliseconds or less), they
can be repetitive and performed on
variable parameters.

Vacuum tubes are used mostly
as switches whien are either on or
off, so that constancy of tube char-
acteristics is relatively unimpor-
tant. Just as slide rules can be made
to have any desired accuracy if they
are long enough, this computer can
be made as accurate as desired if
high enough voltages and rapid
enough samplings are taken.

Such computers can be made up
to suit individual problems such as
navigational off-set or arbitrary
course computers. Another appli-
cation is an inexpensive and rela-
tively small differential analyzer.

Radioactive Rings Reveal Wear

EXPERIMENTS with piston rings
made radioactive in the uranium
chain-reacting pile at the Oak
Ridge National Laboratory have
been carried out by California Re-
search Corporation, a subsidiary of
Standard Oil Co. of California, to
test the effect of fuels and lubri-
cants on engine wear,

This peacetime application of nu-
clear fission to industry has enabled
the research engineers to run fuel
and lubricant tests in a much

shorter time than present methods
permit.

In beginning a typical fuel or
lubricant test, a radioactive piston
ring is taken from its 300-pound
lead safety box and carefully
placed on the test engine’s piston.
Then, after three or four hours of
operation, a sample of oil is taken
from the engine’s crankcase. The
oil is tested with a delicate Geiger
counter which immediately indi-
cates the amount of metal worn

Making Geiger counter test of oil sample taken from test engine after several hours
operation with radioactive piston ring, to determine amount of metal transferred from

the ring to the oil
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from the activated ring-—minute
particles of iron flushed away by
the oil.

With radioactive rings in a test
engine, the amount of wear can be
measured so closely that as little
as one-millionth of an ounce of
metal worn from the rings can be
detected.

Radar Delay
Network Tester

A COMBINATION impulse generator
and electronic switech for testing
radar component networks was de-
seribed by T. R. Finch of Bell Tele-
phone Laboratories at the 1949 IRE
National Convention. This test
facility may be used to test any net-
work that can be arranged to store
a d-c charge, such as delay and
pu'se-forming networks with delay,
pulse duration and response rise
time in the range of 0.04 to 20
microseconds.

The test circuit was developed to
reduce the time required for pro-
duction testing of wide-band pulse
and video networks and to facilitate
the development of new networks by
providing the design engineer with
a laboratory tool that presents in-
stantaneously and visually the net-
work characteristics of interest.

Special Features

The impulse generator-electronic
switech is  distinguished from
commercially available electronic
switches by the following features:

(1) It provides an impulse gen-
erator which energizes the net-
works under test and discharges
these networks through a zero-im-
pedance switch, resulting in pulse
ratterns related to the transmission
characteristics of the networks.
These microsecond pulse patterns
are repeated at a rate of 480 pulses
per second.

(2) It provides a start-stop sweep
and beam intensifier synchronized
with the impulse generator that
mav be directly connected to the
horizontal plates and grid respec-
tively of a cathode-rayv oscilloscope.
Thus a time interval of a few micro-
seconds only, phased with each
pulse, is displayed on the cro screen.
These circuits are continuously var-

{continued on p 160)
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Varglas Permafil Tubing
excels oleoresinous and other
synthetic coated tubing in
several important performance
characteristics. Outstanding
among these are:

@’i'oueuuzss

Remains pliable even after severe flex-
ing. This new tubing can be twisted, bent
or tied in knots with no loss in its dielec-
tric value (7,000 volis).

& Heat AcinG

Withstands more than 2,000 hours at
105° to 110° C., 1,000 hours at 125° C. and

extensive periods at 150° C.

SOLVENT RESISTANCE

Is relatively immune to alcohol. Pe-

i} Can be after-treated in baking and
troleum and aromatic hydrocarbons have varnishing operations—reacts better than

only slight effect after long exposure. most oleoresinous materials.

© AVAILABLE IN COILS

—in standard colors and wide range of sizes. Meets or exs
ceeds all requirements of A.S.T.M. specifications.

,‘, Send for FREE SAMPLE and complete data.
T R UEE DTN BT D T NN AN RN .

VARFLEX Corporation, 308 Jay St., Rome, N. Y.
CORPORATION I Please send me full Informcﬁ’on as well as a free sample of your new

Varglas Tubing impregnated with G.E. Permafil. | am particularly interested

Makers of in samples suitable for..........couiiiiiiiiiiiiiri i iei i
Elech'ical Insuloﬁng I NI . o vttt ittt i ietnntenensotonesenessososonessssssesessasssssasnsansas
Tub,'ng and Sleeving LT 7T
I BT T P

.............................................................
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NEW PRODUCTS

Edited by A. A. McKENZIE

Projection Television

RADIO CORP. OF AMERICA, Camden,
N.J. Life-size projection television
system TLS-87 features an optical
barrel that can be suspended from
the ceiling. Designed particularly
for night c¢lubs or other custom in-

77

.3

stallations, the system uses a screen
6 x 8 feet with either front or rear

projection. Microphone and phono-
graph units are furnished so that
the 30-watt sound system can be
used for other purposes than the
television sound.

Inconspicuous Mike

ALTEC LANSING Corp.,, 161 Sixth
Ave., New York 13, N. Y. Type 21B
omnidirectional microphone de-
signed for broadcast and public ad-
dress use is not susceptible to wind
pressure and stands up well under
loud sounds or shocks. The com-
plete microphone svstem (tvpe
M11) comprising amplifier and po-
tential supply has an output level
of minus 50 dbm in a sound field of

&\

j
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10 dynes per square centimeter.
Output impedances are 30 to 50, 159
to 250, and 500 to 600 ohms. The
amplifier can be placed up to 400
feet from the microphone. Weight
of the microphone assembly itself is
3 ounces.

Fixed F-M Tuner

BROWNING LABORATORIES, INC.,
Winchester, Mass. Now available
in three models for use in the 88-
t0-108-mc f-m band are crystal con-
trolled receivers with characteris-
tics suitable for monitoring, relay
reception, and store installations.
Model RP-23 is a dual-limiter re-
ceiver with 20-db quieting for 10-
microvolt input. Response is within
1 db from 30 cycles to 17 ke. The

audio stuge provides a 1-volt rms
output with quieting signal. An-
tenna input is 72 or 300 ohms.

Model RP-24 uses the same tuner
and has a relay that operates on
tones from 15 to 20 ke received
from the transmitter to select in
sequence two preset audio volume
levels,

Model RP-25 utilizes the same
tuner but has two relay circuits con-
trolled by tones of different fre-
quencies independently. All models
are rack panel style.

Power and SWR Meter

M. C. JoneEs ELEcTRONICS Co., 96
North Main St., Bristol, Conn. A
new series MM400 of wide fre-
quency range instruments for
measuring r-f power and standing-
wave ratio on 51.5-ohm coaxial
transmission lines are direct read-
ing and require no correction factor

over the entire range from 50 to 500
me. The instruments are designed
for laboratory measurements and
for monitoring both transmitter
and antenna performance. A single
meter reads incident power, re-
flected power, net power to load,
and the standing wave ratio of the
load. Full scale power ranges of
400, 1,200 and 4,000 watts are avail-
able. The new series can be used
with 1, § or -inch air line and with
RG-17/U and RG-8/U coaxial cable.

Magnetic Tape Recorder

CoOK RESEARCH LABORATORIES, 1457
Diversey Parkway, Chicago 14, Il
Tvpe MR-4 magnetic tape recorder
is a miniature 13-channel unit
weighing 24 ounces. It includes
one reference frequency oscillator

plus 12 information channels and
has a recording time of 24 minutes.
Small size and light weight make
it suitable for recording data in
airborne equipment, flight testing
and guided missile work.

Infrared Analyzer

PERKIN-ELMER CoRP., Glenbrook,
Conn. A new analyzer, model 12-D,
for continuous automatic analysis
of as many as six different compo-
nents in a flowing stream of sample,
either in the liquid or gas phase
comprises several units illustrated.
An automatic turret turns to twelve
different positions, one reference
standardization point and one ab-
sorption point for each of six com-
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COMMERCIAL
MICROWAVE POWER

QK-217 5 W QK-174A

T

* 1500 watts continuous power at F-M communications magnetron
2450 megacycles.

Efficiency 50%.
* Unipotential indirectly heated

* Tunable 1990-2110 megacycles.

*

* Frequency modulation 15 mega-

cathode. cycles.
* Integral magnet construction. * Power 100 watts.
* Pre-plumbed. * Efficiency 35%.

Also a complete line of low power klystrons from G millimeters to 30 centimeters

Data available on request

 RAYTHEON MANUFACTURING COMPANY

Eucollonce ir. Etoclionics POWER TUBE DIVISION

i
% Waltham 54, Massachusetts
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infrared mono-
chromator. A Leeds & Northrup
strip chart is automatically syn-
chronized with the turret. The
stable a-c amplifier compensates for
changes in ambient temperature,
source intensity, and window dirt.

ponents, for the

Turnover Pickup

ASTATIC Corp., Conneaut, Ohio. The
type LQD cartridge uses two sepa-
rate independent needles, one with
one-mil tip radius for long-plaving
records and the other needle with
three-mil tip radius for standard
recordings. These special needles

lift from a snap-in position in the
cartridge for rep'acement. Fre-
quency response of the new car-
tridge is from 50 to 7,000 cycles.
Output voltages are 1.2 at 1,000
cveles with a 78-rpm test record,
0.75 volt with 33%-rpm test record
No. 281. Recommended needle pres-
sures are 15 grams for 78 rpm and
6 to 8 grams for 33} rpm.

UHF Generator

HEWLETT-PACKARD Co., 395 Page
Mill Road, Palo Alto, Calif. Model
614A signal generator for direct

reading between 800 and 2,100
megacyeles is direct reading in
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microvolts or decibels, The instru-
ment has a constant internal imped-
ance standing wave ratio of 3 db
and accuracy is plus or minus 1 db
throughout the frequency range.
The r-f output ranges are 0.1 volt to
0.1 miecrovolt and can be made con-
tinuous, pulsed, or frequency modu-
lated either from internal or ex-
ternal signals. It may be synchron-
1zed with either positive or negative
pulses or sine waves.

Eleetronie Stopwatch

AMERICAN CHRONOSCOPE CoORP., 316
West First St.,, Mount Vernon,
N. Y. DModel 100 high-speed

chronoscope measures time from 10

microseconds to 1 second with a di-
rect indication on a 5-inch dial.
Accuracy is better than one scale
division or 1 percent on any range.
The timing impu'se is voltage pulse,
short circuit or open circuit. Bulle-
tin 100 gives further details on the
use of the instrument.

Ulirasoniec Generator

ULTRASONIC ENGINEERING Co., 4
North Eighth Ave., Maywood, Il
Type CL ultrasonic equipment uses
a4 special transducer connected to
the generator by a coaxial cable
that carries a low-voltage high-fre-
quency current. Base of the trans-
ducer comprises a transparent
lucite tube surrounded by a ring
containing the primary winding of
the step-up Tesla coil. Inside the
tube is the secondary winding. The
crystal is mounted above the sec-
ondary coil upon nylon rods be-
tween bakelite and g¢lass discs. The
tube is closed by a cap containing
a bakelite diaphragm 1/100-in.
thick mechanically connected with
the vibrating crystal by oil which
fills the entire assembly. Standard
frequency of the generator is 450
ke with an alternate crystal and

coil available for conversion to 900
ke, Other attachments are available
for clinical or laboratory work.

All-Record Pickup

SoNOTONE CorP., Elmsford, N. Y. A
single pickup with dual side-by-side
points set in one needle will play
all three speeds of the old and new
phonograph records. The pickup
element is the new piezoelectric

ceramic type. Movement of a lever
switches from one sapphire point to
another, at the sume time changing
the pressure of the pickup arm on
the record.

Telemetering Gyros

G. M. GIANNINI & Co., INcC.,, 254
West Colo-ado, Pasadena 1, Calif.
Telemetering rate gyros are avail-
able for rotational measurements
from 10 to 1,000 degrees per second
and position gyvros with one and
two-axis electrical sensory elements.
Production gyros with accuracies of

{continued on p 185)
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The compact 1 HP single phase 115/230 volt, capacitor start—induction run motor, manufactured by American Electric Motors, Inc., Los
Angeles, is cspeaally recommended for use around dirt or dust-filled machines such as table saws or other woodworking tools. The centri-
fugal starting switch is totally enclosed, and the solid welded copper bar armature is mounted on high quality, standard size ball bearings.
lubricated for life. Leads are insulated and protected with Natvar 400.

Natvar Products

® Varnished cambric—straight cut and bios
® Varnished cable tape

® Varnished canvas

® Varnished duck

® Varnished silk

® Varnished special rayon

® Vamished Fiberglas cloth

® Silicone coated Fiberglas

@ Varmished papers

@ Slot insulation

® Varnished tubings and steevings
@ Vamnished identificotion markers
® Lacquered tubings and sleevings
® Extruded vinyl tubing and tape

® Extruded vinyl identification markers

Ask for Catalog No. 21

=7
@)- NAL VARNISHED PRODUCTS

TELEPHONE CABLE ADDRESS
RAHWAY 7-2171 NATVAR: RAHWAY, N. J.
200 RANDOLPH AVENUE * WOODBRIDGE NEW JERSEY
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NEWS OF THE INDUSTRY

Edited by WILLIAM P. O'BRIEN

Medical Teaching By Television

NATURAL-COLOR television for the
teaching of surgery and medicine
will have its pioneering demonstra-
tion at the annual meeting of the
American Medical Association at
Atlantic City, N. J., June 6 to 10.
The project is being sponsored by
Smith, Kline & French Laborato-
ries, a Philadelphia pharmaceutical
house.

To assure suitability of equip-
ment, the Medical School of the
University of Pennsylvania and the
Engineering Research Laboratories
of the Columbia Broadcasting Sys-
tem are collaborating in its design.
Cooperating with CBS in the pro-
duction of the equipment are Ze-
nith Radio Corp. and Webster-Chi-
cago Corp.

Standard Broadcasts From Hawaii

RADIO STATION WWVH, recently es-
tablished by the National Bureau of
Standards on the island of Maui,
Territory of Hawaii, is now broad-
casting on an experimental basis

continuous time and frequency
standards on 5, 10 and 15 me.
Omnidirectional antennas radiate

approximately 400 watts of power
on each carrier frequency.

The program of broadcasts of
WWVH is essentially the same as
that of WWYV, and the experiment
should determine whether the

former may be usefully received at
many locations not served by the
simu'taneous

latter, and whether

reception of both in some localities
will or will not interfere with ordi-
nary use of the standard frequen-
cies and time signals.

Accurate time signals in the form
of audio-frequency pulses (0.005
second duration) are transmitted
on each carrier frequency at inter-
vals of precisely one second; on the
59th second of each minute the
pulse is omitted. Standard musical
pitch is provided by modulating
each carrier at a standard audio-
frequency of 440 cps (A above
middle C). The audio-frequency
starts precisely at the beginning
of each hour, is broadcast for four

Looking north on the island of Maui, toward Bureau of Standards radio field station.

Building at left houses WWVH frequency controls and transmitting equipment.
crew is completing erection of vertical half-wave 10-mc antenna.

Field
Transmitting and

recording apoaratus for ionospheric propagation measurements occupies low building

at right.
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At extreme right is vertical quarter-wave 5-mc antenna

minutes and it is interrupted for
one minute repeatedly. Greenwich
Mean Time is given in Morse code
every five minutes.

There are short interruptions
made after each hour and half-hour
to permit operations of automatic
ionospheric sounding equipment at
the Hawaiian field station and to
compare local standards at WWVH
with broadcasts by WWV,

Postwar Loran Changes

WORLD-WIDE standard loran cover-
age existing at the end of the war
has diminished somewhat in scope
due to the absence of further mili-
tary requirements in certain areas.
It has been discontinued in the re-
gions of the Phoenix and Fiji Is-
lands, the Palau-Morotai region,
the northwest coast of Australia,
the Bay of Bengal, the overland
areas of China and the extreme
northern portion of the Bering Sea.

The Hydrographic Office of the
Navy Department recently an-
nounced that, while overall loran
service remains substantially the
same, certain changes designed to
improve service for present needs
are under way. A new master
transmitter for one of the Pacific
triplets has been placed on Iwo
Jima proper. Major changes are
scheduled in the Aleutian area,
where a master station is being es-
tablished at Adak, with slaves at
Unimak and at a new location on
Attu. This change, and minor
shifts and rate redesignations on
the U. S. east coast, are due to take
effect later this year.

The Coast Guard is now inssall-
ing the first of its postwar 160-kw
transmitters which are crystal
controlled and feature reduced
bandwidth characteristics. New
high-power amplifiers delivering
1,000-kw peak power are scheduled
for installation later this year. Both
equipments will afford increased
ranges over the 100-kw peak power
transmitters which have been in use
up until now.

Audio Engineering Course

A SERIES of twelve two-hour lec-
tures on audio subjects, sponsored
bv the New York Chapter of the
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0.00/ 7
ACCURALY

with the IMPROVED LAVOIE C-200 A

HARMONIC FREQUENCY GENERATOR

The Harmonic Frequency Generator has been
improved for frequency standardization of receivers
and frequency meters up to and beyond 2000 Mega-
cycles. Also, by means of a beat detector built into
the instrument, it is possible to standardize oscillators
and signal generators with equal facility.

Further circuit refinements have produced «a fre-
quency accuracy of 0.001%. which extends from 100
Megacycles to 2000 Megacycles in either 10 Mega-
cycle or 40 Megacycle steps.

The output voltage is supplied at a UG-58/U
50-ohm connector with output coupling controls to
obtain peak performance for a given harmonic. A
milliammeter is incorporated in the instrument to
facilitate easy adjustment of the output controls. The
output voltage may be either unmodulated or modu-
lated with 400 cps internal oscillator. The generator
provides ouiput voltages every 10 Megacycles or
every 40 Megacycles. This selection is made by a

COST: C-200A —-$395.00 F. O.

k‘

Write for Illustrated
Descriptive Folder

switch on the front panel. The harmonic voltage is
in the order of thousands of microvolts for each
harmeonic with a value of approximately 50,000 micro-
volts at 100 Megacycles and 1500 microvolts at 1000
Megacycles.

Provision is made for the standardization of signal
generators and oscillators by the incorporation of a
beat frequency detector in the generator. The output
of this beat frequency detector may be monitored,
either aurally or visually with a-tuning eye indicator.

To facilitate harmonic identification, frequency
identifiers can be supplied for any harmonic fre-
quency (multiple of 10 Megacycles) between 100 and
1000 Megacycles. The identifier is adjusted at our
factory.

This instrument is supplied with accessories needed
for its operation, including tubes. 5 Megacycle crys-
tal. output coupling cable and instruction book.

B. (IDENTIFIERS $25.00 EXTRA)
Sawoie Slaboralorios
RADIO ENGINEERS AND MANUFACTURERS
MORGANVILLE. N. J.

Specialists in the Development and Manufacture of UHF Equipment
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Audio Engineering Society, was be-
gun on Thursday evening March 17,
and will continue on consecutive
Thursdays until June 2. The course
is being held in Room 311, RCA In-
stitutes, Inc., 350 W. 4th St., New
York.

Topics being covered are as fol-
lows:

Psycho-Acoustics, by Lewis S.
Goodfriend of Stevens Institute of
Technology; Architectural Acous-
tics I, by Cyril M. Harris of Bell
Labs; Architectural Acoustics II,
by James Y. Dunbar of Johns Man-
ville  Co.; Audio Engineering
Mathematics, by Nicholas J. Rose
of Stevens Institute of Technology;
Transducers I, by Norman C. Pick-
ering of Pickering & Co., Inc.;
Transducers 1I, by Theodore Lin-
denberg of Fairchild Recording
Equipment Corp.; Amplifier De-
sign, by W. R. Ayres of RCA Vic-
tor; Attenuators and Mixers, by
J. P. Smith, Jr. of The Daven Co.;
Equalizers and Wave Filters, by
P. W. Rounds of Bell Labs; Ampli-
fier & System Measurements, by
Ivan G. Easton of General Radio
Co.; System Layout Philosophy, by
Donald H. Castle of NBC; System
Layout Methods, by John D. Colvin
of ABC.

May 2-4: URSI-IRE Joint
Meeting, National Bureau of
Standards, Washington, D. C.

MAY 5-7: Twentieth anniver-
sary meeting, Acoustical So-
ciety of America, Statler
Hotel, New York City.

May 12-13: Fourth Annual
Spring Meeting of the Instru-

ment Society of America,
Royal York Hotel, Toronto,
Canada.

MAyY 16-20: Radio Parts Indus-
try Trade Show and RMA
Silver Anniversary Conven-
tion, Hotel Stevens, Chicago.

JUNE 20-24: AIEE Summer
General Meeting, New Ocean
House, Swampscott, Mass.

JUNE 27-29: Conference on
Jonospher.c Research, The
Pennsylvania State College,

State College, Pa.

JUNE 27-JULY 1: 1949 Annual
Meeting of the American

MEETINGS

Society for Testing Materials,
Chalfonte-Haddon Hall, At-
lantic City, N. J.

AUG. 29-SEPT. 1: National Con-
ference of Associated Police
Communication Officers, Hotel
New Yorker, New York City.

AvuG. 30-SEPT. 1: Fifth Annual
Pacific  Electronic  Exhibit
sponsored by the WCEMA,
and the 1949 JRE western
regional  convention  Civie
Center, San Francisco, Calif.

|SEPT. 12-16: Instrument Society
of America National Confer-
ence and Exhibit, Municipal
Auditorium, St. Louis, Mo.

SEPT. 26-28: National Eleec-
tronics Conference, Edge-
water Beach Hotel, Chicago,
111

Nov. 14-18: 23rd NEMA An-
nual Meeting, Haddon Hall
Hotel, Atlantic City, N. J.

Subscription fees for single lec-
tures are $2.00 for members or ap-
plicants, $3 for non-members; for
the complete course, $12.00 for
members or applicants, $18.00 for
non-members. Further information
may be obtained from F. Sumner

AUTOMATIC LIGHTHOUSE

No crew is required at this Coast Guard light and radio beacon, located at the entrance

lo the channel of the harbor at Long Beach, Calif.
high-frequency radio waves transmitted from San Pedro Light, five miles away.
1,000-watt, 140,000 candle-power light can be seen 13 miles off the entrance to the
It has an automatic lamp changer

channel.
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Fog horns are operated by Anrac
The

Hall, course chairman, 153 West
33rd St., New York 1, N. Y.

Broadcast Engineering
Conference

PART of the recent NAB Conven-
tion at the Hotel Stevens, Chicago,
was the Third Annual Broadcast
Engineering Conference, held April
6 to 9.

Technical program was as fol-
lows :

Thursday, April 7
9:00 AM-—A. James FEbel of WMBD.
FM/TV

Peoria, 111, presiding:

A  Method of Selecting an
Transmitting Site, by 2. S. Clammer of
RCA Victor.

The Practical Solutions of TV Installa-
tion Problems, by Robin D. Compton of
WOIC (TV), Washington, D. C.

Making and Analyzing TV and FM
Field Intensity Measurements, by George
P. Adair, consulting radio engineer, Wash-
ington, D. C.

The Design, Development and Opera-
tion of a TV Mobile Unit, by Willis 1.
McCord of Allen B, DuMont Labs.

Operation of the Image Orthicon
Cuamera, by John H. Roe of RCA Victor.

A 2,000 Mc Television Relay Link, by
AMartin Silver of Kederal Telecommunica-
tion Liabs.

12:30 P.M. Iloyal V. Howard, Director
NAB Department of IEngineering, pre-
siding:

Iingineering Kducation and the Broad-
cast Industry, by Willlam L. Everitt of the
University of Illinois.

2:15 P.M. John H. DeWitt, Jr. of WSM,
Nashville, Tenn., presiding:

AM, F'M and TV Audio Measurements,
by Frank H. MclIntosh, consulting radio
engineer, Washington, D. C. .

The NAB Recording & Reproducing
Standards for Disk and Magnetic Record-

(continued on p 217)
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IN54. High_efficiency ™
diode. Two.megohms
or more at —1Q yolts. \

a

NS5 150 volt diode.

/ NS5&. High- conduction

diode:'Passes-15:ma or
..mare at +wolt,

Roducts of continuing research by the

world’s largest manufacturer of Ma“ COUPO" .ﬁ)r deS'Crip‘ﬁve “Wa‘h‘m

germanium diodes, these 5 new types

open up interesting new fields of
application. They are available for
immediate delivery in reasonable
quantities.

1

Sylvania Electric Products Inc. |
Electronics Division, Dept. E-2905 |
500 Fifth Avenue, New York 18, N. Y. 1
1

1

1

Gentlemen:

---ﬂ

Please send me descriptive literature on Germanium Diodes
1N54, 1N55, 1N56, 1N57 and 1N58. I am also interested in re-
ceiving literature covering your other products in the fields of :

[] Communications, Television and Industrial Electronics

O Radioactivity [0 Radar and Microwaves
IN@INIC e e .
Home Address.

City SRR State .
Company........

Electrounics Division. 500 Fifth- Avenjue T Position PSR o NP <
4 New York-18, N..Y, : Vo

;ELEéfROﬂIC DEVICES; RADIO TUBES; CATHODE BAY TUBES: PHOTOLAMPS; FLUORESCENT LAMPS, FIXTURES, WIRING DEVICES, SIGN TUBING: LIGHT BULBS
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TUBES AT WORK
(continued from p 124)
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FIG. 2—Chassis layout and load circuit
parts
sents approximately 44 percent of
the total plate-circuit input. Al-
though part of this loss may be in-
herent in the tube design itself, it
is quite conceivable an investigation
would reveal that an appreciable
portion of this loss could be con-
verted into r-f power by still
further improvement in circuitry.

Spark Guard
for Electrostatics

By S. M. MILANOWSKI
Consulting Engineer
Los Angeles, California

AN ELECTRONIC safety device known
as a spark guard has enabled manu-
facturers of electrostatic paint-
spray equipment to comply with
standards of the National Board of
Fire Underwriters in producing

You get better service from LEACH RELAYS because thousands of types of high-voltage units that will not
relays for thousands of applications have been proved-in-use for over 30 years. create a fire or safety hazard when
LEACH RELAYS are designed with an exceptionally high factor of safety utilized in a vapor-laden atmos-
for extra dependability. Simplicity of designs makes installation quick, easy phere.
and inexpensive. Get all the facts and make your own comparisons. LEACH Electrostatic spraying, previ-
RELAYS' outstanding performance, reliability, sturdiness and economy have ously described in ELECTRONICS, is
been proved-in-use. the mass-production finishing tech-
Highest standards of engineering, materials and workmanship assure long, nique which reduces material costs
safe, efficient, trouble-free service. and minimizes both time and labor

requirements, having lowered over-
all expenditures for coatings by as
: much as $100 per hour in a number
' = of factories. It normally consists
of spraying conveyor-borne articles

m E ﬁ @ m with organic lacquers or enamels
through a strong electrostatic field,
5915 AVALON BOULEVARD, * LOS ANGELES 3, CALIF, which at least temporarily po'arizes
Representatives in Principal Cities of U. S. ond Canada the sprayed coating particles—

FOR BETTER CONTROLS THROUGH BETTER RELAYS—CONTACT LEACH
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For CONTINUOUS Recording o

fs,b

(o

® The G-R Type 715-A Direct-Current Amplifier
was designed particularly for operation with the
Esterline-Angus 5-milliampere recorder to be used
as a calibrated recording voltmeter. With appro-
priate selection of built-in input resistances the com-
bination also is a recording milliammeter or micro-
ammeter.

The amplifier can be used in automatic process
control circuits where its output operates relays to
control the device which feeds the input of the ampli-
fier. It may be operated from frequency meters,
sound and vibration measuring equipment, photo-
electric cells, resistance strain gauges, resistance
thermometers and other similar devices.

The Type 715-A D-C Amplifier has high gain,
operates from an a-c line, is very simple to use, re-
quires practically no attention, can be used for very
long periods for continuous recording, is exceptionally
free from effects of line voltage variation, and has a
wide range of built-in input voltage and resistance
combinations.

Full-scale output has been made 5 milliamperes to
operate the 5 m-a recorder. This full-scale output can
be obtained on calibrated ranges from input voltages
of 0.1, 0.2, 0.5 and 1.0 volt. The input resistance can
be varied between 100 ohms and 10 megohms in
powers of 10 by means of a panel switch.

The amplifier is supplied either in a cast metal case
to match the Esterline-Angus recorder, or in a wal-
nut cabinet.

- GENERAL RADIO COMPAN

SPECIFICATIONS

RANGE: Four switch selected calibrated ranges
supplying 5 m-a linear output in recorder
circuit for input voltages of 0.1, 0.2, 0.5, and
1.0 volt.

ACCURACY: Approximately 19, as a calibrated
voltmeter.

INPUT: From 100 ohms to 10 megohms, in
powers of 10, to adjust input resistance and
permit use of instrument as calibrated milli-
voltmeter or microammeter. Short- and open-
circuit positions on selector switch. For over
one volt input variable gain control provided
to adjust voltage to desired value. Input
resistance is then about 150,000 ohms.

GRID CURRENT: In input circuit is less than
0.002 microampere.

OUTPUT CIRCUIT: Designed to operate 5 m-a
meter on panel, or Esterline-Angus 5 m-a
recorder. Provided with compensating resis-
tance to match external device to normal
resistance of 1,000 ohms.

TYPE 715-AE D-C AMPLIFIER
(Metal Case) ... .. .. .. $345.00
TYPE 715-AM D-C AMPLIFIER

(Wainut Cabinet) .. .$300.00

Cambridge 39,
Massachusetts

90 West St., New York 6 920 S. Michigan Ave., Chicago 5 1000 N. Seward St., Los Angeles 38
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A special Shallcross Corona Protected
Kilovoltmeter with front shielding wire
sereen reamoved to show interior,
Meters illustirated are optional,

Typicol of the larger port-
able Shalleross Kilovolt-
meters, No, 722 is rated
2-20 KV. d-¢, 1000 ohms
per volt,

Interior view of Kilo-
voltmeter Multiplier
No. 712-5-3. 12 kv.,
5 ma,, 2.4 megohms.

Shallcross

HIGH VOLTAGE

TEST AND MEASUREMENT

EQUIPMENT

If your requirements call for standard
kilovoltmeters or kilovoltmeter multi-
pliers in any one of many sizes and
voltage ranges or for specially designed
high voltage equipment, Shallcross
offers the services of its High Voltage
Engineering Section. Backed with
many years of experience in this field,
Shallcross engineers welcome the op-
portunity to help in the solution of
practically any high voltage test or
measurement problem.

Werite for Bulletin F

OIL-FILLED TYPES
AVAILABLE

... for use where space is a factor. Write for
recommendation by Shallcross engineers, stat-
ing details of your application.

SHALLCROSS MFG. CO.

DEPT. E-59, COLLINGDALE, PA.

ENGINEERING

DESIGNING -

MANUFACTURING

TUBES AT WORK {continued)

causing them to be attracted to the
surfaces of conveyor-grounded arti-
cles, which have an opposite static
charge.

If the articles that are being
sprayed are suspended a suitable
distance above the ground, and if
highly-efficient ventilators are uti-
lized in conjunction with well-insu-
lated transformers, rectifiers and
other components, electrostatic
spraying is not a dangerous process
because the 100,000-volt potential it
utilizes can be controlled for very
low amperage (0.010 amp or less).
But if the ventilation equipment
fails to function properly, or if
some other accident occurs (such as
the falling of parts from the over-

GROUNDED TQ TANK, CORES,

6s G |" TRANSFORMER SUPPORTS
—
F2 il
E2 El
[ E——
FILAMENT
HIGH VOLTAGE
TRANSFORMER

PRIMARY

HIGH VOLTAGE
OUTLET

Circuit of high-voltage pack that provides
up to 100,000 volis for elecirostatic paint-
ing, flocking or detearing

head convevor within the electro-
static spray booth), an undesirable
sparking condition may result—
starting a fire or creating some un-
predictable hazard for nearby per-
sonnel, if allowed to continue for
any length of time.

The purpose of the spark guard is
to deenergize a'l electrostatic spray
equipment, simultaneously causing
a warning bell to ring, the instant
a sparking condition occurs.

Fundamental component of the
spark guard is a 2050 thyratron
tube, whose plate circuit receives
power from a constant-voltage
transformer installed in the main
power supply of the electrostatic
equipment as a safeguard against
possible fluctuations in factory line
voltage. When the electrostatic
equipment is activated, the thyra-
tron is in series with the holding
voltage circuit of a five-po'e mag-
netic contactor so that (no matter

May, 1949 — ELECTRONICS



A STRIKING NEW
MICROPHONE BY TURNER

THE TURNER MODEL 25X-25D CRYSTAL OR DYNAMIC

New ... all new from its precision engineered crystal and
dynamic circuits to its specially designed case. The Turner
25X-25D combines quality performance, convenience, and style
with world famous Turner dependability. Features include
Alnico V magnets, high quality moisture sealed crystals,
smooth, wide range response to voice and music pickups, 90°
tilting head for semi- or non-directional operation, 20 ft.
removable quick-change cable set, mechanical shock-proof
interior mounting, and high quality construction throughout.
Finished in two-tone umber gray with chrome plated grill.

The new Turner 25X-D may be mounted on desk stand as
illustrated or used with any standard floor stand. It is recom-
mended for call system, public address, recording, amateur

communications and general purpose sound work. ) . i )
Available with push-to-talk or slide switch and/ or

satin chrome finish at slight increase in cost.

SPECIFICATIONS MODEL 25X CRYSTAL SPECIFICATIONS MODEL 25D DYNAMIC

Effective output level . . . 52 db below 1 volt/dyne/sc.cm. Effective output level . . . 54 db below 1 volt/dyne/sqg.cm.
Frequency response . . . . Essentially flat from 50-9000 c.p.s. Frequency response . . . . Essentially flat from 501010,000 c.p.s.
Output impedance . . . . . High impedance. Output impedance . . . . . 30,200 and 500 ohms—wired for bal-

Directional characteristics . Semi-directional. Non-directional OnCEdline;highimpedcncewiredsinvgle
when tilted back 90°. ended. Please specify when ordering.

Diaphragm . . . . . . .. High quality corrosive resistant Directional characteristics . Semi - directional. Non - directional
aluminum. when tilted back 90°.

Crystal circuit. . . . . . . High quality Rochelle salt crystal. Diaphragm . . . . . . .. Specially designed c:lurr‘\inum. dia-
Moisture sealed. Barometric compen- phragm with low-mass voice coil.
sator. Shock-mounted. Magnetic circuit . . . . . . Alnico V magnet.

........... Die cast alloy. s+« e . . . . ... . Die cast alloy.

Finish . . ... ... .. Two-tone umber gray with chrome Finish . . . . . .. . . . Two-tone umber gray with chrome

plated grille. plated grille.

......... 5/8" - 27 standard coupler. Mounting . . . . . . . . . 5/8"-27 standard coupler.
........... 20 ft. removable set. Cable . . . .. ... .. 20ft removable set.
........ 23/4" x 215/16" x 3 3/4". Dimensions . . . . . . . . 23/4"x215/16" x 3 3/4".
.......... 14 oz., less coupler and cable. s e e e o e v .. . 181/2 oz, less coupler and cable.
Typical Frequéncy Response Typical Frequency Response (High Impedance)

100 1000 20 e000
500"

0 wo s00 1000 00
Note the good low frequen:y response

THE TURNER COMPANY 905 17th st. N. E., Cedar Rapids, lowa
e s SNSRI T T T T L T A

Licensed under U. S. patents of the American IN CANADA: Canadian Marconi Co., Ltd.
Telephone and Telegraph Company and Western Montreal, P. Q., and Branches
Electric Company, Incorporated. Crystals licensed EXPORT: Ad. Auriema, Inc.

under patents of the Brush Development Company 89 Broad Street, New York 4, N. Y.
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EXTREMELY
TEMPERATURE-SENSITIVE |

APPLICATIONS

Measurement and Control

4 Temperature
¥ Pressure
v Flow

 Temperature
Compensation

J High and Low Frequency
+ Direct Current
J Time Control

4 Expanding, compressing,
and limiting output in
Audio Amplifiers

J And there are many other applications.

Made to exacting standards and specifications, Stupakoff Negative Temperature
Coefficient Resistors are supplied complete with terminals in the form of rods,

tubes and simple shapes, including discs, bars and washers.

Sizes currently

available in rods are .010” to .500" diameter. Tubes are from .020" to .500"

O.D., with I.D. up to 75% of O.D.

Characteristics of the resistor material are as follows:

1. Specific Resistivities available:
10—7500 ohm cm3

2. Resistance VS Temperature—Resistance de-
creases approximately 30%, for each 10° C
temperature increase. {see curve)

3. Mechanical properties—
Modulus of Rupture 18000-—20000 #/in2
Compressive Strength 75000 #/in2
Tensile Strength 8000—10000 #/in2

4. Absorption—Iless than 0.1%,
5. Stability—Good

6. Reproducibility—
a. Resistance: + 5%
b. Temperature characteristics:
+.5° from —60°C to +30°C

Right—Typical Resistance-Temperature Characteristic
Stupakoff Negative Temperature Coefficient Resistor
Material.

STUPAKOFF C

MANUFACTURING COMPANY
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TUBES AT WORK (continued)

when or where it may occur) a
sparking condition will cause the
thyratron to fire, energizing a two-
pole relay which in turn opens the
holding voltage circuit of the five-
pole contactor. Consequently, the
high-voltage transformer circuit is
opened—causing the warning bell
to ring as all spray booth operations
are halted.

Transformer equipment is not in-
activated by the spark guard or by
the thyratron, since the basic power
package is not within the spray
booth and can be turned off at the
convenience of operating personnel.
However, exhaust fans are deener-
gized because their installation is
such that they will funection only in
conjunction with conveyor, spray,
and electrostatic grid or discharge
electrode wunits (a preliminary
safety precaution).

Supply voltage for the thyratron
is rectified with a 6X5 tube, and
passes through a 2-amp fuse en-
route to the main element of the
spark guard. Grid bias voltage on
the thyratron is manually regulated
for desired sensitivity for various
field currents by means of a 10,000
ohm potentiometer on a spray-
booth control panel.

A locking switch is further pro-
vided, so that the spark guard can
be bypassed if necessary to main-
tain production on an emergency
basis in the event a component of
the spark guard fails and cannot be
immediately repaired or replaced.
Normally this locking switch is

open.
An eight-prong plug provides

Control equipment for operating the spray-
painting booth in the background. The
large feed-through insulator in the wall
of the booth conducts the high voltage to
vertical rods arranged as grids
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I TRACING PAPERS

P 4
'l
V4
/ _{ONE FORTY
5 -7 140
//
/”
'f

I\

MADE TO MEET YOUR REQUIREMENTS /

Fitting the exact needs of drafltsmen and engineers for

over half a century, POST has sought to produce the

9‘
finest product for each problem, purpose or need.
In tracing mediums, POST has perfected a specialized
£ ! I
group of 5 papers which they believe exhibit a marked
superiority over all competitive products—a superiority @

these 5 POST T'rue-

so obvious that a single trial is suflicient to establish ing Papers under your

operating conditions. Write
for your free samples toduay
their use as standard practice in your organization. care of P.0. Box 1091,

Chicage 90, 111,
s Ll

THE FREDERICK P@ST COMPANY

3650 AVONDALE AVENUE -« CHJCAGO 18, ILLINOIS « - Houston - Detroit - Chicago - Los Angeles - Milwaukee

Distributors in all Principal Cities
T

FOR EVERY PLAN YOU MAKE — — — THERE'S A PAPER BY
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FULL FREQUENCY
AUDIO TRANSFORMERS

Within = V4 db.,
typical response
30 to 15,000 cycles

For uniformly low distortion, for
response curves that are truly flat
over the full frequency range, use
these cHICAGO input and output
units. Get the facts on the BO-6
(P-P 6L6’s to 6/8 or 16/20-ohm
speaker), the BO-7 (600/150-ohm
hine to" 6/8 or 16/20-ohm speaker),
and other full frequency units.

HIGH Q
CHOKES

for Dynamic
Noise Suppression
Circuits

Two efficient filter reactors, induc-
tance values .8 and 2.4 henrysrespec-
tively, are designed for noise sup-
pression circuits, but can be used in
any tuned circuit requiring the given
inductances. Inductance values are
accurate within +59%, with up to
15 ma. d-c. Minimum Q of 20.
Mounted in identical drawn steel
cases 114" x 234" x 17;’'. Write for
descriptive sheet including diagram
of simplified dynamic circuit.

3501 ADDISON STREET s CHICAGO 18, ILLINOIS

144

TELEVISION TRANSFORMERS
to fit today’s leading TV circuits

A complete catalog line, made by cHICAGO—
the largest single manufacturer of original equip-
ment TV transformers. Included are power, ver-
tical blocking oscillator, and both vertical and
horizontal scanning output transformers in a
range of designs that are exact duplicates of
units used in the leading TV sets.

Write for complete CHICAGO Transformer Catalogs

CHICAGO TRANSFORMER

DIVISION OF ESSEX 'WIRE'CORPORATION

The Name that Makes
NEWS inTransformers

POWER
TRANSFORMERS

In 2 alternate
“"Sealed in Steel’’
Mountings

Exclusive features like
this the ‘“Engineer’s Line’’:
and filament voltages to fit today’s
most-used tubes; in two mountings
—with solder lugs or 10"’ leads; one
series for condenser input, another
for reactor input use; exactly match-
ing reactor for each power trans-
former. Get complete catalog now.

MODULATION
TRANSFORMER

for Ham and
Commercial

Transmitters
bk
A Modulation Transformer ideally
suited for use in ham and commercial
speech transmitters. Will deliver 250
watts of Class B audio power from
P-P 203A’s, 211's, 805’s, 75TL’s,
etc. to a Class C load with response
variations not exceeding +1 db. over
the speech range, 200-3,500 cycles.
Primary impedances, 9000/6700
ohms; secondary impedances, 8000/
6000/4000 ohms. A matching driver
transformer is available.

T o o 6 2 o o 5 6 8 5 8 6 8 8 6 0 8 8 8 e 0 0 0SS 8 0 e s 8 GE PO S 00 S eSS0 s Vs sy

TRADE MARK REG.

TUBES AT WORK (continued)

electrical connections between the
spark guard and relay sections, and
a filament circuit is used to start
heating the electron tubes as soon
48 a main operating switeh is
closed. If the heating action takes
place in a satisfactory manner,
current will be conveyed to a white
light on the control panel; then, as
the tubes reach a suitable operating
temperature, current is conveyed
to a red pilot light on the control
panel—serving as a starting signal
for the booth operator.

When or if a sparking condition
occurs in subsequent operations,
the red pilot light serves as a visual
supplement to the signal bell and
will remain extinguished until the
sparking condition is corrected or
until the spark guard is bypassed.

Siren-Controlled Traffie
Regulator

CROSSING 11AZARDS created by the
passing of a speeding fire engine
or police car through a busy inter-
section has long presented a serious
problem to the traffic engineer. A
new device, called the Signal Ear
by its inventor, Carl Glock, has
been developed to forecast the ar-
rival of any siren-blowing vehicle
and operate traffic light circuits
which will halt traffic in all direc-
tions and allow the emergency
vehicle to pass without d#hger of
collision.

The siren detector is a parabolic
sound reflector which is mounted at
traffic light level, as shown in the

traffic installed in

Siren-controlled
Lynwood, California, has been in constant
| use since its installation several months ago

edar
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Shielded Balanced
300-Ohm Lead-in Cable

—

INTELIN K-111

Minimizes Noise, “Snow” and “Ghosts”
Due to Transmission Line Pick-Up!

Here is the development for which the industry has been waiting.
A MAJOR ADVANCE IN | jlist ftiebliest 0ttt -1 —deviope

T EI,EV l S l 0 N T E CH N l Q UE Tests have given positive proof that Intelin K-111 goes far toward

solving the lead-in problem that has been a major obstacle to television
progress. K-111 protects against transmission line pick-up of ignition,

Developed by FEDERAL of notse, “snow” and “ghasts” which interiers with mictuse srory: s e
Offered Only by FEDERAL | 3o bk up rerradionon from nearby leadiins in urban arcas. In
Putent Pending improved reception by reducing t‘he noise .level. .

Now manufa.ctur_ers can qbtaln a lead-in th{at protects the quality per-
AVAILABLE IMMEDIATELY | e e reatly improne thots progman Ankp impedance, Antenna

K-111, servicemen can call a halt to many of the customer complaints that
take the profit out of service policies.

Intelin K-111 is also recommended for a pick-up-free connection be-
tween antenna post and input stage of FM and TV receivers—and for test
equipment and other HF applications. For information, write to Depart-
ment D-113.

g\ Foderal Telephone and Radio (orporation

SELENIUM and INTELIN DIVISION, 900 Passaic Ave., East Newark, New lersey

In Canada: Federal Electric Manufacturing Company, Ltd., Montreal, P. Q.
Export Distributors : - International Standard Electric Corp. 67 Broad St., N. Y-

research and engineering organization, of which the Federal

KEEPING FEDERAL YEARS AMEAD...is IT&T's world-wide
Telecommunication Laboratories, Nutley, N. J., is o unit.
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In Ccnuaaz?uch-Simpson, Ltd.,

e

INSTRUMENTS
that STAY ACCURATE

Soft iron pole pieces and full
bridge construction are only two
of the design and production
superioritics which have made
the SIMPSON name synony-
mous with perfection in panel
meters.

Whatever your technical
problems are the SIMPSON
Laboratories will help you
work them out.

Meters available in sample
quantities at your nearest Radio
Parts Jobber.

SIMPSON ELECTRIC COMPANY

5200-5218 W. KINZIE ST.
CHICAGO 44, [LLINOIS

London, Ont,

| TUBES AT WORK (continued)

All control-circuit componenis are enclosed
in the foot-square box beside the rellector
housing the microphone

accompanying photograph of an ex-
perimental installation in Lynwood,
California. As the siren approaches
the device, a microphone mounted
inside the reflector picks up the
sound, lights a tiny pilot lamp in-
side the signal box (at the base of
the reflector support), and trips a
relay which turns the traffic lights
in all directions first to amber and
then to red.

The pickup circuits are tuned
only to high-frequency sounds and,
according to the inventor, no other
sustained noise but a siren is cap-
able of tripping the relay switch.
The entire mechanism is weather-
proof and tamperproof.

In the event that a second sirened
vehicle is approaching the inter-
section from another direction, the
nearest will trip the relay with its
siren, giving it the right of way
through the crossing.

The inventor claims that installa-
tion of the Signal Ear is being
considered by more than a score of
cities, and that at least four have
given commitments that installa-
tion will be included in their
1949-50 budgets.

Infinite Rejection Beam

By W. F. HOISINGTON

UHF Resonator Co
Rye, New York

IN THE manufacture of high-gain
multielement beam antennas, it has
not been unusual tc be asked for an
antenna that would cut out com-
pletely a station in back of the beam
on the same frequency. One stand-
ard 16-element f-m beam showed
over 6,000 to 1 power ratio on
transmission, but a check of the

May, 1949 — ELECTRONICS



The H=2-P

A NEW PURIFYING JET OIL DIFFUSION PUMP,

for electronic tubes and general laboratory use.

The blank-off pressure of this all-metal pump, untrapped, is

2 x 107 mm of Hg, measured on an ionization gauge.
The speed and forepressure characteristics of the purp are
remarkable. Speeds at three significant points follow —
50 litres per second at 10> mm Hg. 60 litres per second at 10
35 litres per second zt 2 x 103

High Vacuum mm Hg. is maintained when the pressuse
is increased to 0.34 mm Hg.

This pump is designed for unlimited continuous service
The jet tube is so constructed that it mav be completely
disassembled in a few moments. This makes every part of
the pump freely accessible for cleaning. The heater is
buttoned to the bottom of the pump and czn be replaced
easily. The permanent maintenance of this pump in
condition to achieve the pressures and soeeds listed
above is assured by its construction. Recommended
particularly for the requirements of Cathode Ray
Tube production. Special models for exhaust equip-
ment will be made to customer’s specifications. For
further details, please write—Vacuum Engineering
Division, National Research Corporation,
Cambridge 42, Mass.

e
eee»-‘H

y
L I

{
 —

HIGH VACUUM FOR INDUSTRY

NATIONA SEARCH CORPORATION
ACUTL MmN * prrsion ©
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RCA:

THE STANDARDS OF THE INDUSTRY

"E4

Popular RCA

v A complete line of major components

v Highest quality . .. competitively priced
v Designed by RCA television engineers

v Available for immediate delivery

® RCA television components
are “‘originals,” designed to fit
the tube and circuit with correct
electrical and mechanical speci-
fications that meet the most
rigid requirements.

RCA'’s line of television com-
ponents is performance proved
and competitively priced. As a
result of increased manufactur-
ing facilities, these components
are now available in quantity
for immediate delivery.

RCA's long experience in the

design of television equipment
is your assurance of better tele-
vision components now and in
the future.

RCA Application Engineers are

ready to co-operate with you in
the adaptation of RCA televi-
sion components to your special
receiver designs.
For other information write
RCA, Commercial Engineering
Section 42ES, Harrison, N. J.,
or telephone:

(EAST) Harrison 6-8000, Harrison, N. J.
(MIDWEST) Whitehall 4-2900, Chicago, lil.
(WEST) Trinity_3641, Los Angeles, Calif.

OTHER RCA PRODUCTS FOR EQUIPMENT MANUFACTURERS:
TUBES...SPEAKERS ... RF AND IF COILS... POWER TRANSFORMERS

RADIO CORPORATION of AMERICA

ELECTRONIC COMPONENTS HARRISON. N. J.
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TUBES AT WORK (continued

ratio on reception gave a much
lower figure.

Further investigation showed
that very strong reflections were
present in almost every location
tested, and that by moving the
beam one-half wavelength in space,
front-back ratios both higher and
lower than the above figure were
obtained. These reflections are the
source of television ghosts, and are
considerably aggravated by the low
f-b ratio of the average television
receiving antenna.

Further study of the theory of
screening, reflection and shielding
in radio and optics showed that
diffraction, interference effects and
leakage were at their most trouble-
some point where the physical
structure  approached  one-half
wavelength. In the microwave
region, where beam apertures of
tens and even hundreds of wave-
lengths can be obtained, the prob-
lem is easier. A new approach
forms the basis of the patent prin-
ciple to be described.

The infinite rejection beam (here-
after designated I.R.B.) has three
main parts: the receiving element
or elements, the reflector or reflec-
tors, and the rejector or rejecting
elements. In the economical example
shown in Fig. 1, suitable for tele-
vision reception, the first two parts

FOLDED
DIPOLE
|

REJECTOR REFHECTOR

\ 1 1]

\ : ;

\

\, (FRONT) : (BACK)

\ \

h |

— [ a—

DESIRED i ,

= ' INWANTI
STATION / ‘éTA,ﬁONED
SIGNALS , 2IGNAL
"
1)
APPROX
A
7
LEAD-IN

FIG. 1—Basic illustration of the rejector

principle applied to a television receiving

antenna. Reflector and rejector dimensions

are in accordance with conventional
antenna practice
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gaw%m? IN CARBON

bt Diamonds! - a////, *

PLUS GRAPHITE, MOLDED METALS _g
SINTERED ALNICO Il = 1\#'"’?

L

HUNDREDS of STANDARD
ITEMS ... thousands
of “Specials”

Write for details on any type

Anodes ¢ Battery Carbons
Bearing Materials
Brazing Furnace Boatls

Brushes of all types for
rotating electrical equipment

Carbon and Graphite Contacts

.« d dependable source of supply

ric Furnace Heating Elements

odes s Friction Segments

Rods (carbon) Th .
e unique electri

ical, mechanic i

al, physical :

’ and chemical

Elect
Electrolytic An
Glass Molds Ground

Mercury Arc Rectifier Anodes prope .
. er

Metal-Graphite Contacts rog ties OfStaCkpolecarbon,graphiteand carb .
Power Tube Anodes procducts solve countless problems of frictio on-graphite
::m‘ Bh:::h:f:::\:h:s Ziilng’ SCOrrosﬁon. shaft sealing, voltage rn‘ telmPefature,

are a a ers. So broad i . ? egu ating an
Resistance Welding and B oxing Tips e ad is t.he line of standard Stackpole rogd d
o Rings (for gas of iquid) g x;e the facilities for “specials” that it i products,

st only a f s practica
y a few of them here. Let Stackpole eggineer:

Special Molds and Dies
recommend
and quote on your next requirements

Spec!rogrophi!e No. 1
Trolley and Pantograph Shoes

Voliage Regulator Discs
Water Heater and
Pasteurization Electrodes

Welding Plates and Paste
STACKPOLE CARBON CO., ST MARYS, PA
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CANNON

ONE OF THE 190-ODD TYPE K

INSERT ARRANGEMENTS
is the GK-P6 insert which carries
three No. 14 and three No. 10 con-
tacts, having 3 /64" clearance. The in-
sert diameter is 7,8". No. 14 contacts
are rated at 15 amps, and No. 10 at
30 amps.

CONTACTS

all have tinned solder pots in K in-
serts and are quality-made brass with
silver-plate finish to stand wear and

30AMP.
wire i0)

SOCKET
CONTACT

pressure of engagement with low loss
factors. The 115- and 200-amp. types
are removable for soldering.

For prices on Type K Connectors, quotations
will be made on specific catalog numbers only,
and are available from Cannon Electric Rep-
resentatives located in principal cities of the
U.S. A. or direct from the factory.

GAN N O/NE INEQTIRU G

Livitynit (omony

IN CANADA & BRITISH EMPIRE:
CANNON ELECTRIC COMPANY, LTD. [ ]
TORONTO 13, ONTARIO
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WESTERN ELECTRIC
RECORDER CONNECTOR
USES CANNON TYPE K

UAAN PHOTO COURTESY

\.l WESTERN FLECIRI
Type “50” Recorder Connector made
by Western Electric and provided by
the Bell Telephone Companies for
connecting the new voice recorders
to subscribers’ telephone lines. Can-
non Electric Type SK-M7-32S Recep-
tacle (pin contacts) is shown on the
photo above. Mating fittingis straight
plug SK-M7-21C-1,2", having integral
clamp.

KNOW OUR REPRESENTATIVES

JOHN O. OLSEN

Sales Engin<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>