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Compact Design . ..
Unlimited Circuits ...

that’s the

RS

LINE

mounting.

R S 60 (Above) Smallest of the RS switches— deal for under-chassis
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ERE is a line of single or multiple gang section
H switch designed 10 serve RF applications, but
with special emphasis on ecircuit flexibility coupled with
unusual smallness ol size.

The RS-50 and 60 are especially designed for radio re- :
ceivers where low-lorque indexing action is essential. Th RS-50 .l

Above) Low-torque indexing features this versatile switch for
RS-30 and RS-10 are 1]1‘Siglle(:i l'm: high-torque, snap in- RSN (i Ay
dexing. All embaody the following features: Ty :

® Unlimited circuit possibilities
® Compact design

® New, heavier staples and assembly technique, in-
suring tight terminals

® New stator design which improves rotor and contact
alignment

® Double wiping contacts
® Silver-to-silver contaets

® Indium-treated, silver plated rotor segments

® [mproved, low-loss phenolic insulation

RS 40 (Above) Somewhat larger than the RE-60. but etill highly

compact. With snap indexing.

Get acquainted with these RS switches before vour product
reaches the blueprint stage. Write direct for RS Swiich
Data Folders and Specification lavout Sheets. Standard
Mallory Switches may be readily obtained from vour
Mallory Distributor,

AP r
sy

1

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

{Above) Off all the ad a f
R S- 30 CE RAM l c I(b:‘l’(‘fnwilcl‘:rih‘:n n:u:ir:uv‘nmi.l'l‘:ﬁle:l:n -
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BEFORE PURCHASING ANY VOLTAGE CONTROL

o VARIABLE VOLTAGE TRANSFORMERS ¢
SEE SECU o AUTOMATIC VOLTAGE REGULATORS °
e TESTING EQUIPMENT ¢

WHEN purchasing any type of
equipment, the most important con-
sideration is to obtain the correct
apparatus for each application. This is especially true in regard to voltage control equipment.
A misapplication or the adaptation of a standard unit to an unusual requirement (where really a
special design is necessary) can only produce faulty performance. For this reason, it is our sug-
gestion that a SECO engincer be consulted whenever there is need for an a-c voltage controller.
His complete and comprehensive understanding of all phases of voltage control is your assurance

of the right equipment for the job.

By simply outlining your particular problem to one of us at SECO results in a prompt
recommendation whether it involves a POWERSTAT variable transformer to vary the output
voltage from a-c power lines, a SECO Automatic Voltage Regulator to maintain a constant output
voltage, or test apparatus such as the VOLTBOX a-c power supply. Call or write and take ad-
vantage of the SECO KNOW-HOW.

SUPERIOR ELECTRIC COMPANY

ELECTRONIC INDUSTRIES e January, 1946 3
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* A Direct Reading Instrument
For High Resistance Measurements.

* Ideal For Laboratory Use or
Speedy Production Testing.

h 4

® 400,000 ohms to 100,000 megohms in five ranges on single
scale four inch meter.

Single zero reset adjustment for all ranges.
Drift after initial warm-up period is substantially zero.

Accuracy within 5% at any position on all ranges.

Guard circuit permits volume resistance measurements, com-
pletely eliminating surface leakage as a source of error.

Write for Detalls and Technical Bulletins .

COMMUNICATION MEASUREMENTS LABORATORY

120 GREENWICH STREET, NEW YORK 6, N. Y.

WA/\/\NVVWVV\M/\NW\/\/\/\.WA/\NV
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THE COVER

At Allen B. DuMont Laboratories,
Inc., Passaic, N. J., are made the
largest cathode-ray tubes in the
world. The young lady on the cover
is inspecting a completed gun mount
for the 20-in. diameter tube-used in
television receivers. This mount, a
precision-made assembly, performs.
the most important function of
controlling the flow, direction and
intensity of the electron beam
which forms the television picture
on the face of the tube. Operating
voltages go up to 8000. Some di-
mensions and spacings in this
mechanism must be exact to .0002
in. Stainless steel stamped parts.
together with tempered wire, cera-
mic spacers and glass beads, all
mounted in a preformed glass space
through which the air within the
envelope is later evacuated, make
up this completed mount. Rigid
inspection routines are followed
throughout the process to insure
against breakdown and failure. In
addition to cathode-ray tubes, Du-
Mont manufactures oscillographs,
television receivers, transmitters
and allied precision electronic
equipment.

L’Envei—George Clark

For a number of years radio men
have enjoyed getting the annual
rhymed messages of George H.
Clark, RCA old-timer and historian.
This Christmas, George turned his.
muse to a sort of au revoir, since
on Feb, 15, 1946, he is to terminate
his long connection with the cor-
poration and will then turn to lit-
erary labors which are his abiding:
delight. Here’s the way George puts.
it:

On the Fifteenth Day of the Second.
Month

Of the Year that is yet to come,

No longer I'll Labor for RCA,

But will be just a tome-ic bum.

In a rustic shack, in a distant land,

Far from Official View,

I'll write Biographies hand over
hand.

May I write one of You?

Retirement
And
Deployment
Accelerate
Regeneration

George H. Clark
25 Beaver St.
New York 4, N. Y.

ELECTRONIC INDUSTRIES o January, 1946



WHEN AND WHERE YOU

i There's shutdown-protection for your plant in

the fact that G-E tubes, like the widely used

£G-271 Ignitron at the right, can be obtained
and installed IMMEDIATELY

Electronic tubes control much of
the equipment in your modern fac-
tory. If a tube goes out of service,
work is held up until it is replaced.
Such delays are costly. G.E. can, and
will, get replacement tubes to you
faster—tlereby saving you productio:
time and vrofit dollars.

General Electric can deliver igni-
trons, thyratrons, high-frequency-
heating types, and other tubes more
quickly, because G.E. has «ll com-
monly used types and ratings conve-
niently available to you. There are

GENERAL

TRANSMITTING, RECE!IVING, INDUSTRIAL, SPECIAL PURPOSE TUBES

ELECTRONIC INDUSTRIES @ January, 1946
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amply stocked warehouse, distrib-
utor, and dealer sources for G-E
tubes in every area of the country.

Get to know your local G-E tube
representative, who has on hand the
tubes to keep your plant running
full-time! Ask him about G.E.’s iron-
clad warranty, which fully protect
your investment in electronic tubes.
Also inquire about his special stock-
record plan, relieving you of inven-
tory worries.

Your factory deserves G-E tub

Electronic tubes are available
J NEED THEM!

Price $51

Welder-control ratings are: max
kva demand 600, with avg anode
current 30.2 amp—max avg anode
current 56 amp, with corresponding
kva demand 200.

quality, and G-E spot service to meet
your day-to-day tube requirements.
Your G-E distributor or dealer can
supply these, and will be glad to dis-
cuss your needs. Phone him today.
Electronics Department
General Electric Company
Schenectady 5, N. Y.

DISTRIEUTORS AND DEALERS EVERYWHERE,

BACKED UP BY ADDITIONAL G-E TUBE

STOCKS IN CENTRALLY LOCATED CITIES
FROM COAST TO COAST

) ELECTRIC

162-E1-8830

VACUUM SWITCHES AND CAPACITORS
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TAI.K IS QUICK!

D

Pick up a ’phone and talk—to an
airplane; a speeding train; an inter-city

bus; a boat at sea.

Aireon’s radio ’phones make this as simple, sure and easy as using a

conventional telephone.

Aireon radio equipment for airlines is used by twenty domestic, four foreign
companies; Aireon railroad radio, introduced under war-time restrictions,

is already in use by four leading railroads. Aireon truck, taxi and bus
communications equipment has been proved in service on the trucks of one of
the nation’s largest fleet operators. It’s now in production. Aireon marine
equipment will be available soon.

On the crowded highways and skyways of the future, radio *phone
communication will keep traffic moving under quick, efficient control.

Air

Radio and Electronics - Engineered Power Controls

MANUFACTURING
CORPORATION

NEW YORK + GREENWICH . CHICAGO « KANSAS CITY o OKLAHOMA CITY « BURBANK - SAN FRANCISCO

6 ELECTRONIC INDUSTRIES o January, 1946



ELECTROMIC INDUSTRIES o

EVERE FREE-CUTTING COPPER ROD

.. . INCREASES ELECTRONIC PRODUCTION

INCE its recent introduction, Revere Free-
S Cutting Copper has decisively proved
its great value for the precision manufacture
of copper parts. Uses include certain tube
elements requiring both great dimensional
precision, and exceptional finish. It is also
being used for switch gear, high-capacity
plug connectors and in similar applications
requiring copper to be machined with great
accuracy and smoothness. This copper may
also be cold-upset 10 a considerable defor-
mation, and may be hot forged.

Revere Free-Cutting Copper is oxygen-
free, high conductivity, and contains a small
amount of tellurium, which, plus special
processing in the Revere mills, greatly in-
creases machining speeds, makes possible

\“I/

closer tolerances and muct smcother finish.

Thus production is increased, costs are cut,

rejects lessened. The material’s one impor-
tant limitation is that it does not make a
vacuum-tight seal with ghss. In all other
electronic applications this sp-ecial-quality
material offers great advantiges. Write
Revere for details.

REVERE

COPPER AND BRASS INCORPORATED

Founded by Paul Rerere 12 1801
Executive Offices: 230 Park Avenue
New York 17, N. Y.

Mills: Baltimore, Md.; Chicaro, 1.1.; De roit, Mich.; New
Bedford, Mass.; Ronme, NY.-Sa es()jﬁcvnnprmupa cities,
distributors everywhere

- [/Sfé// to Exploring the Unknownen the Mutual Network every Sunday evening, 910 2:30 fr.m., EST.

| AW

January, 1946

CUSTOMERS REPORT:

‘This material seems to machine muck better than our pre-
vious hard copper bar: it cuts off smoothly. takes a very

nice thread, and does not clog the dic.” (Electrical parts.)

"Increased feed from 1- 1/2* to 6* per minute and do
five at one time instead of two.”” (Swisch parts.

‘Spindle speed mcnased from 922 10 1161 RPM and
feed from .0065" to .0105" per spimdle re olution. This
resulted in a decrease in the time required to produce the
part from .0063 hours to .0036 hours. Material was capable
of faster machine speeds but machine was turning over at
its maximum. Chips cleared tools freely. operator did not
have to remove by hand.” (Disconnect stué’
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See the Alphatron in operation

at the 1. R. E. Convention.

|

NATIONAL RESEARCH CORPORATION

BOSToON PS5, MASSACHUSETTS, U.5.4.

Fogh  Prcccrnn Sor Hrndicsliy
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“Wherever shown, the new Type 554 Ceramic Trimmer has attracted
-he attention and admiration of the radio industry. First, its original
and compact design, its obvious ease of installation and adjustment;
.ater, its demonstrated superb performance—these qualities have not
snly aroused curiosity and interest, they have won immediate accept-
ance. Type 554 will be standard equipment on many receiving sets,
from now on.

Note, in photograph and drawing, that the metal rotor completely
sovers the stator track. Contact surfaces of both rotor and stator are
lapped, providing a high degree of stability, excluding dust, and
keeping noise level to a minimum at high frequencies.

Capacity change is essentially constant per degree of rotation, and full
range is covered in 180" rotation. Type 554 Trimmers will be avail-
able shortly in production quantities in the following capacity ranges:
in zero temperature coefficient, 3-12 MMF and 5-25 MMF; in -750
parts/million/°C, 5-30 MMF and 8-50 MMF. They will also be avail-
able in an intermediate temperature coefficient. Trimmers are held
firmly in place in a D-hole in the chassis by means of a multiple-tooth
spring clip, furnished with the trimmer.

Specifications and capacity ranges are given in the table at right.
For complete information, contact our nearest representative or write
us direct.

gﬂ 5 . D. ..
ERIE RESISTOR CORP., ERIE, PA.

LONDON, ENGLAND TORONTO, CANADA.

ELECTRONIC INDUSTRIES @ January, 1946

ERIE 554 CERAMICON TRIMMER
Voltage Rating: 350 volts D.C.
Flash Test: 700 volts D.C. for 15 seconds
Initial Q Factor at 1MC: 500 minimum
Initial Leakage Resistance: 10,000 meg. min.
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more efficient
...1n miniature

The old, slow motion

belt driven fan was of ques-

tionable value as a breeze maker.

Perhaps its best service was that of chasing flie<
with fluttering streamers. Then came the modern
high speed electric fan. Like the miniature elec-
tronic tube, it is an outstanding example of the cur-
rent trend toward increased efliciency in miniature.
TUNG-SOL Miniature Tubes are a part of the
trend Lo smaller component parts. They are a factor
in reducing the over-all size of equipment. Shorter
leads with low inductance, and low capacity with
high mutnal conductapce make the miniature tube
ideal for high frequency circuits. The smaller ele-
ments weigh less, tending to reduce the effecis of
vibration. The smaller size also makes possible a

more rigid construction. This reduces
the possibilities of element distortion.

To aid in the creation of new elec-
tronic equipment and in the improve.

ment of old, TUNG-SOL engineers

will draw upon their experience and

ACTUAL SIZE

work with manufacturers in the designing of cir-
cuits and in the selection of tubes. Of course vour

plans will be held in strictest confidence.

TUNG-SOL

vilalion - lesled
ELECTRONIC TUBTES

TUNG-50L LAMP WORKS INC., NEWARK 1 NEW JERSEY

Sales Offices: Atlanta « Chicago * Dallas * Denver -«

Detroit + Los Angeles » New York

Also Manufacturers of Miniature Incandescent Lamps, All-Glass Sealed Beam lleadlight Lamps and Current Intermittors

ELECTRONIC INDUSTRIES e January, 1946
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ROADCAST
SMITTER

MODEL 250 BCF

\
88-108 MEGACYCLES ¢

TEMCO proudly presents this outstanding achievement in FM engineer-
ing—the result of 10 years of pioneering in custom-built, superlative

communication equipment.

HIGHLIGHTS OF THE TEMCO 250 BCF

® Normal rated output power 250
watts. Maximum rated output
power 375 watts,

® Continuous monitoring of the car-
rier frequency by a center fre-
quency deviation meter calibrated
directly in cycles.

® An exciter unit — heart of the
transmitter—characterized by tun-
ing simplicity accomplished by em-
ploying only 4 stages to raise the
primary oscillator frequency to the
carrier frequency.

® A new circuit of technically ad-

vanced concept which maintains a
high degree of center fraquency
stekilization without introduction
of distortion.

¢ Peak efficiency and great de-
pendability are obtained by the
us2 of new miniature V-H-F tubes
in the exciter.

* Improved cesign in the 1PA and
PA stages eliminating tank radia-
ticn, feedback, radio fiequency
ard high voltage potentials froni
the tank circJgits and transmitter
frame.

*A limited quantity of the TEMCO Model 250 BCF will be available for
January delivery. Orders will be filled in rotation as received. ACT NOW.

Place your order at once.

NOW ON DISPLAY FOR YOUR INSPECTION.
Phone or wire for an abpointment.

ZMC

RADIO COMMUNICATION EQUIPMENT

TRANSMITTER EQUIPMENT MFG. CO., INC.
345 Hudson Street, New York 14, N. Y.




METAL ASSEMBLIES AND COMPONENTS

FOR

ELECTRONIC AND MECHANICAL DEVICES

3
ENGINEERING
. .
DEVELOPING
®
FABRICATING
®
ELECTRO-FORMING
e
PLATING
&
FINISHING
®

|[BJERNARD [R]ICE’S [S|ONS

MANUFACTURERS OF QUALITY METAL PRODUCTS SINCE 1867

OFFICE: 325 FIFTH AVENUE, NEW YORK 16, N. Y.
WORKS: 139-145 NORTH TENTH STREET, BROOKLYN 11, N. Y.




These District
Engineering Offices

To Serve You

ATLANTA
BALTIMORE BOSTON
BUFFALO
CHICAGC CINCINNATI
C.EVELAND
DALLAS DENVER
DETROIT HARTFORD
INCIANAPOLIS
LOS ANGELES
MINNEAPOLIS
MONTREAL NEW YORK
PITTSBLRGH ST. LOUIS
SAN FRANCISCO
SEATTLE SYRACUSE
TORONTO

STRUTHERS-DUNN, INC.

STRUTHERS-DUNN, INC., 1321 Arch Street, Philadelphia 7, Pa.

~ TYPE 135CXX Actual Size

Much Smaller — Much Lower in Cost
Fully Dependable for Heavy Duty Service

RATING — 1 HP polyphase, % HP single phase, to 600 volts AC.

FEATURES —Small Size—53%" x 4" x 174".
Mechanically Interlocked.
Solid Frame—no laminations.
Simple Maintenance—all parts removable from frong all fixed contacts
alike, all moving contacts alike.
Cost—appreciably lower than conventional units.

APPLICATIONS — Heavy duty reversing and jogging service such as hoists,
door operators, and machine tool auxiliaries.

STRUTHERS-DUNN

5,312 RELAY TYPES )

13
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AUTOMATIC ELECTRIC'S CLASS "B” RELAY

For better design for the future, check Automatic Electric’s Class “B” relay.
In this new relay, you'll find all six of the features you want— and the most
of each of them. Field response to this new development has been so over-
whelming that our entire production for many months has already been
spoken for. But you'll find it well worth your while to wait for this new
relay, with its unique combination of features:

Independent twin contacts for dependable contact
closure. .. efficient magnetic circuit for sensitivity and
high contact pressure . . . vnique armature bearing

design for important savings in space and weight.
Now available for coil voltages to 300 volts DC and
230 volts AC, with capacities up to 28 springs;

for long wear under severe conditions . . . compact also with magnetic shielding cover, when specified.

The Class “'B” relay, and many others, are shown in Catalog 4071. Write today for your copy.

AUTOMATICS ELECTRIC
éf AUTOMATIC ELECTRIC SALES CORPORATION
1033 WEST VAN BUREN STREET . CHICAGO 7, ILLINOIS
Jn Canada: AUTOMATIC ELECTRIC (CANADA) LIMITED, TORONTO

PARTS AND ASSEMBLIES FOR EVERY ELECTRICAL CONTROL NEED

14 ELECTRON!C INDUSTRIES e January, 1946



avoid damage
. from “in-the-package” .
moisture

SHlPPERS! Your product ccn be

[ ]
seriously damaged by rust, corrosion, no corrosion
or mildew . . . bzcause of "in-the-package”
moisture. Avoid such damage. Include H H H
Jay Cee Silica Gel, the ideal drying L 'h iIs ¢ on'a iner \
agent, in the packages with your product. !

YThe illustration shows My, Otto Mueller, packaging

Your container may be sealed "tight as foreman, inspacting ane of his Ampro Sound-On-
" d d a h Film Projectors sealed tigutly within a representative
a drum cgcnnsf cutside moisture. Ye', the moisture vapor-proof ba rier, ready to be placed in

et o shipping catton. Packed within the barrier, with
vapor within can cause untold harm. the Projector, are three small bags of Jay Cee Silica

Particularly, a slight drop in temperature Gel . . . whic1 adsorb “in-the-package™ moisture
| d ist and prevent damage fro n rust or corrosion.

can release angerous moisture. {Cellophane packaging was used in this illus

tration os o substitute “or the actual wrapping).

Jay Cee Silica Gel keeps the air in the
package dry . . . adsorbs the vapor . . .
prevents moisture damage. Jay Cee Silica
Gel is a crystalline substance resembling rock
salt in general appearance . . . chemically inert. Has amazing power to take up

moisture without its particles changing in size or
shape. Packed in 1, 2, 4, 8 oz. and 1 and 5 lk. bags.
Used widely with shipments of metal parts, precision
instruments, electronic equipment, dehydrated
foods, fabrics, and chemicals.

JOLIET CHEMICALS, LTD.
A ™ 108 INDUSTRY AVENUE
JOLIET, ILLINOIS

$
[".FCA o
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with WESTONS ON ALL PRODUCTION

TEST-STANDS AND INSPECTION EQUIPMENT!

With the race for markets in full swing, electrical manufacturers are
eliminating costly production bottlenecks by providing uniform depend-
ability in testing procedure all along the line. From the inspection of
purchased components right through to final product inspection, they
insure accurate testing by using instruments they can trust.

And it's easy to insure measurement dependability at every step,
because there are WESTONS for every testing need . . . including types
for all special test-stand requirements, as well as a broad line of multi-
range, multi-purpose test instruments. These compact, multi-purpose
testers often afford new simplicity and economies in testing procedure,
while assuring the dependability for which WESTONS are renowned.

Literature describing the complete line of WESTON panel and test
instruments is freely offered . . . Weston Electrical Instrument Corpora-
tion, 666 Frelinghuysen Avenue, Newark 5, New Jersey.

Weston 7 G

ALBANY « ATLAN
MINNEAPOLIS - NEWA

CINATT Horthern Electric for Lt Powerlite Devices, Ltd.

16 ELECTRONIC INDUSTRIES
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SREIN-EST  elew

JAN.  Publisied by SYLVANIA ELECTRIC PRODUCTS INC., Emporium, Pa. 1946

NEW T-3 TUBE FILLS NEED FOR SMALLER
- UNIT IN TINY BROADCAST RECEIVERS

Commercial Ve_rsion of
Proximity I'uze Tube
' Is Rugged, Has Long Life

Following Sylvania Electric’s recent an-
nouncement about the sensationally smal’
vacuum tube—originally developed for the
now-famous proximity fuze transceiver—
| have come many inquiries concerning this
super-midget.

SET MAKERS ESPECIALLY INTERESTEO

Since the commercial version of the “war-
baby” is being produced, many set manufac-
turers are extremely interested in its qualities
| — with a view toward making radios about
the size of the average wallet or package of
| cigarettes, miniature walkie-talkie sets and
other units.

This new tube, then, is being made in a
low-drain filament type and is able to oper-
ate at 1.25 volts. This takes advantage of a
| new, small battery developed during the war
which, of course, is a further aid in the man-
ufacture of remarkably small radio sets.

WILL BE AVAILABLE FOR ALL TYPES

Future designs of this versatile tube can
be incorporated in radios ranging in size
from tiny pocket sets up to deluxe receivers.

For any further details, or questions you may want answered It has a life of hundreds of hours, is rugged
about his tiny, sturdy vacuum tube, do not hesitate to | and exceptionally adaptable to operation at
write o call Sylvania Electric Products Inc., Emporium, Pa. | high frequencics.

SYLVANIA % ELECTRIC

Emporium, Pa.
MAKERS OF RADIO TUBES: CATHODE RAY TUBES; ELECTRONIC DEVICES; FLUORESCENT LAMPS, FIXTURES, WIRING DEVICES: ELECTRIC LIGHT BULBS
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Low Frequency Motor

High Frequency
Driver

High Frequency Morn

Low Frequency Cone und
Continuotion of High
Frequency Horn

Low Frequency Speaker

JENSEN RADIO MANUFACTURING COMPANY o

IN CANADA — COPPER WIRE PRODUCTS

Shacialisls én G

SPECIFICATIONS

WITH Counpresacon-rqpe HIGH-FREQUENCY SPEAKER

The first of a new series of JENSEN Coaxial Speakers,
combining in one coaxial assembly a horn-type high-
frequency speaker with a cone-type low-frequency
unit. By unique design, the cone of the low-frequency
unit forms a part of the high-frequency horn, thereby
dispensing with a separate horn. An integral two-
channel network gives the desired crossover charac-
teristics. Thus this new Coaxial Speaker provides the
quality of reproduction so essential and desirable for
radio receivers and phonographs for home entertain-
ment, particularly for FM reception and high quality
phonograph recordings.

The distribution characteristics of the Type H Coaxial
are excellent and, when installed in a suitable en-
closure such as a Bass Reflex cabinet, its performance
covers the entire frequency range useful in home re.
production.*

Type H Coaxial, illustrated here with field coil low-
frequency speaker and Aiwrco 5. high-frequency unit,
is designed for manufacturers. Other models for more
general use, incorporating A#sco 5 design in both
high-frequency and low-frequency units, will shortly
be announced.

Other Coaxials Now Available!

These Type J Coaxials, im-
proved over prewar de-

Power rating 25 wotts
maximum, in speech and
music systems, Input im-
pedance 16 ohms. Field
14-20 watts. List price
approximately $100.00.

*See Mo. 3 JENSEN Monogroph:
“frequency Range in. Music Re-
production,” for discussion of use-
ful frequency ranges.

6605 S. LARAMIE AVE. « CHICAGO 38, ILLINOIS
LTD. « 137 OXFORD STREET, GUELPH, ONTARIO

goe and .//{a/naﬂzc/uf?e y’ Fine dovcslic ggay’hnon/

sign, offer low-cost Coaxial
performance in home ra-
dio receiver and phono-
graph entertainment.
JAP-60 (15-Inch} with HF Con-
trol Switch. List price $79.43
JHP-32 (1 5-inch} with HF Con-
trol Switch. List price $36.13

JCP-40 (12.inch)HF Leve! Con-
trol extra. List price $33.48

ensen

SPEAKERS WITH 5

Au\!lﬂ@

ELECTRONIC INDUSTRIES o
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MICA CERAMIC INSULATION
TO YOUR SPECIFICATIONS

Holds to Tolerances up to +.001”

n part after part, and in any quaniity,
Mykroy molds and holds to critical toler-
ances. In this, the only ceramic which can
be molded under heat and pressure to such
close tolerances, are combined many o-her
highly desirable properties that distinguish
Mykroy from all other types of insulating
materiols.

Unique in the class of glass-bonded mica
ceramics, Mykroy possesses electrical char-
acteristics of the highest order which do
not shift under any conditions shor- of
actual destruction of the material itself.
Furthermore it will not warp—is imper-

heat up to 1000° F and will not char er
carbonize.

ls mechanical strength is comparable to
cast iron and because it bonds firmly to
metals it is particularly suvited to. moldirg
parts with metal inserts. Even where price
is a factor it competes with many stand-
ord insulating materials of lower electrical
properties.

For improved performance and better
quality in your new products investigate
the many advantages of Mykroy. Write
tor somples and full information.

C

vious to gas, oil and wofer—wifhsfcrl‘&aL _

70 CLIFTON BLVD., CLIFTON, N. J.

CHICAGO 47; 1917 N. Springfield Ave., Tel. Atbany 4310
EXPORT OFFICE: 89 Broad Street, New York 4, New York
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“Railmads ... Like a Giant
Conveyor Belt”

“The war has emphasized the importance of American railroads. Like a giant

conveyor belt, they link up the industrial, agricultural and mining areas of this

country with the many thousands of markets that dot our land. With reconversion a

fact, farsighted railroad management is carefully exploring many technological

war developments, and, in particular, radio, with the expectation that radio will help

RADIO has a story to tell the railroads . . . a story that
will contribute to their continued safety, efficiency and
economy of operation. Through its Mobile Communica-
tions Division, the Farnsworth Television & Radio
Corporation is now telling its railroad radio story to
railroads in all parts of the country.

Farnsworth brings to railroad radio specially designed,
thoroughly tested equipment, utilizing either space
radiation or induction principles . . . equipment which
gives positive, unfailing voice communication between
the operating units of a railroad, whether moving or
stationary.

FARNSWORTI

Farnsworth Radio and Television Receivers and Transmitters o

Aircraft Radio Equipment «

keep American railroads the safe, efficient and
modern network of transportation which has

so ably served the Nation during the war.”

Presiddnt, Detroit, Toledo & ronton R. K. Co.
R 7L F
» ol ey .
o en b A

Furthermore, Farnsworth brings sound engineering,
backed up by adequate facilitics and by eight years of
research into the problems of railroad radio . . . the
experience of the Halstead Traffie Communications
Corporation, whose assets and key personnel were
recently acquired by Farnsworth. For instance, the

weorrosive effects of coal gases on radio equipment is one
of a number of problems which have been solved in the
design of Farnsworth Mobile equipment.

Write for the complete story of Farnsworth railroad
radio. Address the Farnsworth Television & Radio
Corporation, Dept. EI-1, Fort Wayne 1, Indiana.

TELEVISION &
RADIO CORPORATION

Farnsworth Television Tubes ¢ Halstead Mobile

Communications and Traffic Control Systems for Rail and Highway ¢« the Farnsworth Phonograph-Radio « the Capehart + the Panamuse by Capehart

20
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source is a BLILEY CRYSTAL

Anyone familiar with radio fre-
quency applications knows that
the name Bliley on a crystal means
original engineering for a specific
job. True —Bliley builds crystals
by the milion—but Bliley crafts-
manship was never gained through
mass procuction.

Fifteen years of interpreting the
needs of communications engi-
neers, pe:sonalized attention to
their individual problems, has
provided the engineering back-
ground aad experience that has

. e

Bl |

| CRYSTAL

ver XTI st |
vours IR " ol

wage 1t U |
SLILEY ELICTRIC C‘Dl!l!'-'
wts

It's a mark of. quality
in any equipment when the frequency

made possible consistent quality
production.

In the current line of Bliley
Crystals all that proved good in
wartime models has been retained,
with important refinements for
peacetime applications. New
types have been added —more are
on the way.

Make it a habit to consult Bliley
engineers on all of your frequency
control problems. You will benefit
from this mark of quality in your
equipment.

CRYSTALS

BLILEY

ELECTRONIC INDUSTRIES e January, 1946

ELECTRIC COMPANY .

UNION STATION

BUILDING,

Bliley|

CRYSTAL

TEMPERATURE STABILIZER

idrco PR i
Y osc o

ADE BV
SULLY quecTric COMPANY, ERIE P4-
U. 5 A

TYPE TC91—This new Temperature Stabi.
lizer is just one of many products described
in a new Bliley bulletin. Write for your copy.

Ask for bulletin EI-27

ERIE, PENNSYLVANIA



WHY DIRECT-VIEWING TELEVISION RECEPTION?

g“m...

e Excellent pictorial resolution due to minimum spot

size.

e Higher brilliance and better contrast range for vivid

pictures.

e Wide-angle viewing, accommodating the largest
audience for given screen size.

e Lower accelerating voltage, which means less cost-
1y receiver power supply.

L] Simplicify of the focusina system. since it Is en-
tirely electronic.

® Longer tube life and therefore lower operating cost.

@ Previous objections to curvature of face have been
overcome by -design of essentially flat-faced bulbs.

o DuMont offers the larger image tubes for adequate
screen sizes and the greatest receiver value.

“REG. TRADE-MARK

'It's all in the tube when dealing with direct-viewing tele-
vision reception. The image is viewed directly as
scanned. No mirrors or lenses; no dust or dirt to dim the
image; no realignments ever required. The complete de-

vice for image reproduction is permanently set and sealed
at the plant.

DuMont has led in the development and production of

large-image cathode-ray tubes for television (Teletrons) in
all sizes and types.

DuMont Teletrons make direct-viewing practical, logical,
and truly economical,

® Interested? Our engineers are ready fo col-

laborate in titting the right Teletron to your par-
ticular problem. Technical data on request.

Remember, DuMONT also makes other types
of cathode-ray tubes, oscillographs, television

receivers and television fransmitting equip-
ment.

@ALL{N B. DUMONT LABORATORIES. INC.

ELECTRONIC INDUSTRIES o
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The '"CR” relay illustrated is a single
pole normally apen double breok
arrangement. Standard insulotian is
molded bakelite. Cantacts are silver,
althaugh alloy contacts can be sup-
plied. Contact rating with %" silver
is 15 amperes at 24 valts D. C. ar

110 valts A. C. Nan-inductive, The.

arrangement shawn is 1 33/64” high;
13/32” wide and 125/32” long.
Weight 3 aunces.

/

/

Allied Relay Types

Power, Sensitive, Telephone,
Differential and others.

Als>—Solenoids and Electro-

magnetic devices.

ELECTRONIC INDUSTRIES e January, 1946

Allieds CR"

Remarkably small for a power relay the “CR" developed
. by Allied will enable you to materially reduce the size

and weight of your electronic controls.

Having large contacts and heavy gram pressure the “CR"
performs switching operations which usually require con-
siderably larger relays. Highly adaptable the “CR" has
two, three and four pole variations. Conveniently located
contact and coil terminals permit speedy and simple as-
sembly of the relay into your unit. For severe dust and dirt
conditions the “CR" can be hermetically sealed with the

handy plug-in base or with solder terminals.

The “CR" is but one of many types of relays produced by
Allied to the high quality standards demanded by your
product. Several modern, strategically located plants are
available to furnish your immediate requirements. A check
with Allied engineers will help you in the selection of the

correct relay for your control. Write today.

ALLIED CONTROL COMPANY, INC.

GENERAL OFFICES: 2 Eost End Ave. (ot 79th St.} New York 21, N. Y.
Factories: New York City (2 East End Ave.)—Plantsville, Conn, Chicago—Aa321
N. Knox Avenuve, Chicago 41, Iilinois. in California: Allied Control Co. of
California, Inc., 1633 South Hope St., Les Angeles 15, Calif.

AC.1
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TOoP

FREQUENCY STANDARD
(60 cycle) for use with
external power supply

CENTER

CHRONOGRAPH
Records time intervals
with resolution to 001 second

BOTTOM
FREQUENCY STANDARD
(120 cycles) with
self-contained power supply

These tuning forks which include

new engineering principles, pro-
vide frequencies from 120 to 1,000
cycles directly with an unquali-
fied guarantee of accuracy to 1
part in 100,000 over a wide tem-
perature range. (Better than 1
second in 24 hours). Closer tol-
erances are obtainable on spe-
cial order.

These tuning fork assemblies are
available only in single or multi-
frequency instruments of our
own manufacture which are de-

signed to test, measure or control
other precision equipment by me-
chanical, electrical accoustical or
optical means.

The dependability of these fre-
quency standards is being dem-
onstrated for myriad purposes
in all climates and under all
working conditions.

If you have need for low fre-
quency standards of exceptional
accuracy, your inquiries are in-
vited.

American Time Products, Inc.

580 Fifth Ave.

Dist. of Western Electric &

New York, N. Y.

gt S
W‘ZEL\ Master  \Xawch-rate Recorders

ELECTRONIC INDUSTRIES o January, 1946



resilient,..lightweight

ATIONAL VULCANIZED

/

/’ay ye your answer to
new

profi able, products

ulcanized Fibre adds to the
sad efiCiency/of structural parts in aircraft—
thi§/ strong, durable material gives yoxr prod-
ucts znd equipnent longer performance .|. . at
gz:eatar economy.
Thz unusual strength of National Vulcanized
/ Fibre, combvi/ned with its |other remarkable
/ properties, makes it a “natural” for countless
/ applications in every indagtry. Resilient snd
light in weight (about half/that of aluminurh),  tion now, Let one of our trained technical
it has outsfanding tensile and impact strength}..  engineers
excellent/ machinability and forming qualities  Fibre can
...is high in dielectric strength. .. is extremely  plant equip

NATIONAL VULCANIZE

WILMINGTON, DELA

ow you how N tional Vulcanize
erve you advantageously in your
ot and in your pryducts.

FIBRE CO.

ARE OFFICES IN PRINCIPAL CITIES
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Try — then compare, and yau'll agree that this
professional receiver is cn outstonding value. It is

F
ge‘q:.esn:y built by craftsmen who specialize in communication
Megacycles equipment. The HQ-129-X has endless improvements
which are fully described in an eight-page booklet . .

Write today for complete technical information.
4(

T AN

et THE HAMMARLUND MFG. CO., INC., 460 W. 34TH ST. NEW YORK 1, N.Y.
MANUFACTURERS OF PRECISION COMMUNICATIONS EQUIPMENT

oF
g\(’“ ) '.0(/
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yitheon
bitage Srabilizers

DELIVER OUTPUT VOLTAGE CONSTANT T0 ¥’ % .

FLUuCTUATION of line voltage need not impair the
performance of your electrical equipment. Such vari- o
ations are easily corrected with magnetic-type, en-
tirely automatic Raytheon Voltage Stabilizers.

Pos tive control is gained. Power supply is stabi-

lized o =15%. Reliability and accuracy of perform-

ance are cffectively improved, and at low cost.

Investigate. Determine how positive control of
line voltage can benefit vour equipment. Our Bulletin

DIL-47-537 gives the detailed story. Write for it today.

ELECTRONIC IMDUSTRIES @ January, 1946

CASED MODEL

Get These Principal
Operating Advantages:
Control of output voltage to within
+%2% of 115 or 230 V.

Stabilization at any load within
rated capacities.

Quick response. Stabilizes varying
input voltage within 1/20 second.

Entirely automatic. No adjust-
ments. No moving parts. No main-
tenance.

RAYTHEON

MANUFACTURING COMPANY
WALTHAM 34, MASS,

ELECTRICAL EQUIPMENT DIVISION 1
Excellonce én Edeclionies —
_&._—.—-‘-u- TECR |

27



3 NEW BOBBIN
TYPE RESISTORS

MAXIMUM RESISTANCE VALUES

Type RX3 Type RX4 Type RX5
100,000 ohms 300,000 ohms 500,000 ohms

{wound with 1.5 mil, dia. ceramic-insulated wire)

25,000 ohms 75,000 ohms 125,000 ohms

{wound with 2.5 mil. dia. ceramic-insulated wirc)

MAX. POWER RATING AT 80° C. AMBIENT
1 watt 2 watts 3 watts

MAX. TEMPERATURE — Ambient plus rise: 150° C.

e 4

TYPE RX5

RESISTANCE TOLERANCE:
+¥%2% to +5%, as specified.
Where close tolerances are neces-

winding to provide instrument re-
sistor stability. When operated at
ratings consistent with tolerance,

TYPE RX 4

E

HoLe
.125 DiA,

sary, power ratings should be re-
duced in order to maintain sta-
bility. For example, one-third
power rating is consistent with
1% tolerance.

TEMPERATURE COEFFICIENT —
Standard temperature coefficient
is that of nickel-chromium wire,
.017%. Lower coefficients can be
provided with special alloy wires,
restricting the resistance range in
some cases.

STABILITY —Resistors can be cur-
rent- and temperature-aged after

stability is *01% or 1/10 of
tolerance, whichever is larger.

CONSTRUCTION —Resistors are
wound with ceramic-insulated
Sprague Koolohm resistance wire
on molded, high-temperature plas-
tic forms. The lug terminals are
tinned copper inserts molded in
the plastic form,

HUMIDITY RESISTANCE —Resist-
ors are impregnated to provide
protection against tropical humid-
ity conditions.

SPRAGUE
NOOLOHM

Trademark Reg. U. S. Pat. Off.

WIRE-WOUND RESISTORS

FIRST with Grade 1, Class 1 Resistors; FIRST with resistors
wound with ceramic-insulated wire; FIRST with glass-
to-metal sealed resistors; FIRST with glazed ceramic
coatings and new style end seals; FIRST with
Megomax high-resistance, high-voltage resistors.

-073 ' ,073
TYPE RX3

SPRAGUE ELECTRIC COMPANY, Resistor Division, NORTH ADAMS. MASS.
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There's revar any doudt about either
stability o- electrical efficiency of a
HYDENT nnection. That’s why Fed-
eral Manuf xcturing & Engineering Corp.
of Brookh1, N. Y., selected Burndy
HYLUGS fcr the wiring harness of this
signal gererator. Built tc meet the exact-
ing specificazions of -nilitary service, the
meznufacti-ar could take no chances on
faulty comnsctions in this equipment.
HYDENT connectors are virtually coined
to the conductors by the Burndy
HYYPRESS, in one quick operation, thus
eliminating costly and messy operations
involved in -solderirg. In addition, the
finished connections are easy to inspect.
Why not investigate this modern, eco-
nomical cormecting method today. Write
to...Burndy Engineering Co,, Inc,, 107-K
Bruckner Blvd., New York 54, N. Y.

&

ELECTRONIC INDUSTRIES e January, 1946
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SPEAKERS

30

EVI:KY solenoid used by any branch of
the armed torces — firing all automatic
weapons from .30 calibre machine guns
to 105 mm. cannon — was developed by
Magnavox. With this experience in the files and
minds of our engineers, we're able (0 pass on to you

&
CAPACITORS

SOLENOIDS

manynew developments in the designand quantity-
production of solenoids. Perhaps we can help
you find the answer to your solenoid questions,
Our technical department is available for infor-
mation and advice. The Magnavox Company,
Special Devices Division, Fort Wayne 4, Ind.

Mu navox

has served the

radio industry 34 years

ELECTRONIC INDUSTRIES o

ELECTRONIC EQUIPMENT
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BERYLLIUM COPPER PHOSPHOR BRONZE

STAINLESS STEEL NICKEL CHROME

NICKEL SILVER STERLING SILVER
HIGH CARBON STEEL

Grandpa did all right... in ‘63!

.

Muzzle-loaders, like crudely drawn  engineering department is staffed with
wires, were acceptable in the old days.  capable men to produce quality steel and
Now, however, the stringent requirements alloy wire of exacting standards in

of modern products and modern engineers  all fine sizes. Write Dept. ElI-12 for
demand that perfection be builtintoevery  engineering information on your fine

hank, coil and spool of wire. The Spencer  wire requirements,

NAN
N\

* Kk K K Il
SPENCE WEDROgFg PLANTPANY
N\_—" WEST BROOKFIELD - MASS.
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1% times
actual size

A certain auto radio had need of two controls and a e
switel but orly had room on the panel for one unit. ; b
(15 ~olved that problem by devising the G-CIS7-45
featured here. a concentric shaft tandem tone con- B, s 11;3
trol switeh. volunte control and on-oft switch. !

The tone ccntrol switch and volume control are
operated fro n concentric shafts and the on-off switch
is closed at the beginning of volume control rotation
on the rear section. The tone control can be supplied
with two, thiee or four positions.

The CTS renutation for dependability was acquired—

and has been retained because of their genius for solv-

ing diflicult problems, and then delivering shipments £
which are uniform in quality and available for use at the "
time they are promised.

Bringyourvariableresistor problemsto the CTSspecialists.

REPRESENTATIVES IN SOUTH AMERICA IN ENGLAND =
R. W. Farris Co. Jose Luis Pontet Chicogo Telephone Supply Co.
406 West Thirty-forrth Street St. John's Woods
Konsas City 2, M issouri Cordobo 1472 103 Grove End Gardens A
Phone: Logan 7495 Buenos Aires, Argentina Llondon, N. W. 8, England
South America
Frank A. Emmet Co.
2837 West Pico Boulevord Masculino 2624 ASSCE:ANB‘:YDI::‘ANI'
Los Angeles 6, Culifornia Montevideo, U"_VQU“Y
Phone: Rochester 9111 South America C C. Meredith & Co.
George A. Coleman Avda. Conselheiro Rodrigues Sfreetsville, Ontorio
420 Market S reet Alves 1057
San Francisco 11, Calif. Villo Marionao
Sao Poulo, Brazil
BRANCH OFFICES South America
S. J. Hutchinsen, Jr. Walter Th. Kammonn Willson
401 North Brood Street Apartado 1891

Philadelphio 8, Pewnsylvania Norte 6 No. 17

Phone: Walnu: 5389 Caracas, Venezuela QW

South America

VARIABLE RESISTORS AND ASSOCIATED SWITCHES

ELKHART » INDIANA

" //anu/?rr/mmw 0/’ ,J!u((//{y Electe - Mechanical (gwn/wlwn& Sirnce 1896

ELECTRONIC INDUSTRIES @ January, 1946
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TYPE 1005/CKI0CS5 RATINGS
FULL-WAVE. RECTIFIER SERVICE

lonically Heated
Heoted  Directly
Filament VYoltoge - - - - . 0 175 wolts

Filoment Curreat - - . . . 0 200 omps

Maximum Peock Ansde Voltaga
{per anode) no load - - - 800 300 volts

Maximum Peak Invérse Voltage - 150C 1600 wolls

Average D.C, Yoltege Drop - - 30 25 woHs
5 Maximum D.C. Oulput Curreat - 200 200 ma.
Minimum D.C. Outpu! Currend - 70 0 mo.

Minimym Starting Peak Volleg:
{holt wove or dei - - - . 450 450 wvobs

Minimum Starting Peck Vol"aaé

(full wove) - - < - - . 550 420 wvolis
Maximum Sleacy Stote Peok -
Anode Curren! per anode - - 600 &0 ma.
| 4 .
!
&
S RA ON

MANUFACTURING COMPANY J

cellence in &ﬁé‘g" “"‘5

RADIO RECEIVING TUSE DIVISION
NEWTON, MASSACHUSETIS NEW vonli.} CHICAGO

34

To supply the requirements of small transmitters
or other equipment where rectification eﬂl(’lcn(‘v
must be maintained at a high ievel, ".IV”I(‘OII
engineers developed 1ype 1006 CK1006.

Utilization of an inert gas enables this tube
to perform its functions through a wide range
of ambient temperatures. The cathode may be
direetly heated as shown in the r‘lllngs———or where
greater efticiency is desired, ionic heating is pos-
sible provided the specified minimum load is
maintained without rapld intermittent operation,
The internal drop is low even during the time
rated peak current is flowing.

A very important feature of the 1006/CK 1006
is the fact that ne cathode preheating time is
required. Full load can be handled immediately
and starting is practically instantaneous.

Obviously, the foregoing electrical character-
istics are applicable 10 many tvpes of mobile
equipment, Structurally, too, the 1006/CK 1006
fits well into such service because rugged design
allows it to withstand considerable shock without
change in characteristics,

Many thousands of Ravthecon 1006/CK 1006
tubes have individually given hundreds of hours
of reliable service in equipment subjected to
adverse conditions of l('mper.nun, and vibration,
Another convineing “exhibit” of evidence that
Raytheon builds fine tubes . . . tubes well worth
considering for your postwar products!

ELECTRONIC INDUSTRIES @ January, 1946



MEASURES ACTUAL

POWER OUTPUT

7/%4 device insures actual power output measure-
ments in microwave transmitters. The coupler can be
permanently installed in any part of the transmission
line. Calibrated attenuation betweer main and auxil-
iary transmission lines permits making power medsure-
ments a- much lower level for greater accuracy.

The C'eMornay-Budd # 316 Directional Coupler has
a nominal coupling of 20 decibels, which is the amount
of attenuation between the energy in the main trans-
mission line and that available at the "N" connector of
the aux liary transmission line.

Consultation on your iransmission line problems is in-
vited, without obligation. The benefit of our extensive
experieace with wartime radar problems is at your
disposal.

Cowpling|Ve.Frequency
For fDdb._‘N*om.c al,
<¥ Nafrow Band Ditectiofial

Coupler-|_

fas

Qb“

Coupling ~Hecibels

vl

wll H

30 3133 34 35
Ftequpricy~-Cm.

The curve shows theoretical variation in coupling
versus frequency for the DeMornay-Budd #316

MICROWAVE

DeMornay-Budd
#316
Directional
Coupler

ROTATING JOINT
————— FLAT 90° ELBOW

90° TWIST

DIRECTIONAL COUPLER
MITERED. ELBOW

EDGE 90" ELBOW

/

LINE STRETCHER

STRAIGHT SECTION

This plumbing arrangement indicates variety of
standard items currently available. Standard coup-
lers are available for frequencies of 2500 mega-
cycles to 30,000 megacycles. Yarious couplers are

also available in other frequencies and band widths:

Broad Band Couplers (10% Band Width)
Narrow Band Couplers (3% Band Width)
Uni.-Directional Couplers

Bi-Directional Couplers

Special order couplers can be made to operate at

any frequency from 500 megacycles upward.

DE MORNAY

EQUIPMENT
FOR
97% OF ALL
RADAR SETS

5

narrow bond uni-directional coupler shown above.

ELECTRONIC INDUSTRIES o January, 1946

475 GRAND CONCOURSE, NEW YORK, N. Y.

35



Q R

FOR FASTER, BETTER AND MORE COMPLETE SERVICE
TO ALL CUSTOMERS

MAGUIRE INDUSTRIES, INC.

ANNOUNCES THE FORMATION OF ITS NEW

ELECTRONIC DISTRIBUTOR

and

INDUSTRIAL SALES DEPARTMENT

THIS NEW DEPARTMENT WILL ASSUME ALL

MERCHANDISING
SALES

and
CUSTOMER RELATION

DUTIES AND RESPONSIBILITIES ESSENTIAL IN
MARKETING THE COMBINED PRODUCTS OF THE

THORDARSON DIVISION
MEISSNER DIVISION
RADIART CORPORATION

* * *

& B
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THESE SUPERIOR PRODUCTS NOW
AVAILABLE FROM A SINGLE SOURCE

THORDARS 0N>

Radiarl>

TRANSFORMERS

Precision enginieered and quality built transformers
for all requirements. .. replacement, communications,
sound amplifier, industrial, experimental and amateur.

TRU-FIDELITY AMPLIFIERS

In new, modern designs featuring advanced tone
compensation, conservative ratings, ample ventilation,
low hum level, multiple input channels and maximum
flexibility of controls.

COMPONENTS

Precision-built components including antenna, R. F.
and oscillator coils; standard, plastic and Ferro-cart
transformers; windings, coils, chokes and accessories.

SERVICE INSTRUMENTS

Meissner Analyst—operates by ‘‘signal tracing”’
method, fastest and most reliable —furnished complete.
Signal Calibrator —a portable self-contained unit.

VIBRATORS

Radiart Correct Replacement Vibrators are individu-
ally engineered to meet exactly the physical as well
as the electrical requirements of each application.

RUST-PROOF AERIALS

A complete line of newly designed aerials to fit all
cars; 3 and 4 section models—cowl, fender and
under hood types . . . all made of finest materials.

SEE FOR YOURSELF!

ELZCTRONIC INDUSTRIES

See the outstanding products of the Electronic Divisions
of Maguire Industries, Inc., at the Winter Meeting of the

I. R. E. at the Hotel Astor, New York on January 23 to 26.

January, 1946
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‘gﬁ [, few of the many high quality transform-
el \

i 'm ers manufactured to critical specification.

Rigid control of material and process—PLUS con-
servatism in design insure a dependable long-life

product. We solicit your inquiries. Sizes to § KVA.

The Langevin Company

INCORPORATED <
SOUND REINFORCEMENT AND REPRODUCTION ENGINEERING .
NEW YORK SAN FRANCISCO LOS ANGELES
7 W. 65 1, 3 1050 Howard St., 3 1000 N. Seward St.;:38




ELECTRONIC INDUSTRIES

Beacause of what happened in laboratories
during the war— our own laboratories and
those of our suppliers—Formica is adapt-
ed to more uses now than ever before in
its history. And it serves many of the old
time uses much better and more efficiently

thar il has before.

New materials and new methods have im-
proved the material as a high frequency
inslalor; its stability of dimensions and

elect-ical cheracteristics under extremes

January, 1946

of humidity have been stepped up; it can
now be made immensely stronger and
more resistant to mechanical strains than
ever before; its resistance to both alkalies

and acids has been improved for chem-

‘ical uses.

Therefore, it follows that the material can
now be used for many purposes for which

it was not previously considered.

Engineering data on these new qualities
and capabilities is available in the "'For-

mica Data Book''. Ask for it.

THE FORMICA INSULATION COMPANY
4647 Soring Grove Ave., Cincinnati 32, Ohio
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6» initials “CRL” im

the Jiamond s-and for Cemralab

Tk2y are an infegral part of the
Centralab name, and for mor2 than
a quarter of a tentury have repre-
sentad the utmost in engineering
skill @nd precision . . . the height of
manJfacturiag perfection,

Bath in original equipment and ia
replacemen-s, the symbol “CRL” is
the Mark of Quality.

- .- Always saecify Centrolab.

Ce-amic Figh Voltage Capacitors
Bulletin 814

Ceramic H'gh Voltagz Capaci‘ors
Bulletin 834

Division ¢f GLOBE-UNION INC., MilwaJkee

S &
215 Verigble Resistors /
PRODUCERS o] E%i% Builetin 697 Yubvular Ceramic Selector Switehes
-~

Capacitars Bulletin 722
Caromic Trimmers Bulletins' 530
BeTetin 695 and 586

ELECTRONIC INDUSTRIES ® January, 1946




ELECTRON C INDUSTRIES o

1915, Werld’s first vacuum tube
repeater, produced by Western
Electric, made transcontinental
telephone calls pozsble.

1919. Ariong the earliest P. A.
amplifiets were these made by
Western Electric and used at
Victory YWay Celebrationin New
York City after World World 1,

1922. F rst amplifier used gen-
erally ir commereial broadcast-
ing. Many of thesz 8-type am-
plifiers are still in use.

1931. Negative faedback princi-
ple intrc duced by Western Elec-
tricin telephone amplifiers. since
applied to broadcastingand pub-
lic address equipment.

1931. V/estern Electric develop-
ed this first all AC amplifier unit
which eliminated batteries,
made equipment riore compact.

1936. One of the twenty 1000-
watt amplifiers used in the
world’s largest commercial pub-
lic address .system at Roosevelt
Raceway on Loeng Island,

1944. 250-watt beachmaster ampli-
fiers, used by the Navy to direct
tandings on Saipan, lwo. Jima, and
Okinawa.

b W B

AMPLIFIER HISTORY...Made by

estern Elecfric

For more than 30 years, Western Electric has
made amplifier history. The skill and ability
that time alone can bring, plus experience
gained producing highly specialized sound
equipment for war, mean continued leader-
ship for Western Electric in the years ahead.

1937. 120-121 type Western
Electric amplifiers for use in
the finest audio systems for
AM and FM transmission.

January, 1946

1942. New and improved battle
announcing system amplifiers of
the type that helped cave the
crippled carrier Franklin.

Buy Victory Bonds and hold them!

1



® Interested?
Write for detailed literature.

AELOYX

A\ _ tapacitors
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® Outstanding production equipment in the hands of Aerovox
craftsmen, accounts for these veritable capacitor dreadnaughts.
In exacting services such as radio transmitters, heavy-duty
electronic equipment, and in the electric power field, these
units have won citation after citation for exceptional rugged-
ness.

Such ruggedness stems from the Aerovox winding facilities
second fo none. Special winding machines insure that the
multi-layered sections are uniformly and accurately wound
under critically-controlled tension. Also, a system of impreg-
nation fanks, pumps and control equipment guarantees the
necessary drying after vacuum impregnation that is positively
unexcelled by any impregnation process anywhere.

Hermetically-sealed welded steel containers: heavy-duty
porcelain insulators; cork gaskets and pressure sealing; non-
ferrous metal hardware; silver-soldered joints; sturdy mount-
ing means—these are the externals of these capacitor dread-
naughts. Standard listings of Type 20 up to 50,000 v. D.C.W.
Capacitances from 0.1 to 10 mfd.

FOR RADIO-ELECTRONIC AND
INDUSTRIAL APPLICATIONS

/ KEROVOX CORPORATION, NEW BEDFORD, MASS., U.S.A.
* SALES OFFICES TN ALL PRINCIPAL CITIES « Export: 13 E. 40t Sv., NEw YoRrx 16, N. V.

Cable: “ARLAB' o |n Canada: AEROVOX CANADA LTD., HAMILYON, ONT.

ELECTRONIC INDUSTRIES e January, 1946



Thousands of Rauland AMPLICALL Systems are serving industry today with a
performance dependability second to nonel Engineering, quality materials and
craftsmanship have been combined to insure AMPLICALL's dependability . . .
multiple uses, flexibility of design, superb tonal quality, low maintenance cost
and trouble-free operation cre additional reasons for its preferred rating.
Whether ysu need aon adequate Paging, Intercommunication or Public Address
System, or all three, be sure to check AMPLICALL . . . you'll find a system of the
exact design and capacity to answer all of your requirements perfectly.

RADIO - RADAR - SOUND

Electroneering is our business

1. AMPLICALL Intercommunication unit,
availoble for two-way communication
between multiple stations.

2. AMPLICALL Poging Control Unit.
3. AMPLICALL Weatherproof Speaker.

4. AMPLICALL Audio Amplifier unit for
laboratory, test equipment and gen-
eral opplications.

COMMUNICATIONS - TELEVISION

THE RAULAND CORPORATION e CHICAGO 41, ILLINOIS

ELECTRONIC INDUSTRIES @ January, 1946
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THE PKOS AnD CONS

OF HERMETIC SEALING

HERMETIC SEALING—A wondrous process which was a
government “Must” when ordering Transformers and Re.
actors for war use. At that time we could take no chances
on faulty equipment that might seriously hinder military
operations and inadvertently cause unnecessary loss of life
among our fighting men.

EXPENSIVE—yes, but added costs meant little when the
only thing really important was winning the war.

IN PEACE—we at KENYON are of the opinion that such
expense is not warranted. Past performance of ordinary
transformers shows conclusively that sealing in a metal
case with humidity proof compound along with proper
mechanical design is sufficient. This conclusion is self-
evident if you will weigh all cost factors involved.

SMALL AUDIO-COMPONENTS — KENYON has devel-
oped a range of case sizes (illustrated) which are adapt-
able 0 Hermetic Sealing and also 10 a new exclusive
KENYON PROCESS. Despite the fact that the danger of
moisture damage is greater in the small audio-component,
we feel that our exclusive KENYON PROCESS is more
than adequate. While it does not make 100% of the
units proof against a five-cycle test, it does make
all units impervious 10 salt water immer-
sion over narrower temperature ranges
—and is very much less expensive.

The saving involved by this
new Process is so substantial
that the cost of the few re-
placements that might be
saved by Hermetic Sealing is
more than offset by this much
lower original cost.

The items illustrated are only a
few of the many possibilities offered
by KENYON. We will be more than
happy to supply complete details on
request.

Write Now For
Ilustrated Catalog

THE MARK OF

EXCELLENCE

840 BARRY STREET

co-,. I"Cl NEW YORK, U. S. A.

ELECTRONIC INDUSTRIES @ January, 1946



BROUPED about the widely acclaimed Two-million-Volt

frecision X-ray Tuke are other Machlett tubes for medical,
industrial and radio purposes. In each of these tubes are incor-
porated the inherent skills employed by Machlett in

the development of this unique tube. They are your

assurance of long life, ruggedness

and dependability in whatever field il 2 . i o 2_1

they are used. Machlett Laboratorizs,

APPLIES 7O RADIO AND IWNDUSTRIAL USES

arTs %YEA}?S OF E_ECTRGN-TUBE EXPERIENCE
am—

ELECTRONIC INDUSTRIES @ January, 1946 45



MOLDED COIL FORMS

THE MODERN ANSWER TO INEXPENSIVE MECHANICAL

COAXIAL LEADS each end
Type DR-1 . .
Type DR-2 . .

= __ I

.750” x 220"
.875” x .280”

SINGLE HAIRPIN lead each end
Tvpe DR-3 .. .875" x .280"

3

¢

J 1]

SINGLE HAIRPIN lead one end
DOUBLE HAIRPIN lead other end
Type DR-4 .. 875" x .280"

DOUBLE HAIRPIN lead each end
Type DR-5 .. .875” x .280"

Typical use of molded coil form
with Stackpole W-1976 iron
sleeve core attached

TR h
—t 4
_——

SUPPORTS FOR WINDINGS

Reduced space factor . . . simplicity of
assembly . . . point-to-point wiring . . .
one third fewer soldered connections
. « . extreme flexibility of application . . .

absolute minimum cost

These proved advantages mean wide use for
Stackpole molded bakelite coil forms in a
variety of applications. Hairpin anchored
leads mean that the soldered core wires are
not disturbed or strained when leads are
flexed or moved. The forms being smooth,
coils may be wound on separate tubes and
slipped over the forms—or windings may
be wound directly on the forms. Where re-
quired, forms may be provided with Stack-
pole molded iron sleeve cores, thereby
increasing Q materially, decreasing the
amount of wire for a given inductance and
reducing stray magnetic fields. Write for
details or samples to meetyour requirements.

STACKPOLE CARBON CO., ST. MARYS, PA.

Electronic Components Division

Note the

anchored

hairpin leads

Typical Stackpoie Molced Coil Form Applications

UNIVERS AL WINDING

SOLENOID WINDPING
BENT AT 90

ANTENNA QR COJPLED
WINLCINGS

POWDERED
IRON SLEEVE

IRON CORED UNIVERSAL
WINDING

POWDERED

POWDERED
IRON WASHER

IRON SLEEVE

IRON CORED I-F FRANSFORMER
OR COUPLED COIiLS

FIXED AND VARIABLE RESISTORS ¢« IRON CORES * SWITCHES

ELECTRONIC INDUSTRIES @ January, 1946
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hallicrafters raoio

THE HALLICRAFTERS CO., AGENT FOR RFC UNDER CONTRACT SIA-3-24
MANUFACTURERS OF RADIO AND ELECTRONIZ EQLIPMENT

THESE VALUABLE ITEMS )4(144[6%[8 %al

or very soon. Write, wire or phone for further in-
formation ¢ head phones ¢ test equipment e com-
ponent parts e marine transmitters and receivers o
code practice equipment ¢ sound detecting equip-
ment ¢ vehicular operation police and command sets
e radio beacons and airborne landing equipment.

CLIP THIS COUPON NOW
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CAPTA!N HORACE L. HALL, U.S. Merchant Marine,
retired, at his home in Springfield, L.I., N.Y., made

daily recordings of transmissions from Australia, for
more than four years, missing but four days. The appar-
ently harmless news broadcasts kept the Australian
Government in New York and Washington informed of
every phase of the progress of the war, by a pre-
arranged code.

The National HRO, used for this remarkable accom-
plishment is the first ever to have been shipped into the

New York area and is over ten years old.

NATIONAL COMPANY INC., MALDEN, MASS.

ELECTRONIC INDUSTRIES @ January, 1946
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be the beginning
of the biggest,
brightest era
your business

has ever known.

SPECIALISTS IN IH‘N EAU[;E INSULATING PAPERS

ELECTRONIC INDUSTRIES @ January, 1946
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|
SCHWEIIZER PAPER CO.

142 MILLER STREET, NEWARK, N. J.
Plants: Newark, Jersey City,N. J., Mt. Holly Springs, Pa.

ol

Rescarch Laboratovies: Chrysler Bldg. New York, N. Y.
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WATER-COOLED CAPACITORS

FOR HOT JOBS

Substantial savings are made
possible by the small space re-
quirements and low price of G-E
high-frequency, parallel-plate
capacitors. These compact, water-
cooled, liquid-filled units are de-
signed especially for use in the
resonant circuit of high-frequency
electronic oscillators, such as those
used in electronic-heater equip-
ments. Features include: low losses at high frequencies, uni-
formly high dielectric strength, and high current rating per
unit volume,

Available in ratings of .0075 to .034 microfarad (capaci-
tance tolerance 5%), and for maximum rms working voltages
of 2000 to 9000 volts. Write for Bulletin GEA-4365.

MIGHTY RESISTORS
OF G-E MYCALEX

Physically stronger than
porcelain — except un-
der compression — G-E
mycalex has higher heat
and arc resistance than
organic insulating mate-
rials; at elevated tem-
peratures its dielectric
strength is also higher. It is compression-molded ‘into plates,
rods, and strips that can be readily machined to finished
shapes. Simple shapes are injection-molded directly, with or
without metal inserts.

Its low loss at high frequencies makes G-E mycalex particu-
larly valuable in uhf apparatus. Impervious to water, oil, and
gas, G-E mycalex neither warps nor shrinks with age. Write
for Bulletin GEA-4244,

TO TEACH

ELECTRONICS QUICKLY
Where production workers
and foremen have a working
knowledge of electronics, pro-
duction steps up because there
are fewer rejects, and less time
is spent on repairs. Now you
can teach them all the funda-
mentals without the monumental task of preparing such a
course. General Electric offers a talking slidefilm course to
teach not only the fundamentals, but also principles of com-

bining tubes and other components into electronic circuits. It is
written for easy understanding by personnel lacking a tech-
nical background.

Twelve half-hour slidefilms with records, complete in a
carrying case, make up the entire course. A meeting place,
screen, and a sound slidefilm projector (35mm, 33% rpm) are
all you need. With the 12 slidefilms you get 25 sets of in-
dividual lesson guides keyed to the film, and @ manual contain-
ing instructions for conducting the course. Write for details.

FROM O TO 270 VOLYS

AT A TWIST

OF THE WRIST
For jobs that need
smooth, uninterrupted
control of voltage and
small amounts of power,
the G-E variable-voltage auto-
transformer is finding wide appli-
cation. Maximum output voltage is 270 from a 230-volt power
source; half that from 115-volt power supply.

Output voltage is varied by moving a carbon brush around
a band on the coil from which the tough insulation has been
removed. Calibrations on the easy-to-read dial are widely
spaced for easy selection of the output voltage. Strong
mechanical construction, light weight, and small size make
this G-E variable-voltage autotransformer ideal for bench
or panel mounting. Ratings from 243 to 810 va. Write for
Bulletin GEA-3635A.

COILS FORM FASTER
WHEN YOU USE FORMEX
High-speed winding, bonding, and
baking pose no problem with
Formex magnet wire. Its abrasion
resistant, polyvinyl-acetal insula-
tion — a tough, flexible film — will
turn sharp corners at high speed
without cracking. Formex wire
speeds up production, cuts down
factory rejects and customer com-

plaints.

The dielectric strength of Formex magnet wire is high and
stays high, during the entire life of your apparatus. For tighter-
packed, lighter-weight, lower-cost coils, specify Formex mag-
net wire, either regular or colored. It's suitable for operation
in ambient temperatures up to 105 C — also for jobs where
moisture and solvent resistance are needed. Round Formex
from 8 Awg to 40 Awg, ultra-fine from 41 Awg to 50 Awg,
and rectangular in a full range of sizes. (Bulletin GEA-3911)

ELECTRONIC INDUSTRIES o
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ONE MOTION
CONTROLS MANY CIRCUITS

For transfer and control switch-
ing, simple or complex, there is
a G-E (Type SB-1) switch to do
the job. These switches are rated
600 volts, 20 amp continuous
or 250 amp for 3 seconds.
Standard models are available
with as many as 16 twelve-posi-
tion stages. Precision construction makes operation easy, even
in special models which have as many as 40 stages. Cam-
operated silver contacts are long-lived, proved by more than
1,000,000 test operations without excessive wear. Stages are
isolated by dielectric barriers.

Wiring requires only a screwdriver, and ample space is
allowed for easy connection. There are two types of locks, both
of which permit locking in any position. The standard switches
are dead-front, with all live parts protected by a removable
cover. Write for Bulletin GEA-1913-D.

WHEN DELAY
HAS 4 JOB TO DO

This flux-decay, copper-jack-
eted time-celay relay is spe- &
cially, desigied for application &%
in aircraft where small size, re-
liability, and light weight are
of importan:e.

A time delay of .35 sec is pro-
vided. A veriety of contract arrange-
ments is available for handling up to 100 amps
{inrush current) under the usual conditions of altitude, tem-
perature, vibration, and humidity. Write for Bulletin GEA-3865.

HOT
e ——— BUT NOT BOTHERED

Capacitors e Sensitive control and time-delay

[} 9 Wound on strong, heat-resistant " .
memem Govmmemenay bodies, G-E vitreous-enameled relays e Limit switches e Motors, dynamotors,
e resistors are little affected by amplidynes ¢ Motor-generator sets o Alnico
..'j A—— %-— sudden, extreme, temperature magnets o Small panel instruments o Formex*

_ changes. Fro.rn 10 to 180 wotfs, mugnetwireoRadio’ransformersOSwitche"es
" they are available in most resist-
> v Py ¥

ance ratings. Resistance remains eSelsyns e Chokes o also tubes, crystals, plastics
practically constant, because of products, insulation materials, and many others.

2 0 5 S —— o
the low temperature coefficient of the resistance wire. 1 e e e e A
: i . ] GENERALE T— -
Enamel, fused to a uniform, glassy surface over the wire oot l;CTRlc COMPANY, I
; iy = I : > DR Sate B2
imbedded in it, forms a durable, water- and air-impervious : Schenectady 5. p. -y 642-9 8010 :
coating. A wide variety of open and closed styles, terminals, ] Please send me h
taps, and mountings gives these resistors a broad field of ap- - —— :
plication in electronic apparatus. Write for Bulletin GEA-3911. |  GEA244 GEA.3865 I
1 GEA-36354 |
1 —Details: on Electronics COUI;E - GEA-I913D ]
NAME
COMPANY._ . .
ADDRESS. ——
ay._ _— Sk
’. B —STATE
51
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PERMANENT MAGNETS MAY PO {iT BETTER'!

New Engineering Handbook cn Permanent Magnets

¥ you are considering any application of permanent magnets; an outline of basic

Ermanent magnets to your preduct or manu- 'pes, with associated air-gaps; material
cturing processes, you are welcome, without ¢ acteristics; and information on their
charge, to a copy of this new Manual. engineering, designing and manufacture. It

This is a 32-page, illusirated reference work  1as many useful formulae, charts, graphs and
on magnets, prepared by the engineering and diagrams, of constant reference value.

research staff of the world’s largest producers.  Write today for your free copy of this Manual.
It contains data on the functions of g Consultation with ourengineersisinvited.

PRODUCTS COMPANY - - «

Copr. 1945, The Indlana Steel Products Co.
SPECIALISTS IN PERMANENT MAGNETS SINCE 1910

+«« THE INDIANAYSTEEL

6 NORTH MICHIGAN AVENUE, CHICAGO 2, LLUNOIS
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it’s the X-Dimension that Fires
a Shell or Pleases Your Customers

The X-Dimension of a spring or  flight, observe the action of %
the “something” you can’t see is  springs. Result — specifica- ) ‘3@ ,
exaclly what a self respecting  lions were revised. This 1s &
spring-containing post war prod-  service far beyvond order-tak- )

uct needs: The spring below, for

ing, pricing, and delivery. It’s

example. was one of a tiny pair  the X.Dimension of Hunter

used 1o “arm” shell fuses in Right  springs—the extra care in re-
through centrifugal action.

search and manufacture. ..

.

Springs made ta specifications  that about a spring which helps
worked in a dangerously irregular  your products operate dependabi
mra-aer. Hunter built laboratory  and please customers. It’s mare
equipment 1o simulate shells ja  thanyou Largained for—in springs.



* NOW IT CAN BE TOLD

Waterbury's technical skill . . . the same skill that pro-
duced intricate plastic parts for this secret weapon which
affected the course of the war . ..is available to manu-
facturers who use plastic parts and assemblies in
their products.

Highly intricate mold making and precision plastic mold-
ing 'b_): transfer, injection, and compression is a
specialty with Waterbury Companies. Let our complete
engineering and design staff work with you on the
production of your plastic parts.

WATERBURY COMPANIES, INC.
Formerly Woaterbury Button Co., Est. 1812

WAY BOULEVARD WATERBURY, CONN,

These small but Pighly intricate
plastic pleces are vital parts
of the now famows VT fuse.

ELECTRONIC INDUSTRIES @ January, 1946




WL-8578B

Mercury Vapor
Rectifier for
22kv opero-
tion.

WL-891R

Forced Air Cool-
ed Tube forRadio
Transmitting and
R. F. Heating
- Applications.

WL-417A

Reflex Klystron for use as local
oscillator in U. H, F. equipment.

WL-532A

Sparkgap for
voltage protec-
tion and for T-R

uses.

1B24

1 T-R tube for use
between trans-
mitter and re-
ceiver in Ra-
" dar Equip-
ment.

ELECTRONIC INDUSTRIES
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Used in firal stage
of 50 K.W, Brodd-
cast transmitters.

E)

. WL-678

115,000 volt grid
' controlled Rectifier

I
|
|
|
WL-473 |
ForF.M.,Sland-
ard Broadcast,

and R. F. Heat- |
ing Applica-

forpowersupplies.

i

tions.

2J31

Multicavity
Magnetron for
pulsed operation
in Radar Equip-
ment.

WL-530

Oscillator tube for generating
high power at ultra high fre-

quencies.
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STUDIO EQUIPMENT - FM TRANSMITTERS - ANTENNAS AND TOWERS

With production new under way,
Federal will deliver -1 and 3 KW FM
Transmitters early in 1946.. .delivery
of the 10 and 50 KW following shortly
thereafter . . . featuring the latest in
design, circuits, tubes and technique

Aor unsurpassed operations in the new

83-108 me. band.

Available with these transmitters will
be complete associated equipment —
from microphone to antenna — entire
M Broadcasting Systems. .. supplied
by one experienced and dependable

source—Federal...for more than three
decades a leading contributor to radio
progress.

Federal engineers are ready to consult
with you...help plan every step of your
installation...and then stay with the job
until your station is in completely
satisfactory operation. And Federal
assumes full responsibility for the per-
formanee of its equipment.

Call in Federal now. .. be among the
first on the air with the finest in FM
Broadcasliug.

Wrile for broehure
+Complete FM... by
Federal™ descriptive
of Federaul’s com-
plete KM Radio
Broudcast Equip-
ment from micro-
phone 10 antenoa.

ELECTRONIC INDUSTRIES
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ELECTRONICS

480 LEXINGTON AVE., NEW YORK (17), N. Y.

Communications Revolution

In the older communications fields we are already
witnessing an electronic revolution. Not only are tele-
graph wires being replaced by high-frequency beams
and messenger boys by photoelectric facsimile trans-
mission, but the electronic art is making inroads into
many manual methods in the business operation of
telephone and telegraph systems. These new appli-
cations include dialing equipment, automatic time-
recording and bill-computing facilities, sorting of
vouchers, etc. Electronic facilities will perform tomor-
row many tasks in commercial telephony now under-
taken by mechanical or hand means.

New Tubes for Industry

The situation in industrial-control tubes still has
an element of weakness in that many of the com-
ponents are of the familiar broadcast home-receiving
type. Sooner or later there must be faced the issue
that receiving-tube types are quite unsuited to indus-
trial service. As soon as possible redesign programs
will have to be instituted, bringing into existence
more-reliable long-life tubes to improve performance
at industrial specification points.

A considerable interval must elapse before such a
program can be undertaken, but the primary steps
have been organized.

Instruments for Process Control

A promising field for electronic engineers is that of
instrumentation—dealing with the design and use of
control apparatus in all of the processes for produc-
ing most of our raw materials of industry. The prob-
lems of training specialists in this field of industrial
process-control instruments are now coming up for
attention.

Several important differences exist between the in-
strumentation and the radio fields. The latter is aided
by an enthusiastic game—amateur radio that turns
many features of the system into a hobby. There
seems to be no similar incentive in the process indus-

In This Issue—

STATISTICS OF THE RADIO-ELECTRONIC INDUSTRIES - - -

tries at present—although it is easy for anyone to
assemble radio parts for a few dollars and try all sorts
of interesting experiments—control and measuring de-
vices that involve efficiency studies on home-heating
systems, automatic control of lighting, pumps and
other things.

Factory Try-Quts

Experiments are essential to instrumentation. But
usually it is impossible for an instrumentation man
to tinker with a factory process system in any way,
since such experimentation would probably throw the
whole plant into confusion. Nor can he easily and
cheaply assemble air or hydraulic pressure sources,
or retard instruments of various kinds, so that he can
try out his ideas independently.

This is one reason why electronic methods are con-
sidered first in many places. A few small tubes may
suffice for a simple test, which if successful will di-
rectly drive other tubes of sufficient power to do the
big job. It also accounts for the recent trend into
electronic industrial methods for more complicated
services, as shown by examples continually reported
in these pages.

TV Two-Up on Mm-Pix!

On Navy Day in New York, television accomplished
two feats which motion-pictures, after a generation
of experience, cannot yet approach.

1. A big dinner at the Waldorf was clearly pictured
for the NBC television audience, using only the reg-
ular hotel lighting, which was far too dim for the
taking of any movies.

2. A newsreel dropped from a blimp was hurriedly
developed and the negative run through the television
projector, without the delay necessary to print, de-
velop and dry a positive. Yet the television audience
saw a perfect positive by the simple expedient of
electrically reversing the negative picture. And that’s
something else Messrs. Pathe and Paramount can’t
yet do-—project blacks as whites at the flip of a
switch. Next!

PPAGE 63

DIRECTORY OF RADIO-ELECTRONIC ASSOCIATIONS. CONSULTING ENGI-

NEERS, PATENT ATTORNEYS AND TESTING LABORATORIES -

ELECTRONIC INDUSTRIES @ January, 1946

PAGE 98

57



AUTOMATIC POSITIONING

Autotune equipment used effectively for rapid readjustment
of multi-frequency transmitters has industry applications

By R. W. MAY and N. H. HALE
Collins Radio Co., Cedar Rapids, la.

® An automatic positioner is a
mechanism which is capable of re-
peating preset conditions of its ele-
ments at the will of an operator,
but which is not dependent upon
the operator for accuracy of reset.
This article is restricted to those
mechanisms with preset positions
which can be adjusted readily. The
number of such positions is limited
only by practical design considera-
tions.

In order to understand the opera-
tion of the various types of posi-
tioners, it will be helpful to con-
sider the fundamental components
of these mechanisms and the vari-
ous forms which they can take.
The power source may be:

a. Manual; b. Electrical; (1) Mo-
tor; (2) Solenoid; ¢. Mechanical.

The positioned element (the part
of the mechanism that is to be set
in a desired manner and which
drives the external driver element)
can have movement that is:

a. Continuous rotary; b. Limited
rotary; c. Straight line.

> ypbane

Y L1

Fig. 1. Autotune head repeats preset position
to high degrec of precision in span of seconds

The positioning elements may be:

a. Mechanical; 1. Stop type; 2. De-
tent type; 3. Collector type; b.
Electrical.

Most positioners may be classified
according to the form these com-
ponents take. Thus we can have a
motor powered, limited rotary, stop
type positioner (Collins Autotune,
Fig. 1), or a manual, limited rotary,
collector type positioner (cardioid
type, Fig. 4).
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The source of power used to drive
any positioner is optional, and any
of those mentioned can be used if
the proper control means are used.

STOP CAM——
ADJUSTABLY
ATTACHED TO SHAFT)

POSITIONED
SHAFT ——

STOP PawL

Cam ———
{ADJUSTABLY \
ATTACHED TO SHAFT)\

CAM ACTUATOR 3
PUSH ROD

m

SPRING

OPERATIVE

SHAF

INOPERATIVE!

POSITIONED
o

Fig. 4. Cam type of position control operates

Fig. 2. "'Stop’’ positioner mechanism is funda-
mentally accurate, simple, casily constructed

DETENT PAWL\

/

DETENT PawL
SPRING
= POSITIONED
SHAFT

]

Fig. 3. Detent type of mechanism is inherently
very accurate, but not adapted to remote control

DETENT CAM
(ADIUSTABLY
ATTACHED TO SHAFT)

— ———

The positioned element in a ro-
tary positioner must have no lim-
itations on rotation as it progresses
in the same direction from one pre-
set position to another. A vari-
ometer or variable capacitor which
can rotate continuously could be
controlled by a rotary positioner.

In the limited rotary positioner,
the positioned element is restricted
in its movement to a definite angle
of rotation. This type would be
used, for example, if the positioned
element controlled a variable ca-
pacitor which had an allowable
rotation of only 180°.

by pushing plunger against cardioid-shaped cam

TUNING CAM -
ADJUSTABLY MOUNTED |

TUNING CAM
PIVOT
70 PUSK ROD

OPERATIVE

RETUAN. PusH \.Posn‘mmm
SPAING /] eo0 SHAFT

-CAM FOLLOWER
PERMANENTLY FASTENED
TO POSITIONED SHAFT

INOPERATIVE
3;
V
- |

Fig. 5. Modified cam type of position control
operates with cam follower and plunger action

If the driven element requires
straight line motion, a straight line
type of positioner can be used. This
type of positioner would be useful
for permeability tuned circuits.

Any combination of the positioned
elements and positioning elements
listed above can be used. For sim-
plicity, the discussion of positioning
elements will take into considera-
tion only the use of rotary and lim-
ited rotary positioned elements.

The “stop” type of positioner
mechanism is probably the simplest,
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CONTROL MECHANISMS

[ S —— 7

! P OSITIGNED
SHAFT
OPERATIVE

RETURN PUSH - POSFTIONED CAM
SPRING RO (ADJUSTABLY ATTACHED

TO SHAFT)
l "

S |

INOPERATIVE l

— |

Fig. 6. Cam is carricd on positioned shaft in
another type of plunger action position control

and takes the form of the familiar
ratchet, Fig. 2. The elements re-
quired for one preset position are
shown. Each additional position will
require a similar group of parts,
usually assembled on the same
shaft.

The operation is as follows: The
pawl corresponding to the desired
position is lowered against the cam,
and the cam is rotated until
stopped by the pawl. This type of
positioner is fundamentally very

accurate and is easily constructed.

The detent type is similar to a
switch detent mechanism except
that the detent positions are inde-
pendently adjustable. This type is
shown in Fig. 3. Again, the elements
illustrated represent only one of
several allowable preset positions.
The shaft is rotated until the de-
sired pawl has engaged its detent
cam. A disadvantage of this type
of positioner is that it is impractical
to have two preselected positions
set close together because the de-
tent latches might be in an un-
stable condition. This positioner is
inherently very accurate; however,
it is not readily adapted for use
with a remote control system.

The collector type is unique in
that it always moves the shortest
distance to the selected position.
This could also be accomplished
with most other positioners, but
would require complicated control
systems:. There are three important
designs for collector type position-
ers. First, there is the cam type,
shown in Fig. 4. Only one group of
elements is shown. Operation is
accomplished by depressing the
pushrod of the desired group of
elements, causing the cam to rotate

. Fig. 7.

PUSH ROD WITH
GEAR TEETH MESHING
DRIVE GEARS —

LOST MOTION TAKE UP ARMS
(FREE ON SHAFT) —

2 GEARS - ONE ON EACH
END OF ASSEMBLY

FREE ON SHAFT 7

Fig. 8.
/ positioning accuracy.

until the rod rests in the depression
of the cardioid. The disadvantage
of this design is that rotation is
limited to 180°, unless the positioned
element may be allowed to progress
always in one direction, in which
case there is some danger of stop-
ping one of the cams on dead

- center.

Second is the modified cam type
of positioner. The more common of
the several modified cam types are
shown in Fig. 5 and Fig. 6. The
operation is similar to that of Fig.
4. Secondary detent latches may be
used to increase the accuracy. Ro-
tation is limited to less than 360°.

The third and most ingenious of
the collector type positioners is
shown in Fig. 7. Only one preset
position is shown, but others may
be added. It is built in two forms
and is not limited to any definite
angle of rotation. This mechanism
is operated by the pushrod, which
rotates the two gears in opposite
directions. Each gear drives a lost-
motion or take-up mechanism
which may be composed of several
washers with projecting ears, as
shown in Fig. 7. One of the two
lost-motion devices will drive the
projection on the positioned ele-

Collector-type positioner is operated by pushrod, rotating two
gears in opposite directions.

Accuracy is limited by series of clements

Elcctrical positioner is easy to apply, does not attord high re-
Remote control is simple but may tend to hunt

RETURN
SPRING

2 GEARS—ONE ON EACH
END OF ASSEMBLY
FREE ON SHAFT

RETURN r""
SPRING

POSITIONED ARM \
ADJUSTABLY MOUNTED ON SHAFTY

INCREMENTAL SUIP CLYTCH [y
WITH SEVERAL STEPS OF
TORQUE

"CONTACTOR SPRING' LOADED
/ AGAINST SLIP RINGS~ ALSO
/ ACTS AS DETENT BETWEEN
SECTORS

/"‘CONYACT ARM — USUALLY
FIXED TO SHAFT

POSITIONED SHAFT

SLIP RING ASSEMBLY
USUALLY MOUNTED
TO ROTATE WITH
RESPECT TO THE FRAME
FOR POSITION ADJUST-
MENT

ARARQA

TUUuNY

PUSH ROD WITH
GEAR TEETH MESHING
ORIVE GEARS

LOST MOTION TAKE UP ARMS =
(FREE ON SHAFT)

POSITIONED ARM
ADJUSTABLY MOUNTED ON SHAFT
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ONE OF SEVERAL
STOP CAM RINGS
ADJUSTABLY
MOUNTED TO
SHAFT

ONE OF SEVERAL
PAWLS
LN

ONE OF SEVERAL
PAWL SPRINGS

LIMIT SWITCH
MECHANISM

> ——
I———— nruulunmannm ju
[Torace ~N —
LIMITING
I rtilo W Sy SINGLE POSITION

ONE WAY DRIVE

CAMS TO SELEC
S

l SINGLE POSITION PAWL,
ONE WAY DRIVE

ONE OF SEVERAL ‘T
T

SEERING SWITCH

° REMOTE MANUAL
/C_HANNEL SELECTING
( D_oo—g SWITCH

LIMIT _J
W= IST POSITION
Tt ‘
| iﬂ - g
RELaY @

TORQUE LIMITING
CLUTCH e

ONE OF SEVERA
AMS TO

p——— POWER INPUT

_~~REDUCTION GEAR

~—~ONE OF SEVERAL STOP
CAM RINGS ADJUSTABLY
MOUNTED TO SHAFT

ONE OF SEVERAL
PAWL SPRINGS

ONE OF SEVERAL COUNTER
ORUM RINGS HELD iN PLACE
BY FRICTION

Fig. 9. Electrical control system of autotune utilizes seeking switch to
find selector switch position; reversible motor and one-way ratchet used

Fig. 11. (Right) Counter drum of multi-turn unit makes only one revolution
during rotation of stop-ring shaft; number of stop-ring turns is preset

ment until the second has no play
left in it. The projection on the
positioned element is then clamped
between the two gear driven lost-
motion trains, thus holding it in
place. A variation of this type sub-
stitutes a Geneva movement for
the lost-motion mechanism. In re-
mote control applications the push-
rod eusually is replaced by motor
driven gears which are engaged or
disengaged by solenoids. The ac-
curacy of this positioning mechan-
ism depends upon all elements of
the mechanism acting in series,
and because there are several ele-
ments, extreme accuracy is difficult
to obtain. )

This device has been used for
many years in applications not re-
quiring high accuracy. It is easy
to apply but involves control prob-
lems, the worst of which is a tend-
ency to hunt. Successful operation
has been obtained with increased
accuracy by using a secondary me-
chanical detent action in combina-
tion with a series of incremental
clutches to eliminate hunting.

Fig. 8 shows such a device repre-
senting one preset position. The
desired position is selected by a
selector switch, and the motor is
connected so that it drives the arm
on the positioned shaft toward the
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detent position between the two
slip ring segments. The arm can
stop only when the contact touches
both segments simultaneously. A
separate motor is required for each
driven element. This positioner has
the advantage of simple remote
control, but it will not accommo-
date high inertia loads, and would
be unstable if two positions were
set too close together.

Although the possible uses of
automatic positioners are extensive,
it is likely that their application has
been most thoroughly explored in
the radio communication field. Here
the need is for rapid and frequent
retuning of all controls, and posi-
tioners find ready application. Many
military operations during the war
depended for their radio communi-
cation upon the ability of the equip-
ment to shift frequencies rapidly
and accurately between transmis-
sions.

Limited rotary positioner

The remainder of this paper will
be limited to a discussion of one
type of remote controlled positioner
which has been widely used in
radio equipment. In such equip-
ment, it is frequently necessary to
position several different shafts in-

dependently to preselected posi-
tions, since-it is not always possible
to gang all tuned circuits under a
single control. Space is frequently
at a premium, particularly in air-
craft applications, and it is desir-
able to use only one source of mo-
tive power and one control system
for all of the driven elements in an
entire equipment.

Certain applications such as fre-
quency control circuits require a
high order of reset accuracy. Others,
such as band switches and broadly
tuned circuits, do not require such
precision. For flexibility of applica-
tion it is desirable to use a single
type of positioner for all purposes,
with resulting savings in develop-
ment and manufacturing costs and
simplification of maintenance.

A limited rotary positioner meets
these requirements because:

1. More different types of posi-
tioned elements can be driven
by a limited rotary positioner
than by any other kind.

(a) Any continuously rotat-
able device may be driven
by a limited rotary posi-
tioner.

(b) Straight line motion can
be obtained, if needed, by
use of lead screw, rack and
pinion, or similar device.
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2. A limited rotary positioner is
capable of sufficient precision for
all applications, but is not too
complicated or expensive for use
in circuits requiring less accur-
acy.

3. With electrical drive, a limited
rotary positioner is easily ar-
ranged for remote control.

4. A limited rotary positioner is
relatively easy to design and
manufacture.

The most convenient motive
power for such a positioner is an
electric motor. In some specific
cases solenoids and ratchet stepping
motors have been used; however,
they are generally very inefficient.
Hydraulic power offers some inter-
esting possibilities, particularly in
the case of very large applications.

Control systems

The problem of control for the
mechanical positioner is related to
the question of motive power and
worthy of somewhat detailed com-
ment. There are two separate and
distinct phases in the operation of
a positioner. First, it must be ca-
pable of setting a shaft to a pre-
determined position, and must be
able to repeat the operation time
after time with the required order
of accuracy. Second, since there are
several preset positions, the mech-
anism must be able to select any
one of those positions. The control
system must tell it which of the
several positions to select, and must
assist it in doing so.

The accuracy required of the con-
trol system is not as high as that
required of the positioner itself, be-
cause the control system merely
tells the positioner which position
is to be set up. If 10 positions are
available, an accuracy somewhat
better than 1 part in 10 is usually
satisfactory.

There are three general methods
of remote channel selection.

1. Mechanical. This requires a flex-
ible shaft or a push-pull choke
wire, or perhaps a cable and
pulley, or shafts and bellcrank
levers.

2. Hydraulic or pneumatic. This
requires tube or piping and fluid.

3. Electrical. This requires only
wires connected to the remote
point.

The mechanical type of remote
control would be the most straight-
forward method. A flexible shaft is
a very practical, rather simple in-
stallation for short distances. How-
ever. it is not very often used due
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to its lack of versatility. Hydraulic
or pneumatic controls are merely
mentioned here as possibilities. The
electrical method is probably the
most adaptable for radio equipment
and is used in the positioners de-
scribed here.

The simplest way to apply this
method would appear to be by the
use of solenoids to operate the pawls
corresponding to the desired chan-
nels. Solenoids have disadvantages,
however, in that they are bulky and
ineficient, and that each posi-
tioner would require as many solen-
oids as there are positions avail-
able. A practical type of electrical

the switch is left in the desired
position. The motor is stopped by
limit switches.

The important factors in this
control system are the speeds with
which the control relay releases
and the motor reverses. The relay
is usually the slower of the two. It
is necessary that the motor come
to a halt in its original direction of
rotation before the seeking switch
is driven past the selected position
and closes the relay circuit again.
This relationship defines the maxi-
mum operating speed of the system.

The Collins Autotune system is a
combination of the limited rotary

|
C ABDEFGHKN P Q

Fig. 10. Position presetting of stop-rings

may be done without disturbing positions of

adjacent rings, since ficxible washers between rings can move axially but cannot turn on shaft

control system and the one which is
used in the Autotune is that in
which the pawls are selected by
means of a rotating cam on the
same shaft as a motor-driven
“seeking” switch. The seeking
switch selects a position corres-
ponding to the position set man-
ually on a “selector” switch.
Hunting is eliminated by making
use of the reversal characteristic
of the electric motor and a one-way
ratchet drive for the seeking switch.

The mechanism works as follows
(see Fig. 9): The selector switch
(which may be any distance from
the positioning mechanism) is
turned to a desired preset position.
This energizes the motor control re-
lay which starts the motor in the
direction of the arrow. The motor
drives the seeking switch through
a one-way ratchet, and when this
switch finds the selected position,
the motor control relay is de-
energized, reversing the motor. Be-
cause of the one-way ratchet drive,

Fig. 12. Torque limiting clutch of de-energiz-
ing type protects all components from overload

CLUTCH SPRING

CLUTCH BAND — ‘
\

‘ CLUTCH DRUM —._
]

“SHAFT

CLUTCH DRIVE
FORK

Fig. 13. Autotune found extensive use during war
to tune small transmittees of type shown below
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Fig. 14. Large, heavy-duty ground station transmitters may also be remotely tuned to preset fre-
quencies with aic of singleturn and multiturn autotwne heads. Tuning becomes unskilled operation

Fig. 15. Earlier model of aireraft transmitter, using cutotune system. Driven devices are switches,

capacitors, variometers, and a permeabllity-tuned oscillator.

- L AVERAGE FRICTION RANGE

4 _ =i o - .

T
. .
of 1 | 1 | | |
1] ] .2 .3 4 L] { ) ' .8 9 1.0

COEFFICIENT OF FRICTION

Fig. B€. Relation Letween torque and coefficient
of friction in de-energizing type of torque
clutch
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Slug is moved on rotating screw

stop type of positioner and the con-
trol system described above. The
motor usec in the control system ls
also used to drive the positicner,
through a torque limiting clutch.
The pawls are controlled by cams
which are driven from the same
shaft that drives the seeking
switch. The cams are positioned in
the same manner as is the seeking
switch, and are synchronized with

it. Only the pawl which corre-
sponds to the seeking switch posi-
tion is operative. The other pawls
are lifted to clear their stop rings.
A limit switch mechanism is added
to the electrical circuit to insure
that the positioned shaft will be
turned far enough in each direc-
tion.

Autotune sequence

The operation of the Autotune
system is as follows (see Fig. 9):
1. The selector switch (which may

be at a remote point) is man-

ually turned to a position corres-
ponding to the desired preset po-
sition of the positioned shaft.

2. The motor starts turning the
mechanism in the direction of
the arrows, and by means of the
ratchets drives the seeking
switch and cam drum. The clutch
turns the positioned shaft to-
ward the home or reference end
of its travel.

3. The shaft comes to rest against
the home stop. The clutch then
slips, allowing the motor to con-
tinue running.

4. The limit switch is operated, al-
lowing the motor to reverse as
soon as the seeking switch finds
the selected position.

5. The seeking switch finds the se-
lected position and releases the
relay reversing the motor. The
cam drum and the seeking
switch remain stationary. The
controls are now set and the
proper pawl is in position.

6. The shaft turns until the se-
lected pawl engages its corres-
ponding stop ring on the shaft.
The positioning is now complete.
The clutch slips as thHe motor
continues to run.

7. The other limit switch operates
and stops the motor ending the
cycle.

The desired number of preset po-
sitions or channels dictates the
number of pawl-stop ring-cam
combinations used. These compon-
ents (enclosed by dotted lines in
Fig. 9) are all that must be re-
peated for each preset position.
They are located side by side on the
same shafts, with spacers between
them.

When more than one positioned
shaft is required, the clutch, pawls,
stop rings, cams, and ratchet are
repeated for each shaft. This com-
bination is called an Autotune head.
All electrical components exclusive
of the motor and perhaps the relay
are usually collected together in a
control unit. Only one control unit
and one motor need be used re-

(Continued on page 152)
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1946 RADIO STATISTICS

Radio-electronic output and complete home set census.
How production and use compare during past 24 years

Presented herewith are essential
statistics of the broadcasting and
allied electronic industries for the
past 24 years. The compilation
maintains the continuity of the
publication of such vital data which
was originated many years ago by
the present publishers of “Elec-

tronic Industries” through the com-
pilation of annual statistics and
their appearance in the January is-
sues of “Radio Retailing” and “Ra-
dio Today.”

Current statistics are interesting
by reason of the picture they pre-

sent to show the manner in which
the radio industry changed over
night from one of the greatest
peace activities to one of the great-
est war activities and the already
rapidly apparent reconversion back
to production for peace-time civil-
ian uses.

THE RADIO-ELECTRONIC INDUSTRY
Data Covers Year Ended December 31, 1945

Total Annual Average Number Annual

Investment Gross Revenue of Employes Payroll
Radio manufacturers (1200)....... . $ 350,000,000 $3,000,000,000 350,000 $750,000,000
Radio distributors, dealers, ctc. 280,000,000 200,000,000 100,000 150,000,000
Broadcasting stations (965) including talent costs.. 90,000,000 +20,000 55,000,000
Commercial communication stations.. 60,000,000 15,000 7,000,000

Listeners’ sets in use (56,000,000) ....... 3,500,000,000 $350,000,000

Note: Manufacturers’ gross revenue was almost entirely for Army-Navy radio-electronic production, which reached a peak rate of $4,623,000,000
per annum in the early part of 1945,

#Regular staff—not including part-time employes, artists, etc.,, who number at least 25,000 more.

tAnnual operating expense for listeners’ sets, for tube replacements, electricity, servicing, etc.

ANNUAL BILL OF U. S. FOR RADIO, 1945
CIVILIAN RADIO SETS IN USE IN

UNITED STATES

Sales of time by broadcasters, 1945 ... $250,000,000

TAIBNT COSES' wiien.. oo inottasbbbiio e b s s i s 4 50,000,000
Electricity, battcries, etc., to operate 56,000,000 receivers 195,000,000 January 1, 1946
500,000 home receivers, at retail value 20,000,000 United States homes with radios . 34,000,000
30,000,000 replacement tubes............ 35,000,000 Secondary sets in above homes....... 12,000,000
Radio parts, supplies, etc. ............ 70,000,000 Sets in business places, institutes, etc. 4,000,000
Phonograph records, 170,000,000........ 85,000,000 AUt £adI0S ooeoereiii e 6,000,000
Radio-set repairs, SEPVICING............o.oi 60,000,000
e ———— TOTAL sets in United States...............ccooiiiins 56,000,000
TOTAL ... . $765,000,000
PRODUCTION OF CIVILIAN RADIO EQUIPMENT 1922 TO 1945
‘ | | R 1
| Total Civilian Sets Total Civilian Tubes Automobile Sets | povertlon | AutoScts Homeswith iy iad [P
Manufactured Manutactured Manutactured « Equipment l in Use l Radio Sets i in U.S. I of
- — - — j—
Number Value Number Value Number Value VYalue Number Number Number {
1922 100,000 $ 5,000,000 1,000,000 $ 6,000,000 ... e $60,000,000 260,000/ 400,000 1922
1923 | 520,000 30,000,000 4,500,000 12,000,000 ... 151,000,000 1,000,000/ 1,100,000 1923
1924 1,500,000 100,000,000 12,000,000 36,000,000 ..o 358,000,000 2,500,000 3,000,000 1924
1925 2,000,000 165,000,000 20,000,000 48,000,000 430,000,000 3,500,000 4,000,000 1925
1926 1,750,000 20€,000,000 30,000,000 58,000,000 ... 506,000,000 5,000,000| 5,700,000 ‘ 1926
1927 1,350,000 168,000,000 41,290,000 67,300,000 ............ 425,600,000 6,500,000 7,000,000 1927
1928 3,281,000 400,000,000 50,200,000 110,250,000 690,550,000 7,500,000 8,500,000 | 1928
1929 4,428,000 600,000,000 €9,000,000 172,500,000 - 842,548,000 9,000,000 10,500,000 | 1929
1930 3,827,800 300,000,000 52,000,000 119,600,00C 34,000 496,432.000 | ... ‘ 12,048,762 | 13,000,000 | 1930
1931 3,420,000 225,000,000 53,000,000 69,550,000{ 108,000 5,940,000 300,000,000 100,000 | 14,000,000 | 15,000,000 | 1931
1932 3,000,000 140,000,00C 44,300,000 48,730,000 143,000 7,150,000 200,000,000 250,000‘ 16,809,562 | 18,000,000 | 1932
1933 3,806,000 180,500,00C 59,000,000 49,000,000{ 724,000 28,598,000 300,000,000 500,000 | 20,402,369 | 22,000,000 | 1933
1934 4,084,000 214,500,000 58,000,000 36,600,000§ 780,000 28,000,000 350,000,000 1,250,000 21,456,000 26,000,000| 1934
1935 6,026,800 330,192,480 71,000,000 50,000,000 1,125,000 54,562,500 370,000,000 2,600,000 22,869,000 30,500,000 1935
1936 8,248,000 450,000,000 98,000,000 59,00(),000I 1,412,000 69,188,000 500,000,000 3,500,000 24,600,000 33,000,000 1936
1937 8,064,780 450,000,000 91,000,000 85,000,000/ 1,750,000 87,500,000 537,000,000 | 5,000,000 26,666,50037,600,000| 1937
1938 6,000,000 210,009,000 75,000,000 93,000,000 800,000 32,000,000 350,000,000 | 6,000,000 28,000,000 40,800,000 1938
1939 10,500,000 354,000,000 91,000,000 114,000,000 1,200,000 48,000,000 375,000,000 | 6,500,000 28,700,000 |45,300,0001 1939
1940 11,800,000 450,000,000 115,000,000 115,000,000 1,700,000 60,000,000 584,000,000 7,500,000 29,200,000 51,000,000 l 1940
1941 [13,00C,000 460,000,000{ 130,000,000 143,000,000, 2,000,000 70,000,000 610,000,000 8,750,000 29,700,000 | 56,000,000 1941
1942 | 4,400,000 154,000,000 87,700,000 94,000,000 350,000 12,250,000 360,000,000 9,000,000 (30,800,000 ' 59,340,000 | 1942
1943 S — 17,000,000 19,000,000 cooviiiiiiions seccsversesainse 75,000,000 | 8,000,000 ‘32,000,000 58,000,000 1943
1944 PR~ VU= | 22,000,000 25,000,000 | .cccoiiniennie eereeieieieene 85,000,000 | 7,000,000 33,000,000 57,000,000| 1944
1945 500.000 20,000,000 30,000,000 35,000,000 | ...cccomiammers  cocenseessaenes 105,000,000 6,000,000 34,000,000 56,000,000 1945
Figures tor sets include value of tubes in receivers. In normal years replacement tubes have run 25% to 409% of total tube production. All
tigures are at retait values. (Statistics Copyrighted by Caldwell-Clements, Inc.)
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ULTRASONIC VIBRATIONS

® A large field of application has
been uncovered by developments
during the last few years using
ultrasonic vibrations. Several differ-
ent principles have become useful
in this work. In some places the
attenuation of sound waves has
been utilized where the losses over
a certain travelled distance in nor-
mal material is compared with that
found for the material under in-
vestigation. In other applications
the echo time to the opposite sur-
face of the media or to a fissure or
obstruction is encountered. Sound
travels at a fairly predictable rate
in such media so that the echo time
for travel to and from a reflecting
surface in that media can be read-
ily analyzed. This application has
been used with good success from
distances of many miles, exempli-
fied by the sonar detection of sub-
marines, to a matter of a few thou-
sandths of an inch in the location
of the net of a discontinuity in me-
tallic sheets or in place of other
materials. In still other tests the
travel time of ultrasonic waves
through the media is a good indica-
tion of some of the properties of
the material. All of these methods
offer much promise in the field of
nondestructive industrial testing.
An application of the first
method mentioned involving the
measurement of attenuation char-
acteristics found in the transmis-
sion of ultrasonic waves through

Fig. 3—A Brush 6-channel magnetic direct inking oscillograph showing
Penmotors in position. These units give full scale deflection on 15 volts

Process provides method of deteceting flaws and discon-

tinuities in wide variety of metals and extruded produets

sheet material has been disclosed
by the Brush Development Com-
pany. This equipment, called the
“Hypersonic” analyzer, was pri-
marily developed for the inspection
of voids, flaws or the inclusion of
foreign material in the powder
sticks used in rocket projectiles.
The process has, however, proven of
value in the inspection of Alaws and
discontinuity in many products and
in various industrial fields.

The method is one whereby a
sound generator sends a beam
through a specimen. The specimen,

Fig. 5—These curves show the cnergy ratio for
various thicknesses of steel immersed in water
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depending on its properties, modi-
fies the beam and the resulting
energy pattern is picked up on the
side opposite the generator by
means of a microphone. By select-
ing a critical set of transmission
frequencies and electro-acoustic de-
signs of the terminal equipment the
resultant beams through the ma-
terial can be highly attenuated by
particular types of flaws in any
material having a constant cross-
section, such as those obtained by
means of rolling and extruding. The
material is examined continuously
as it traverses between the gen-
erator and its associated pickup.

The three essential parts of a
hypersonic analyzer are, one or
more piezoelectric crystal trans-
mitters, with associated source of
high frequency oscillations, the
same number of piezoelectric crys-
tal receivers with amplifier systems,
operating into signalling or mark-
ing devices.

A transmitter and receiver unit
are usually identical in construc-
tion. A typical form is shown in
Fig. 1. The transmitter produces
ultrasonic waves through the ma-
terial which are picked up by the
receiver. A constant transmission
loss is encountered until flaws, de-
fects or a definite change in density
come along as the material passes
by.

Fig. 2 shows the associated oscil-
lator and amplifier equipment. A

Filg. 4—Shows a test tank where position of the transmitter and re-
ceiver pair is controlled over and under the specimen by screws
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REVEAL HIDDEN FLAWS

group of crystal driven pen oscil-
lographs as in Fig. 3 are used. A
given pair of units will “watch” a
strip of material from a fraction of
an inch wide to several inches, de-
pending on the desired minimum
size of the flaws whose positions
must be exposed. A number of
separate channels are, therefore,
provided to cover wide strip stock.
In these figures a six channel unit
is depicted. A test tank setup is
seen, showing two crystal units in
place whose position in both co-
ordinates can be moved by lead
screws connected to hand wheels.

Changes from its normal homo-
geneous condition, or flaws, will
change the energy level in the mi-
crophone. This in turn operates a
relay which either marks or rejects
the flaw or section of material. The
frequency of operation normally
lies in the region between 50 and
1000 kc per sec.

Generally speaking, the use of a
liquid such as water as the trans-
mitting medium is desirable in hy-
personic inspection. The reason for
this is that fluids such as water and
oil give better impedance matching
between each piezoelectric unit and
the material under inspection than
an air to metal junction does. How-
ever, in certain instances air or
other gases make a satisfactory
transmitting medium. The choice of
medium depends upon the particu-
lar material being examined and
also the physical possibility of ex-
posure of the material to ‘the
medium.

The hypersonic method detects
flaws associated with two physical
properties of the material: an ap-
parent change in density and/or an

Fig. 6—A typical application is an automatic scanner sct up

for continuous inspection of strip material
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TRONSMITTER

RECEIVER

Fig. 2—A six panel “Hypersonic” analyzer
control panel

apparent change in the modulus of
elasticity. Since a single reading
or relay operation is obtained, the
method does not distinguish as to
which property is changed but in-
dicates that either one or both have
changed. Since the hypersonic
method is sensitive to the changes
in modulus of elasticity an advan-
tage over x-ray is found when it is
necessary to search for the type of
fAaws which are thin slits or cracks

Fig. 1—A crystal vibrator in its water-proof housing.

in the material, where the change
in total mass is negligible. At the
separation junction the effective
modulus is obviously small and the
sonic method, will give sensitivity
detections of this type where the
thickness of the slit or crack is as
small as 0.001 in.

Separations in tires are another
example of this type of flaw. The
rubber jacket blisters away from
the cotton fabric and a thin air
packet lies in between. Poor joints
which ocecur in processes like cycle-
welding are detectable by hyper-
sonic sound beams.

When a beam of sound energy is
directed threcugh a sheet of steel
immersed in water, the ratio of en-
ergy in the water on the micro-
phone side of the beam to the
energy on the generator side of the
beam is.:

W, 4 R Rz

W: 4 R]RQ + (Rl—R‘_’):" sin2Kl
where

W Energy on the microphone
side

W, Energy on the generator side

R, ~ VEir; where E; is the modulus

of the water and r; is

____ the density of water
R, = V Eor» where Eq is the modulus
of the steel (omitting
sheer modes) and ro

the density of steel

2r

where . is the wavelength
2 of the sound in the steel

1 the thickness of the steel sheet

Two cases will be examined,
namely, the transmission from
water to steel to water, and steel to
air to steel. In Fig. 5 the ratio of

(Continued on page 164)

Identical units are

used both to generate the vibration and to pick up the vibration transmitted

Srewr Moreea
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THEORY

® To the prewar engineering fra-
ternity, tubes whose overall space
requirements are no more than 13
in. square, capable of putting out
power pulses of 500 kw or more at
wavelengths of 10 centimeters would
have been considered dreams of the
superman school of writers.

However, such tubes actually are
in use in large quantities for radar
sets. In fact, at longer wavelengths,
even larger tubes up to 8,000 kw
have been developed. Of course it
must be realized that the duty cycle
is quite short, the tubes being turned
on for only one microsecond in a
1,000 microsecond time interval. The
tubes therefore are cooling off most
of the time, and their average power
output is 1/1000 of their peak pulse
power.

Briefly, the cavity magnetron con-
sists of an indirectly heated cathode
sleeve placed in the center of an
even number of radially disposed
cavities in a copper block (Fig. 1).
A high negative voltage is applied
to the cathode, the cavity copper
block (anode) being kept at ground
potential. The cathode is heated

Tunable types of cavity magnetrons produced by Bell Telephone Laboratorics.
types became too numecrous.

OF MAGNETRON

By H. GREGORY SHEA

Associate Editor, Electronic Industries

The action of the magnetron can be compared crudely
to that of a synchronous generator with an electron rotor

by a filament and emits electrons
which are attracted to the anode.
At the same time, a constant mag-
netic field is applied along the axis
of the cathode sleeve. This causes
the electrons to follow a curved
path in going from the cathode to
the anode.. If the magnetic field is
strong enough, the electrons will
not reach the anode but will curl
right back to the cathode. Fig. 2
shows this condition. The lower
figure is a developed view of the
magnetron shown as though it were
cut apart radially and flattened
out. This view will be used through-
out the following discussion:
Assume that there exists in the

Fig. 1. Cut-away of an cight cavity magnetron

cavities shown in Fig. 3(a) a high
frequency electromagnetic field
whose electric component at some
instant is distributed as shown in
the first cavity, being strongest at
the lower edge where the potential
is high and dying away to zero at
the back of the cavity where the
current density is high and the
voltage zero. Let there be a cloud
of electrons moving in a curved
path from the cathode surface as
shown. It may be seen that the
electric field in the direction shown
will slow down the electrons since
it exerts a force on them equal to
the product of the field E and the
electron charge e. Since the elec-
trons have been slowed down, they
have given up some of their kinetic
energy. This energy has gone to
strengthen the rf field.

Another way of looking at this
process is to remember that under
the influence of an electric field,
electrons, in a vacuum, will be ac-
celerated by the force of the field,
thereby acquiring energy from the
field. If instead of being accelerated
they have a motion to begin with

As more microwave frequencies were used the fixed frequency tubes
The tuning through the vacuum seal of the tube is by a capacity ring or ‘‘crown of thorns,’ diaphragm actuated
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TUBES AND THEIR USES
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Fig. 3. Electrons crossing in front of the
cavity mouths are retarded by opposing fields

and are decelerated by another and
reverse electric field, they would
lose energy to it.

Now if the velocity of the elec-
trons, and the period of oscillation
of the field in the cavity and the
distance from one cavity to the
adjacent one are such that after the
electrons have passed cavity num-
ber 1 where they lose energy, they
arrive at cavity number 2 just when
the field has reversed from positive
to negative, they will meet the same
conditions at this second cavity as
they met a moment earlier at the
first. They will meet a field which
will retard them further and to
which they give up some more of
their energy. This is shown in Fig.
3 where they reach the first cavity
at (a) and the second 1> wave-
length later at (b). Obviously not
all electrons are in proper phase
position to follow this path, but
there is fortunately a bunching ef-
fect due to the field curvature.

The result of this process is that
the electrons describe a path some-
what as shown in Fig. 4 losing
energy as each cavity is passed. By
this means the cavities are all set
into oscillation.

For this process to take place
there must, of course, be an even
number of cavities. When oscilla-
tions are set up so that each cavity
is 180° out of phase with its neigh-
bors, the oscillation is taking place
in what is known as the » mode.
Oscillations also can take place
when the phase difference between
adjacent cavities is some other
number of degrees and there is any
number of cavities, odd or even. In
fact, if N is the number of cavities,
oscillations can take place when the
cavities are at phase angles equal to

ELECTRONIC INDUSTRIES @ January, 1946

27n/N, where n is called the mode
number and may be any integer,
positive or negative, equal to or
smaller than N/2. While greater
numbers are possible, the modes
naturally begin repeating at 180°.

The glass tube which surrounds
the heater and cathode leads, in-
sulating them from the metal parts,
is called a boot. At its outer end it
sometimes terminates in a corona
shield, particularly in high voltage
tubes.

The tube is set into oscillation by
the application of a dc pulse to the
cathode sleeve. The rise and decay
times of these pulses must be short,
as otherwise the tube would operate
too long and ‘the cathode would
burn up as in operation there is
much back bombardment by the
electrons returned to the cathode.

In the exploded view of tube 2J48,
the output is taken off by means
of a small loop placed in the right
hand cavity so that the magnetic
portion of the resonant electromag-
netic field in the cavity passes
through the loop. In this way a
current is induced in the loop. The
case and cylindrical tube fitting
over the glass output tube at the
right of the magnetron form the
outer portion of a coaxial line, and
the wire inside the glass tube is
connected to the output loop in the
cavity and forms the central coaxial
conductor. This conductor lies across
the open end of the rectangular
wave guide shown in the middle of
the photo. This is the region of
greatest electric field strength for
transverse electric 0, 1 waves in the
guide and thus the latter is excited
in this fundamental mode. The

Fig. 2. The path of the electrons curled by
the magnetic field going into the page is
shown at (a), while (b) is a split open view
of magnetron

ELECTRON PATHS

T
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Fig. 4. Simplified version of the path of an
electron as it passes successively by the anode
cavities, losing energy at each cavity mouth

short cylinder at the right of the
rectangular wave guide connection
flange is made the correct length
to match the output to the wave
guide. The glass enclosures, of
course, are to maintain vacuum.

One of the principal troublgs en-
countered in the design of mag- .
netrons is in maintaining mode sta-
bility. This leads to an investiga-
tion of the relation of mode num-
bers to wavelength, and such a re-
lation can be obtained fairly easily
to a good degree of approximation.

Each of the resonant cavities may
be represented by an impedance Z.
as shown in Fig. 5, while the anode
to cathode space between the cavi-
ties—mainly a capacity—can be
represented by an impedance Z..
The result of such an equivalent
circuit is the well-known transmis-
sion line with lumped impedances.

It can be shown that the currents
in any mesh K of this circuit are
related to the currents in a refer-
ence mesh by the equations

I = 1eiTx ()
J T sellk (2)
= Ieilsy (3)

Taking currents around a mesh

ZyeiT14z,edly-zp0= 0 (4)
Zat-‘jp

= s -
Zb-Zhe

~ €
| = il ela : (6}

(1-eiliz 1 - eiTy=z eIT (1)
z, temiT-24¢0T) = 7 (8)

a

z (9)
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Now since there are N cavities or
sections in this simulated transmis-
sion line, after which one returns
to the starting point, the exponent
gamma can be equated to

21n
N

(1o}

where n is the mode number men-
tioned earlier.

As an approximation, the gap at
the mouth of the cavity where the
electric field is strong can be rep-
resented by a capacity C, and the
rear where the field is zero, but a
current circulates, can be shown by
an inductance L, the two in parallel
being equivalent to Z.. On the
other hand Z. can be closely repre-
sented by a capacity C*. Then the
impedances are

Fig. 6. Plot of wavelength vs. mode number
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By substitution and algebraic
manipulation, the value 2,1%2,
found in (9) results

2 | LC*
W (LC+— )
2 2nn

Type 2J39 package magnetron above. This tube is capa-
ble of delivering 12.5 kw of peak power under pulsed
conditions. It has a fixed frequency within the range
3267-3333 mc and normaly has a cathode input of 5.4
kv and 5 a. It weighs 1 ib. 15 oz. including the integral
magnet. At left, exploded view of type 2J48 strapped
3 em magnetron. At the top is the glass boot, or insu-
lator for the high voltage cathode leads to which the
de pulses are applied. Below that is the mounting flange.
Then comes the cathode lead glass-to-kovar seal, and
then the main body of the magnetron with the large heat
radiating fin. The 12 small cavities may be seen. The
cathode is in the center, with its lcads directed upwards.
The two circles around the cathode are the straps which
connect alternate cavity barriers together thereby increas-
ing the cavity mouth capacitance. These account for the
small dimensions of the cavity. The output glass-to-kovar
seal tube is shown protruding horizontally to the right,
while the metal tube shown above fits over it and has
the rectangular wave guide opening and flange

and n can be equal to any

cr integral value from 0, #1I,
42 tod
(12} ifn=0\=o (16}

*

N
n==— A=x1i+
2’ - 4C

in
A plot then of the wavelength vs.
(13} the mode number can be made as

shown in Fig. 6.

(17)

|~-Cos——
N

1f we then let

LC 2 ({I3a)
l;!o
2
.. o
7 ] g‘/C (14)
([ e
2nn
|-Cos——
N

Dividing by (2nc)and finding
the reciprocal of both sides,
or the wave length

=x2f .~ ]
AZ")\g\l*—— ) (15)

\ 2C 21n

It can be seen from this that the
wavelength changes very little for
the last few modes before the pi
mode and it is in this region that
instability can occur. Furthermore,

N
since all mode numbers except

can be either positive or negative,
the tube tends to oscillate in two
modes simultaneously with the pro-
duction of standing waves. Poor
efficiency results.

Fig. 5. The cavities are the impedances z,
and the anode to cathode capacities are Z

E I | =1
*{ ) 1 Z,
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ey
2y | 2s
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As stated previously, the opera-
tion of the magnetron depends on
field strength and applied voltage.
Other parameters are also of great
importance, and an equation has
been developed by Hartree to re-
late these factors. This is stated in
dimensionless quantities as

\' 2H
— E — (13)
Vo Ho
where
3 D,\?
vV =2.5x 10 (—a) k.v. (19)
o nA
. 21,400 0]
= ———— gauss
O {1-s%)n\ 3
Dc
S ET= {20a)
Da
Dc = Cathode diameter (20b)
Da = Anode diameter {20c)

This means that certain physical
dimensions, frequency and mode
number will determine a voltage
and field V. and H,. Any change
in field to a new value H will re-
quire a corresponding voltage
change to V in order that frequency
and mode may be maintained. The
results of this equation may be
plotted on a curve of voltage vs.
field intensity for constant wave-
length as shown in Fig. 7.

From this it is apparent that the
tube should operate in the mode
determined by the applied voltage.
In general, best operation takes
place in the pi mode. It is found
however, that for instance in the
2J21 tube with 12 cavities, the pi
mode is 6 but the best operation is
obtained with mode 9.

The reason for this is that the
field between the anode and cathode
is not continuous around the cir-
cumference of the cathode, but oc-
curs in steps with gaps at the cavity
mouths. And since the shape of the
field is that of a square wave whose
step intensity varies when there are
less than 180° between adjacent
cavities, the Fourier analysis of this
step field will show an infinite
number of side waves of vari-
ous intensities and mode numbers.
Thus greater intensities may be
reached at modes [n+NI| I being
any integer. This is apparently
what hdppens in the tube men-
tioned so that the preferred mode
is |3—12| or 9.

Referring to the plot of Fig. 6

ELECTRONIC INDUSTRIES @ January, 1946

showing mode instability, it is clear
that if some means could be found
for making steeper the curve near
the pi mode, better operation could
be obtained. The scheme was there-
fore hit upon of connecting to-
gether alternate cavity barriers with
a conducting ring or strap and hav-
ing a second ring for the ones
omitted by the first strap. Such a

MODF NUMBERS

Fig. 7, sbove. Hartree equation gives mode
lines terminating in Hull curve whose equation

v H\ 2
5= = —i Below, wavelength vs. mode
Hg

number for strapped magnetron.

(L e ]

1
1
1
]
|
H
4

M 6
pair of concentric straps may be
discerned in the picture of the 2J48
cavity. There is a similar pair at
the other end of the anode.
Naturally it is only in the pi mode

Fig. C.
the cathode.
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that alternate cavities would be 2 =
degrees apart and hence always in
phase. Furthermore, the capacity
between the two straps sharply in-
creases the equivalent mouth ca-
pacity of the resonant cavities and
thereby greatly raises the resonant
wavelength. The relation between
the strapped and unstrapped wave-
length is approximately

- o
)\T[S-XTU |+'C—— (2')
u
where
A..=Wave length in pi (2]a)

ns

mode for strapped magnetron

A, =Same, unstrapped (2ib}

y
Cg* Equivalent strapped 2ic)
capacity

CU = Same, unstrapped (21d)

The effect on the wavelength
mode number curve is shown in Fig.
8, and it can be seen that the mode
is now on such a steep curve that
it may be maintained more easily.
Also there results a better separa-
tion of the Hartree voltages. A dif-
ficulty is that the cavity size has to
be reduced to the point where man-
ufacturing becomes harder.

With regard to its type 4J36-4J41

High voltage tube able to deliver 850 kw peak pulse power with 30 kv dc pulses on
The wave guide output is at the left. Tube is provided with a corona shield at top
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This diagram shows the average per-
formance characteristics and defines
the region in which the tube can be op-
erated satisfactorily. It will be noted
that the shaded portion of the diagram
is marked as being a region of poor
operation. The heavy horizontal lines
are lines of equal magnetic field
strength, while the heavy slanted lines
are equi-power lines. The dot dash
lines indicate lines of equal frequency
deviation from normal, while the dash
lines are lines of constant output ef-
ficiency. The close relationship be-
tween magnetic field strength and
anode potential is demonstrated by the
fact that these lines are nearly paral-
lel. The region of high efficiency, about
50%, is near_the top of the diagram
and occurs with a field of from 2300
to about 2800 gauss at voltages from
21 to 29 kv. For this region the power
output varies from 400 to 700 kw.

magnetron oscillator,Raytheon Mfg.
Corp. States: “The Rieke diagram
shows the power and frequency con-
tours for a typical tube ,operating
into a 1% x3x-080 in‘wall wave guide
with standing wave ratio and phase
angle varied. The pulling figure at 1.5
ratio in voltage is 7.5 mc. It should
be noted that this data is repre-
sentative of average tubes and was
taken under conditions simulating
typical operating characteristics.
Slight variations may be expected
with different tubes in different
systems.

“Satisfactory operation of the
tube will depend largely on the
waveform characteristics of the in-
put voltage pulse and should fulfill
the following conditions:

Voltage time of rise—0.1 to 0.2 microsecond

Voltage time of fall—less than 0.4 microsecond

current variation -—less than *10% of average pulse
current

“A poor pulse shape may cause
excessive frequency modulation and
general instability.

“It is recommended that the mag-
netic field be produced between cir-
cular pole tips 1.5 in. in diameter
separated by 1.5 in. and located

70

concentrically along the axis of the
tube. The tube should be operated
with the north-seeking pole of the
magnet adjacent to the cathode.
Adequate forced air should be pro-
vided to keep the anode tempera-
ture of the tube less than 100°C.

“The life of the 4J36-4J41 mag-
netron is limited by the usefulness
of the cathode. In general, mag-
netron life is inversely proportional
to pulse duration and duty cycle.
It is therefore recommended that
the tube be operated at a low re-
currence rate when high peak
power is required. The use of a
transmission line not properly
matched to the magnetron is an-
other factor reducing the life of
the magnetron. This is due to ex-
cessive cathode heating.

“The maximum ratings with re-
spect to peak anode potential, peak
anode current, and pulse duration,
represent limiting values for each
quantity independently. They do
not form a set of values at which
the tube can be satisfactorily oper-
ated.

“The 4J36-4J41 magnetrons evolve
small traces of gas when stored for
a period of time. This condition is
particularly noticeable in tubes op-
erating in the high voltage region.
Since a temporary unsteadiness in
operation may result, it is recom-
mended that the tube be seasoned
to the point where it again becomes
stdble, and normal operating values
are obtained.

The writing of this article would
have been impossible without the
helpfulness and cooperation of cer-
tain eminent workers in the field
whose wish it is to remaln anony-
mous. Grateful acknowledgement Is
made herewith.

In the operation of a magnetron there
is a considerable amount of back bom-
bardment of the cathode by electrons
which are at first attracted out by the
positive anode and then curl back to
the cathode. The level of energy
while oscjllations are taking place is
qulfe'luqh As a consequence, although
it Is ‘hecessary to heat the cathode in
order do- get .the tube started, it is
found that once.operation is under way
the back bombardment tends to keep
the cathode temperature up.
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MEQUENCY-POWER CONTOUR DIAGRAM

The frequency-power contour diagram
usually known as the Rieke diagram
contains a great deal of information
about the tube. Angular measure
around the diagram represents the dis-
tance in wavelength degrees from an
arbitrary reference point (the output
flange) to a voltage loop or node when
the standing wave ratio is other than
unity. The circles are lines of equal
voltage standing wave ratio. The heavy
black lines are equi-power lines, while
the dotted lines represent lines of
equal frequency deviation from the de-
sired normal value. It can be seen that
ot 400 kw output the tube has great
frequency stability under changes in
load since mismatches of load which
change the YSWR up to 2.5 only cause
a frequency deviation of slightly more
than 3 mc. At higher power on the
other hand, the frequency change (fre-
quency pulling) is much more rapid and
reach much greater values (6 mec).

“The type 4J36-4J41 magnetron
tube is a super-high frequency os-
cillator with internal resonant cir-
cuits, designed to operate in the 10
centimeter band and capable of
delivering 850 kw of peak power
under pulsed conditions. General
characteristics are:

Indirectly heated, oxide coated,
unipotential . cathode.

Heater voltage

Heater current .....

Minimum heating time

Maximum R: Atlngs

Heater voltage ......... 16.01+0% v
Peak anode voltage ........... 30 kv
Peak anode current....... 0

Maximum pulse duration. .. 2.5 microseconds

Average Input power........... 200 w

Frequency pulling (at a standing
wave ratlo of 1.5 in voltage) 10 me

Anode temperature ........... 100° c.

“The tube should not be operated
longer than 5 microseconds in any
100 microsecond interval.”

Typical Operation

Magnetic fleld intensity........ 2300 gauss
Recurrence frequency ......... 400 pulses per second
Pulse duration .............. 1 microsecond

v

Peak anode voltage. 24
Peak anode current 43 a
Peak power output 490 kw
Maximsm frequency change due

to temperature ............ c./°C.
Frequency (fixed frequency in the followlng range):

3850—3700
36003650
... 35650—36C0

. 3500—3550
. 3450—3500
3400—3450
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PROPOSED TEST COILS

Tentative standards for testing permeability and Q of pow-

® For the testing of compressed
powdered iron cores, a new set of
eight standard coils covering a fre-
quency range from 100 kc to 100
me has been proposed to the RMA
committee on standardization of
this item and workers in this field
have been using this set although
it has not been adopted officially.

The purpose of the coils is to test
the standard iron slugs of 3 in.
diameter, 3 in. length to nearly
their best advantage so that the Q
measured, although not necessarily
the highest obtainable with any
coil, is largely due to the iron itself.
The appended table shows the
characteristics of the coils and the
winding data.

The standard coils should be ac-
curate to 1% of inductance and 5%
in Q at the listed frequencies. The
following are the test frequencies
for cores: 100 ke¢; 200 kec; 500 kc;
1 mc; 2 me; 5 me; 10 me; 20 mc;
and 100 mc; the latter on an ultra
high frequency Q meter.

For accurate measurement of Q
on the Q meter it is recommended
that cores be tested on those coils
which produce higher capacity
readings. For instance, the “200-
500 ke” coil should be used for test
at 200 kc.

For determination of the effective
permeability on the other hand
cores should be tested with the coil
producing low capacity readings. To
test permeability at 200 ke, for ex-
ample, coil “100-200 ke” is to be
used. In this case the resulting
reading is designated Ci. The core
is then withdrawn and the con-
denser reset to C. to resonate the
coil without the core at the same

frequency.
The effective permeability is
C.+ Ca
Hett — —————————— where C. is
C: + Ca+ Ca

the distributed capacity of the coil
and Ca is the increase of distrib-
uted capacity due to the iron core.
The sum of C. -+ Ca can be deter-
mined by resonating the coil with
the core at half the frequency of
measurement, 100 k¢ in the exam-
Co—4Cl
ple. Then Ci 4 Cyy = ——— puf
3
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dered iron core slugs 33 in. in diameter and 34 in. long

where C. is the condenser setting
at 100 kc.
For approximate results perr=

J
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Phantom view of coil for Q meter mounting

PLASTIC TUBE\

C.
within 5% accuracy.

C

All coils are to be wound on a
good quality dielectric tubing of %
in. 1.D, and of wall thickness .025
in. The coil windings are to be not
to exceed 5 in. in length, bearing
in mind that the longer the coil is,
the more the core is utilized.

All test coils are to be provided
with rigid lugs terminating in
spades to fit Q meter binding posts
and are to be anchored in suitable
containers to provide mechanical
protection. The total capacity of
terminals and assembly should be
kept as low as possible.

A set of six coils previously sug-
gested was made with an outsice
bakelite covering and of the general
design shown in the illustration.

Test Distributed
frequency Air Coil Capacity
range Inductance (C,)
with core in uH in puf
100-200 ke ....... 2,735 6.0
200-500 ke ...... 446 3.7
500-1000 ke ..... 70.0 1.35
12me........ 16.5 1.6
25me ........ 5.0 2.8
5.10 m¢ ...... .85 2.6
10-20 mec ...... 338 23
20-50 mc ...... J28 23

and
50-100 mc

Readings
on Type
T160A
@ Meter Windings
Q c
75 406 3 universal pies 11/64
at 150 ke in. long, 200 turns of
6/42 SSE. Pies close
together to length
17/32 in.
95 223 3 univ. pies 11/64 In.
at 500 ke long, 85 turns of 6/42
SSE. Pies close to-
gether to length 17/32
in.
125 364  Progressively wound
at 1000 ke solenoid, 120 turns
15/44 SSE 54 in. long
15 385  Solenoid, 562 turns
at 2 me of 15/44 SSE % in.
long
80 320  Solenoid, 28 turns of
at 4 me 25/41 SSE, % in. long
142 310 Solenoid space wound
at 10 me 11Y2 turns $18 enam.
% in. long
140 185 Solenoid space wound
at 20 me 62 turns #18 enam.
% in. long
190 110 Two parallel spaced
at 40 mc windings each 3V2

turns ¥14 TC % in.
long
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Typical record of multi-channel recordings showing records from which a correlation between brain waves and other organ functions can be made

® The term “electroencephalo-
gram” (EEG) is generally taken to
refer to a continuous record of the
electrical potential variations which
exist on the surface of the scalp as
the result of electrical activity in
the brain. The EEG voltage prob-
ably results from a synchronous
and relatively slow discharge of a
large number of brain cells, all lo-
cated within a small region.

The voltage variations existing
right at the cells themselves are
quite large—perhaps as much as a
tenth of a volt. However, the vol-
ume occupied by these ‘“active”
cells is so small compared to that
occupied by inactive cells, connec-
tive tissue, etc., that most of the
resulting electrical currents are
“short-circuited” before they reach
the surface of the scalp. It is prob-
able that less than one thousandth
part of the original voltage gen-
erated by the active cells is picked
up by electrodes on the surface of
the scalp, and recorded as an “elec-
troencephalogram.”

It will be clear that the largest
electrical potentials will appear on
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the scalp near the region of the
active cells, as there will be less
“short-circuiting” of the EEG by
neighboring inactive cells, etc. Thus
a shift in the position of the activ-
ity within the brain will in general
change the position -at which the
largest potentials are found. The
diagnostician thus determines the
active locus by “mapping” the sur-
face of the scalp with a series of
electrodes, picking up either simul-
taneously or alternately voltages at
various points on the surface.

Fig. 1—A two-channe! high-sensitivity push-
pull amplifier suitable for handling the ex-
tremely low frequencies found with brain waves

SIGNAL B2
1
DESIRED =
INPUT
SIGNAL

Since the EEG voltage actually
found on the surface of the scalp

FIRST
APPLIED SIGNAL

SECOND
APPLIED SIGNAL

Fig. 2—Multiple contacts applied to the scalp
may be used as pairs in many combinations.
This means that no electrode must become the
ground electrode in the amplifier, and requires
push-pull amplification throughout. The Ffirst
stage of such an amplifier is shown in Fig. 3
below. Balance is maintained in following stages

o
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Electronic equipment for diagnesis and research provides
useful tool for modernized studies of mental aberrations

By FRANKLIN OFFNER, Ph.D.,

Offner Electronics Inc., 5320 No. Kedzie Ave., Chicago

is very minute, to record it satis-
factorily, it becomes necessary to
use a high gain amplifier. After
amplification, the result is made
visible by the use of some form of
electrical recorder, or indicator.
Generally an ink-writing oscillo-

graph is used, making a written
record of the EEG
available.

In general, for each point on the

immediately

Fig. 4—Two views of a two-channcl eclectro-
encephalograph amplifier. The recar cover con-
tains shiclded stalls which completely isolate
the two channels and prevent feedback in the
channels themselves

scalp from which one wishes to ob-
tain a record (or from each pair
of points, in the case of differential
recording, which will be described
later) a separate electron tube am-
plifier and recording element is re-
quired. Thus by the “number of
channels” in an electroencephalo-
graph is meant the number of
points from which simultaneous re-
cordings can be taken.

For electroencephalographic use
it is customary to use several bal-
anced or push-pull stages of ampli-
fication (generally four or five).
Such an amplifier for two channels

ELECTRONIC INDUSTRIES @ January, 1946

is shown in Fig. 1. The fact that
the cathodes of all input stages
(comprising inputs of several am-
plifiers) preferably are either
grounded or kept at a constant
voltage differential from ground,
introduces a difficulty when volt-
ages from various groups of elec-
trodes are to be amplified simul-
taneously. This is illustrated in
Fig. 2. Here four electrodes are
to be used, recording in two pairs.

If now it is necessary to ground
one terminal of each applied sig-
nal—for example, electrode 2 for
the first applied signal and elec-
trode 4 for the second applied sig-
nal—we are connecting together
electrodes 2 and 4 and a wrong
electroencephalogram would be ob-

L3
-
L
®
-
Y
-?
®
-
.

e S
Fig. 6—The complcte twelve-channel electro-

encephalograph suitable for diagnostic and re-
scarch work as to mental and physical actions

tained, as the signal voltage at
electrode 4 would influence the sig-
nal from (2) and vice versa. It was
necessary, therefore, to develop a
balanced amplifier.

Suitable balanced amplifiers to
overcome this difficulty were de-
veloped in 1936 and have now been
adopted as the standard design
with most all manufacturers. Fig. 3
illustrates the first stage of such

an amplifier. Its operation is as
follows: Coupling to the applied
signal input is through an RC net-
work which blocks dc from flowing
from the scalp to the grid circuits
or vice versa. If C; and C. were
not used, the potential from B2
would falsely stimulate the, very
cells whose output is being meas-
ured. Two tubes per stage are used,
connected in push-pull with the
common cathode resistor Rs.
Voltages which may appear from
grids to ground are balanced out,
while voltages from grid-to-grid are
amplified. The effect is similar to
adding equal large weights to each
pan of a chemical balance. If both
arms of the balance are of exactly
equal length, the large weights do
not affect the sensitivity of the
balance to a small measured weight.
However, any asymmetry in the
balance (or amplifier) causes a
large error in the measurement.
The effect of the “in phase” cur-
rent feedback through the com-
mon cathode resistor of the push-

pull stage is to stabilize the
amplifier. The undesired signal
voltages may appear between

either of the input terminals and
ground. It is necessary to ground
the patient to prevent undesired
interference.

The design of a high-gain am-
plifier to cover a wide frequency
band involves several problems. To
pass very low frequencies, large
coupling capacitors are required.
To prevent interstage coupling, ca-
pacitor cases may be grounded as
in the amplifier shown in Fig. 1.
This unit has two complete four-
stage amplifiers each with gains of
approximately 107 (140 db). This

Fig. 7—A small four-channcl self-contained
unit with four-pen recorder attached
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Fig. 8—(Left) A view of a six-channel piexo-electric pen recorder simulfancously giving ink records, Fig. 9—1{Right) The principle used in each of
these recorder pens. Here two crystal units (A) rotate the arm (B) from whose extremities a metallic band (G) rotates the pen shaft (C). Deflec-
tions up to 2 in. are obtainable at frequencies lower than 100 cycles per second.

design has a minimum amount of
shielding, but the shunt capaci-
tance is relatively large and the
frequency response falls off rapidly
above 1,000 cycles. The latter, how-
ever, is not important in EEG work
of the usual type.

To increase the high-frequency
response, the shunting capacitances
and interstage coupling must be
minimized. Interstage coupling is

significant at these gains since its
value is effectively multiplied by
the amplification between coupled
points.

The amplifier shown by two
views in Fig. 4, with the shield re-
moved, is designed to minimize the
effect of both types of capacitances.
Coupling capacitor cases are not
grounded to the chassis. Interstage
leads are made “through the tubes,”

thus minimizing shunt capaci-
tances. As will be noted, the shield-
ing cabinet shown with the ampli-
fier in Fig. 4 has baffle plates to
isolate each stage, and interstage
coupling is practically eliminated.
High-frequency response is greatly
improved by this design; the gain
falls to 0.5 at 10,000 cps. A six
channel electroencephalograph in-
corporating these amplifiers is

Fig. 5-—1In this section of an experimental chart curves B, D, E and H show alpha waves that exhibit certain waxing and waning. Curve A shows one-
second timing pulses; the other curves Indicate other movements such as respiration, breathing, heart beats, and in curve |, eye movements

A

A —

P A
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Fig. 10—These are sections of records of experimental data connecting up brain wave activity and psycho-somatic data, showing the versatility of

multichannel recorders.

In the first section curves A and N represent timing waves with one second Intervals.

Curves C, D, E, G, J, K and L are

the outputs from seven electrode pairs attached to the scalp. Curves B, F, H, | and M represent movements of other body organs. In the second

section and in the third section similar experimental data are simultaneously recorded.

The brain wave curves in 5, 7 and 9 indicate combinations

of alpha, beta and delta waves. Curve 3 probably resulted from scalp muscle movements affecting the electrode positioning. The numbers on the
curves represent the electrode combination pairs, Calibration marks are shown, 30 microvolts cach. Thesz charts are each 84 in. wide

shown in Fig. 5, with associated
regulated power unit, and recorder.

How far research has proceeded
in an attempt to correlate the va-
rious factors affecting the EEG may
be seen from Fig. 6. Here, a record
of eye movement, electrocardiogram
and heart rate, respiration and sys-
tolic blood pressure are recorded
along with seven EEG records.
These records were made to indi-
cate how research, especially that
in the psychosomatic and related
fields can be aided by versatile elec-
tronic amplifiers and multiple re-
corders. Simultaneous reactions in
various locations can be easily cor-
related thereby. A simple four
channel equipment permitting four
independent records to be made
continuously is shown in Fig. 7.

Recording problems

A number of problems must be
overcome in the design of record-
ers handling large amplitude
swings. To accomplish faithful re-
cording of small signals requires
that friction and backlash be min-
imized. Square-top waves can re-
sult from saturation of either am-

ELECTRONIC INDUSTRIES o January, 1946

plifier or recorder where amplitude
capabilities are not sufficient.

Electroencephalographic record-
ers may be compared in several
ways: Fidelity, rate and amplitude
of response, efficiency (since this
affects the amount and quality of
associated equipment required to
supply the driving power), and re-
liability.

A definition of recorder fidelity,
or accuracy, requires consideration
of several factors. A measure of
response speed is obtained from the
frequency response characteristic,
which indicates the relative deflec-
tions obtained with constant-volt-
age sinusoidal inputs as the fre-
quency varies.

Equally important is linearity of
deflection as the amplitude of sig-
nal input varies; a signal voltage
with double amplitude should pro-
duce a deflection of the recording
pen twice as great. Linearity ap-
plies only over a limited range in
the usual recorder, but it is very
necessary that the range be suf-
ficiently great to represent ade-
quately the wide voltage range
tfound in the EEG.

The third consideration is tran-

sient response of the recorder. This
is the most difficult point of all to
test adequately, and it is therefore
one which is usually ignored. How-
ever, if it is desired to represent
faithfully the actual form of the
electroencephalogram, which is ac-
tually not a sine wave but a
combination of transients, it is nec-
essary to give this careful consider-
ation. It is always necessary to
consider these factors together as
one can always improve one of
them at the expense of the other.
For a given pen deflection, the pen
will move twice as fast at twice
the frequency; but if the amplitude
is then cut in half, the pen moves
at the original speed again.

Crystal driven pens

Because of the power developed
by piezo-electric crystals with rea-
sonable input powers, it is possible
to obtain satisfactory speed and
amplitude response using this prin-
ciple. In the six channel Crysto-
graph shown in Fig. 8, deflections
up to two inches are obtained, at

(Continued on page 158)

75



LABORATORY KEYHOLE

Current Research that Forecasts Future Electronie Pevelopments

FLOOD CONTROL—For several years rumors coming

- — — — —

out of Philadelphia have told of an electronic
method of river flood prevention being experimented
with by Louis Clark of Raymond Rosen radio dis-
tributors. Laboratory work is now winding up, and
actual apparatus may soon be disclosed.

WANTED: RED, YELLOW, BLUE ELECTRONS—Practical tele-

vision laboratory experimenters see no early
commercialization of any electronic technic for
producing color television. “Trouble is electrons are
all alike,” explained one lab executive. “If we could
only get say red, yellow and blue electrons impinging
on a single screen, electronic color would be easy!”

180,000 DIAMETERS is the new limit of the electron mi-
croscope achieved by improvements in the electron
gun and lens coils. Former top was 100,000 diameters.
This compares with optical-microscope maximum at
2500 to 3500 diameters using ultra-violet. Human
spermatazoon photographed with electron micro-
scope reveals a curious fish-like creature nearly 3 ft.
long in photograph. Hitherto unknown head struct-
ure and tail-propelling mechanism are now made
known for the first time.

INFRA-RED TANK VISION—According to Dr. C. F. Green,

G-E engineer, infra-red detection was used effectively
by the Germans at night when opposing tank units
had difficulty in spotting one another. The Ger-
mans developed infra-red filters for their search-
lights and shot beams toward areas where they be-
lived Allied tanks were lurking. Since infra-red
rays are invisible, Allied tankmen did not know they
were being illuminated. The infra-red rays from
the filtered searchlight beams hit the Allied tanks,
bounced back to a device known as a “bildwandler,”
or “image changer,” mounted in German tank guns
to transform the infra-red rays into an image of
the opposing tank, whereupon the gunners opened
fire.

DRAINS STATIC CHARGES—To rid its planes of electro-
static charges, TWA is experimenting with an insu-
lated conductor system with trailing edges over
which are poised small nozzles fed from a reservoir
on the plane. As charges on plane accumulate, these
are imparted to droplets of liquid which are at-
tracted from nozzles to trailing conductors of oppo-
site sign and so charges are neutralized and disposed
of without any disturbance.

RELAY CHATTERING—High-speed movies taken at the

rate of 3,000 frames a second are being used to ana-
lyze chattering action in electrical relays and to
point up remedies. Such pictures, when rerun at
20 frames per second and examined by lab research-
'rs, have the effect of “magnifying time,” so that
troubles can be spotted and corrected.

1,000 WORDS PER MIN.—Walter Howey, big-time Hearst

exec, whose avocation is electronic research, now
has his private laboratory (East 45th St., New York)
working on high-speed voice-message transmission
over ordinary telephone circuits. Already he has
attained 600 words per minute over long-distance
circuits and expects to reach 1,000 wpm. (Ordinary
conversation is 100 wpm., although Floyd Gibbons,
lightning-tongued commentator, used to reach 130
wpm.) Howey’s lab several years ago developed
portable picture-senders so his photographers could
telephone in their pix from any phone pay station.

MENU SELECTOR—Colorful hash-slinger’s lingo will be
a thing of the past when the electronic menu selector
under development at Elm Labs, Dobbs Ferry, finds
final adoption in restaurants. Containing relays, a
motor, and an electron tube, the customer presses
buttons instead of giving his order verbally. In-
tantaneously, a card is punched at the stock-keeper’s
office, at the chef’s stove, and at the cashier’s cage.
A recorder automatically indicates the total number
of each selection ordered since a given time, so that
stocks may be kept up.

SPECTRUM TO END ALL SPECTRUMS!

Longest established periodicity is timc of rotation of our Milky Way Galaxy, as measured agalnst background of distant stars, although some astron-
omers suspect that our great Galaxy is itself one of a group all rotating together in a still longer period. The “'saros’’ is the 18-year period in which

all eclipses of sun and moon repcat themselves
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CRT WITH 10-MIN. PERSISTENCE—Recent press reports

that DuMont Laboratories in Passaic, N. J., have
developed cathode-ray tubes which will hold the
trace for ten minutes or more, seem to be on the
conservative side. For it is now pretty general
knowledge that tubes with persistence for indefinite
periods up to many years have been produced dur-
ing recent research. And all can be wiped clean in
a flash by any of several methods.

912 CPS?—France’s Office of Art and Creation
asserts that U.S, Russia and England have set con-
cert pitch of A far too high at 912 cycles per second,
whereas French want to compromise on 880 cps. at
59° F., remembering that in 1859 Paris composers
had stabilized A at 870 cps. This all represents con-
siderable tonal inflation since 1813 when London
Philharmonic set A at 847 cps.,, two cycles higher
than George Handel’s tuning fork vibrating at
845 cps.

EN GARDE ELECTRONIQUE!-——A popular device among
fencers is the electric epee, which rings a buzzer
and lights a signal whenever either contestant’s
rapier touches a vital spot on the other’s person.
But for this each fencer must wear a cord and plug,
to some extent limiting his action. What the dis-
ciples of D’Artagnan are now asking for is some
kind of an ‘“electronic epee,” operating on a space-
relay principle, which will signal “touche” without
any connecting wires.

STALL INDICATOR FOR AIRCRAFT—In the operation of

aircraft there are two factors which determine
whether there is sufficient upward force to main-
tain the plane in the air: the angle of climb and
the speed of the plane. If for a certain angle the
speed decreases below a definite value, the plane
will “stall.” Winfield J. Trott obtained a patent on
an apparatus intended to indicate whether an air-
craft travels at a speed below or above the critical
speed. The velocity of the air passing the aircraft
is converted into pressure which controls the capac-
itance of a capacitor in an oscillator circuit. It
is so designed that a high note is audible if the
speed exceeds the stall speed of the plane, while a
low tone is generated if the speed of the plane is
less than the stall speed. At the stall speed the
pilot hears a change in pitch advising him that this
critical speed has been reached.

ANALYSIS OF CASTINGS—L. W. Ball has developed a

method for the analysis of sample castings by x-ray
micrographs, enabling the foundryman to establish
defects. Microcavities, affecting the serviceability

of the casting, are too small and too dispersed to
be studied in detail by ordinary radiography or by
fracture tests, but can be investigated by this new
technic. Segregation in certain alloys, particularly
copper-aluminum, is another characteristic readily
detected by x-ray micrography. The method further
facilitates identification of defects seen on ordinary
industrial radiographs. In Mr. Ball’s laboratory,
where x-ray interpreters are trained, one part of
this training is provided by the identifying library
of radiographs together with corresponding x-ray
micrographs.

LINGERING SPEECH—When a sound recorder is slowed

down for the convenience of a typist, the sound
quality delivered becomes increasingly poor. At the
suggestion of ELECTRONIC INDUSTRIES, Miles Re-
producer Co. will undertake development of a re-
corder which “lingers” at spaces and reproduces
words at normal rate, thereby maintaining true voice
values.

SPECTRUM GLORIOSUM-—Over the years your editors

have been compiling and publishing spectrums of
this and that—broadcasting, sound, short-waves,
X-rays, electromagnetic oscillations, etc. But until
the present moment, all the spectrums so far pub-
lished have been mere puny, local affairs—just minor
jiggles picked from the vast rhythms of the universe.
Now on these pages we go “whole hog” and “grand
slam”, pulling out all the stops for the whole dia-
pason of oscillatory lows as well as highs.

VERY ULF OSCILLATIONS —For all Nature obeys the laws

of oscillations, and going into lower and lower fre-
quencies, we have such periods as heartbeats, breath-
ing, building vibrations, geysers, animal cycles, sun-
spot cycle, planetary periods, returns of comets, and
finally the rotation of our own Milky Way Galaxy
against the framework of the universe.

PEERING INTO UNKNOWNS——After the double-barreled

spectrum below had been drawn up, this interesting
point revealed itself. Viewed from the middle plat-
form of familiar human functions such as heartbeats,
hearing, etc., note that the exponential interval up
to high-voltage X-rays (1020 cycles per second) is
just about the same as the opposite exponential in-
terval from man’s workaday world down to the ma-
jestic periodicity of the Galaxy (1018 seconds per
cycle). Is man then really the center of this tre-
mendous spectrum? We doubt it. Rather it seems
likely that the two horizons seem equidistant, be-
cause men’s present facilities permit him to see at
the moment only about so far in either direction.

DOUBLE-BARRELLED KEY TO EVERYTHING

This end of the spectrum is more familiar to present readers, encompassing as it does all of sound, radio, light and X-rays. Originally drawn up to
show man-made frequencies this chart omits the stifl higher frequencies of gamma rays and cosmic rays which would appear at extreme right, beyond
our highest-voltage industrial X-rays

-—————— ——— tycles per second — —-— — —— -

100C 1,000C 10KC 106 KC 1,000 KC 10 MC 100 MC 1,000 MC 104 MC 105 MC 106 MC 10'3C 10'¢C 10'>C 10'¢C 107 ( 10'8C 10'°C 1070 ¢
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"PHASITRON CONVERTS

Considerable simplification of FM transmitter circuits is

achieved in one envelope by deflection of an eleetron sheet

® Attacking in a quite new way the
problem of producing frequency

Therefore, where center fre-
quency control was desired by

modulation circuits, drift has been
unavoidable and corrections have

modulation with frequency stability

means of a crystal it has been nec-

been made by introducing auto-

tolerance within the currently rela-
tively narrow limits required by
FCC standards of practice, General
Electric Co. is producing a new type
of tube which is to be built into all
subsequent GE FM transmitters.
The tube, styled a Phasitron, was
originally proposed by Dr. Robert
Adler of the Z<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>