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SPECIAL PURPOSE

ONE SOURCE FOR ALL TYPES

AMPERER

For a quarter century AMPEREX has been identi-
fied with creative research, laboratory approach,
precision manufacture and helpful service in its
chosen field—power tubes. As tube specialists
deeply concerned with all modern develop-
ments, Amperex engineers are in a position to
give detached counsel and information.
WRITE, AMPEREX APPLICATION ENGINEERING DEPARTMENT.
AMPEREX ELECTRONIC CORPORATION

25 WASHINGTON STREET, BROOKLYN 1, NEW YORK
IN CANADA AND NEWFOUNDLAND: ROGERS MAJESTIC LIMITED
11-19 BRENTCLIFFE RD., LEASIDE, TORONTO 12, ONTARIO, CANADA
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NOISE-FREE, NON-WELDING CONTACTS..! |
IUNAFFECTED BY DIRT OR ATMOSPHERE.. W
..IDEAL FOR HANDLING HIGH INRUSH LOADS

Years of specialization in tailoring relays to specific applications have resulted
in bringing Struthers-Dunn Mercury Contact;Relays to a high degree of perfec-
tion. Their ability to handle high inrush loads without ‘contact damage, their
quiet operation and the impermeability of their mercury tube contacts to dirt
or adverse atmospheric conditions make them unexcélled-for‘a wide variety of

applications that conventional metallic contact relays cannot handle satisfactorily.

Stondard Single-Pole vnits up to 45 amperes -
Standard Double-Pole units up to 25 amperes

4-Pole and other special types available

. "
STRUTHERS-DUNN. INC., Philadelphia

ATLANTA + BALTIMORE + BOSTON + BUFFALO « CHICAGO « CINCINNATI « CLEVELAND « DALLAS
DENVER » DETROIT « HARTFORD ¢ INDIANAPOLIS « LOS ANGELES « MINNEAPOLIS « MONTREAL
NEW YORK « PITTSBURGH « ST. LOUIS « SAN FRANCISCO « SEATTLE « SYRACUSE « TORONTO
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2et 10,000 megohms
insulation resistance

erwetcycling. ..
th RESINOX 490>I<

LAMINATING VARNISH

8 10,000 megohms insulation resistance after wet cycling

¥ cordin fc}'the"]AN-PIB procedure.

n additﬁgn, Resinox 490 imparts to laminates excellent power

factor, dielectric constant, and loss factor . . . also exceptionally

good hot punching characteristics.

If you manufacture or use these materials, why not specify
Resinox 490 as the laminating varnish . . . and take advantage
of extra, important qualities. For complete data on this appli-
cation or on other post-forming or general-purpose laminating

varnishes . . . simply address:
MONSANTO CHEMICAL COMPANY,

MONSANTO

Plastics Division, Springfield 2,
CHEMICALS MOSSGChusettS. ln COnQdQ:
SERVING INDUSTRY., WKICH SERVES MANKIND Monsanto Lfd., Monfreal, Toronto,

Vancouver, Resinox: Reg. U. S, Pat Of.



For long-life dependability where paper tubular performance is uncertain . .
deleterious effects of temperature and humidity . .
... TOBE Molded Oil-paper Capacitors embody tl

MECHANICAL

WINDING : non-inductive; extended foil type
IMPREGNATION: mineral oil

istics — is closely guarded by constant process

CASE: molded of mica-fi

shape for close stacking
TERMINALS: tinned, bare No. 18 copper wire welded into
rigid clamps
SEAL: non-hygroscopic lacquer finish over entire outside

of case

MARKINGS: all data ink-stamped on case

The integrity of these design features — moisture seal, low
power factor, high insulation resistance, and stable character-

duction inspection, and extensive life testing.
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. to survive the
. for convenient use in diverse applications
1ese features:

ELECTRICAL
Tyoe No. | Telerance* Shunt Resistance | Dissipation Facter Operating Temp. | Operating ij.
EPC +309%,| 6,000 megohms | .008 max,
(min. @ .2mfd.) | @ 1 ke
DPC 50,000 megohms —55t0 to 40
+60% | @ 25¢C 004-—006| +85C =
APC | —20%11,000 megohms | @ 1 ke
@ 85C

*Can be furnished to + 109

The advantages
obtainable at n
productive cap
deliveries in th

of TOBE Molded Oil-paper Capacitors are
0 greater cost than that of paper tubulars:
acity is adequate for immediate,
e sizes and ratings listed below.

large-scale

D-C WORKING VOLTAGE
120 200 400 500 600 800 1000 1200 1600
EPC | . 0.1—0.2 — .08—0.1 .06 .05 .02—04 .005—015 | —— —_
APC § — | .005—01 | .005—003 | — .005—.002 | .0005—.0015 | —— — —
prc | 2 S— .02—.05 | .004—.02 — .003—.01 | .002—.01 -001—.007 [.001—.004 |.001—.002
Where failures in bypass and coupling circuils cannol be For delailed data on Molded Oil-Paper and other
lolerated, specify 7?,(5)8 / Molded Oil-Paper Capacitors. obe Capacilors ask for Calalogue 4612-E.

TOBE DEUTSCHMANN Corporation CANTON, MASSACHUSETTS
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MULTI-USE
Adjustable Dies

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

out delay right on the press.

Whistler multi-use adjustable
dies are available from stock...
a day or two from your plant
...in all standard sizes from Y52"
to 3” diameters...round, square,
WHISTLER ovals and rectangles. Notching
HeAvY pury and group dies to order. In addi-
T tion to mighty attractive sav-
ings in original die costs there

MULTI-USE

ADJUSTABLE

752-756 MILITARY ROAD

A typical set-up for notching and piercing.

Pierced and notched with Whistler multi-use
adjustable dies.

is this important advantage of eliminating weeks of
production delay.

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

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

S. B. WHISTLER & SONS, Inc.

BUFFALO 17, N. Y.
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100-step switch made by

Whether there are 100 steps, as in the switch
illustrated, or only five connections for a tube
socket base, you can depend upon Lamicoid to
provide the right insulating qualities. For Lami-
coid has high resistance to heat, humidity, high
frequency, and low electrical loss characteristics.

But aside from the insulating properties,
Lamicoid has excellent mechanical strength—
useful when the insulation acts as a structural
part in addition to being an insulating material.
This strength means longer life for panels, tube
sockets, etc.

Lamicoid is also an extremely versatile ma-
terial. It can be sawed, punched, machined and
easily cut to desired shapes. Some grades can be

the Daven Company, uses electrical

printed while other kinds engraved for circuit
identification. Lamicoid is made with a large
variety of fillers and resins depending upon the
service requirements. For example, F iberglas
and Lamicoid 'offer great impact and fire resist-
ance. Other grades are excellent for stamped or
punched parts. Lamicoid and Buna S rubber are
ideal for use as end seals on capacitors.

Sheets are available in standard 36 x 42"
size and thickness from .010” to 515", Tubes
range from .090" i.d. to 8" and over.

Remember you can get from Mica Insulator
Company a complete line of all Insulating ma-
terials. This means unbiased recommendations
based on over 50 years’ experience in the business.

December, 1946 — ELECTRONICS
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Lamicoid is available in wide va-
riety of grades and forms that are
readily punched, sheared, sawed,
or machined for electrical or me-
chanical applications.
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Lamicoid, combined with
various grades of synthetic
rubber is used for end seals
on these electrolytic capac-
itors to keep out moisture
and provide a non-corro-
sive seal.

Tube socket bases of this electronic assembly
depend on exceptional strength and insulat-
ing properties of Lamicoid to protect prod-
uct performance, lower maintenance costs.

e W ComPANY

Schenectady 1, New York

SALES OFFICES: Boston ¢ Chicago o Cincinnati « Cleveland + Detroit « New York o St. Lovis « Philadelphia « Rochester
Western Fiberglas Supply, Ltd., San Francisco and Los Angeles

FABRICATORS : Lamicoid Fabricators, Inc., Chicago, lll. « Insulating Fabricators, Inc., Waterfown, Mass. « Insvlating Fabricators, Inc.,
New York o Bakering, Inc., Houston, Texas

Mica Insulator Company, Dept. 22,
P. O. Box 1076, Schenectady 1, N. Y.
Gentlemen:

( ) Please rush my copy of your new bulletin on Lamicoid Insulation.
( ) Enclose price list.

() Please have your application engineer see me when in my vicinity.

Name

Position_

Company
Address
City . State

ELECTRONICS — December, 1946 9
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ESTABLISHED 1910

Many thousands of amateurs are using the new HQ-129-X communications receiver.
Rarely has a new product been so widely approved in so short a time. The reason is
simple—36 years experience and a record of high accomplishment build confidence.

The HQ-129-X is an outstanding value from the standpoint of performance and cost.

mummm&mmm

THE HAMMARLUND MFG. CO., INC., 460 W. 34T ST., NEWYORK 1, N.Y.
MANUFACTURERS OF PRECISION COMMUNICATIONS EQUIPMENT

" December, 1946 — ELECTRONICS




PERMANENT MAGNET &

1. Process Contro
2. High frequency
3. Speed Indicatio

———

SPECIAL DESIGN DIVISION
HAS IT.....OR WILL
ENGINEER AND BUILD IT... .

MODEL N
11§ Vobrs, 3

a! 6000 R.P.M.

MODEL J36 ‘
DC Voltage Generator
.02 volis per R.P.M, vp
to 5000 R.P.M. Voli-
age linear ‘with speed
within 1%,

MODEL N3B
- 6 volts, V phase, 20
~ ¢ycles AC Generator
al 1200 R.P.M. for Ser-

vo System Confrol,

in

400 cycle AC Genero-
tor. Delivers 40 watts

ENERATOR /

MODEL N28

70 volts, 20 cycles, 2
pole, 1200 RP.M. AC
Generator 20 to 1000
____cycles up to 50 watts,

Our war-won

experience

the design of small
Permanent Magnet

Field AC and DC Gener-
ators equips us particularly
well to engineer and build
“special design'’ units in sizes up
to 50 watts. These may be obtained
various voltages, frequencies and

ZA
phase,

in

powers depending on speed and size.

EASTERN

&

A @Jng;oﬂ

AIR DEVICES, INC.

130 FLATBUSH AVENUE

BROOKLYN 17,

ELECTRONICS — December, 1946
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pristmas ights or [elevisin

Ankoseal

& Recommeniabes Feidodiome

In tens of thousands of homes this Christ-
mas, wiring for tree lights by Noma will be
insulated with Ansonia Ankoseal. In case
of fire, greater safety will be assured be-
cause Ankoseal is self-extinguishing. The
wiring will be lighter weight, smaller in
diameter, smoother, more flexible. And
many a future Christmas will be served by

these lights because Ankoseal resists wear,

aging and heat — enemies of long life.

Ansonia Ankoseal is equally applicable
to the solution of problems involving more
complicated use such as television, truer
FM radio tone and the transmission of
high frequency power. Ankoseal flexibility,
dielectric qualities, and serviceability under
severe conditions recommend it for the

above and other duties.

*

You are invited to discuss your cable
problems with us. The successful
production of cables to meet unusual
or difficult situations is a major part
of our business.

*

December, 1946 — ELECTRONICS
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every time we do this stunt-

A Manufacturer Cuts
His Production Gosts!

Bending over backwards for our cus-
tomers is part of C-D’s service. Actually
though, designing a special type capaci-
tor may not be so strenuous a job for
us. Not because your capacitor problem
is a breeze. It simply comes easier to us,

than to most other manufacturers, to

bend ourselves to specialized tasks.

For, in the course of designing and man.
ufacturing over 14 of a million different
types of capacitors, our engineers have
gathered a wealth of information, ex-
perience, or call it “know-how™ that
speeds the solution to every problem

MICA + DYKANOL * PAPER

CAPACITOR # 1. This capacitor unit
was designed for a manufacturer of
motors, Mounts directly on motor shaft.

ELECTRONICS — December, 1946

they handle. And the sooner yout re-
quirements are met . . . the more perfect
the design — the greater are your savings. AN
Typical of the many problems C.-D PR :
engineers have successfully licked are the Bt

capacitor types shown below.

If your plans call for anything in capac-
itors, consult with our engineers. Catalog
of standard types available on request.

Cornell - Dubilier Electric Corporation, cnn

South Plainfield, New Jersey. Five other In”

plants in New Bedford, Providence, EB
Worcester and Brookline.

World’s |5 °
e
 ELECTROLYTIC CAPACITORS gest ma""faciurer of

CAPACITORS

-T0-ORDER CAPACITORS

CAPACITOR #2. Designed for spark CAPACITOR #3.
suppressor applications in home ap-
pliance equipment. An inexpensive de-
pendable unit for competitively -priced
mixers, jvicers, grinders, etc,

Standard paper
tubular capacitor adapted for avtomo.
bile ammeter, oil pump, radio noise
filter applications, etc.






ere’s how we pack”

the PW package

EVE RY potential radio communication
system presents problems peculiar to
its individual requirements. Each prob-
lem must be approached with the proper
attitude and answered methodically in or-
derly sequence. The PW System Analysis
Chart serves as a valuable aid to both the
client and the sales engineer... it enables
both to work out the problem efliciently.

Peek over the shoulder of a PW sales
engineer as he makes his first contact with
a prospective client. Notice that only the

"basic units have been selected . . . those
obviously essential, from the list of availa-

ble PW equipment.

These basic units are then asseu:bled
together with whatever associated equip-
ment is required to complete the pro-
posed communication system. This sys-
tem is engineered, from start to finish, by
Press Wireless who for the past seventeen

ears has designed, built and maintained
a globe-circling network of communica-
tion systems . . . transmitting better than
80 percent of the world’s press traffic.

PW builds its own equipment. It has
been pretested on our own world-wide
communication circuits. There is no guess
work when you submit your communica-
tion problem to PW. You obtain... from

one source, under one contract... all the
factors of analysis, design, engineering,
manufacturing and erection that go to
make up a successful communication
system.

Why not take advantage of PW experi-
ence today and let us assist you with your
communication problem. PW “packaged”
communication equipment is your logical
answer.

Please address inquiries to Dept. 708,
Press Wireless Manufacturing Corpora-
tion, Executive Offices, 1475 Broadway,
New York 18, N. Y., U.S. A.

N

.

ZPACKAGE”

Q-TEUEGRAPH

gineered from any com:
standardized PW

™ 3 ‘\‘ .
—' ANC.
5(y
]
A y
4 w ) ({4
Whad  Frst i Packaged " GommuanieaTions Equjpment'

" ELECTRONICS — December, 1946 13
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& Recommeenidbod IendoZone

In tens of thousands of homes this Christ-
mas, wiring for tree lights by Noma will be
insulated with Ansonia Ankoseal. In case
of fire, greater safety will be assured be-
cause Ankoseal is self-extinguishing. The
wiring will be lighter weight, smaller in
diameter, smoother, more flexible. And
many a future Christmas will be served by

these lights because Ankoseal resists wear,

aging and heat — enemies of long life.

Ansonia Ankoseal is equally applicable
to the solution of problems involving more
complicated use such as television, truer
FM radio tone and the transmission of
high frequency power. Ankoseal flexibility,
diel.ectric qualities, and serviceability under

severe conditions recommend it for the

above and other duties.

*

You are invited to discuss your cable
problems with us. The successful
production of cables to meet unusual
or difficult situations is a major part
of our business.

*x
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every time we do this stunt-

A Manufacturer Cuts
His Production Gosts!

Bending over backwards for our cus:
tomers is part of C-D’s service. Actually
though, designing a special type capaci-
tor may not be so strenuous a job for
us. Not because your capacitor problem
is a breeze. It simply comes easier to us,
than to most other manufacturers, to
bend ourselves to specialized tasks.

For, in the course of designing and man-
ufacturing over V4 of a million different
types of capacitors, our engineers have
gathered a wealth of information, ex-
perience, or call it “know-how’ that
speeds the solution to every problem

MICA * DYKANOL * PAPER * ELECTROLYTIC CAPACITORS

they handle. And the sooner your re-
quirements are met . . . the more perfect
the design — the greater are your savings.
Typical  of the many problems C-D
engineers have successfully licked are the
capacitor types shown below.

If your plans call for anything in capac-
itors, consult with our engineers. Catalog
of standard types available on request.

Cornell - Dubilier Electric Corporation,
South Plainfield, New Jersey. Five other
plants in New Bedford, Providence,
Worcester and Brookline.

CAPACITOR #3. Standard paper
tubular capacitor adapted for auvtomo-
bile ammeter, oil pump, radio noise
filter applications, etc.

CAPACITOR # 2. Designed for spark

CAPACITOR #1. This capacitor unit
was designed for @ manufacturer of
motors. Mounts directly on motor shaft.

suppressor applications in home ap-
pliance equipment. An inexpensive de-
pendable unit for competitively priced
mixers, juicers, grinders, etc.

ELECTRONICS — December, 1946 15



VERE PHOSPHOR BRONZES
OFFER MANY ADVANTAGES

1—Plunger guide

2—Thermostat spring

3—internal lock washers

4—Contact springs

5—~—External lock washers

6—Operating lever

7—Cap with integral springs in side

8—Retaining spring

9—Countersunk external lock washer
10—Pressure spring for capacitor
11—Five-contact spring

12—Contact spring for radio part

STRENGTH — Resilience — Fatigue Resistance — Corrosion Re-
sistance— Low Coefhcient of Friction—Easy Workability—are 13—Pressure spring and terminal

outstanding advantages of Revere Phosphor Bronzes, now avail- 14—Involute spring
: : 15—Contact point for solenoid

able in several different alloys. e r

16—Contact springs

A 3 .y c - of Phosphor B tri li
In many cases it is the ability of Phosphor Bronze to resist mode 8f Photphor Brenze strip supplied

by Revere

repeated reversals of stress that is its most valuable property.

Hence its wide employment for springs, diaphragms, bellows

and similar parts. In addition, its corrosion resistance in com- ,
bination with high tensile properties render it invaluable in ””5
chemical, sewage disposal, refrigeration, mining, electrical and COPPER AND BRAVSS INCORPORATED
similar applications. In the form of welding rod, Phosphor Founded by Paul Revere in 1801

230 Park Avenue, New York 17, New York
Mills: Baltimore, Md.; Chicago, 11l.; Detroit, Mich.;

Bronze has many advantages in the welding of copper, brass,

steel, iron and the repair of worn or broke i New Bedford, Mass.; Rome, N. Y.—Sales Offices in
’ P n maChlne parts. Priucipal Cities, Distributors Everywhere.
Revere suggests you investigate the advantages of Revere Phos- ‘
. Listen to Exploring the Unknoun on the Mutual Net-
Phor Bronzes in your Plant or PFOdUC" work every Sunday evening, 9 to 9:30 p.m., EST.

16 December, 1946 — ELECTRONICS



A Vicious Vibhration Test
that Shakes Out the ‘Bugs’

On this vibrating table . . . throbbing 600 to 3,300 times a minute
. . . Ohmite resistors are exposed to vibrations many times more
punishing than those encountered on industrial machines,
planes, automotive vehicles, railroads, and marine craft.
First at the lower rate, then at a rate gradually in-
creased to 3,300 vibrations per minute, these
standard production-run Ohmite resistors
and their resilient mounting brackets
prove their ability to stand up for pro-
longed periods under terrific abuse.
When you specify Ohmite resistors you
can be sure of years of unfailing depend-
ability—under practically any service.

RHEOSTATS ¢ RESISTORS « TAP SWITCHES



Sealed in Vitreous Enamel for

RESISTS SHOCK,
VIBRATION, COLD, HEAT, FUMES
OR HUMIDITY

3

] VITREOUS ENAMEL COVERING Special Ohmite vitreous

enamel holds the winding rigidly in place and protects it from

mechanical damage.

2 STRONG CERAMIC CORE Provides a strong base for the

winding, unaffected by cold, heat, fumes, or high humidity.

3 EVEN, UNIFORM WINDING Tt unsurpassed uniformity of

?

the resistance winding prevents “hot spots’ and resultant failures,

~ Send for Cataleg
4 TINNED COPPER TERMINALS Terminal lugs are tin-dipped ~ and Engineering

for ease in soldering. The resistance wire is both mechanic ally locked Manual No. 40

. T € 111: oS, as 1 : Y ot é ¥ Y] 9 " x 4
and brazed to the terminal lugs, a suring a perfect electrical connection, Waidh o i b

5§ RESILIENT MOUNTING BRACKETS Mounting brackets e A grp

hold theresistor firmly yetresiliently in place. They are simple to mount valuable 96-page

. ! - Obmite catalog.
and can be easily removed by a slight upward pressure at the base.

6 RATING STAMPED ON METAL BAND E.ch resistor has

a metal band upon which the resistance is stamped for clear and
permanent identification.

OHMITE MANUFACTURING COMPANY — 4818 Flournoy St., Chicago 44, U.S.A.
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Sound Recording

The jewelled point, with
87° included angle, correct
radius and fine polish, cuts a
silent shiny groove for many
hours. When dulled or chipped,
these points may be resharp-
ened several times. Each re-
sharpened Audiopoint is
disc-tested to insure perfect
performance. For this service re-
turn points through your dealer.

ELECTRONICS — December, 1946

5 2
Professional Recordists
Recommend . ..

yaﬁﬁ/éﬁ'w %cma’iny
o €

o ojOoi10 .

Designed for lhe profossional - Guaranleed lo do a furofessional job
With These Three Outstanding Features

@ INDIVIDUALLY DISC-TESTED ON A RECORDING MACHINE.
o EXPERTLY DESIGNED TO INSURE PROPER THREAD THROW.
o A PRODUCT OF THE MANUFACTURER OF AUDIODISCS —

AMERICA’S LEADING PROFESSIONAL RECORDING BLANKS.

Professional recording engineers know, from years of exper-
ience, that Sapphire Recording Audiopoints offer the ultimate in
recording styli. Made by skilled craftsmen to most exacting specifica-
tions and individually tested in our laboratories, these Audiopoints
are of consistent fine quality,

A good recording stylus requires a perfectly matched playback
point. The Sapphire Audiopoint for playback filis this need com-
pletely. In materials, workmanship and design, it is the finest playback
point obtainable. (Should not be used on shellac pressings.)

These Audiopoints are protectively packaged in handy cello-
phane covered cards—cards that are ideally suited for returning points
to be resharpened.

OTHER POPULAR AUDIOPOINTS, that complete a full line of record-
ing and playback styli, are: Stellite Recording Audiopoint, a favorite
with many professional and non-professional recordists; Diamond-
Lapped Steel Audiopoint, a recording stylus particularly adapted for
non-professional recordists; Playback Steel Audiopoints (Straight
Shank and Bent Shank), the most practical playback points for
general use. One hundred per cent shadowgraphed.

For further information, see your Audiodiscs
and Audiopoints distributor, or write

] e

AUDIO DEVICES, INC.
444 Madison Ave.,
New York 22, N. Y.




LET BENTLEY, HARRIS WAR-T-IME RESEARCH PAY DIVIDENDS FOR YOU TODAY.
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A manufacturer of electrical relays used in air
conditioning units set up four requirements for
insulation to be used in his product—heat resist-
ance, elimination of fraying or cracking in assembly
or use, color for “buy appeal”, and ability to ex-
ceed Underwriters’ specifications, Here is what he
reported after using Bentley, Harris Fiberglas

Sleeving:

“We use BH Non-Fraying Fiberglas Sjeesw

*BH Non-Fraying Fiberglas Sleevings are made by an exclusive Bentley, Harris process (U. S. Pat. No. 2393530). *

TYPE:-

\\\\\

CoivL:-

iy s\

C. LOAD

A.
| 110V 35 AMDPS. 2 HP

220V 25 AMPS.

.,

7!
o)
@

Jr'

~

S j
-
= g

7,
&

Bentley, Harris Mfg. Co., Dept. E-5, Conshohocken, Pa.

I am interested in BH Non-Fraying Fiberglas Sleeving

operating at temperatures of

NAME _
ADDRESS

°F. at

COMPANY

volts. Send samples so I can see for myself how
BH Non-Fraying Fiberglas Sleeving stays flexible as string,

{

D16

and stands up under the 50 per cent overload
specified by the Underwriters’ Laboratories.”

Test BH Fiberglas Sleeving in your own plant,
in your own product—under actual service condi-
tions. Compare it with ordinary saturated sleeving.
Learn why America’s leading manufacturers of

rical equipment have standardized on BH

-3

VIAGS

‘Fiberglas' is Reg. TM of Owens-Corning Fiberglas Corp.
USE COIPON NOW == e mm et g s e et e L S
Send samples and prices on other BH
_for I g Products as follows:

(size) (product)

(0 Magneto Varnished Tubing Grade “A
O Flexible Varnished Tubing Grade “B”
(O Saturated Sleeving Grade C-1

will not crack or split when bent.

[J Saturated Sleeving Grade C-2

[ Saturated Sleeving Grade C-3

December, 1946 — ELECTRONICS
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The Eject-O-Matic has 10 vertical cooling fins that dissipate “PLUS” FEATURES

unused heat and thus maintain proper working temperature at FOR SPEEDIER SOLDERING:
the tip. When soldering heavy work, the maximum flow of
heat is to the tip and into the work. In light soldering, surplus

Automatic feed

Micrometer Control of

heat develops. This unused heat is conducted back from the amount of solder ejected

tip and out through the cooling fins. The efficiency of this simple
cooling system is well established. Long-run tests show that the
temperature of the Eject-O-Matic tip can be kept constant.
Eject-O-Matic is available in 50, 75, 100 and 150 watt models.

Automatic Solder Retracting Feature

Multi-clad, 400-hour Tip, no tinning,
no filing

Safety, Utility Base

Approved by Underwriters’ Laboratories, Inc.

Model 19-§ (illustrated) with base —retails at $18.95

Individually packed. Shipping wt. per

carton of 12 units, approx. 42 Ibs.
Send for literature

MULTI-PRODUCTS TOOL COMPANY, 123 SUSSEX AVENUE, NEWARK 4, NEW JERSEY

ELECTRONICS — December, 1946 } 19
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The new Seeburg Wire Recorder — «
brand-new development — permits per-
Ject home recording of speeches, plays,
radio programs. Single control krob
simplifies operation.

RADIO MANUFACTURERS — provision
must be.made in your circuits to accom-
modate the Seeburg Wire Recorder.
We invite inquiries.

22

3
e o

[RA

s

The pleasure a phonograph owner derives from his instrument is in
exact ratio to the operation of the record changer. This is why so
many of the country’s leading manufacturers are installing Seeburg
Record Changers on the phonographs they are producing.

The Seeburg is made to exacting standards of quality. The positive
mechanism is designed to stand up under continued service, and its
speed of operation assures minimum time between changes, Quiet
operation adds to the pleasure of the listener.

All .Se.eburg models have multiple posts that hold records in place
and minimize spindle hole wear. The strong, silent motor brings the
turntable up to speed quickly and holds that speed constant.

Min,
MU Fﬂlc'lo
No

SILENT

). P. SEEBURG CORPORATION
1500 N. DAYTON ST. « CHICAGO, 22
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Controlled Sleeping Comfort
Made Possnble by a New Driver-Harris Alloy

SLIP beneath a new Simmons
ll Electronic blanket, turn the control
q to the temperature desired and relax

i| for a night of comfort.

1 Separately insulated, but wound to-
7gether on a rayon core and water-

- proofed, fine copper wire and even
,| finer D-H 99 Alloy Wire form a net-
work throughout the blanket. The
copper wire supplies the heat — the
D-H 99 Alloy wire controls it by
| flashing faint signals te an electronic
control box whenever blanket tem-
| perature varies as little as 1° C.

Simmons selected D-H 99 A'lloy for

;

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

Driver-Harris

Chicago °

this highh} demanding application

because it, alone, met or exceeded

every specified requirement. D-H 99
Alloy had the corrosion resistance to
withstand washing or cleaning, the
fatigue resistance to withstand re-
peated folding and the constant sen-
sitivity so vital to operating safety
and comfort. Only.0039" indiameter,
D-H 99 Alloy has a stable temper-
ature coefficient of .00636 per degree
C and is dependably uniform from
spool to spool. '

If your products or processes involve

electrical circuits that require a high

A

COMPANY
HARRISON, NEW JERSEY

BRANCHES :
Los Angeles

Detroit .
San Francisco .

Cleveland
Seattle

T. C. of resistance, you'll find D-H 99
Alloy unequalled for these ap-
plications.

+

Tﬁqb

)

9

p)
AT,
= Koy
)
)

|
L ib}‘: J :*u:&&

—
o B A

e

auananr i
SR I Tedd

Schematic diagram
Simmons Electronic Blanket
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A LITTLE

dOWER HOUSE"

that checks uniform enameling\
of Essex ZA7TRA-7ES7 Magnet Wire

Equally important, Essex Magnet Wire is

spot checked each day by means of this
mercury-bath test. Pin-hole breaks and film
continuity are thus determined—enabling
production engineers to maintain constant
control of the variables which often cause
poor insulating films.

Essex Magnet Wire from each day’s run is subjected to severe dielectric
tests in this little “power house” — operating range, 0 to 10,000 volts!

Two wires—twisted together to make a continuous-surface enamel film
contact—are attached; then voltage is applied, and gradually increased
until insulation fails. This automatically shuts off the machine, indicat-
ing exact voltage at which breakdown occurred.

Such tests enable Essex engineers to mainwin close control of the en-
amel’s desirable insulating characteristics — your assurance of safe, de-
pendable insulation and maximum dielectric strength, when you specify
Essex Extra-Test Magnet Wire for coil winding.

ESSEX WIRE CORPORATION [{¥
FORT WAYNE 6, INDIANA PRODUCTS

Plants: Fort Wayne, Indiana; Detroit, Michigan; Anaheim, California

g'arehouse.s‘ and Sa{es Offices: *Adanta, Ga.; *Boston, Mass.; ®*Chicago, IlIL.; Cleveland, Ohio;

L aycon, Oh!o; ‘l?etrou, Michigan; Kansas City, Mo.; *Los Angeles, California; Milwaukee, Wisc.;
Minneapolis, Mian.; *Newark, N.J.; Philadelphia, Pa.; *San Francisco, Calif.; *St. Louis, Mo

December, 1946 — ELECTRONICS
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Now, with the new 4X500A, the advantages of
the Eimac-designed tetrode are brought to the
500-watt class.

The 4X500A includes the outstanding VEHF
perfoermance, stability, ruggedness, and free-
dom from undesirable primary and secondary
grid emission that have made the Eimac 4-125A
and 4-250A the obvious choice of transmitter
engineers for important sockets in both low-
frequency and VHF applications.

Here is a transmitter-
man’s tube intended to
make life more simple for
the transmitter engineer.
The 4X500A is designed
for functional application;
note the nearly perfect
shielding between grid and
plate circuits made possible
by the low-inductance

Anode, 500 watts dis-
forced aif cooled.

and screen grids pre-
gned—assures max-
late efficiency apd low

cur-
d screen gI1
o ndary

: positively
lusive Eimac

t—rug-

dment shield. -

inductance screen
ures improve
operation and perma-
alignment.

screen mounting disc which terminates in a
contact ring on the envelope. The large low-
inductance tubulat control-grid lead within the
envelope terminates at the center of the base.
This design makes it easy to build coaxial tank
circuits around the 4X500A. These are only two
of its many features. Among others are the
rugged 500-watt air-cooled anode, Eimac-
processed grids, and silver-plated terminals
pointed out below.

It isn’t necessary to design your transmitter
around promises. Eimac 4X500A tetrodes are
available NOW. They'll deliver as much as
1750 watts useful output at 110 Mc. with but
25 watts driving power (two tubes). They’ll
deliver 3500 watts at the same frequency with
50 watts driving power (four tubes, push-pull-
parallel). Complete operating information and
ratings are in the technical data sheet for the
4X500A —now available on request.

7 Filament t
duty, large contact

Control grid ter
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tween input
cuits. Cente
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ELECTRICAL CHARACTERISTICS
4X500A POWER TETRODE

Filament: Thoriated Tungsten
Yoltage 5.0 volts
Current . 13.5 amperes

Direct Interelectrode
Capacitances (Average)

Grid-Plate . 0.05 w#ufd
Input . ... 128 uufd
Qutput ... 57 uutd
Maximum D-C
Plate Yoltage . 4000 volts
Maximum D-C

Plate Current . 350 ma.

Maximum Plate

Dissipation . . 500 watts

ELECTRONICS — December, 1946

CROSS SECTION
EIMAC 4X500A
POWER TETRODE

Follow the leaders to

THE COUNTERSIGN OF DEPENDABILITY
IN ANY ELECTRONIC EQUIPMENT

EITEL-McCULLOUGH, INC., 1313E San Mateo Ave., San Bruno, Calif.

Export Agents: Frazar and Hansen, 301 Clay Street, San Francisco 11, California, U. S. A.
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When projection lenses are available,
you can project the oscillogram in a
well-lighted room with perfect visi-
bility, as in this unretouched photo-
graph. Note open window.

ALLEN B. DUMONT LABORATORIES,

. Modified from the Type 247, this new Du Mont Type

247-A is such a startling success that phenomena
hitherto totally invisible can now be easily seen. Such
modification extends the range of the instrument tre-
mendously in the field of transient studies or high-speed
photographic applications.

The modification utilizes the new Type 5RP Cathode-
Ray Tube operable at voltages up to 30 KV, producing
sufficient brilliance for direct projection, if required.

Other features are: automatic beam blanking; choice
of single or continuous sweep; sweep rates available
from .5 cps to 50,000 cps; Z-axis amplifier with choice of

output polarity: soundly engineered electrical and me-
chanical design.

.. Further details on request,

December, 1946 — ELECTRONICS



Quantity
Case 65

Net Price

Quantity
Case 70

Net Price

RATINGS AT HIGH TEMPERATURE

on 2

-

... Permits Use of Larger MUF Sizes in R-F

5

Circuit Design without Cost Penalty

Here's a capacitor price reduction that really means some-
thing to circuit designers: G-E offers all listed ratings of case-
style 65 Lectrofilm* blocking and by-pass capacitors at one new
price, approximately half of the previous level. Similarly, all listed

£
gé
&

low prices. Lectrofilm capacitors are now the answer to new circuit

1
f ' . 104 T
\ vatings of case 70 designs are offered at one new, bow price! e : =
' This means that you no longer have to place cost ahead of 102 =
! good circuit design. It means that you now have complete g o1 4
" . . s 3 5 : ;- 5
" freedom to use cither high or low capacities in R-F blocking é 3 100 “
. and by-pass applications—without paying a premium for g % - T
| higher capacity! % 3 o8
\ : e s 97
. General Electric's development of Lectrofilm, a new ca- | * A
’ 96 Val

| pacitor dielectric, and the advanced methods used in manu- o

facturing these capacitors have resulted directly in these new 3 -
E i -40 -20 O 20 40 60 80

cconomies, better circuit designs, lower over-all equipmeizt costs. im
Write for Bulletin GEA-4295A, Apparatus Dept., General
Electric Company, Schenectady 5, N. Y.

. ™Reg. U.S. Par. Of.

ELECTRONICS — December, 1946

Ratings

GENERAL @@ ELECTR

5 C

are based
ambient
temperatures. For
other ambient tem-
peratures the follow-
ing derating factors

must be used:

Rated D-c
Voltage
o |
1109 | 1010 99 {100 to 999 | 1000 or more .0001 3000
‘ 001 3000
’ .01 1000
6.50 490 | 3.90 3.25 1 500
. 1 |
116 9 ‘ 10 10 99 | 100 to 999 1000 or more || o001 5000
| .o01 5000
Lo 2000
8.45 5.85 4.55 425 |l 1 750
|

fPrices to manufacturers purchasing Lectrofilm Capacitors for use with their
product will be supplied on inquiry.

Per Cent
Ambient Per Cent Rated Super-
Temp. Rated imposed RMS
C D-c Volt. Sine Wave
Current
25 100 100
30 99 95
35 98 85
40 97 80
45 96 75
50 95 70
55 94 60
60 93 50
65 92 45
70 91 35
75 90

Good Capacitance-temperature Characteristics at low cost

407-115-6700

Degrees centigrode

27
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]9]4 World's first vacuum tube re-
peater amplifier; designed by
Bell Telephone scientists and made by

Western Electric for transcontinental

telephony, was the start of modern
electronic communications.

1919, These Western Electric ampli-

fiers powered the mightiest
sound system of its day, used at New
York's “Victory Way'" Celebration after
World War I. There were 113 loud-
speakers in the system.

HEN Bell Telephone scientists
designed and Western Electric
manufactured the first vacuum tube re-

peater amplifier back in 1914, they

opened a vast new frontier of communi-

cations and sound distribution. Up to
that time, telephone communications—
both by wire and radio—could cover
only limited distances and produce
relatively low volumes.

For more than 30 years, this team has
produced ever better amplifiers for

almost every use —long distance wire
and radio telephony, radio broadcasting,
sound distribution systems, mobile radio,
sound motion pictures, disc recording,
acoustic instruments and radar.

Equipped with unexcelled tools of re-
search, experience, skill and manufac-
turing facilities, the Bell Laboratories-
Western Electric team will continue to
design and build amplifiers outstanding
in quality, efficiency and dependable
performance.

== QUALITY COUNTS =

BELL TELEPHONE LABORATORIES

i ml:/\ largest organization devoted o velusirely 1o research
'lu/mu ut an all pheses u/ electrical communications.

We.stern Electric

Manufacturing wnit of the Bell Svstem and the nation's largest

Ill"llllll r “/ cormrmuneations illllllbl“l nt.
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]922. The Western Electric BA was the

first commerciol broadcasting
amplifier. Today, 24 years loter, some
of these 8A's are sthill in use. This long
life speaks volumes for the quality
built into them.

]946 The brand new 124H and J

amplifiers for wired music and
public address systems are small and
light weight, yet deliver 20 watts. They
are setting new standards of quality

for music reproduction,

1928. This ac operated amplifier, one

of the first made, reduced moin-
1enonce costs and did away with cum-
bersome batteries and charging equip-
ment. It was used to record some of the
earliest sound motion pictures.

o ‘- =
) -
g :

P S v

N/

’

]942 This compact and powerful unit

for battle announce systems is
typical of Western Electric amplifiers
designed during the war. It operated
dependably when mounted a few feet
from the largest guns.

]946 The 1126C is the latest design of Western

* Electric's popular level governing amplifiers.
In operation it acts as a program-operated gain
control to prevent overmodulation in AM or FM
broadcosting. It immediotely reduces gain when
on instantoneous peok exceeds a predetermined
level, slowly restores it when the peck is passed.

| ELECTRONICS — December,. 1946

»

1934, Western Electric was an early

feader in making compression
type amplifiers to enable higher speech
intensity between noise level and over-
load point. This equipment was used in
overseas radiotelephony.

1938. Negative feedback is another

of Bell Laboratories’ many con-
tributions to amplifier design—now in
general use, This omplifier for disc re-
cording was able to supply as much as
50 db of feedback.
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PPLlCATlONS

TYPICAL A

Corrosive Agent
umes.

Applicaﬁon
Salt watel, salt aif. oil fumes, battery acid |

Any fumes ot atmosph

4 Process 3 pe used, including amm , chiort
; ot acid., hydrogen SY phide sulphuf dioxide

uipment dromide, sulphuric acid.

others.

/
glectrical and Salt spray, salt aif, battety aci

Electronic Equipmen
Almospheric motsture, ammonia, orga
acids, alcohol, hydrogen sulphide etc.

Aircraft
eresin wh}ch \

Chemical a0
{ndustries Eq

d fumes, etc.

Food Processing
Equipmen(

Furnace and Heat
Trealing fquipme

Marine Equipmen\

huf dioxide, ammont
e fumes. etc.

ammonia fume

Coal gas sulp
sulphide, cyanid
salt spray,
¢ dioxide, hydrogen S
ide, sulphuric acid, s

Hydrogen sutphid
fine, ammonia, hydtoch\onc a

nt

Salt aif and
ulph

Mining Equ\pmem Salt aif sulphu

petroleu™ Refining
Equ\pmen\

Sulphuric acid fumes. sodium hyds
droxide. nitric acid, acetic acid.

pPickling Equ'\pmenl
e —

ip and papef Sodium hydrox’sde, nitric acid, S

[ sulphut dioxide, sulphite paths, elc.

P
Making Equtpmenl

Sewage Disposa! Chiofine, hydrogen 3
Equipmen
Soap Manu(ac(uting fFatty acids. ghycerol, polassium
Equ'\pmenl hydtox‘\de, elc
sodium hydtox\de,

Chlorine,
dyestufts, elc.

k Textile gquipment

nsulated copper wire
" hydroch\oﬁc

sodium hy-

&e, and many

e —
nic and inofganic

a fumes, hydrogen

s, battefy acid fumes.

ide.

—
! ulphut dioxide, chlo-
cid, butane, etc.
oxide, potassium hy-

—
ulphuric acid, chlonine,

ulphide, ofganic acids.

hydtoude. sodium

sodium silicate,
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HIGH
SPEED
ToOL
LUBRICATION

DISTORTION
N
DRAWING

How ?—by selecting and applying the right ‘‘dag"’
dispersion for each job. And it's as simple as it
sounds except for one fact: while most engineers
and plant men do know what ‘‘dag’’ colloidal
graphite is, many of them are unaware of all the
dispersions available or all the diverse industrial
applications for which they are designed.
Actually there are seventeen ‘‘dag®’ suspen-
sions, in carriers as diverse as water, oils, alco-
hol and volatile hydrocarbons. Each possesses
not only the many unique properties of graphite
itself (in what amounts to true liquid form) but
also the valuable special characteristics of its
liquid carrier. As a consequence, uses are much

| ACHESON COLLOIDS CORPORATION

PORT HURON, MICHIGAN

This new literature on **dag’’ colloidal graphite is yours for the asking:

A data and reference booklet regarding ** dag ** colloidal
graphite dispersions and their applications. 16 pages pro-
fusely illustrated.

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

Facts about ** dag '’ colloidal graphite as a PARTING COM-
POUND.

Facts about **dag®’ colloidal graphite as a HIGH TEMPERA.-
TURE LUBRICANT.

»
O
(o]

|

E -
N
-t

|

H
N
N

2

Facts about **dag?’ colloidal graphite for IMPREGNATION
AND SURFACE COATINGS.

Facts about ‘‘dag' colloidal graphite in the FIELD OF
ELECTRONICS.

432
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REG.U.S.PAT. OFF.

COLLOIDS

SCREW-
THREAD
SEIZURE

METAL
PLATING
SUBSTITUTION

iy,

ALUMINUM
MOLD
LUBRICATION

Put the “finger’ on PROBLEMS like these!

more numerous than is generaliy known.

And that’'s just why the booklets listed below
have been compiled—to tell the men who need to
know exactly how, exactly why and exactly where
‘‘dag’’ colloidal graphite dispersions can profit-
ably assist in specific industrial operations.

They're free, of course, and are mailed to you
without obligation as part of Acheson Colloids’
broad service activities.

MlLcuA-MMIL

ACHESON COLLOIDS CORPORATION
PORT HURON, MICHIGAN DEPT. MM 5
Please send me without obligation, a copy of each of the bulletins checked.
460 | | Name —
421 D POSITION___

FIRM
422 [

ADDRESS
423 [} ¢y ZONE STATE
431 [] OUR PRESENT OIL SUPPLIER IS

p— (Lubricants containing **dag’ colloidal graphite are

432 available from major oil companies.)
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HERE’S HELP

in making

FM and TELEVISION
measurements

Flat up to 250 megacydles!

A newly developed diode probe, with which it is pos-
sible to read peak-to-peak voltages up to 250 mega-
cycles, makes the Advanced VoltOhmyst ideal for
television, FM, and routine, high-frequency measure-
ments. The diode response is also flat down to 30
cycles.

The WV-75A is calibrated in rms voltages up to
100 volts in 4 ranges. An adaptor is supplied for low-
frequency measurements up to 1000 volts.

The WV-75A also measures d-c voltagesup to 1000
volts in six ranges and resistances to 1000 megohms
in six ranges.

A Quick Way to Get Details _1

3
!

Radio Corporation of America .
Test and Measuring Equipment Section I
Dept. 30-L, Camden, New Jersey I
Please send me the bulletin on the l‘
—RCA Type WV-75A VoltObmyst for high-fre-
quency measurements. '
—RCA Type 195A for low-frequency testing. l

Name

Company

Street Address

7 1 §F & 3 8 23 1}

32

THE TYPE WV-75A
VOLTOHMYST—

a new member of
the famous RCA line

VoLtOumysy

TR :

AOVANCED ADJ

CEroats w0 TT i g v ne g e
ARSI kAl
e -

TEST AND MEASURING EQUIPMENT

RADIO CORPORATION of AMERICA

ENGINEERING PRODUCTS DIVISION. CAMDEN., N. J.
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For true to life recording there has never been

anything better than Presto Green Seal Discs.

Walter P. Downs, Ltd., in Canada

World's Largest Manufacturer of Instantaneous Sound Recording Equipment & Discs

{ELECTRONICS — December, 1946 3




SPECIAL WARTIME DEVELOPMENT NOW |

AVAILABLE FOR PUBLIC USE
TYPE P6 DUMONT PAPER CAPACITORS |

DURASEALED e
f CAL.05 w600 "'

AC-DC CONTINUOUS

BAKELITE AT HIGH TEMPERATURES
RESINOID

SEALED
CANNOT MELT

\
_z

PAT. PEND. BAKELIZED
TUBES

% HEAT PROOF
Y Dumont engineers scored in the great- * MOISTURE PROOF
est single achievement in paper tubular * LONGER LIFE
capacitors . . . meeting the most exact-
ing requirements. This type P6 has the * VACUUM SEALED
ends sealed in BAKELITE Resivom, % SOLVES SPACE |
Leads cannot PULL OUT or MELT OUT. PROBLEMS

Bakelite treated tubes sealed in vacuum.

DUMONT ELECTRIC CORP,6 3% HUBERT STREET

MFR'S OF CAPACITORS FOR EVERY REQUIREMENT NEW YORK, N. Y.

" December, 1946 — ELECTRONI{



l Relays Are

| Everyeffort of the Clare organization is directed
foward the production of carefully designed relays,
vell manufactured from high quality materials,
precisely adjusted for perfect operation.

"lare “custom-building” gives the flexibility of
lesign and construction that meets your most
:xacting new requirements . . . allows you to de-
sign freely and rely on the skill of Clare engineers
o give you the unusual, new and improved fea-
ures to fit your purpose.

Where inches and ounces count, Clare gives you
fompact construction to fit modern streamlined
lesign. Is your need for more efficient operation,
rreater ability to withstand vibration, new and
lifferent electrical characteristics? Clare engineers
ire ready to “custom-build” just the relay for
‘he job.

Clare “‘custom-building” is a method of construc-

Our Business!

tion, It permits choice of a wide range of contact
ratings .. . five different contact forms or any com-
bination of them. .. either flat or hemispherical
contacts which may be of rare metals or special
alloys.

Clare Relays are built for applications where pre-
cise performance, long life, and dependability are
prime requisites. Thousands of users attest to the
value of Clare Relays and the Clare “Custom-
Built” principle.

Clare sales engineers are located in principal
cities to help you with your relay problems, show
you how Clare “Custom-Built’” Multiple Contact
Relays are the effective answer to modern design
problems. Send for the Clare Engineering Data
Book today. Address C. P. Clare & Co., 4719
West Sunnyside Avenue, Chicago 30, Illinois.
Cable address: CLARELAY. In Canada: Canadian
Line Material, Ltd., Toronto 13.

_f *"Custom-Built” Multiple Contact Relays for Electrical and Industrial Use
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L AMERICAN PHILLIPS SCREWS 1

Pay Off to Refrigerator-Makers...

and to Refrigerator-Users, too

YV YSIITYS (ILI{ T American Phillips Screws pay off in

many ways, whether you build refrigerators or miniature
trains. They speed up handling, increase worker-proficiency
by building confidence, cut down losses from dropped
screws, ‘“drunken driving,” scarred work-surfaces, spoiled
material, and lost time from self-inflicted wounds. All
because American Phillips Screws make power driving
safe, easy, non-fatiguing . . .and automatically straight.
Now total up the pay-off . . . and you'll ind TOTAL
TIME-SAVINGS RUN AS HIGH AS 50%.

American Phillips Screws add the
merchandising lure of handsome, modern, workman-
e like appearance, inside and out...a look of
quality that helps to make the prospect say:
ER CAN'T sL1p OUt “That’s for me!” This modern, cost-cutting
s TAPERED RECESS method of fastening is actually sales-5romotion

pam
»
£
=
S
-/
=,
<

plus sa-les-protection. Are youinonthis payoff? Write

Amerfcan fox: recommendation of the type and metal of

American Phillips Screws which will do the best job at lowest cost. ’
l’

AME!!ICAN SCREW COMPANY, PROVIDENCE 1, RHODE ISLAND
Chicago 11: 589 E. lllinois St. Detroit 2: 502 Stephenson Building

ALL METALS: Steel, | '
5 Brass, Commercial

Bronze, Stainless

Steel, Alyminum,
‘/—l—g— Monel, Everdur (sili-

con bronze) |

36
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€0 YEARS OF HIGH-VOLTAGE

'LOW internal drop, long filament life, and rugged mechanical construction

characterize the Machlett line of high-voltage rectifier tubes. Machlett has
devoted half a century to the design and manufacture of high-voltage electron
tubes, and this long experience is reflected in today’s Machlett rectifiers. Thus
‘they incorporate such other assurances of long useful life as complete out-
gassing, ability to withstand high electrostatic stresses, and high plate dissipa-
tion to minimize the danger of back or secondary emission. In all Machlett
tubes the glass envelopes are specially processed and minutely inspected to
eliminate conditions that might lead to punctures.

For whatever purpose required—electrostatic precipitation, paint spraying,
|| detearing, high-voltage testing of dielectrics and cables, or for research work
|| requiring a reliable source of high-voltage D-C, there is a Machlett High-
, Voltage Rectifier designed and built to assure long, reliable performance.
| Machlett Rectifiers are available up to 200 kv inverse, and in addition to
|| a complete line of air-cooled tubes, there are types for oil-immersion designed

for use in modern shockproof housings. The Machlett catalog, containing
| detailed descriptions and technical data, will be sent on request. Machlett
d Laboratories, Inc., Springdale, Connecticut.

:LECTRONICS — December, 1946

BACK OF THIS LINE OF RECTIFIER TUBES. ..

EXPERIENCE

ML-5575/100

Filament Voltage ... .. 20.0 volts

Filament Current ... ... 24.0 amperes

Maximum Peak Inverse

Voltage ... 150 kv |
Peak Anode Current ... ... 1.0 ampere
Internal Drop 1;,=1.0 Amp.

E =200 Volts ... 550 volts |

APPLIES TO RADIO AND INDUSTRIAL USES
ITS 50 YEARS OF ELECTRON TUBE EXPERIENCE

37
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AMERICAN PHILLIPS SCREWS 1

Pay Off to Refrigerator-Makers...

and to Refrigerator-Users, too

EEXIYTTIGAOIIIEE American  Phillips Screws pay off in

many ways, whether you build refrigerators or miniature
trains. They speed up handling, increase worker-proficiency
by building confidence, cut down losses from dropped
screws, “drunken driving,” scarred work-surfaces, spoiled
material, and lost time from self-inflicted wounds. All
because American Phillips Screws make power driving
safe, easy, non-fatiguing . ..and automatically straight.
Now total up the pay-off . . . and you'll ind TOTAL
TIME-SAVINGS RUN AS HIGH AS 50%.

American Phillips Screws add the

merchandising lure of handsome, modern, workman-
like appearance, inside and out...a look of
) quality that helps to make the prospect say:
R SLIP out “That’s for me!”” This modern, cost-cutting
4.W|NGI.D DRI APERED RECESS method of fastening is actually sales-promotion
PHILLIPS T Dlus sales-protection. Are you inon this payoff? Write
- American for recommendation of the type and metal of
American Phillips Screws which will do the best job at lowest cost.

AMERICAN SCREW COMPANY, PROVIDENCE 1, RHODE ISLAND
Chicago 11: 589 E. Illinois St. Detroit 2: 502 Stephenson Building

" ALL TYPES

} B E
] ALL METALS: Steel,
Brass, Commercial
. Bronze, Stainless

. Steel, Aluminum,
| Monel, Everdur (sili-

con bronxe)
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BACK OF THIS LINE OF RECTIFIER TUBES. ..

©0 YEARS OF HIGH-VOLTAGE

LOW internal rop, long filament life, and rugged mechanical construction
characterize the Machlett line of high-voltage rectifier tubes. Machlett has
devoted half a century 1o the design and manufacture of high-voltage electron
tubes, and this long experience is reflected in today’s Machlett rectifiers. Thus
they incorporate such other assurances of long useful life as complete out-
gassing, ability to withstand high electrostatic stresses, and high plate dissipa-
tion to minimize the danger of back or secondary emission. In all Machlett
tubes the glass envelopes are specially processed and minutely inspected to
eliminate conditions that might lead to punctures.

For whatever purpose required —electrostatic precipitation, paint spraying,
detearing, high-voltage testing of dielectrics and cables, or for research work
requiring a reliable source of high-voltage D-C, there is a Machlett High-
Voltage Rectifier designed and built to assure long, reliable performance.

Machlett Rectifiers are available up to 200 kv inverse, and in addition to
a complete line of air-cooled tubes, there are types for oil-immersion designed
for use in modern shockproof housings. The Machlett catalog, containing
detailed descriptions and technical data, will be sent on request. Machlett
Laboratories, Inc., Springdale, Connecticut.

ELECTRONICS — December, 1946

EXPERIENCE

ML-5575/100

Filament Voltage ... . 20.0 volts

Filament Current ... ..... 24.0 amperes

Maximum Peak Inverse
Voltage ... 150 kv

Peak Anode Current ... ... 1.0 ampere

Internal Drop 1;,=1.0 Amp.
Ef:20.0 Volts ... 550 volts }

APPLIES TO RADIO AND INDUSTRIAL USES
ITs 50 YEARS OF ELECTRON TUBE EXPERIENCE
ad
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It’s Still the Same MB Miniature Instrument
When it Comes to Saving SPACE and WEIGHT!

THoSE DiALs show some of the ways MB instruments
can be adapted to fit your requirements ——accurately,
economically —with greatest possible savings in space and
weight. For the MB movement measures only l-inch in
diameter— weighs less than 114 ounces!

Perhaps you could do more with your new product
because of that — make it smaller than you thought, or
design it better. MB instruments are available in standard
ranges, in I1-inch and 1V4-inch, round or square aluminum
cases. As adaptations, however, you can specify them with

iﬁ\i/l

MINIATURE ELECTRICAL INSTRUMENTS FOR ANY PURP

Elvan .

{ MANUFACTURING COMPANY, INC.

OSE a

special performance characteristics, and any kind of dial.
You'll find these MB instruments responsive and depend-
able in any service — whether in vest-pocket volt-ohm-
meters or in airplane instrument boards. Accuracy is held
within+29% and long life is assured by precision workman-
ship, and quality materials which include sapphire bearings.

Consider MB instruments wherever you can indicate
quantities electrically. We'll be glad to talk over any
applications you may see for them, and work out adap-
tations if required. Write for details, or for catalog.

331 East Street, New Haven I, Conn.

paan LR SERE. SRR SR
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SPECIFICATIONS:

FREQUENCY................... 1 MC
GENERATOR OUTPUT ..... 0-5 Volts
DETECTOR GAIN ....... 500,000 plus
HARMONIC 3

2nd down more

SUPPRESSIONS <, .h 100 db

5 Volts-60 Cycle

0 Watts

POWER
CONSUMPTION 3‘,;

Sherron
Electronics'

5!

)
1P

ELECTRONICS — December, 1946

PERMITS
EFFECTIVE OPERATION IN NOISY AREAS

The new Sherron R. F. Null Detector is designed to be used
with R. F. Bridges and other impedance measuring devices,
such as the twin *“T” network. Both generator and detector are
included, and are housed in the same cabinet. The unit may be
used as a signal generator to provide power at 1 MC or as a
sensitive detector at the same frequency.

The Detector is equipped with a Cathode Ray indicator so
that its response to changes of signal level is instantaneous. The
use of visual indication permits this unit to be operated in noisy
locations where aural indications may be useless.

The Detector has a logarithmic response so that the gain
is high for a weak signal, and large signals can be handled
without overloading. Thus, an input of 25 microvolts gives
noticeable deflection—while a signal of more than 1 volt will
not overload the Amplifier.

SHERRON ELECTRONICS COMPANY

DIVISION OF SHERRON METALLIC CORPORATION
1201 FLUSHING AVENUE

West Coast Sales Office: Mechanics Institute Building, 57 Post St., San Francisco, Calif.

BROOKLYN 6, NEW YORK
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BY TRIAL

before you buy an

This is how Scientific Electric proved the value
of electronic heating to the Progressive Weld-
ing Company of Norwalk, Connecticut . . .

GREAT improvements in product quality and remark-

able savings in time and money are being achieved
by means of electronic heating. Industrialists every-
where are now acclaiming its many advantages. But
don’t let your enthusiasm lead you to invest in an elec-
tronic heater before you have seen it perform the work
you expect of it.

Another important point is this . . . in order to work
at maximum efficiency and live up to its reputation for
doing things better, faster and cheaper . . . electronic
heating must be “tailored” to the job. That is why we
never sell a Scientific Electric unit until it has been satis-
factorily demonstrated. Regardless of the amount of
time and effort required, our engineers will not release
a single machine for sale until it has fulfilled every claim
we make for it.

So here is a word of counsel . . . get plenty of advice
before you buy. Consult with our recognized engineers
who have pioneered in electronic heating since 1921
and, without obligation, they will demonstrate what

electronic heating can do for you.

5 w’ @O/“' %'
Division of

«g” CORRUGATED QUENCHED GAP COMPANY
119 MONROE ST. @)L GARFIELD, N. J.

Manufacturers of

Vacuum Tube and Spark Gap Converters Since 192}

40

|
I

e s

Above: This practical, automatic brazing turn-
table powered by a 40 KW. Scientific Electric
heater speeded up production 700%-—cut costs
87 % and reduced rejects by 90%.

Left: Close-up of the finished two-piece tube as-
sembly after being brazed by induction heating.

Three complete brazing
built for Progressive,

Sdentific Electric Elec-
tronicHeaters are made
in these power sizes...

and a range of frequen-
cies up to 300 Mega-
cydes depending upon
power requirements.

installations have been

Write for a free copy ©
our handbook . . . Th
ABC of Electronic Hea!

ing which contains al
—

easily understood expla
nation of this new heat

ing method.

40 KW INDUCTION
HEATER

JKW
SKwW
72 KW
8 KW
10KW
12v2 KW
15KW
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E'RE not pretending we belong in any Gallery
Wof the Great. It’s just our way of calling atten-
tion to the fact that a manufacturing organization,
as well as a famous personage, can have character
and individuality.

Through the years the Karp organization has
become known as a good company to do business
with—a company with a likeable personality —a
company that understands and practices coopera-
tive service.

Because our experience and craftsmanship in

GOOD COMPANY

sheet metal fabrication mean good business for our
customers, our services are preferred by many of
the “great names” in American industry. We're
extremely proud of the outstanding firms we serve.

They like our work. They like the sound value our
work represents. They find their relations with us
helpful and pleasing.

If you are not already on our list of customers,
let’s get acquainted. Consult us for superior crafts-
manship in cabinets, housings, chassis, racks, boxes,
enclosures or any type of sheet metal fabrication.

WRITE FOR OUR NEW CATALOG.

KARP METAL PRODUCTS CO.. inc.
Custos: %ﬁ%ﬁzeﬂ tie. Speel . Melal

124 —30th STREET, BROOKLYN 32, N. Y.

ELECTRONICS — December, 1946
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115D z-225 ;
Mercury Rectifier é

® Saves Power Supply Space

® Solves Temperature Problems

e oS

/4 compact version of the type 866-A with idenfical
characteristics and ratings, UNITED Z-225 is the exclu- |

sive solution for power supply problems wherever space

and weight factors are of importance. Overall clearance
dimensions considered, it occupies less than 2 the cubic
space required for types 866-866A and permits good
engineering practice rather than space limitations to

govern circuit selection.

In contrast with tubes into which mercury is “*dumped,”

the UNITED Z-225 is entirely free of excess mercury.

COMPANY

JU

Casual examination will reveal little or no mercury.
Wherever 866-866A tubes are crowded and operating
under poor temperature conditions the use of the Z-225 is

indicated. In such cases it permits greater space for free

e

$ 866-866A sithouettes circulation of air and consequently cooler operation.
‘095 eda. and new 2-225 shown |
actual size. { . |

Type Z-225 is another outstanding development of

Filament Rating 2.5 Volts—5 amps.
VoltageDrop . . . . 10-15Volts
{ Condensed Mercury Temperature
—Range 25 to 60 C.

UNITED ELECTRONICS COMPANY —notable producers
of mercury rechﬂefs and g,m phit ite anode :

| Supply Frequency up to 150 cycles
Max. Peak Inverse

Voltage . . . . 10,000
Max. Peak Plate

Current . . . . .1.0 amp. UNITED ElECTRONICS co
Average Plate Current .25 amp.

NEWARK, 2 % — NEW JERSEY

Transmitting Tubes EXCLUSIVELY Since 193 4

42
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Franktin WAUTY Sockets

o Personal .. Broadcast . . Televusinn Recewm o

PERSONAL RECEIVERS AU/ #8 |59 “%SERIES 55A4 MINIATURE MOLDED

BROADCAST RECEIVERS SERIES 60 MOLDED OCTAL
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. and for general purposes, the Series 39 Socket, with patented o
bow spring action contacts (with or without a soldering tab to
eliminate wiring to ground) is the favorite of all time.

" Autematically machine made, tens of thousands are being delivered
to the radio industry to enable peak production of standard
recejvers. The millions in use give testimony to its being the fuvome
socket of pre and post war receivers.

I{AM{LIN MANUFACTURING CORP.
B | B | .‘ 175 VARICK ST., NEW YORK 14, N. Y.

In California: A. W. FRANKUIN Mfg. Corp. of CALIFORNIA, 2216 West 11 th St., Los Angeles 6, Calif.

SOCKETS e TERMINAL STRIPS ¢ PLUGS ¢ SWITCHES ¢ PLASTIC FABRICATION ¢ METAL STAMPINGS * ASSEMBLIES
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High Vacuum offers to industry a vast new area, virtu-
ally unexplored. No one knows its extent or its resources.
No one, for instance, can list now all the advantages
there may be in the use of vacuum metals, but National
Research Corporation bas found many and is busy in the

search for others.

Of the many new fields we are investigating, few hold
the promise of Vacuum Metallurgy.

Metals prepared according to common practice con-
tain volumes of dissolved gasses equal to, or greater than,
the volume of the metal itself. Removal of the last trace
of occluded gasses and volatiles shows a marked effect
on the physical properties of a metal. Thermal and elec-
trical conductivity, density and ductility are increased.
Resistance to heat and corrosion of certain alloys may
be improved. In many instances degrees of purity can
be obtained which were hitherto impossible. Thus mate-
rials with new virtues and new possibilities are evolved.

Our development extends
far into this field. In addition
to research for the Manhattan
Project, we helped to put the

GAS-FREE METALS

wartime production of mag-

:7ore pump @_IZ/ua‘an Buhp

, f[ig/z Vacuum i

nesium, by means of vacuum thermal reduction, on a
large-scale basis. We have separated and purified metals
in high vacuum fractionating towers. Our own self-
imposed and self-sustained research program has em-
braced the preparation of calcium, lithium, sodium,
potassium and many other metals.

The pilot phase of many operations is now passed.
We are melting and casting metals in ton lots per day
at 10-5 mm. to 10-3 mm. Hg., and are prepared to
furnish vacuum-treated metals in any desired quantity.

We believe that we are now the world’s only com-
mercial source of gas-free metals.

What can the world do with metals purer, finer, denser
than any nature bas furnished? What can you do with
metals that point to a whole new territory full of unex-
plored possibilities? The opportunity for discovery and
accomplishment is yours. If you feel that there is a prom-
ise for you in High Vacuum Metallurgy, get in touch

with us.

VACUUM ENGINEERING
DIVISION, National Re-
search Corporation, Boston 15,
Massachusetts.

We engineer Plant installations and manufacture High
Vacuum Gauges, Valves, Seals, Diffusion Pumps, Stills,
Furnaces, Coating Equipment and Debydration Equipment.

HIGH VACUUM

FOR INDUSTRY

SEARCH CORPORATION
@@‘[Ulm ENGINEERING

DIVISION

NATIONA
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Por an Extna Mangin of

DEPENDABILITY

UNDER ALL OPERATING CONDITIONS

CHICAGO TRANSFORMERS |

FITTED TO THE
APPLICATIONS WHERE
COMPONENT DEPENDABILITY
IS ESSENTIAL TO

RADIO AND TELEVISION BROADCASTING
FIXED, MOBILE, & SATELLITE EQUIPMENT

(‘7 @ S

= 9
= m
e w
) =

=¥ =) S Sp—————

MILITARY, POLICE, AND RAILROAD\/—
COMMUNICATIONS

——
4.

ELECTRONIC NAVIGATIONAL AIDS
FOR SHIPS AND AIRLINES

Sealed NGAINST ATMOSPHERIC MOISTURE AND INDUSTRIAL FUMES

INDUSTRIAL CONTROLS

% |n. these and many other transformer appli-
cations, economy, os well as efficiency, is best
served by Chicago Transformer's Sealed in Steel
construction.

THUS  Seafesd AGAINST CORROSION OF COPPER COIL WINDINGS

Let its assurance of long-lasting transformer re-
liability help make your electronic product free
of component replacements and expensive servic.
ing regardless of adverse operating conditions,

STAY Sealea IN EXTREMES OF HEAT AND COLD!

YRADE MARAN ALG

ELECTRONICS — December, 1946 45
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CAPACITANCE

LAPP GAS-FILLED CONDENSERS
FOR HIGH POWER, HIGH
CURRENT CIRCUITS

Designed particularly to the requirements of electronic
power sources for radio broadcast, induction heating,
and other high current applications, Lapp Gas-Filled
Condensers offer a soundness of design and construction
that spells dependable performance. No ‘“‘warm up’’ is
required; there is no change of capacitance with change
in temperature. Losses are lower than in solid-dielectric
circuits—power consumption is reduced. The dielectric
is an inert gas, which precludes possibility of deteriora-
tion or puncture. Variable, adjustable, and fixed units
are available, in power ratings up to 60 Kv peak, current
to 500 amperes R.M.S. Your inquiry is solicited.

ELECTRONICS — December, 1946

LAPP INSULATOR COMPANY, INC., LE ROY, NEW YORK
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ACCURATE TIME AND CURRENT CONTROL
for bench welders

To cut welding time on small-part fabrication, such
as welding solid or stranded conductors to terminals,
welding electronic tube elements, or other small
parts, look into the possibilities of the Thyratron-
controlled bench-or-tong, low-capacity spot welder.
These alert, accurate controls, with a suitable
transformer, have recorded a two-to-one advantage
over soldering and rivet fabrication. Because of
Thyratron welding controls’ accuracy and split-cycle
response, rejects drop to a new low. They are de-
signed for either 230v or 460v, 60-cycle operation,
and are rated 77 amperes peak on a duty cycle not
exceeding 10 per cent. Equipment for 50-cycle opera-
tion is also available. Write for Bulletin GEA-4175A.

ONE AND A HALF INCHES

of cnetrument accaracy
General Electric’s 1%-inch panel
instruments include direct-cur-
rent, radio-frequency, and
audio-frequency types, in both
conventional and watertight con-
struction. All feature the com-
pact, internal-pivot element and Textolite cases; will
withstand 50 G’s shock, and are accurate to within
=2 per cent. The conventional, direct-current instru-
ment is supplied self-contained for current measure-
ments from 100 microamperes to 10 amperes and for
voltage measurements.up to 150 volts. For other re-
quirements, combinations of instruments and acces-
sories can be had. Write for Bulletin GE A-4380.,

TERMINAL BOARDS /o cur wniug zime

There’s less motion and more wiring speed when
terminal boards are G-E Type EB-2. Strip the wire-
end, insert it in the connector, tighten a screw, and
the connection is made. Each of these solderless,
pressure connectors will accommodate one No. 8
stranded conductor, two No. 12 stranded conduc-
tors, or three No. 12 solid conductors, all AWG.
Type EB-1 differs from EB-2 only in its terminals,
which are the conventional washer:headed screw
type. Both boards are molded from strong, long-last-
ing Textolite, both are available in 4-, 6, 8-, and
12-pole sizes, and are equipped with marking strips.
Covers are optional. Write for Bulletin GEA-1497A.

Dact Fook-ups that stay
with FLAMENBL WIRE

Flamenol hook-up
wire’s tough, plastic-
ized-polyvinyl-chloride
insulation strips clean,
bends without cracking,}
and is available in seven}
different colors. Nor
mally, it needs no bulk
. armor-braid for protec
tion. As a result, Fla
: - menol speeds up wiring
operations on electronic apparatus, where voltages
do not exceed 600. Flame-resistant, corrosion-re:
sistant, non-oxidizing, and unaffected by most hydro:
carbon solvents, mild acids and alkalies, Flameno
rarely needs either attention or replacing. Its gloss

finish looks new, and stays that way. Write for Bull
tin GEA-4352,
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NEW ﬂ[: PYRANUL* CAPAC"URS

New materials, new manufacturing techniques and
strict quality control, which were so important in
the excellent records d-c Pyranol capacitors made
during the war, are now incorporated into a new
line of d-c Pyranol capacitors built to meet exacting
commercial requirements.

This new line of d-c Pyranol capacitors has a
broader range of sizes, ratings, and mounting ar-
rangements, with characteristics that allow operation
lthrough the temperature range from —55C up to
85C, at altitudes as high as 7,500 feet. Sizes range
from “bathtub” up to large, welded-steel case sizes,
capacitance from .01 muf to 100 muf, and voltages
from 100v to 100,000v. Write Transformer Division,
General Electric Company, Pittsfield, Mass.
°Reg. U. S. Pat. Off.

;MORE f‘KNUW”’ MEANS ezzer “ato"7

To help train new
technical personnel,
and make supervisory
and production men’s
jobs mean more, G.E.
offers this 12 part talk-
ing slide film, pre-
pared to teach even

non-techmcal personnel the elements of electronics.
It comes complete with 12 slide films and records,
300 review books, instructor’s manual and carrying
case; price of the kit is $100. Call your local G-E
office, or order direct from Apparatus Dept., Sect.
642-13, General Electric Co., Schenectady 5, N. Y.

ELECTRONICS — December, 1946
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FITS AND FIT FUR

any laminated-plastic job
Because it can be fabricated with machine tools
into practically unlimited numbers of shapes, G-E
Textolite sheet, tube, and rod stock adds flexibility
to electronic apparatus design. Over fifty different
grades — each with an individual combination of
electrical, mechanical, chemical, and thermal proper-
ties — assures you that tube bases, coil forms, bus-bar
supports and other components will be exactly right
for your job. For additional information on G-E
Textolite, write to Plastics Divisions, Chemical De-
partment, General Electric Company, Pittsfield, Mass

¢ General Electric Company, Sect. $42-13

. Apparatus Department, Schenectady 5, N. Y.

{ Please send me

GEA-1497A (Terminal Boards)

| ST GEA-4175A (Thyratron Welding Controls)
............ GEA-4380 (Small Panel Instruments)

| ST GEA-4352 (Flamenol)

" Note: More data available in Sweets File for product designers.

1 Name
i
Company.

: Address

] City. State

* TIMELY HIGHLIGHTS
* ON G-E COMPONENTS

USSRV S

/e © @« & &6 6 & 6 O
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The Experience gained in t
is Behind the Manutacture

The V3-1 Switch. ..

Not much bigger than the end o
your thumb—Dbut a two-fisted worke
on the job...

Don't be fooled by that convenient small size, fo
behind it are high capacity snap-action with hig
resistance to vibration, and accurate duplication o
operating point from operation to operation. It can
be used singly or it can be ganged on 34-inch centers.
The switch is a single pole, double throw unit withi
wide contact separation, giving it good capacity on
low potential direct current, as well as on alternating
current loads.

10 amperes— 110 volts, a.c.
Ratings are: 5 amperes— 220 volts, a.c.
6 amperes—28.5 volts, d.c.

The actuating plunger on this small switch is insu:
lated. Additional actuators are available as illustratec
below.

Many new products can incorporate the new V3-i
switch to advantage. It will pay to consider it.

Various Types of Actuators

A ———— A ~
.

C L0 NARK

EBWITCH |

W FREZPCRT LIRS, SN,

Plunger Type Actuator

The actuating plunger is insulated,
adding another desirable qualitv,

Roller Leaf Type Actuator

This actuator adds only 0.012-inch A separate actvator for use wi
to the thickness. cams, slides, etc.

Spring Leal Type Actuato

Here Are a Few Features on V3-1 Switches

Thin construction. It occupies
small space.

Insulated plunger.

One elongated mounting hole.
(Exclusive with Micro Switch)

v o
Screw type terminals. (Can
be used as solder lugs.

Bosses around mounting h#

®
Beryllium copper spring —
electrical capacity.

This Trade Mark @ is a Sign of Genuine Precision Snap-&



aking of Millions of Switches
[ICRO SWITCH Products...

“xplosion-Proof Switch
inds a definite place on equipment
1 hazardous locations

quipment going into chemical plants, paint or starch
ictories, flour mills, oil refineries, grain elevators, or gas
lants can use the Explosion-Proof Snap-Action Switch
> advantage to meet the needs for precision electrical
ontrol problems.

"his switch can be used as a general limit switch, safety
witch, door switch, or hook switch, as well as for other
ses under conditions made hazardous by the presence
f vapors, explosive gases, dr grain dust.

[his Explosion-Proof Switch is Underwriters’ Labora- {
ories listed for hazardous locations Class I, Groups C |
nd D, and Class II, Group G.

kctuators are either plunger or roller arm type. The
lunger type actuator is of case-hardened steel and moves
n a long zinc plated hexagonal bushing, while the roller
rm actuator is adjustable through 360 degrees with a
Jlockwise movement of the arm. The roller is of non-
parking material and is fitted with an oil impregnated
vearing.

Equipment used in the following plants are now using Micro

Switch Explosion-Proof Switches:

| Gasoline Plants . . . Power Plants . . . Flour Mills . .
Varnish Factories . . . Spray Booths . . . Distilleries . .

Locations Where Commonly Used

Gasoline Pumps . . . Grain Elevators . . . Paint Fac-
tories . . . Pyroxylin Factories . . . Hospitals . . . Print-
ing Plants . . . and other industrial concerns where

danger of explosion is present.

Double Thickness Detector
/lem Button

Spray Booth Ventilation
Control
®

Lathe Carriage Stop

Speed Governor Control

Typical Uses of Other MICRO SWITCH Products

Draft Indicator

Cabinet Door Switch Level Gauge

© 1946, First Industrial Corporation

itches Made by ...

MICRG

SWITCH

FREEPORT, ILLINOIS, U.S.A.

Sales Offices in Principal Cities
s Lo L
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WiLL INDICATE:

~ Insulation Properties
> Il_,eakuge Resistance .
: ;?__:CondUcfivity of

b sulating Materials
b eakage dve to
sj,ure absorption

\'ngrface moisture

P
""" N @ MODEL 799
AN

" INSULATION
TESTER PRESS

, ° * L | (MODEL 799)

LATION TESTER

o

NSy

: @ A compact, one-hand operated Insulation tester . . . range
! 1 to 10,000 megohms . . . easily read scale . . . test potential
less than 50 volts d-c. ldeul for testing electrical components,
devices, materials, and new and existing Installations. Details

from the WESTON representative near you, or write for bulletin.

Z Al

Weston Electrical Instrument Corp., 618 Frelinghuysen Ave., Newark 5, New Jersey,

Albany-Atlanta -Boston- Buffalo- Chicago- Cincinnati- Cleveland - Dallas - Denver - Detroit- Jacksonville-Knoxville-Los Angeles-Meriden-Minneapolis - Newark -New |

Orleans-NewYork-Philadelphia-Phoenix-Pittsburgh-Rochester-SanFrancisco-Seattle-St. Louis-Syracuse-InCanada.Northern ElectricCo. , Ltd., Powerlite Devices, Ltd

52

S —

December, 1946 — ELECTRONICS




RICHARDSON MEANS MMIN PLASTICS

*RESEARCH

« e . @ continuous transfor-
mation of possibilities into
practical ideas in plastics.

*DESIGNING

.o o Artistic wvisualization.
Creative engineering.
Practical planning for
efficient plastics production,

*PRODUCTION

.. Complete machine shop
Sacilities for manufactur-
ing dies, molds and tools,

He’s one of many in the
[ Richardson organization. They

combine the best qualities of consultant . .. engineer. ..
scientist . . . salesman . .. designer. If you have a problem in plastics,
these men take the problem out of it. . . for you.

Richardson Plasticians form a flying squadron of skilled

technicians. They are men whose varied educational ¥LAMINATING
_ 5 . ; . io them «..Sheets, rods, tubes.
backgrounds and practical industrial experle:ncefs equip .e Standard NEMA grades
to utilize fully Richardson designing, molding, over 700 special grades.

laminating, rubber-working and our own tooling
facilities. It's a great team. No wonder our
customers keep coming back for more.

INSUROK Prcccocon Plastice

*MOLDING
e..Rubber and bitumi-
7 e nous plastics; and synthetic
resin plastics... Beetle,
Sales Headquarters: MELROSE PARK, ILL. FOUNDED 1858 LOCKLAND, CINCINNATI 15, OHIO Bakelite, Durez, etc,
K 6, 75 WEST STREET a ROCHESTER 4, N. Y., 1031 SIBLEY TOWERS BLDG.
LPHIA 40, PA., 3728 NO. BROAD STREET Sales Offices MILWAUKEE 3, WIS., 743 NO. FOURTH STREET

D 15, OHIO, 326-7 PLYMOUTH BLDG. « DETROIT 2, MICH., 6-252 G. M. BLDG. ST. LOUIS 12, MO., 5579 PERSHING AVENUE
Faclories: MELROSE PARK, itL. * NEW BRUNSWICK, N.J. + INDIANAPOLSS, IND.



e ’ The Experience gained in t
| is Behind the Manufacture o

The V3-1 Switch. ..

Not much bigger than the end of
your thumb—but a two-fisted worker

on the job ...

Don't be fooled by that convenient small size, for
behind it are high capacity snap-action with high
resistance to vibration, and accurate duplication of
operating point from operation to operation. It can
be used singly or it can be ganged on 134-inch centers.
The switch is a single pole, double throw unit with
wide contact separation, giving it good capacity on
low potential direct current, as well as on alternating
current loads.
10 amperes— 110 volts, a.c.
Ratings are: 5 amperes— 220 volts, a.c.
6 amperes—28.5 volts, d.c.

The actuating plunger on this small switch is insu- |
lated. Additional actuators are available as illustrated
below.

Many new products can incorporate the new V3-1
switch to advantage. It will pay to consider it.

Various Types of Actuators

b et

MCROER e

.

Plunger Type Actuator Roller Leat Type Actuator Spring Leaf Type Actuato
The actuating plunger is insulated, This actuator adds only 0.012-inch A separate actuator for use wi
adding another desirable qualitv. to the thickness. cams, slides, etc

Here Are a Few Features on V3-1 Switches
® o2 ®
Thin construction. It occupies | Screw type terminals. (Can ¢
small space. be used as solder lugs.

o
Insulated pl 5 s
plunger Bosses around mounting
L] -
One elongated mounting hole. Beryllium copper spring—#§
(Exclusive with Micro Switch) Foim electrical cczzcity "3

This Trade Mark @ is a Sign of Genuine Precision Snap-Al

I
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aking of Millions of Switches
[ICRO SWITCH Products...

= |

xplosion-Proof Switch

inds a definite place on equipment
n hazardous locations

quipment going into chemical plants, paint or statch
ictories, flour mills, oil refineries, grain elevators, or gas
lants can use the Explosion-Proof Snap-Action Switch
o advantage to meet the needs for precision electrical
ontrol problems.

his switch can be used as a general limit switch, safety
witch, door switch, or hook switch, as well as for other
ses under conditions made hazardous by the presence
f vapors, explosive gases, or grain dust.

Chis Explosion-Proof Switch is Underwriters’ Labora- {
ories listed for hazardous locations Class I, Groups C |
nd D, and Class II, Group G.

\ctuators are either plunger or roller arm type. The’
lunger type actuator is of case-hardened steel and moves
n a long zinc plated hexagonal bushing, while the roller
irm actuator is adjustable through 360 degrees with a
-Jockwise movement of the arm. The roller is of non-
parking material and is ficted with an oil impregnated
yearing.

Locations Where Commonly Used

Equipment used in the following plants are now using Micro Gasoline Pumps . . . Grain Elevators . . . Paint Fac-
Switch Explosion-Proof Switches: tories . . . Pyroxylin Factories . . . Hospitals . . . Print-
Gasoline Plants . . . Power Plants . . . Flour Mills ... ing Plants . . . and other industrial concerns where
Varnish Factories . . . Spray Booths . . . Distilleries ... danger of explosion is present.

Typical Uses of Other MICRO SWITCH Products

i Spray D%olh'Voinﬁlaﬁon Lathe Carriage Stop Double Thickness Detector Speed Governor Control Cabinet Door Switch Draft Indicator Level Gauge
ontro .
\

el B —

© 1946, First Industrial Corporation

itches Made by ... SWITCH

FREEPORT, ILLINOIS, U.S. A.

Sales Offices in Principal Cities
Lo So SL
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WiLL INDICATE:

Insulation Properties

~ Conductivity of
sulating Materials
i

isture absorption
;Iurfoce moisture

ey
WESTON {C | MODEL 799

" INSULATION

7ERO TESTER PRESS

ADJUSTER

® A compact, one-hand operated Insulation tester . . . range
.1 to 10,000 megohms . . . easily read scale . . . test potential

less than 50 volts d-c. Ideal for testing electrical components,

devices, materials, and new and existing Installations. Details

from the WESTON representative near you, or write for bulletin.

Weston Electrical Instrument Corp., 618 Frelinghuysen Ave., Newark 5, New Jersey,

klbany-AtIanta'Boston-Buﬂalo-Chicago~Cincinnati~Cleve|and-Da||as~Denvel~Detroit~Jacksonville~Knoxville-Los Angeles-Meriden-Minneapolis- Newark -New
Orleans~NewYork-Philadelphia-PhoenixoPittsburgh-Rochester-SanFrancisco~Seattle-St.Louis~Syracuse-lnCanada.NorthemEIectricCo. Ltd. PowerliteDevices,Ltd.
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: RICHARDSON MEANS WMU« PLASTICS -

, He’s one of many in the
u Richardson organization. They

combine the best qualities of consultant. .. engineer...
scientist . . . salesman . . . designer. If you have a problem in plastics,
these men take the problem out of it. .. for you.

Richardson Plasticians form a flying squadron of skilled
technicians. They are men whose varied educational
backgrounds and practical industrial experiences equip them
to utilize fully Richardson designing, molding,

laminating, rubber-working and our own tooling

facilities. It’s a great team. No wonder our

customers keep coming back for more.

' INSUROK Prcccocon Plastics
e RICHARDSON COMPANY

Sales Headquarfers: MELROSE PARK, ILL. FOUNDED 1858 LOCKLAND, CINCINNATI 15, OHIO
ORK 6, 75 WEST STREET . ROCHESTER 4, N. Y., 1031 SIBLEY TOWERS BLDG.
LPHIA 40, PA., 3728 NO. BROAD STREET Sales Offices MILWAUKEE 3, WIS., 743 NO. FOURTH STREET
ND 15, OHIO, 326-7 PLYMOUTH BLDG. °+ DETROIT 2, MICH,, 6-252 G. M. BLDG. + ST. LOUIS 12, MO., 5579 PERSHING AVENUE

Foctories: MELROSE PARK, ILL. + NEW BRUNSWICK, N.J. -+ INDIANAPOLIS, IND.

*RESEARCH

« .. @ continuous travsfor-
mation of possibilities into
practical ideas in plastics.

*DESIGNING

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

*PRODUCTION

e« Complete machine shop
Sacilities for manufactur-
ing dies, molds and tools.

*LAMINATING

oo Sheets, rods, tubes.
Standard NEMA grades;
over 700 special grades.

*MOLDING

eeoRubber and bitumi-
nous plastics; and synthetic
resin plastics... Beetle,
Bakelite, Durez, etc.



SIGNAL RELAY

Manufactured by
Signal Engineering &
Mig. Co. with Callite
Silver Contacts, this
rugged signal relay
withstands high im-
pact shocks and vi-
bration without im-
pairing continuous
operation or upsetting
delicate relay adjust-
ments.

FIRE PILOT CONTROL

Sampsel controls turn
stokers on and oft as
needed, saving coal
consumption and in-
suring efficient heat-
ing in homes and in-
dustries. Callite sup-
plied Sampsel with
special silver contacts
that resist wear, burn-
ing, corrosion.

AUTOTUNE TAP SWITCH

Collins' repositioning
mechanism for trans-
mitters and receivers
changes frequencies
with extreme preci-
sion at the touch of a
button. This remark-
able Autotune drives
tap switches which
employ Callite Silver
Contacts.

TRACTOR MAGNETO

Eisemann’'s heavy
duty magneto for
farm and industrial
equipment is built to
operate constantly
under the most severe
conditions of work
and weather. Callite
Tungsten Contacts
play a vital part in
the performance of its
breakers and levers.

Rrhaps none of the special Callite contacts illustrated here can be applied to your own
product. But the same engineering ingenuity and flexibility of our organization can
devise the exact contact design for your specific needs. In the 26 years of our leader-
ship in the metallurgy of components, we have supplied standard and special shapes in
every industry where contacts are used. If' precision contacts are a question mark in
your production, call on Callite first. Callite Tungsten Corp., 544
Thirty-ninth St., Union City, N. J. Branch Offices : Chicago, Cleveland.

Standard and special shapes in tungsten,
molybdenum, silver, platinum, palladium and
alloys of these metals. Write for Catalog No. 152
which describes stock contacts and extraordi-
nary deslgns used in individual applications.
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250 Watt FM Transmitter, also standard
exciter unit for all higher power.

. B AT
BDBB:0 B8R OMN

Thorough tests in actual competition with
all other systems of modulation have proved
the superiority of the Cascade Phase Shift
Circuit—in signal quality, simplicity and de-
pendability,

Raytheon’s Cascade Phase Shift Modula-
tion is a basically direct circuit which adds
the phase shift of six simple stages to produce
the required phase shift needed for high fidel-
ity modulation—at an inberently lower noise
3 level. This extremely simple circuit elimi-
' nates the major faults of other systems and

brings important advantages never before

i possible (See features).
Carefully compare and you will buy Ray-
{ theon. Place YOUR order now for Fall delivery.

e -»

Above — Complete Cascade Phase Shift Modulator,
Left — Front control panel of Transmitter.

YOU WILL WANT EVERY ONE OF THESE TEN IMPORTANT

FEATURES ...ONLY RAYTHEON CAN GIVE THEM TO YOU

1. Simplified circuit design thru the Cascade system gives stability
and efficiency to Raytheon FM,

2. Direct Crystal Control, independent of modulation, gives posi-
tive and automatic control of the mean carrier frequency. No com-
plicated electronic or mechanical frequency stabilizers are used. A
single high quality crystal does the job.

3. An inherently lower noise level is achieved by Cascade Phase
Shift Modulation which adds the phase shift of six simple stages.

4. Very low harmonic distortion—less than 1.0% from 50 to
15,000 CPS with 100 KC frequency deviation.

5. Conservatively operated circuits prolong tube life —prevent
program iaterruptions,

THEON MANUFACTURING COMPANY

¢
b)

Broadcast Equipment Division
7517 No. Clark Street, Chicago 26, lilinois

OTED TO RESEARCH AND MANUFACTURE FOR THE BROADCASTING INDUSTRY

6. No expensive special tubes. The modulator unit uses only in-
expensive receiver type tubes of proven reliability.

7. Unit construction. There is no obsolescence to Raytheon FM
Transmitters. Add an amplifier later to give the desired increase in
power. All units are perfectly matched in size, styling and colors.

8. Simple, very fast tuning. Circuit can be completely tuned up
in two or three minutes without external measuring instruments.

9. Lasting economy. Low first cost—low power cost—advanced
engineering design —plus modern styling, guarantee vears of satis-
faction.

10. Easy to service. Excellent mechanical layout, vertical type
chassis and full height front and rear doors make servicing fast and
easy.

RAYTHEON

Cacellonce én Electronics
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AUTOMATIC sren-mare

GIVES YOU MORE AND BETTER TUBES

Making a radio tube stem is apparently easy. By gas flames, one merely seals
stem wires and exhaust tube into a glass flare. High-speed production, however,
raises problems of know-how. Expert adjustment of temperatures and timing 1s
vital. To give you trouble-free performance, there must be absence of glass mal-
formation, strains, cracks—air-tight wire seals—strict adherence to dimensions.

Two girls produce daily 5600 35Z5GT stems on the illustrated stem-maker—
essentially a rotating steel turret with 25 automatically indexing heads. Working
as a team, they insert into a jig the 6 stem lead wires, and drop over them the glass
flare. Each stem wire is fabricated of butt-welded nickel (for support), dumet (for
glass seal), and copper (for connection). The exhaust tube is automatically in-
serted. Gas flames gradually melt and form the flare at 13 consecutive positions—
at 2 positions, jaws press and seal stem wires into the flare.

Compressed air blows clear the exhaust tube inlet. The stem is lifted automati-
cally into the rotating annealer. Strains vanish as distorted glass molecules resume
normal positions. The annealed stem rolls onto the inspector’s table. A stem
former cuts, shapes, and nicks its wires to support the 35Z5GT’s internal elements.

As you watch these intricate operations, you are impressed by controlled
quality at high speed. Again you realize the know-how built into millions of
Hytron tubes pouring out to you.

RN

R P

SPECIALISTS IN RADIO RECEIVING TUBES SINCE 1921

MAIN OFFICE: SALEM,

MASSACHUSETTS
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BAKELITE CORPORATION, Unit of Union Carbide and Carbon Corporation /48 30 East 42nd Street, New York 17, N. Y.

ELECTRONICS — December, 1946
| :

WIRING —miles of it—is what keeps the
Great White"Way aglow. And every mile of
that wiring...particularly in the labyrinth of
neon circuits...presents a tough problem in
insulation. A problem made-to-order for
BAKELITE Polyethylene!

“Spectacular” is none too strong a word
for the job of insulation performed by
BAKELITE Polyethylene! So light it floats on
water, this plastic is so high in dielectric
properties that wire and power cable of ex-
tremely small cross-section can be used to sup-
plant older, bulkier, harder-to-handle types.

Polyethylene insulation has exceptional

o0

moisture and chemical resistance...an ex-
tremely low water-vapor transmission co-
efficient...it is inherently flexible and exten-
sible...and possesses a wide temperature
working range.

These are some of the reasons why
BAKELITE Polyethylene insulation is winning
its way into scores of new electrical applica-
tions . .. particularly where long service in
exposed locations and small-diameter flexi-
bility are all-important. Write to Department
BJ-18 for complete information, technical
data and, if you require them, experimental
samples of BAKELITE Polyethylene.

BAKELITE

TRADE-MARKS
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INSULATED

THIS chart gives a complete selection of dependable,
compact Erie general-purpose Ceramicons. Specially
priced, these time-proven units are made for such appli-
cations as coupling and by-passing where temperature
coefficient is not important —in other words for all receiver
applications except in frequency determining circuits. For
the latter type of applications the regular line of tempera-
ture-compensating Ceramicons is available.

Ceramics have been proven to be the best dielectrics

—Erie Ceramicons have been proven to be the best in
ceramic condensers. Use them to your advantage.

F‘ -, " I :‘m—.!: s
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NON-INSULATED
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¥
—— —| A F
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INSULATED

UNITS STAMPED WITH CAPACITY AND TOLERANCE
Max. Overall Dimensions

A B
GPIK. GP2K .250” 562"
Insulated GPIL., GP2L .250" Pton W
GPIN. GP2N 340" 1.328"
GPI1A, GP2A .200” 400"’
GI:IB, GP2B .200"’ 656"
Non-Insulated GP2C .265" 1.125"
GP2D 360" 1.110"”
GP2E 360" 1.560"’
GP2S .230” .860"

*Ceramicon is the registered trade name of silvered ce-
ramic condensers made by Erie Resistor Corporation.

58

g Z v
> =| Ouw w3
3 ul lugZ| 32| B
Ys zx lede x 206

Eoo>mLl Ea :

a Weao |35 0 X 5

o ,,,o O U

v AR " 5
. iz

o | GPIK |1 | 500 | 0.17%

GPIA N | s00 | 017%

12 | GPIK 1 | s00 | 016%

GP1A N 500 0.16Y

1s | GPIK 1 | s00 | 015%

GP1A N | 500 | 015%

18 | GPIK 1 | 500 | 0.14%

GP1A N | s00 | 014%

20 GPi1K 1 500 0.13%

GP1A N 500 0.13%

22 | GPIK 1 | s00 | 012%

Cpia | N | s00 | 0127

24 | GPIK 1 | s00 | 0127

GP1A N | 300 | 0127

25 | GPIK 1 | s00 | 0129

Cpia | N | s00 | 012%

27 | GPik 1 500 | 0117

GP1A N | s00 | o

30 GP1K 1 500 0.1

GP1A N | s00 | 019

33 GP1K I 500 0.1%

GP1A N 500 0.1%

39 GP1K I 500 0.1‘70

GP1A N | s00 | 019

47 | GPIK 1 | so0 | 01%

GPIA N | so0 | 017

50 | GPIK 1 | so0 | 017

Cpia | N | 500 | 019

st | GPIK 1 | s00 o.xg,

GP1A N | s00 | 01

68 | GPIK 1 | so0 | 019

GP1A N 500 0.19,

75 | GPIK 1 | so0 | 01%

GPIA N 500 0.1%

100 | GPIK 1 | s00 | 01%

GP1A N 500 0.1%

GPIL 1 | s00 | 01%

120 | GP2K 1 | s00 | 30%

GP2A N | so0 | 30%

1s0 | GP2K I 500 | 3.0%

GP2A N | s00 | 307

GPIL 1 | so0 | 019

GP1B N | 500 | 01%

180 | GP2K 1 500 | 3.0%

GP2A N | 500 | 3.0%

200 | GP2K 1 | s00 | 30%

GP2A | N | 500 | 30%

220 | GP2K 1 | so0 | 30%

GP2A N | 500 | 30%

240 | GP2K 1 500 | 3.09

GP2A N | 500 s.ogf,

250 | GP2K 1 | s00 | 30

GP2A N | s00 | 309

270 | GP2K I 500 | 3.0%

GP2A N | s00 | 3.0%

300 | GP2K 1 | s00 | 309%

GP2A N | 500 | 309

330 GP2K I 350 3.0%

GP2A N 350 3.0%

390 | GP2K 1 | 350 | 30%

GP2A N | 350 | 3.0%

470 | GP2K 1 | 30 | 30%

GP2A N | 350 | 3.0%

GPIM ) 500 | 01%

500 | GP2K 1 | 350 | 30%

GP2A N | 3508 | 3.0%

GPiM . 500 | 0.1%

510 | GP2K 1 | 30 | 3.0%

GP2A N | 350 | 30%

GPIM 1 500 | 0.1%

680 | GP2K 1 | 350 | 3.0%

GP2A N | 350 | 3.0%

750 | GP2L 1 | 350 s.oz,

GP2B N | 350 | 30

1000 | GP2L 1 350 | 309

Crab | N | 3s0 | 30%

1200 GP2L I 350 3.0%

GP2B N | 350 | 30%

1500 | GP2L I 350 | 3.0%

Cpag | N | 350 | 309

1800 | GP2M 1 | 30 | 3.0%

GP2s N | 350 | 307

2000 | GP2M I 350 | 3.09%

Cr2s | N | 350 | 30%

2200 | GP2M 1 | 3% s.oz.,

GP2S N | 350 | 3.0%

2400 GP2M I 350 3.0%

Crzs' | N | 350 | 307

2500 | GP2M I 350 | 3.0%

GP2S N | 350 | 30

2700 | GP2M 1 | 350 | 30

GP2S N | 350 | 3.0%

3000 GP2M I 350 3.0%

GP2S N | 350 | 3.0%

3300 | GP2M 1 | 30 | 309

GP2S N | 350 | 30%

4000 GP2M i 350 3.0%

GP2S N | 350 | 30%

GP2M 1 | 350 | 3.0%

GP2C N | 350 | 3.0%

GP2M 1 350 3.0%

GP2C N | 350 | 30%

GP2M 1 350 3.0%

GP2C N 350 3.0%,

Ge2D | N | 350 | 30%

GP2D | N | 350 | 3.0%

GP2E N | 350 3.0%

GP2E N | 350 | 30
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RA-151 REPRODUCER B

h FF%
N

‘ RD-151 REPRODUCER
Now you can hear ALL program material at its =~
best with the new JENSEN Coaxial Reproducers

% Two articulated, coaxially mounted speakers

¢ JENSEN Bass Reflex* Cabinets for full low register

% High-Frequency Range Control for all-purpose flexibility
% Beautifully styled walnut and utility cabinets

% Built-in Frequency-dividing Network

e
o Y 23
il s i TR

*Trade Mark Registered

Never before have you been able to buy such performance . . . such
. versatility . . . at so low a cost. JENSEN now brings you the ultimate
in reproducers with top performance so fine, so nearly ideal acousti-
cally that obsolescence is eliminated for years to come. Yet you can
instantly adjust response for most pleasing results with every type
of program material in use today. Ideal for professional and home
use for FM-AM reception and monitoring, transcriptions, commercial

5 | . )
/ - phono records . . . for practically every moderate-level high-quality
y £ ! application,

x
JENSEN MANUFACTURING CO., 6607 S. Laramie Ave., Chicago, U.S.A.
In Canada: J. R. Longstaffe, Ltd., 11 King St., Toronto

Jensen High Fre-
quency Control HIGH FREQUENCY .
gives you the CONTROL
kind of repro- - ¢ : S
duction you : g
;avant :vhen you want it s dltlx éhle way ~§ B S
rom two-way system high fidelity to IR :
conventional " single speaker perform: - ‘ SPEAKERS WITH i
::lcle' oNow you can adjust for best re. 0 0

s on eve YOgIam, Gy )
aulls on every program, every fecord_.\_:_ o Descgners and Manefactures A l N ’ . i
{ . : A o/ Fine dcowstec (ggmqunml

Lo WITH
HIGH-FREQUENCY
RANGE CONTROL

el
5

—
e e 4
A IR

BIRETE

§ 7
mnf,yf »
A,

PG AT
IR

e et e T T e

JENSEN
BASS REFLEX:

Acoustically-correct
Bass Reflex Cabinet
gives smoothly ex-
tended low register.
Better than aninfinite”
baffle . . . efficiently
uses back radiation too.

USES ‘‘2-WAY’™' PRINCIPLE

NETWORK

HIGH FREQUENCY
L T1

HIGH |
s |/
FILTER

TWO-WAY

Separate coaxially-mounted s
peakers

for low and high trequencies, with in- SYSTEM tow sQuCY o SR

tegral two-channel network. (Range

control not shown.)
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...use GENERAL PLATE I_.aminaé Metals

Designers, fabricators, manufacturers needn’t worry about rising SHEET . . . Available with precious
silver prices because General Plate Laminated Metals give you all the
performance characteristics of solid silver at unusually low cost.

l Because General Plate Laminated Metals . .. sheet, wire and
tube . .. are permanently bonded laminations of a thin layer of
precious metal to a thicker layer of base metal, they give you precious =L .
metal .perlformance at a cost slightly higher than the inexpensive metal combinations also available.
base metal.

In addition to 'economy, General Plate Laminated metals are
easier to work, have high corrosion resistance, provide better
electrical conductivity, are easier to fabricate, have better spring

Overlay pre-
cious metals,
one side or
both sides,
aany thickness. /

Base metal...
steel, copper, L___
aickel, etc.

metal on one side, both sides or
wholly covered, inlaid and edge laid
in practically any combination of
precious to base metal. Base to base

TUBE . . , Solid precious metal; lam-
inated precious to base metal lined,
or covered one side or both in a wide

properties, and provide structural and mechanical properties not range of diameters 40 pac Phghe
found in solid precious metals. WIRE . . . Shaped, solder filled,
, Investigate General Plate Laminated Metals, today. Our engi- channel, solder flushed, squares,

neers are available for consultation on your metal problems. Write: flats, ovals and irregular shaped
; :

GENERAL PLATE DIVISION

of Metals and Controls Corporation

ATTLEBORO, MASSACHUSETTS

60 December, 1946 — ELECTRONICS




THE IDEAL HAND
INSTRUMENT FOR ANYONE
WORKING WITH R.F. —

Field is received by capacity pick-up, rectified
and registered by Weston 506 meter in linear
relative units. Use for the quick detection of
standing waves, shielding and r.f. choke leaks
and circuit tracing for r.f. in all radio frequency
equipment and associated components, without
inducing interference. AM, FM, and television
transmitters up to 1500 megacycles, electronic
heating and soldering equipment, antennas and
transmission lines, diathermy apparatus and other
r.f. units can be checked throughout. An ex-
tremely valuable troubleshooting aid in seeking
out causes of lowered operating efficiency, dam-
age or interference to neighboring equipment and
components, radio interference and escape of r.f.
into power lines.

SIMPLIFY YOUR PROBLEMS
WITH THE NEW

PRICE

$26.50
IN U.S.

Probe element measures 3,” in diameter, 5" in length, overall
length 11”. Aperature in handle permits hanging Probe near
transmitter antenna leads for measuring r.f. output to aid in
tuning adjustments. Probe tip is insulated sufficiently for
probing into high voltage circuits. Accidental overloads up to
10 scale lengths will not damage the instrument. Molded case.

Weight 13 oz.

RADIO FREQUENCY LABORATORIES INC.

BOONTON,

NEW JERSEY

DISTRICT REPRESENTATIVES

Beedle Equipment Co. Knoxville 9

Arthur L. Pollard Pittsburgh 22 Russell F. Clark Co.

Albany 7  Schiefer Electric Co., In¢. Cincinnati 2
100 State St.
Atlanta 3 E. A. Thornwell
217 Whitehall St. S. W, Cleveland 14
Boston 16
Cowperthwait and Brodhead ]
126 Newbury St. aliges
Buffalo 3 Schiefer Electric Co.
527 Ellicott Square Denver 2
Charlotte 12 Russell Ranson
116, East Fourth St. Detroit 2

Canada Northern Electric, Ltd.

P. O. Drawer 370
Montreal 3, Quebec
{Offices in larger Cities)

ELECTRONICS — December, 1946

Jacksonville 2

406 Elm St.
Ambos-Jones Co.
1085 The Arcade
T. C. Ruhling Co.

5020 Bradford Drive
Peterson Co.

1921 Blake St.

T. S. Cawthorne

312 Boulevard Bldg.
Ward Engr. Co.

302 Hildebrandt Bldg.

514 21st St.

Edward S. Sievers
5171 Hollywood Blvd.

Los Angeles 27

Minneapolis 2
Geeseka & Pinkney Co.
522 Plymouth Bldg.

New Orleans 12 W. I. Keller
304 Natchez Bldg.
New York 18 RFL Sales Co.
185 Madison Ave.
Phoenix ]. E. Redmond Co.

400 W. Madison St.

1404 Clark Bldg.

Rochester, N. Y. Schiefer Electric Co.
311 Alexander St.
H. C. Held

420 Market St.

San Francisco 11

Seattle 4 Eicher & Bratt
263 Colman Bldg.

St. Louis 1 C. B. Fall Co.
317 No. 11th St.

Syracuse 2 Schiefer Electric Co.

204 State Tower Bldg.

6l
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WITH A
CAPITAL INVESTMENT
OF $0,000.00

Paul and Beekman Division special-
izes in economical, large-volume pro-
duction of radio and electronic parts.
We have the skilled personnel and the
machines necessary to produce all types
of standard parts, or items tailored to
individual specifications.

Panl and Beekman Division manufactures all types of
drawn cans and bousings from aluminum, steel, copper,
stainless steel, etc.

When you make Paul and Beekman
your parts division the initial investment
is' zero . , . and the long-run costs are as
low as large-quantity production and good
organization can make them. You get
parts of highest quality . . . and you get
them when you want them.

Paul and Beekman engineers are avail-
able for consultation, without obligation.
‘Write us concerning your requirements.

Paul and Beeknan Division mantfactures all types and
sizes of chassis and sub-assemblies, in large quantities.

nd BEEKMAN @W 1810 COURTLAND ST., PHILADELPHIA 40,
RTABLE PRODUCTS CORPORATIO

‘ . LAWN MOWERS e ELE :
UFACTURERS op CTRICAL APPLIANCES & PRECISION STAMPINGS
. Srfobhid _ JNDUSTRIAL INSTRUMENTS e RADIOS e SAFETY EQUIPMENT _

s

Ut

‘
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Commercial airlines and owners of executive
type planes have found that the Collins 18S-1
gives them the dependable long range communi-
cation they want. They are able to establish and
maintain firm contact with ground stations, even
under adverse conditions.

The 18S-1 delivers more than 100 watts of
power on any of twenty crystal controlled fre-
quencies.  The receiver section, of superhetero-
dyne design, also has twenty crystal controlled
frequencies. Frequency range is 2.7-12.0 mc. After
the equipment has been pretuned to desired
channels, all frequency selection is automatic.
Remote control is provided.

A single 115 ATR unit cabinet contains the

IN RADIO COMMUNICATIONS, IT'S . . .

74N =
RYC §, PARATE
€

~ The Collins 180K-1
‘Antenna Loading Unit

¢

transmitter, receiver, and dynamotor power sup-
ply. The receiver operates directly from the 28
volt d-c power source. Weight, including shock-
mount, is 60 pounds.

Other models:
The 185-2 includes C W facilities.

The 18S-3 includes CW facilities and has a
frequency range of 2.7 to 18.0 megacycles.

The 180K-1 antenna loading unit efficiently
transfers the power output from an 18S to any
standard commercial fixed antenna. Remote con-
trolled, pretuned operation for ten channels is
prowvided. Nominal input impedance is 50 ohms.
Weight 12 pounds. Size 12" w, 715" h, 1612" d.

%

COLLINS RADIO COMPANY, CEDAR RAPIDS, IOWA

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

458 South Spring Street, Los Angeles 13, California

JJ ELECTRONICS'— Décember, 1946
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£CECTRICAL INSULATIO

g ;
FOR B7 YEARS

~ to bring the dielectric rating up to 1500 volts.

TRIPLE STRENGTH is built up with coats of especially flexible insulation varnish for dielectric

" IMPREGNATED is the Optimum in Superiority for high gloss, non-

M-R FIBERGLAS {INORGANIC) VARNISHED TUBINGS ARE
MADE IN FOUR GRADES — STANDARD, DOUBLE SATURATED,
TRIPLE STRENGTH AND IMPREGNATED.

Cas T AN

STANDARD GRADE has maximum flexibility, is treated with a minimum of varnish and récom-

“mended for high temperatures where dielectric strength is not a factor.

DOUBLE SATURATED has all qualities of the Standard Grade but with additional coats of varn‘is}; }

ratings up to 2500 volts and is particularly suited where assembly operations include the possibility
of rough handling. b _

Hydroscopic, resistance to high temperatures, oils, acids, etc. IMPREG-
NATED has a dielectric rating beyond 7000 volts and is unequalled
for Long Life Under Most Severe Conditions. Write For Samples.

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

‘Write today for your free copy of the M-R WALL CHART with its engineering 55
*°b|9': electrical symbols, carrying copacities of conductors, dielectric aver-
ages, thicknesses of insulating materials, tubing sizes, tap drills, etc

MITCHELL-RAND INSULATION COMPANY, INC.
51 MURRAY STREET COrtlandt 7-9264 NEW YORK 7, N.Y.

Fiberglas Varnished Tape and Cloth A PARTIAL LIST OF M-R PRODUCTS Fiberglas Braided Slcevit{q

Insulating Papers and Twines Fibergl turate H and Sleev

g ] glas Saturated Sleeving, Varni Tubi (13 T Webbin n [
I ik ok i 1 ing, Varnished Tubing ::o on Tapes, eisbl qsi | ir
Cable Filling and Pothead Compounds Asbestos Sleeving and Tape mpregnated Varnish Tubing

:’:l::;::r:ze(::':p:s:\:: \’I:rnished Cambric Cloth and Tape Insulating Varnishes of all types
ica Plate, Tape, Paper, Cioth, Tubing Extruded Plastic Tubing
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Another first! . o
This is the long-awaited Hallicrafters SX-42, a truly great

; in. communications receiver. The tremendous frequency
B re a t e St cﬂ “t l n range of the SX-42, greater than ever before available in

' a receiver of this type, is made possible by the develop-
u 0 u s 1 re qu e n cy ment of a new ‘‘split-stator” tuning system and the use

of dual intermediate frequency transformers. Packed
0 0 ' e Id ge ot d | y with advance features that every ham and every other
. . radio enthusiast desires, the SX-42 clearly lives up to

c om m U n | c a“ on S the Hallicrafters ideal of “the radio man's radio.”
. From now on watch Hallicrafters —the name that’s
— remembered by the veteran, preferred by the radio ama-
r e c e I v e r ‘ “] m teur. See your distributor for demonstration of the SX-42

540 kc tu ‘HU Mc and for colorful literature describing this great set in

complete technical detail.

Because of the pre-
cise and thorough
engineering that
must be done on the
SX-42 and because
the parts supply
has not been con-
tinuous, top produc-
tion peaks have not
yet been reached.
In the immediate
future deliveries
will necessarily run
behind the demand,
but the SX-42 is
definitely worth
waiting for.

Amateur Net & hallicratters ranio

Adjustable Base ' THE HALLICRAFTERS CO., MANUFACTURERS OF RADIO

f #“ . ” ! T AND ELECTRONIC EQUIPMENT, CHICAGO 16, U. S. A.
or "eye-an g'e y NI Sole Hallicrafters Representatives in Canade:

Rogers Majestic Limited, Toronto-Montreal

tuning No. B-42
$7.50 approxIMATE

BUILDERS OF
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Nlho... they're designing a new ;

Although there’s an Adlake Relay for 999 out of 1000 }
jobs asionall i — em— '

control jobs, occasionally our engineers bless ‘em HOW ADLAKE RELAYS WORK

are asked to design one for new or unusual applications.

Helping you solve your out .of-the-ordinary problems
is a specialty of ours. Just as giving dependable, trouble-
free service is a specialty of Adlake Plunger-type Mer-
cury Relays.

LOOK AT ALL THESE ADVANTAGES!

€@ Hermetically sealed contact mechanism; impervious
to dust, dirt, moisture.

ENERGIZED—Coil C pulls
plunger P down info mercury
M. Mercury thus displaced en-
ters thimble T through orifice
O. Inert gas in thimble gradu-
ally escapes through ceramic
plug CP.

Mercury now fills thimble

Liquid mercury-to-mercury contact; no burning, T, is completely leveled off

pitting, sticking; positive in action, chatterless,
silent.

and mercury-fo-mercury con-
tact established between elec-

3 . ! y 5 trodes E and EE. Degree of
9 Armored against outside vibration or impact; de-

signed for either stationary or moving equipment.

Write today for free, illustrated Adlake Relay folder! i

Gl

Tur Apans & WESTLAKE CoMPpANY

ESTABLISHED IN 1857 ELKHART, INDIANA NEW YORK - CHICAGO

porosity of ceramic plug CP

determines time delay.

MANUFACTURERS OF ADLAKE HERMETICALLY SEALED MERCURY RELAYS FOR TIMING, LOAD AND CONTROL CIRCE

6b
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500 to 1350 Mc!

Here it is—a compact, highly-practical UHF signal
- generator for general Jaboratory use. '

The -hp- model 610A Signal Generator is an
outstanding addition to the -hp- family. It is de-
signed to provide an extremely stable laboratory
standard for tests and measurements between 500
Mc and 1350 Mc. Throughout these frequencies
it supplies accurately known voltages ranging
ftom 0.1 microvolt to 0.1 volt. R-f output may

be continuous, amplitude modulated, pulsed, or
square-wave modulated. Pulse length can be con-
trolled between 2 and 50 microseconds, and pulse
rate is variable from 60 to 3000 times per second.

bp LABORATORY

INSTRUMENTS

Another Great -hp- Anstrument

The -hp- model 610A is particularly valuable in
the UHF field when determining gain or align-

ment, antenna data or standing wave ratios. It is
admirably suited to measurement of single-stage
or conversion gain, signal-to-noise ratio, circuit
“Q,” and transmission line characteristics.

This war-born instrument, complete with post-
war refinements and easy-to-operate controls, is
now ready for delivery. Write today for more de-

tails of this important new -bp- instrument!

HEWLETT-PACKARD COMPANY

1324A PAGE MILL ROAD, PALO ALTO, CALIFORNIA

FOR SPEED AND ACCURACY

5 ELECTRONICS — December, 1946
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Typical discharge applica-
tion—the ‘‘Syncrotflash’’'—
AC operated light-weight
100-watt-second high-speed
photo-flash apparatus,

S8 o | 2 Y 4
Maxlmum Storage Capacny per Ounce and Cubu: Inch...

AEROVOX SERIES PX %Wffmﬂ CAPACITORS

o s

® Interested in storing a large amount of energy
SRy v ol Energy- in a small space—and at low cost, first and last?
" If so, Aerovox Series PX Energy-Storage Ca-
B MR 3 pacitors are your logical choice. Here's why:

’ Light. Fast discharge. Easily installed. Excep-
tionally rugged mechanically and electrically.
Time-proven Hyvol impregnant and fill for the

T
[*N
-
[ =4
(=
(=)
<
(]
—
[=Y
o
Q

ENERGY STORAGE® CAPACITORS
PREFERRED RATINGS

WATTS VOLTS _ E TYPE NO. | DIMENSIONS HT. uE generously-proportioned paper-and-foil sections,
& b _ — insures dependable service and longest life. Posi-
22. 1.5 KVDC peak | PXIOF1 | 2V x 3% x4% 2% tivelv th ) ith min;
, ive e maxi -
=5 18 PX13D1 | 4-9/16 x 3% x 4% 4% b4 -x mum energy-storage with minimum
bulk and weight.
50 20 - PX14D2 | 4-9/16 x 3% x 4% 4% Pref 4 1
referre
o s e P T s g lrafnngs available for prompt delivery,
‘ are listed at
s  a E porannp | wxamieasziniSs o4 il eft. Other ratings can be designed and
Pp. made to o
550 qm, e = PX22F1 | SVe x 1315 x 13 o © order for exceptional requirements.
100 40 v PX20D1 | 4-9/16x 3% x 4% 4% . . )
1 ® Our engineers will gladly discuss the advan-
500 | 4.0 PX32F1 | 5V x 1312 x 13 63 tages of Aerovox Energy-Storage Capacitors as
T - Stored Eneray Vs CE- Warts.Seconds (C in farade) applied to your specific problems or needs.

FOR RADIO-ELECTRONIC AND
INDUSTRIAL APPI.ICA'I'IONS

_—— E— ~ = = e T

'n-SM.ES OFFICES IN ALL PRINCIPAL CiTIES o Expurt 3L Gntq s;, )t!'fou 16, l. ”
ARLAB' o In Canada:’AE ' g
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INHAT ALSIMAG IS:

‘AISiMag is the trade name of a large family of
technical ceramic compositions. These compo-
itions have different physical, electrical, me-
i-hanical and chemical characteristics. AlSiMag
arts are custom made to specifications.

WHAT THE CHART TELLS:

The properties of the more frequently used
AlSiMag compositions have been accurately
jetermined and reproduced in chart form for

o '
DIELECTRIC SIRENGTH

24 5m

yjuick reference.

IALSIMAG COMPOSITIONS NOT ON CHART:

iMany special AlSiMag compositions have been
ideveloped to meet specific conditions. These

are too numerous to chart. If chart indicates gen-
aral characteristics of value, modifications to S vt 2
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LOS ANGELES, 324 N. San Pedro St., Tel: Mutual 9076 £ § and electrical applications; as gas burner tips; “:?m.,‘
RI(AH v flame nozzle tips; for oil burner ignition insula- L‘_%:';:‘
tors; spray nozzles; as thread guides for abra- I
sive yarns; as exirusion or spinnerette heads in 2
.

certain fibre or chemical processes; as cores
and inserts for precision castings; in work
holders for electronic heating devices—in short
wherever electricity, heat, chemical or certain
abrasive or friction conditions must be con-

Printed one side only, folded to file size. For use under
desk glass or as a wall chart or in standard file,
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One of these Chatham tubes may

solve your rectifier problem
~ 3IB2S mevium poweR RECTIERS BOO-R

Operating in a full wave rectifier circuit either of these types will
deliver an output of .5 amps at 3200 volts. The type 3B28 may be
mounted in any position, will operate satistactorily throughout an
ambient temperature range of —75°C to +90°C, and does not
require blowers, heaters or controls to requlate the bulb temper-
ature. Both types feature very rugged construction.

i 25\4E GAS FILLED THYRATRONS 2050
Operating as grid controlled rectifiers, these two types are adapt- :
able to a wide variety of applications. The 2A46G filament requires
only 2 seconds to reach operating temperature and will supply
1.25 amperes peak plate current. The 2050 may be used with high

~ values of series grid resistors and is rated ot 1300 volts peqk in- a;- Ry
verse ploie voltoge. Averuge plute current of either typ% }00 MA.

ﬂ:

h-
Syl

I Tt

UZQ HIGH VOLTAGE | |.0W POWER RECTIFIER
Type 122 is a small bulb high voltage rectifier tube suitable for \‘,\\“\\\1&

television receivers. Its low filament heating power, low capacitance g
and low dielectric loss simplify the design of R. F. power supplies. ‘ s

Two tubes in a voltage doubler circuit will supply 2 MA. D. C. ot
20,000 volts.

Rating: Inverse Peak Voltage—20,000 volts; Filament Vohage—2 volts; Peak Anode
Current, Max.—10 MA; D. C. load, Max.—2 MA; Bulb—Llong Miniature 2% " long.

rite for the new Chatham Catalog!

ice life and incorporate special mechanical
features that recommend them for use
under the severest conditions of shock

m— . . CHATHAM ELECTRONICS also de-
signs, develops and manufactures special-
purpose tubes to meet customer’s specifi-
caton. Inquiries regarding this service
are invited. Catalog will be sent on re-
quest without obligation.

CHATHAM ELECTRONICS

475 WASHINGTON ST, NEWARK 2, NEW JERSEY

ticular advantage in relay stations, unat-
tended transmitters and receivers, etc.

The new CHATHAM catalog—just off
the press—contains technical data on all Also included are grid controlled recti.
CHATHAM rectifiers now available for fiers and inert gas rectifiers. Several of
prompt delivery from stock. All tubes the latter operate under unusual extremes
listed are ruggedly designed for long serv-  of ambient temperature and offer par-
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No electrical equipment can be any better than its insulation
'7'3\"“?"\7",/’"& et |

§
H

RN (| This insulating finish
’ was used on cargo ves-

i ey

{ sels during the war to
protect the efficiency of
vital deck motors

.. .and the same Glyptal
Red is now in wide use
to finish off induction
motors in paper mills and
other industrial plants.

(SENERAL ELECTRIC has long been a leader in the
field of scientific insulation. Better insulation had to come
before each forward step of the electrical industry. When
you specify G-E Insulating Varnishes, you invest in 45
years of experience . .. uniformity assured by G-E Quality
Control ... expert advice on any kind of application. For
details consult your local G-E Merchandise Distributor.
Or write direct to Section RIMA-12614, Resin and In-

sulation Materials Division, Chemical Department, General R ;/.’:i ?NS ; GE \
Electric Company, Schenectady 5, N. Y. T o g ULATING | |
( ; s : V - S : 88
o 90 — @Aﬁﬂ i:.iﬂﬁ/ ’

‘ CD46-17

G. E. OFFERS A COMPLETE LINE OF INSULATING MATERIALS
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CENTRALAB -~
s e iy ¢ CERAMICS

CENTRALAB controls porosity in ceramics. o Centralab controls heat-shock characteristics.
Centralab controls physical strength. « Centralab holds tolerances of + .001” where grinding is feasible.
Centralab is prepared to supply you with ceramics harder than the hardest quartz (71, on Moh Scale).
If you need a versatile ceramic for specialized or standard applications, invoke the magic name of Centralab.

72

Send for Bulletin No. 720

4

Ceramic Trimmers

Bulletin 630
wietn Tubular Ceramic

Capacitors
Bulletin 630

PRODUCERS OF 4/ Radiohms

\\K\) Bulletin 697 Selector Switches
&, Ceramics —G— Bulletin 722

Silver Mica Capacitors Bulletin 720 Ce(umic High Vc.;ltoge Capacitors Ceramic Plate Capacitors
Bulletin 630 7 Bulletin 630 Bulletin 630
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That’s usually good advice whether you want gherkins, or guns or .. Gears!
Here at G.S. we've been specializing for more than a quarter century on
making Fractional Horsepower Gears exclusively. Methods, and manpower,
and machinery . . all have been raised to the highest possible efficiency . . all
concentrate upon producing gears in quantity to a degree of uniform excel-
lence unapproached, we believe, in the history of Small Gear Manufacture.
For your own best interests, submit your fractional horsepower gear prob-
lems to our competent staff. Write today for the new G.S. catalog bulletin.

ELECTRONICS — December, 1946
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Radio Receptor equipment has given the
LaGuardia control tower dependable commu-
nications with more than 2,000,000 flights.

ot

RADIO RECEPTOR EQUIPMENT

AR TR

Radio Receptor equipment controls
traffic 24 hours a day at New York's

LaGuardia Field.

e ———
iRl A i

i
B

3

handles over 2,000,000 flights ariacuaroia

{wi

)

o -
—

ith a military communications background so successful that no Radio Receptor equip-

ment has been declared surplus, we are now working closely with the government agencies

to provide the new commercial equipment so sorely needed by airports and airlines today.

(Right) Receiver unit consisting of 2 fixed frequency crystal
controlled VHF or LF airport receivers, microphone, speaker
panels and remote control. (left) VHF or LF Transmitter unit.

Pleose send me the bulletins checked:

(] ‘'Packaged Radio Station RSV-1" (VHF)

[ “Packaged Radio Station RSL-1"" {low frequency)

[ LF Tronsmitter (Bulletin No. 5009)
] HF Receiver (Bulletin No. 5008)

() VHF Receiver (Bulletin No. 5007A)
[] VHF Transmitter (Bulletin No. 5006)

[] “‘Highwoys of the Air" (the story of airway radio)

Nome

Position

Company

Address

.

City

State
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CONTINUOUS operation at LaGuardia Field gives daily proof of
the reliability of Radio Receptor communications equipment. Radio
Receptor low-frequency equipment shown above has helped handle
an average of 640 flights per day ever since its installation when
the tower was built.

Also at LaGuardia, Radio Receptor VHF equipment was chosen
to serve American Overseas Airlines after thorough testing at dis-
tances up to 225 miles. Like the low-frequency equipment in the
field’s control tower, this VHF gear handles Flagship flights with
day-in-day-out dependability.

DEPENDABLE, LOW-COST RADIO
FOR THE SMALL AIRLINE AND AIRPORT, TOO

Now, Radio Receptor’s “packaged radio station” RSV-1 offers de-
pendable ground-air communications to the small airport and air-
line at a price well within the small operating budget. The RSV-1
is a complete VHF communications system . . . yet it costs less than
a light plane. In two compact cabinets the RSV-1 contains a 50-watt
transmitter, two receivers, two speakers, and remote control unit
... antennas and microphone are also included. The RSV-1 is easily
installed ... it requires no alterations in existing field facilities. It's
easily maintained ... all chassis assemblies roll out of cabinets for
during-operation checks. It's easy to operate . . . one of your present
staff can learn to use the RSV-1 quickly.

Standard Radio Receptor equipment also includes “packaged

low-frequency radio station” RSL-1, 25 to 3000 watt transmitters

and receivers for all ground-air communications bands. Special

Radio Receptor equipment covers all phases of ground-air radio com- |

municauons and navigational aids. Mail coupon today for details.

Communications Division

RADIO RECEPTOR COMPANY, Inc

Since 1922 in Radio and Electronics

251 West 19th Street
New York 11, N. Y.

Export Representatives: RCA International Division, New York
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CONSTANT VOLTAGE IS YOUR PROBLEM

When wide and violent voltage dis-
turbances strike your equipment,
‘do you realize what happens—

' —to costly filaments and tubes?
—to precision parts?

—to sensitive, balanced circuits?
—to over-all efficiency?

—to customer good-will?

Constant Voltage is your prob-
‘lem. You specify on your label the

|voltage at which your equipment

'will perform at peak efficiency and

I‘without damage. But, unless you
{provide that voltage as a “‘built-in”

b

}

|

SOL

component it will never be con-
sistently available.

A SoLa Constant Voltage Trans-
former can be “built-in” without
saddling your equipment with pro-
hibitive costs. In fact, there are
many instances where it has been
accomplished. at an actual saving
over original design estimates,
through the elimination of other
costly components and drastic
reductions in anticipated service
calls during the guarantee period.

There are 31 standard types of
SorLa Constant Voltage Trans-
formers available in capacities

CordZnit Votliage

TRANSFORMERS

ranging from 10VA to 15KVA. If
none of these prove suited to your
requirements, special units can be
custom-designed to your exact
specifications.

Write for Bulletin DCV-102
Here you’ll find the answer to
a problem that confronts every
manufacturer and user of elec-
trical or electronic equipment.

' Yransformers for : Constant Voltage + Cold Cathode Lighting « Mercury Lamps Series Lighting + Fluorescent Lighting « X- RoyEqunpment . LumanUSTUbe Slgns

Oll Burner Ignition « Radiq « Power « Controls « Signal Systems « etc. SOLA ELECTRIC COMPANY, 2525 Clybourn Avenue, Chicago 14, lllinois
Manufactured in Canada under license by FERRANT1 ELECTRIC LIMITED. Toronto

| ELECTRONICS — December, 1946
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“PRESS OUTPUT 5
REJECTS CUT TO THE VANISHING POINT’

INCREASED 207

. . - reports Internahonal Molded Plastics on results wit

erator, heats a six-pound charge
every minute and supplies several
molding presses.

THESE PRESSES (below) mold th
electronically heated preforms ing
radio cabinets ranging in weigh
from 1% 10 4!4 pounds. Often
two cabinets are molded simul
taneously in the same press.

RADIO CABINETS VIA ELECTRONIC
HEAT. The RCA 15-kw, Model
15-B, r-f generator (background)
used by Internarional Molded Plas-
tics for high-speed, uniform pre-

RADIO CABINETproduction boosted
30 to 50 per cent; substantial material
saved by big drop in rejects; product
quality distinctly improved; mold
wear and pin breakage practically
eliminated—that’s the record of elec-
tronic preheating at International
Molded Plastics, Inc., Cleveland,
Ohio.

Molders in every part of the country
are turning to electronic equipment
to assure high-speed, uniform pre-
heating of plastic materials. Because
ideal plasticity is assured, molding

76

heating of plastic preforms.

pressures can often be reduced 30 10
40 per cent; press closing is faster
(as much as 75 per cent).

The easy flow of the plastic mate-
rial throughout the mold cavity—es-
pecially in intricate molds—decreases
mold stress, increases mold life.
Higher preform temperature reduces
the amount of heat which the mold
must supply, cuts curing time. Poros-
ity, warpage, and distortion are re-
duced; greater product strength,
dlmensmnal stability and closer toler-
ances are assured.

ELECTRONIC HNEATING

RADIO CORPORATION of AMERICA

ENGINEERING PRODUCTS DEPARTMENT. CAMDEN N.J.

in Canada; R C A VICTOR Company Limited, Montreal

RCA electronic heating equipment
specially designed for the plastics in-
dustry, offers a long list of advantages
to the molder. The fully automatic,
RCA 2000-watt unit (Model 2B) has
set the design standard for the in-}
dustry. Other pace-setting electronic
power generators are available in
ratings up to 100 kilowatts. For com-
plete product and application infor-|
mation relatmg to your preheaungl
problem, write to the Electronic Ap-

paratus Section, Dept. 30-L, Radiof
Corporation ofAmerica,Camdc'n,N.J.l

Y

W
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If you design or build electronic equipment no.

smaller than a handy-talkie, no larger than a
50 KW transmitter there are JOHNSON compo-
nents “your size.” Many of the small parts above
find application in circuits operating at battery
voltages. The miniature socket for instance is a
modification of a predecessor that floated down
over Europe in a handy-talkie with the para-
troopers. They're catalog items with the excep-
tion of theterminal boards which typify JOHNSON
ability to manufacture special assemblies quickly,
‘easily and economically. The miniature condens-
er is an inch and half overall, has .015” spacing,

HJolinson Producte Tnclude

12 mmf. maximum and 3 mmf. minimum capac-
ity. On the large side of the condenser family
are the pressurized nitrogen-dielectric condensers
offering RMS voltage ratings to 30,000 V capaci-
ties to 10,000 mmf., and highest capacity to
mounting space ratios. Similar comparisons might
be made with the other JOHNSON components.

Between the large and small above there’s a big
JOHNSON line from which to choose. Check the
list below for parts you need. You'll find them
carefully designed, skillfully manufactured. For
more information write department D today.

Condensers ® R.F. Chokes ® Connectors ® Pilot and Dial Lights

Directional Antenna Equipment @ Inductors © Q Antennas ® Plugs & Jacks

JOHNSON

a éamoaﬁ name: (n }Qdc{iq

Broadcast Components ® Tube Sockets @ Insulators ® Hardware

. F. J OHNS ON cC O., W A S E C A, M I NNTESOTA
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" NEW V-H-F
POWER TRIODE
JOR 10-KW FM

TYPE GL-5518

RATINGS

Filament voltage

6.3 v
Filament current 250 amp
Grid-plate transconductance 12,000 mhos

Interelectrode capacitances:
Grid-filament 28.5 mmfd
Grid-plate 20 mmfd
@ High power output—see ratings!—yet forced-air Plate flo e 9=ty
L LY Frequency at max ratings 110 mc
cooled for convenience of installation. Typs of caaling forced air
@ Frequency up to 110 mc at max plate input. Plate ratings per tube, Class C power am-
plifier, grounded-grid circuit (key-down
@ Ultra-modern in design and electrical charac- conditions without modulation):
teristics. Max voltage 7,500 v
. Max current 2 amp
@ G-E Ring-Seal construction gives large terminal- Max input 12 kw
contact areas. Max dissipation 4 kw
USEFUL POWER OUTPUT, typical opera-
' COMPACT and sturdy. Built to ‘‘take it"” in hard tion (at 6,000 v and 1.3 amp) 6.4 kw
station service.

ROADCAST stations that prefer forced-air To these features should be added:
cooling, and builders of transmitters for this
type service, both will welcome General Electric’s
Type GL-5518 triode—a NEW v-h-f tube with
plenty of power, modern in every way, able to

1. Extremely low lead inductance.

2. Minimum r-f losses due to silver-plating
all external metal parts.

meet the exacting demands of FM with plus- 3. Topnotch electrical efficiency from gen-
marks for its performance. erous ring-seal terminal-contact areas.

A pair of GL-5518’s, operating conservatively Let G-E tube engineers work with you to apply ,
in a grounded-grid amplifier, will put out more the GL-5518 to new equipment for the big FM ‘
than 1214 kw of power. Uswally the GL-5518 need's broadcast market that favors air-cooling, Phone q
no neutralization in grounded-grid circuits; but. your nearby G-E office, or write Electronics De-
when required, a small amount of fixed neutrali- partment, General Electric Company, Schenectady
zation suffices over a wide frequency band. 5, New York. :

IC

GENERAL @ ELECTR

FIRST AND GREATEST NAME IN ELECTRONICS
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INSTANT

ACTI

The New Model A shaded pole induction
type motor. 1/30th horsepower, size 2%inches x 4%
inches, for voltages up to 220 ond frequencies of 50
or 60 cycles. Suvitable for driving fons, and for continuous
or intermittent duty.

Alliance Powr-Pakt Motors are manufactured in shaded pole
induction, and split phase resistor type. Rotings range from less
~ than 1/400th up to 1/20th horsepower.

New uses for the Powr-Pakt line! Heating ond ventiloting
controls, opening and closihg valves, rotating

~ fans, electronic and electric controls, s

signals, avtomatic dispen-

_ sers; turntable drives,

W avtomatictuning de-

3 viées. radio controls,

:.-—-"'_— T

Modern design calls for “'tailored power”

Alliance motors are rated as low as
1/400th h.p. on up to 1/20th h.p. They
are small, compact and some weigh
less than one pound. They furnish eco-
nomical driving energy to meet the
special demands of small loads. Some
are uni-directional—others are rever-
sible—some are for continuous duty—
others for intermittent operation.

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

WHEN YOU DESIGN— KEEP “.“
MOTORS IN MIND

ALLIANCE MANUFACTURING COMPANY ®

ELECTRONICS — December, 1946
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Design |
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ACTUAL SIZE 1 MF, 200 WVDC

rl:DAY’S trend to ultra-compact electronic
designs strides forward with this remarkable,
new Solar development in truly tiny paper
capacitors.

SOLITE* Capacitors, utilizing a unique, revo-
lutionary self-healing metallized paper construc-
tion, occupy approximately one-third to one-
fourth the volume of equivalent conventional
aulti-paper capacitors. There is a similar saving
m weight.

A comparison of typical ratings in tubular
types tells its own story:

Dimensions in Inches

Cepacitance WVDC SOLITE

Conv. Design Weight in Ounces

Length | Diem. | Length | Diam. |SOUTE|Cenv.Designt

0.1
0.5
10
1.0

200 £ % 1% Ya | 0.08 0.32
200 W% e 2 We | 013 075
200 L) Ya 2% e | 0.26 135
400 2% Wi 2% 1 0.69 1.75

1 Based on aluminum foil construction. Lead foil capacitors will be still heavier,

* Trade Mark

SOLAR CAPACITORS W%

Solite Capacitors are fully protected by U. S. letters patent and patents pending.

SOLITE* Capacitors are available in both non-
metallic and metallic housings in standard d-c
voltage ratings up to 400 volts. SOLITE* Capac-
itors are also supplied for alternating current
applications.

Pilot quantities of SOLITE* Capacitors may
be had immediately. Solar is prepared to discuss
delivery schedules of production quantities for
your use in those specific applications where
you can take best advantage of this important
new advance in the capacitor art.

Full details of SOLITE* Capacitors may be
obtained on letterhead request from: Solar
Manufacturing Corporation, 285 Madison
Avenue, New York 17, N. Y.

‘“WHEN SPACE IS TIGHT,
USE SOLITE"

| SOLA

“Quality Above All”

December, 1946 — ELECTRONIC.
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MAGUIRE

INDUSTRIES

I NCORPORATETD

INDUSTRIAL SALES DEPARTMENT
~ 936 . MICHIGAN AVENUE « CHICAGO II, ILLINOIS

L.MEISSNER-THORDARSON-RADIART
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ELECYR!CAL CON

DATA BOOK
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A Summary of Contents

Fundamentals of Electrical
Contacts

Selection of Contact Materials

Contact Design, Assembly
Methods and Maintenance

The Automotive Battery Igni-
tion Systems

Contacts for Low Voltage Type
Voltage and Current Regu-
lators

Contact Materials in Circuit

Breakers

Sliding Contacts

Fundamentals of Electricity for
Contact Applications

Miscellaneous Tables — Engi-
neering Data

82

ATERIALS ¢ pESIGNS
AND AFS‘\ICAYION!

55 of Its Kind . ..

P. R..MALLORY & CcO., Inc.

EVERYTHING YOU WANT TO KNOW | |
ABOUT ELECTRICAL CONTACTS

N

TACY

The First Book

L1l
1]

Competent, Complete!

Until recently there was very little published information on electrical
contacts. What information existed was scattered in magazine articles
and in two obscure books published abroad.

Now comes the first “‘encyclopedia’ on the subject —a volume so com-
prehensive that it includes the latest there is to know about contact
design, construction, application and materials . . . so completely up-
to-date that it includes theories that have yet to be established, opinions
that have yet to be proved. This is because the subject, even at this late
date, has many controversial aspects.

Five years in the writing, the Mallory Contact Data Book belongs in
every engineering library. Its combination of scientific facts, observa-
tions, first-hand experiences cannot be duplicated anywhere else. To
recognized engineers writing on company letterhead, the book is free.
To others, it is available at our printing cost —$2.50. The Contact
Data Book: is still another example of Mallory's desire to provide helpful
material for those who have a professional interest in the fields we serve.

INDIANAPOLIS 6, INDIANA
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. CROSS

» DEFINITION . .. At the National Electronics Con-
[ference, Dr. E. U. Condon, Director of the Bureau
of Standards, proposed a new definition of elec-
tronics: “the science, art and industry concerned
ith electrical phenomena involving charged atomic
articles outside of solid and liquid bodies.” In so
oing Dr. Condon welcomes to the confraternity of
articles, once limited to electrons and ions, several
hrothers and sisters, the positron, proton,. alpha par-
ticle, deuteron and meson. Only the chargeless neu-
tron and neutrino are excluded. There was a time
when a respectable science could be built on just one
article, but that time has passed. There seems to be
10 fundamental conflict between Dr. Condon’s proposi-
ion and the hallowed definition of the AIEE, “That
ranch of science and technology which relates to the
conduction of electricity through gases and in vacuo.”
But the family of conductors has grown with the years.

Speaking of definitions, we find the radio engineer
defined by the Canadian Council of the I.LR.E. as one
‘kvhn combines in himself some proportion of the elec-
trical engineer, the business man and the physicist.
L.ike many a true word, this definition is likely to be
‘esented by all parties mentioned!

SKYWAVES . . . Radio and astronomy seem to be
rossing paths regularly these days. First were the
ignal Corps radar echoes from the moon. Then M. W.
aldwin of Bell Labs reported the existence of mysteri-
us echoes from regions in the atmosphere about two
ilometers high. These objects or regions are invis-
ible to optical telescopes, but are regularly observed
m 10-cm and 3-cm radars, moving about 30 miles an
our, sometimes with the wind, sometimes against it,
ource unknown. More recently, the meteor showers
in October were thoroughly watched by radio and

TALK

radar. Individual meteors were tracked by radar at
White Sands, New Mexico, using equipment set up to
track the V-2 rockets. J. A. Pierce and his group
at Harvard recorded meteor whistles (Doppler beats
caused by reflection from the meteor of a steady c-w
carrier) during the showers. Pierce also successfully
recorded the “artificial” E-layer induced by a meteor
shower, and has traced the ionization from the aurora
borealis in a cathode-ray picture which bears a strik-
ing resemblance to the visible aurora. After years of
effort aimed ultimately at destruction, these new fields
of activity have all the freshness of a spring breeze.

» BASIC . .. Viewers with alarm of the heavy finan-
cial support by Army, Navy and Air Force in the re-
search programs of the colleges may take heart from
the fact (recently confirmed by two large eastern in-
stitutions) that the military are taking, and liking,
basic research under their collegiate contracts. Many
were the fears that the immediate problems of military
science would displace the traditional untrammeled
atmosphere of scientific endeavor. Nor were the fears
entirely unfounded. Many ‘“here’s the breadboard,
please make it work” problems have been taken to the
colleges from NRL, Watson Lab, Belmar, and Wright
Field. But all such have been turned down as inter-
fering with more vital basic research. Moreover, the
contracts are so written that the turn-downs stick.

How long government money will continue to be
available for this purpose is anyone’s guess. But so
long as the people and the Congress remain convinced
that research is the beginning of defense, and so long
as the contract admininstrators insist that the re-
search be basic. not superficial, much good will come
from it, not only as a protection against war but for
positive use in peace.



Radio antennas on the Queen Elizabeth, held at minimum to preserve graceful
lines of ship, are supported largely by these two huge decorative funnels

Main radio control room of Queen Elizabeth, showing operating positions and master
control desk. The entire marine radio installation was made by International Marine
Radio Co. Limited, an I. T. & T. affiliate. Speech secrecy racks fill another wall
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Loran equipment on shelf, with radar
fransmiltter below. Wavegquide goes to
spinner on roof of bridge

PICTURES taken after the maiden
commercial run of the 83,673-
ton superliner Queen Elizabeth re-
veal that the military electronic
equipment which helped her to dodge
enemy aircraft and submarines
during the war is now contributing
to the safety and speed of peace-
time trips as a luxury liner. On
the bridge 90 feet above the water,
British and American equipment
operates side by side when bad
visibility renders visual observa-
tion impossible, permitting full

speed even in iceberg zones or in}

heavily travelled shipping lanes.
Loran equipment for navigation
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World’'s Largest Liner

Radar, loran, depth sounding, and radio installations of the Queen Elizabeth played
major roles in successful evasion of submarine packs and enemy aircraft during the war,
now contribute to safety of all-weather navigation on trans-Atlantic passenger runs

Radar and radio d-f antennas on roof of bridge, with
radio direction-finding loop at left. Another d-f loop is
directly above the main radio room

is located in a small room directly
behind the wheelhouse. This is
standard U. S. military design,

model DAS-2 made for the U. S.

Navy by General Electric Co. It
employs marker scales on the scope

| screen for determination of loran

line numbers, as described in
ELECTRONICS, Dec. 1945, p 110.
Supplementing loran for precise
position determination at short
ranges is British Gee equipment,
also a pulse-timing system.

Radar equipment is all British.
Transmitters are in the loran room
directly under the radar spinners,
and the indicators are in a midget

ELECTRONICS — December, 1946

darkroom located in a corner of the
wheelhouse. Ranges of the two
Cossor search radars are 10 and 50
miles respectively. Aircraft search
radar used during the war was not
evident when the ship docked at
pier 90, New York City on her
maiden passenger run.

In shoal waters echo depth-
sounding equipment is turned on.
This provides, on an indicator
alongside the helmsman, an exact
reading of depth in large neon-
illuminated numerals, and simul-
taneously produces a continuous
and permanent record of ocean-bot-
tom profile in the chart room as a

Service technicians E. K. Fricke (left) and F. Eklund of
Bludworth Marine making routine maintenance adjust-
ments of echo depth-sounding indicator in wheelhouse

supplementary guide for navigators.
The radio installation consists of
four remotely located main trans-
mitters, a main radio room with
four operating positions, message
secrecy units (speech scramblers)
to insure privacy of personal radio-
telephone calls to shore, a complete
emergency radio station that is
independent of the ship’s power
supply, and a low-power radio set
in the wheelhouse which enables
the Captain, navigating officers, and
pilot to converse directly with per-
sonnel on tugs or the quayside
when docking, Two of the 26 mo-
tor lifeboats carry transmitters.

85



INDICATOR  BOX

CONTROL BOX
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GUIDED AIRCRAFT TO BE
CRASHED INTO TARGET

Tactical use of a Weary Willy, as sketched by William Bass to show how operator in
Mother aircraft at upper left controls direction and flight functions of explosive-filled
bomber on last flight, using ARW-18 rgmole control equipment

URING THE EARLY STAGES of

World War II, while the Army
Air Forces were undertaking the
destruction of Germany with the
help of newly developed techniques
for high-altitude radar precision
bombing, American scientists were
perfecting an even more practical
and accurate bombing method.
Their scientific collaboration re-
sulted in a series of remotely-con-
trolled experimental missiles. One
of these, the Roc, could hit a circle
100 feet in diameter from an alti-
tude of 15,000 feet, without ground
visibility. Another, the GB-4 glide
bomb, was less accurate but was
capable of being released and
guided to the target by an aircraft
some 20 miles from the target and
outside the flak zone. Still another,
the Razon VB-3 free-falling bomb,
when released from altitudes of
15,000 feet, would under conditions
of good visibility strike within 20
feet of the target area.

The conception of pilotless air-
craft dates back to experiments
performed in 1918, when a young
officer, Capt. Henry H. Arnold, col-
laborated with a young scientist,
Charles F. Kettering, and worked
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out some basic principles. Since
then, the captain has become a five-
star General, recently retired; the
scientist is the vice-president of
General Motors Corporation; and
the dream of pilotless flight has be-
come a reality.

The story of the development of
offensive guided missiles realis-
tically begins in 1939. The Army
Air Forces at the Air Materiel

e ————.

Command, Wright Field, Dayton,
Ohio, successfully developed, in
conjunction with a commerecial
manufacturer, a radio method for
the remote control of pilotless tar-
get aircraft, to be used during
antiaircraft gunnery practice.

This first system consisted of
lightweight aircraft equipped with
small radio receiving sets capable
of responding to transmitted sig-
nals. These signals, in turn, were
converted in the receiver to the
voltages necessary to control the
rudder and elevator of the target
plane, thereby directing it in flight.
The transmitting equipment, on the
ground, sent out to the target a
radio-frequency signal coded by
impulses to select the flight func-
tions to be performed.

From this beginning, Wright
Field laboratory personnel de-
veloped and constructed, in the
same year, vastly improved radio
equipment employing audio tones
to select flight functions, with the
receiving equipment in the target
aircraft using tuned filter circuits.
This basic audio tone technique
served throughout World War II

for the control of the many versions

.‘*_.l u _" 'E:" .-5

Control box for ten-channel ARW-18 f-m transmitter used by operator in Mother
plane to maneuver a PQ-14 pilotless aircraft
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SYSTEMS
for Guided Missiles

- Descriptions of the more important guided missiles and pilotless aircraft developed by
| the Army Air Forces during the war, with circuits of representative radio control sys-

| tems, techniq{les of tactical usage, control problems, and intimations of future trends

By Captain SAM L, ACKERMAN and GEORGE RAPPAPORT

Electronic Subdivision, Enginecring Division

Air Materiel Command, Wright Ficld, Dayton, Ohio

| of target aircraft, guided missiles,
| and free-falling bombs developed by
! the U. S. Army Air Forces. Other
) techniques, which came into play in
| the late stages of the war, invaded
i such new fields as radar target
" seekers and radar pulse control
¢ techniques. This article will briefly
: describe the various types of pilot-
' less aircraft, insofar as present
| security regulations permit.

Target Aircraft

J Small pilotless aircraft are con-
i trolled remotely by radio, usually
' launched by catapult and landed by
| parachute, and used as targets for
| antiaircraft gunnery crews. Models
| include the OQ and the almost full-
isize PQ series of pilotless aircraft
and the RC-56, RC-57, RC-64,
RC-65, ARW-1 and ARW-18 elec-
tronic target-control equipment.
[ The RC-56 a-m transmitter for
' remote control of target aireraft
imay be located as a permanent
fground installation, jeep-mounted
{for portability, or located in a
fMother (controlling) flying air-
craft. The transmitter may be set
to any of four fixed frequencies and
ay be tone-modulated by any of
ve audio signals, as called for by
hé positions of the miniature joy
tick and switches that are manipu-
lated by the operator.

The RC-57 superregenerative re-
ceiver used in target aireraft
contains frequency-selective filter
circuits (the decoder) which
differentiate between the various
tone-modulated signals received,
and a-relay unit that furnishes con-
|
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NORMAL RANGE
UP TO 30R 4
MILES

0Q-19 —
TARGET s > =
AIRCRAFT ~ Toae 5

PARAGHUTE OPENS
AUTOMATICALLY WHEN AT
TARGET IS SHOT DOWN \\\ N By

—~—

"~ \PARACHUTE &

RELEASE

Ground installation of model RC-56 a-m transmitter for training gunners firing from
gun turrets simulating those used in B-29 and B-32 bombers, with model RC-57
superregenerative receiver in OQ-19 pilotless aircraft serving as evasive target

trol voltages to the servomechanism
or other devices operating the rud-
der and elevator of the aircraft.
This receiver could also be installed
on trucks, tanks, and watercraft to
permit bombing and strafing prac-
tice of an evasive target by gunners
in aircraft.

The PQ-14 target aircraft is a
low-wing monoplane powered by a
six-cylinder 155-hp Franklin en-
gine. It has a ceiling of 17,000 feet
and can operate for 3 hours at a
speed of 160 miles per hour. This
plane may be maneuvered to simu-

late strafing of gunnery batteries
or high-altitude bombing missions.
Its automatic pilot, brakes, re-
tractable landing gear, and flaps
are all controllable from the remote
control station by means of the
ARW-1 10-channel f-m radio re-
ceiver and ARW-18 f-m transmit-

ter, which together give 18
controllable functions. Control is
accomplished from a modified

Beechcraft C-45 Mother plane trail-
ing a safe distance behind the
target, with the pilot of the target
aircraft sitting in the copilot’s seat
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and manipulating a miniature joy
stick and switches. Indicator lights
check his selection of flight func-
tions.

War-weary B-17 bombers no
longer fit for combat service, loaded
with 20,000 pounds of explosives
and crashed into the target by re-
mote control from another plane,
were known as Weary Willies.
Human pilots were generally used
during takeoff, and bailed out while
still in friendly territory. Tele-
vision cameras and transmitters
sometimes scanned the instrument
board of the Weary Willy or the
area in front of it, and relayed
the picture back to the Mother
plane, which followed at a safe dis-
tance of about 20 miles.

Guided Bombs

Azon is a free-falling vertical
bomb having controlled surfaces to
permit control of its trajectory in
azimuth only, for accurate bombing
of line targets such as bridges,
roads, and railways. The Azon
assembly was attached to an ordi-
nary 1,000 or 2,000-pound free-
falling bomb. Two fins are
controlled by gyros under the
influence of a CRW-2 remote con-
trol system mounted in the tail
assembly. The RC-186 transmit-
ting equipment in the Mother
aircraft provided a choice of 47
channels for transmission of the
control signal. Two audio control
channels gave right and left con-
trol for the bomb. In a typical

run over the target, the Norden
bombsight was used to drop the
bomb; seconds later a million-
candlepower flare attached to the
tail lit automatically, 8o the
bombardier could follow the flight
of the bomb visually and -make
corrections. One serious drawback
of Azon is the necessity for making
a long run after actually dropping
the bomb, during which the plane
is a vulnerable target for flak in
heavily fortified areas.

Razon is a free-falling bomb con-
trolled in both range and azimuth.
It uses a CRW-7 four-channel audio
system. A Crab sight attached to
the Norden bombsight i’ the form
of a half mirror projects the image
of the bomb flare on the target,
enabling the Norden sight to show
the true height of the bomb as re-
quired for range corrections. The
same hazardous bombing run as
for Azon must be performed.

Spazon is a free-falling bomb
which is allowed to spin normally
during the first part of its fall to
obtain accuracy, and corrections are
made by radio as the missile ap-
proaches the target. The technique
was not altogether successful, and
was dropped in favor of other
projects.

Glomb is a remotely controlled
glide bomb developed to extend the
range of the missile from the
Mother aircraft and eliminate the
dangerous follow-through tech-
niques of “Azon and Razon. A wing
with a span of 12 feet was attached

to a standard bomb, along with a
twin boom and a set of tail surfaces
that were gyroscopically stabilized
and radio controlled. The type
GB-4 contained also a complete tele-
vision transmitter to relay to the
bombardier a complete flight pic-
ture. Two of these missiles were
carried under the wing of a B-17
bomber and released one at a time
from an altitude of 15,000 feet and
at a distance of 17 miles from the
target. The Mother aircraft then
made a 180-degree turn while the
missile continued on its way to the
target. The bombardier, watching
his television receiver, directed the
bomb to the impact point. The
second bomb could then be released
and dropped in a similar manner.

Jet bombs constitute a group of
guided missiles which for the most
part is still classified because of its
remote control equipment or be-
cause of the agrodynamic charac-
teristics of the bomb. Entirely
new techniques are being used for
control, the most significant being
use of radar stations at the con-
trolling point.

Roc is a glide bomb developed
near the end of the war, having
unusual aerodynamic control sur-
faces incorporated in a wing strue-
ture that surrounds the belly of the
bomb. Controls are operated re-
motely by two electric motors, in ¥
response to signals from the
Mother aircraft. The circular fin
at the tail of a bomb acts as a drag,
slowing the descent sufficiently to
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FIG. 1—Circuit of four-channel CRW-7 superheterodyne recelver used for azimuth and elevauon. control of Razon bombs, with ov
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selectivity curves for each channel
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'FIG. 2—Circuit of five-channel RC-57 superregenerative receiver used in pilotless aircraft serving as targets for gunnery practice

provide three times the maneuver-
ability of the Razon. The Roc can
be adapted for television and radio
control and for target seeking.

Another technique of target
‘destruction involved automatic re-
\lease of all bombs in a squadron
'simultaneously, the planes being
tpositioned in a formation giving a
ssaturation pattern for the target of
tthe day. The bombardier, in the
ilead plane, opened the bomb bay
wdoors of all planes in the squadron
by radio remote control and then
pressed a button that automatically
‘released all bombs. The transmit-
iter in the lead plane was the ARW-9
#(RC-186 modified), while the re-
‘ceiving equipment in all other air-
craft in the squadron was the
1ARW-10, a modified version of the
gCRW-Z.

1 Receiving Equipment

Tone-modulated remote-control
receiving equipment generally con-
1Fsists of three separate units: the r-f
receiver proper, the audio filter se-
lectors, and the control relays. The
fcircuit of one such equipment will
ibe discussed in detail, and other
equipments will be analyzed only
insofar as they differ fundamen-
ally. &

The circuit of the model CRW-7
ifour-channel superheterodyne re
iceiver is given in Fig., 1. ‘Thit
crystal-controlled receiver is capa-
ble of operating at any one of 47
predetermined frequencies, ‘and
was used primarily for Razon con-
trol during the war.

In operation, the tone-modulated
‘|r-f signal received by the antenna
is amplified by the r-f amplifier
circuit and then fed to the control
grid of the mixer stage. The

e\
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oscillator section employs a modi-
fied Pierce oscillator with an un-
tuned grid circuit and with the
plate circuit tuned to the third
harmonic of the crystal frequency,
followed by a tripler amplifier stage
that applies the ninth harmonic of
the erystal frequency to the mixer
tube inductively by cathode injec-
tion. The mixer filament is con-
nected in such a manner that it is
at the same r-f potential as the
cathode, eliminating the loading
effect of the filament-cathode capac-
itance. The mixer plate circuit is
tuned to the 15-mec i-f value. The
gain of the first i-f stage is con-
trolled by ave, while that of the
second i-f stage is controlled by
three factors—ave, a fixed bias
tappéd from a bleeder resistance,
and the bias voltage developed
across the cathode resistor,

One section of the duodiode is
used for audio detection, and the
other provides ave voltage for the
r-f stage, the i-f stages, and the
first audio stage. The output of the
second i-f amplifier stage is also
coupled through a capacitor to the
plate of the ave section of the duo-
diode, making possible the desired
ave voltage for the audio tube. Two
stages of audio amplification fol-
low the detector, with the output
feeding a selective filter network.
The four secondaries of this tuned
audio transformer network respond
to the audio frequencies of 475,
755, 1,900, and 3,000 cycles per
second. Each filter output voltage
is applied to ‘the grid of a triode
that is biased beyond cutoff and
has in its plate circuit a relay which
closes an electrical circuit to a
mechanical actuator. A series re-
sistor in the grid circuit prevents

strong signals from causing exces-
sive grid current. High grid cur-
rent would load the filters, reducing
the circuit Q@ and thus reducing
filter selectivity on strong signals.

Rheostats in the plate circuits of
the triodes permit adjusting chan-
nel sensitivity. Balanced relays
are used, one for each twin triode.
As long as no signal is applied, the
relays will remain in a balanced
condition. When a signal is re-
ceived on a grid, the relay in that
circuit will be unbalanced in one
direction. If a signal appears on
the other control grid of the same
tube, the relay will be unbalanced
in the opposite direction. In the
balanced condition, relay contacts
are set so that the mechanism con-
trolled by the relay will return to
a centered position. If the relay
is unbalanced in one direction, the
mechanism will be maneuvered off
center position in a predetermined
direction, and vice versa.

The model RC-57 superregenera-
tive receiver employed in control
of target aircraft for gunnery
training purposes operates on any
of four fixed carrier frequencies in
the range from 68 to 73 mc, using
the circuit shown in Fig. 2. The r-f
amplifier stage is conventional, with
slug tuning for the r-f coil con-
nected to the nonresonant antenna.
A self-quenching superregenerative
detector similar to a Colpitts oscil-
lator is used for detection,

Since the detector grid current is
proportional to the incoming signal,
the voltage developed is likewise
proportional to the incoming signal.
This voltage constitutes the audio
output. As a result of grid blocking
in the detector tube, a high level of
quench voltage is developed, which
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and manipulating a miniature joy
stick and switches. Indicator lights
check his selection of flight func-
tions.

War-weary B-17 bombers no
longer fit for combat service, loaded
with 20,000 pounds of explosives
and crashed into the target by re-
mote control from another plane,
were known as Weary Willies.
Human pilots were generally used
during takeoff, and bailed out while
still in friendly territory. Tele-
vision cameras and transmitters
sometimes scanned the instrument
board of the Weary Willy or the
area in front of it, and relayed
the picture back to the Mother
plane, which followed at a safe dis-
tance of about 20 miles.

Guided Bombs

Azon is a free-falling vertical
bomb having controlled surfaces to
permit control of its trajectory in
azimuth only, for accurate bombing
of line targets such as bridges,
roads, and railways. The Azon
assembly was attached to an ordi-
nary 1,000 or 2,000-pound free-
falling bomb. Two fins are
controlled by gyros under the
influence of a CRW-2 remote con-
trol system mounted in the tail
assembly. The RC-186 transmit-
ting equipment in the Mother
aircraft provided a choice of 47
channels for transmission of the
control signal. Two audio control
channels gave right and left con-
trol for the bomb. In a typical

yun over the target, the Norden
bombsight was used to drop the
bomb; seconds later a million-
candlepower flare attached to the
tail lit automatically, 80 the
bombardier could follow the flight
of the bomb visually and make
corrections. One serious drawback
of Azon is the necessity for making
a long run after actually dropping
the bomb, during which the plane
is a vulnerable target for flak in
heavily fortified areas.

Razon is a free-falling bomb con-
trolled in both range and azimuth.
It uses a CRW-7 four-channel audio
system. A Crab sight attached to
the Norden bombsight in' the form
of a half mirror projects the image
of the bomb flare on the target,
enabling the Norden sight to show
the true height of the bomb as re-
quired for range corrections. The
same hazardous bombing run as
for Azon must be performed.

Spazon 1s a free-falling bomb
which is allowed to spin normally
during the first part of its fall to
obtain accuracy, and corrections are
made by radio as the missile ap-
proaches the target. The technique
was not altogether successful, and
was dropped in favor of other
projects.

Glomb is a remotely controlled
glide bomb developed to extend the
range of the missile from the
Mother aircraft and eliminate the
dangerous follow-through tech-
niques of “Azon and Razon. A wing
with a span of 12 feet was attached

to a standard bomb, along with a
twin boom and a get of tail surfaces
that were gyroscopically stabilized
and radio controlled. The type
GB-4 contained also a complete tele-
vision transmitter to relay to the
bombardier a complete flight pic-
ture. Two of these missiles were
carried under the wing of a B-17
bomber and released one at a time
from an altitude of 15,000 feet and

at a distance of 17 miles from the

target. The Mother aircraft then
made a 180-degree turn while the
missile continued on its way to the
target. The bombardier, watching
his television receiver, directed the
bomb to the impact point. The
second bomb could then be released
and dropped in a similar manner.

Jet bombs constitute a group of
guided missiles which for the most
part is still classified because of its
remote control equipment or be-
cause of the aerodynamic charac-
teristics of the bomb. Entirely
new techniques are being used for
control, the most significant being
use of radar stations at the con-
trolling point.

Roc is a glide bomb developed
near the end of the war, having
unusual aerodynamic control sur-
faces incorporated in a wing struc-
ture that surrounds the belly of the
bomb. Controls are operated re-
motely by two electric motors, in
response to signals from the
Mother aircraft. The circular fin
at the tail of a bomb acts as a drag,
slowing the descent sufficiently to
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IFIG. 2—Circuit of five-channel RC-57 superregenerative receiver used in pilotless aircraft serving as targets for gunnery practice

\provide three times the maneuver-
lability of the Razon. The Roc can
'be adapted for television and radio
icontrol and for target seeking.
Another technique of target
|destruction involved automatic re-
‘lease of all bombs in a squadron
|simultaneously, the planes being
ipositioned in a formation giving a
'saturation pattern for the target of
ithe day. The bombardier, in the
‘lead plane, opened the bomb bay
i doors of all planes in the squadron
' by radio remote control and then
i pressed a button that automatically
‘released all bombs. The transmit-
iter in the lead plane was the ARW-9
(RC-186 modified), while the re-
ceiving equipment in all other air-
fcraft in the squadron was the
ARW-10, a modified version of the
CRW-2.

Receiving Equipment

Tone-modulated remote-control
receiving equipment generally con-
sists of three separate units: the r-f
{ receiver proper, the audio filter se-
| lectors, and the control relays. The
| circuit of one such equipment will
Ibe discussed in detail, and other
i equipments will be analyzed only
| insofar as they differ fundamen-
l|tally. &

The circuit of the model CRW-7
four-channel superheterodyne re
ceiver is given in Fig. 1. 'Thit
crystal-controlled receiver is capa-
|ble of operating at any one of 47
predetermined frequencies, and
was used primarily for Razon con-
trol during the war.

In operation, the tone-modulated
r-f signal received by the antenna
is amplified by the r-f amplifier
J circuit and then fed to the control
/| grid of the mixer stage. The
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oscillator section employs a modi-
fied Pierce oscillator with an un-
tuned grid circuit and with the
plate circuit tuned to the third
harmonic of the crystal frequency,
followed by a tripler amplifier stage
that applies the ninth harmonic of
the crystal frequency to the mixer
tube inductively by cathode injec-
tion. The mixer filament is con-
nected in such a manner that it is
at the same r-f potential as the
cathode, eliminating the loading
effect of the filament-cathode capac-
itance. The mixer plate circuit is
tuned to the 15-mc i-f value. The
gain of the first i-f stage is con-
trolled by ave, while that of the
second i-f stage is controlled by
three factors—ave, a fixed bias
tapped from a bleeder resistance,
and the bias voltage developed
across the cathode resistor.

One section of the duodiode is
used for audio detection, and the
other provides avc voltage for the
r-f stage, the i-f stages, and the
first audio stage. The output of the
second i-f amplifier stage is also
coupled through a capacitor to the
plate of the ave section of the duo-
diode, making possible the desired
ave voltage for the audio tube. Two
stages of audio amplification fol-
low the detector, with the output
feeding a selective filter network.
The four secondaries of this tuned
audio transformer network respond
to the audio frequencies of 475,
755, 1,900, and 3,000 cycles per
second. Each filter output voltage
is applied to the grid of a triode
that is biased beyond cutoff and
has in its plate circuit a relay which
closes an electrical circuit to a
mechanical actuator. A series re-
gistor in the grid circuit prevents

strong signals from causing exces-
sive grid current. High grid cur-
rent would load the filters, reducing
the circuit Q@ and thus reducing
filter selectivity on strong signals.

Rheostats in the plate circuits of
the triodes permit adjusting chan-
nel sensitivity. Balanced relays
are used, one for each twin triode.
As long as no signal is applied, the
relays will remain in a balanced
condition. When a signal is re-
ceived on a grid, the relay in that
circuit will be unbalanced in one
direction. If a signal appears on
the other control grid of the same
tube, the relay will be unbalanced
in the opposite direction. In the
balanced condition, relay contacts
are set so that the mechanism con-
trolled by the relay will return to
a centered position. If the relay
is unbalanced in one direction, the
mechanism will be maneuvered off
center position in a predetermined
direction, and vice versa.

The model RC-57 superregenera-
tive receiver employed in control
of target aircraft for gunnery
training purposes operates on any
of four fixed carrier frequencies in
the range from 68 to 73 mc, using
the circuit shown in Fig. 2. The r-f
amplifier stage is conventional, with
slug tuning for the r-f coil con-
nected to the nonresonant antenna.
A self-quenching superregenerative
detector similar to a Colpitts oscil-
lator is used for detection,

Since the detector grid current is
proportional to the incoming signal,
the voltage developed is likewise
proportional to the incoming signal.
This voltage constitutes the audio
output. As a result of grid blocking
in the detector tube, a high level of
quench voltage is developed, which
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FIG. 3—Three basic types of relay arrangements for increasing the number of con-
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would normally accompany the de-
tector signal output. This quench
voltage is removed by a phase-shift-
ing network to prevent overloading
associated amplifiers and filter cir-
cuits. The a-f amplifier is essen-
tially conventional, with regenera-
tion in the first a-f stage making
the gain at 3,000 cycles approxi-
mately twice that at 300 cycles. To
equalize the response, a 0.001-mi-
crofarad capacitor is employed as a
high-frequency bypass from plate
to ground in the second a-f stage.

Five separate series-resonant LC
circuits in parallel with the output
of the second audio amplifier, each
tuned to a different frequency, act
as audio-frequency filters. Four of
these tuned circuits are similar and
have the signal fed through the tun-
ing capacitor to the control grid of
the particular relay-control tube.
The fifth, for 650 cycles, is inverted
so that the audio signal feeds
through the inductance first, then
through the capacitance to ground.
This change reverses the selectivity
characteristic and makes the 650-
cycle filter less likely to respond to
the next higher frequency.

When responding to its fre-
quency, each filter builds up,
through resonant action, a voltage
sufficient to overcome the grid bias
on its particular relay-control tube,
enabling the tube to pass plate cur-
rent and actuate the corresponding
relay.

The model RC-64 f-m superhet-
erodyne receiver used in guiding
small target aircraft for gunnery
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training purposes operates in the
35 to 40-mc band, normally on one
fixed frequency. The fourth har-
monic of the crystal oscillator is
combined with the incoming signal
in the mixer to produce an interme-
diate frequency of 3 me. The third
i-f transformer feeds into the grid
of the limiter tube, which acts to
reduce any amplitude modulation
due to static or noise impulses. The
voltage developed by the limiter
grid current is used for automatic
volume control for the i-f and r-f
stages. A conventional twin diode
discriminator changes the fre-
quency variations of the incoming
signal to an audio frequency by
means of a conventional discrimi-
nator network.

The discriminator output feeds
into a two-stage audio amplifier that
operates a carrier relay: The audio
amplifier also feeds g paralleled

group of ten relay triodes throug
RC filter networks that change t
audio fidelity to offset the pree
phasis introduced in the transmi
ter, with audio filters in each rela
circuit responding only to the
signed frequency for that relay.

Superregenerative receive
CRW-2, designed for Azon bomb
and.-automatic bomb release oper
tions, is capable of receiving carrie
frequencies between 50 and 100 m
This range is covered by five sets
plug-in units, It is quite similar &
RC-57 in operation and theory, bu
has only two audio channels.

Audio-T;ne Control Systems

Various methods are available fo
increasing the number of control
lable functions provided by an ele
mentary receiver system. These
may be divided into the followin
four categories: (1) single tone;
(2) single tone and simultaneou
dual tones; (3) dual tones; (4) sin-
gle aux111ary step tones and smgle\
primary tone. !

In the single-tone relay system ¢
separate tone channel and actuating
relay are required for each functioi
performed. The output of the audi
selector filter network channel is!
fed directly into a pentode which in
turn actuates a relay that feeds Q
voltage directly to control surface
mechanisms or to a gyro or servo
for further interpretation. "

By arranging relay circuits as i
Fig. 3A, two channels can be mad
to perform three functions. Here &
neutral position for the rudder (or
any other such device) is provided
when channels A and B are not op+
erating. No neutral position is pro-

-
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vided for the elevators of the 0Q
cargets, however, inasmuch as a
thange in the plane’s center of grav-
'ty due to normal fuel consumption
will make the plane rise or dive of
irts own accord and therefore re-
uire constant correction.
| Removal of the carrier frequency
‘nakes possible an additional func-
iiion if desired. This is actually em-
bloyed with one variety of target
nircraft, where the parachute is
Nwtomatically released when the
“arrier is removed.
! In the single tone and simultan-
20us dual tone system single tones
1and single relays accomplish one
Jfunction each, and simultaneous
1:ombination of two tones accom-
tolishes still another function which
Lis not related to either of the func-
niions produced by the single tones.
¢ The basic circuit is given in Fig.
3B.
% The relays in series with the out-
touts of the A and B channels are
tiafety devices that act as time-delay
| ~elays (about 5 milliseconds) to al-
ow for any minute differences be-
tween the start of the two tones at
the transmitter. If this precau-
| sionary measure were omitted and
12ither of the two channels should
lj)perate separately when a dual-
“+:hannel function is implied, the
isingle tone action would be per-
1formed and in some cases (suppos-
ing it were the detonate channel)
Ithere would be disastrous results.
5}" The dual-tone system always re-
fjuires simultaneous transmission
fff)f two tones to perform a single
unction. While the four-channel
i#sircuit shown in Fig. 3C gives six
fifunctions, a five-channel system

i

would provide 10 functions and a
six-channel system would make
possible the control of 15 different
aircraft functions. Safety time-
delay relays are not needed.

In the system employing single
auxiliary step tones and single pri-
mary tones a single auxiliary tone
is used to position a stepping relay
which selects the desired function,
and another primary tone is used
for actually accomplishing the move-
ment. A reset channel tone re-
leases a cam on the selector switch,
allowing the selector to swing back
to its starting position.

The third portion of the system
consists of four primary tones
which are only used to control the
control surfaces (right or left rud-
der, elevators up or down). It would
be undesirable to refer these basic
ﬁig.ht functions to a selector switch
of this type.

Pulse Control Techniques

Methods other than tone control
have been utilized to transmit intel-
ligence to guided missiles. One of
these methods is pulse control by
the use of radar. The radar trans-
mitters are usually keyed at an
audio rate. If, however, provisions
are incorporated in the design of
the transmitter to provide a vari-
able audio rate of pulsing, then a re-
ceiver with suitable audio filters can
select these audio transmissions and
convert these impulses into desir-
able control functions through relay
boxes.

Pulse control development has
been conducted using primarily uhf
transmitters, which necessarily
limit the range at which control can

-
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at distance up to 17 miles from target

be effected to line-of-sight dis-
tances. This system could be ap-
plied as well to lower-frequency
transmitters where space and
weight considerations for both
transmitter and receiver are not
primary factors.

The security of a single pulse
control system is not adequate for
modern warfare, since an aggres-
sive enemy through active monitor-
ing can easily determine not only
the system which is in operation but
also the type of intelligence that is
being transmitted over the system.
A coded pulsing system will mate-
rially add to the security of the
system; however, such a system
with single or coded pulses is sus-
ceptible to jamming, becoming more
and more unreliable as the receiver
in the missile approaches enemy
territory.

Work is continuing on an ex-
panded guided missiles program, in-
volving detailed consideration of
means for automatically accom-
plishing the takeoff, control, navi-
gation, and final trajectory on a
basis similar to that employed by
bomber aircraft on missions.

Future Guided Missiles

It is still too early to describe in
detail the technical aspects of this
program. There is, however, a
basic philosophy for the guidance
of missiles which will be pursued on
a long-range basis, namely, assur-
ance of positive control throughout
the life of the missile together with
means for availability of missile
progress data at the remote launch-
ing point. This second phase is per-
haps the most difficult as it involves
the transmission of video-type sig-
nals over distances beyond radio
line-of-sight without the benefit of
airborne relay stations. This prob-
lem may be met through various
concessions in the solution of spe-
cial military problems.

This article has presented most
of the more important guided mis-
siles developed by the Army Air
Forces during the past war, and in-
dicates certain aspects of future de-
velopment  trends. Limitations
which are being considered and
eliminated are range, speed com-
plexity, traffic-handling capacity,
and vulnerability to countermeas-
ures.
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By controlling the bandwidth of an audio amplifier automatically in accordance wi

the characteristics of the recorded music, suppression of high and low-frequency nois

may be achieved without noticeable in

jury to the realism of reproduction

HE MOST OBVIOUS shortcoming
Tof ordinary reproduction of
music from phonograph records is
the presence of the high-frequency
background noise level caused by
minute irregularities on the sur-
face of the record. Although this
noise is more or less random in
character, the most annoying part
of it is concentrated in the same
frequency range as the upper musi-
cal harmonics. Any attempt to re-
duce it has heretofore been accom-
panied by a serious attenuation of
these harmonics and often of some
of the higher musical fundamentals
also.

For years, it has been recognized
that the most satisfactory simple
means of controlling noise is by
controlling - bandwidth, using as
sharp a cutoff as possible beyond
the desired band and a minimum
of attenuation within the band. The
reproduction of phonograph rec-
ords represents about the only
phase in the field of electrical re-
producing where this precept has
been generally disregarded. There
are several reasons for this. One is

that the commonly used crystal
pickup, when operated into a high-
resistance load, provides conven-
jently a drooping frequency char-
acteristic or high-frequency roll-
off without the use of any addi-
tional parts. Another is that pho-
nograph records have been made
with various degrees of high-fre-
quency preemphasis, and a single
tone control adjusting the rate of
rolloff can be used either to com-
pensate for the recording charac-
teristics or to reduce noise, the lat-
ter of course always at the expense
of fidelity. The third and perhaps
most important reason is that a
sharp cutoff frequency sufficiently
low to reduce the noise level ap-
preciably makes such a deep excur-
sion into the range of lower over-
tones and higher fundamentals of
the music as to produce an ex-
tremely unnatural and mechanical
quality at high volume levels.

To a secondary degree there are
also present low-frequency noises
or rumbles, which may be in either
the record or the turntable, and
which are noticeable during soft

passages which do not contain man
low frequencies. The present ten
ency to use large amounts of b
boost or automatic low-frequen
compensation greatly exaggera
any rumble that may be present.
High- frequency and low-fr
quency noises are present at su
stantially constant level during t
playing of a record. Hence they a
most noticeable during soft p
sages and least noticed (of
masked completely) during lou
passages. The noise suppressor de-
seribed in this paper is a devi
which controls the bandwidth @
reproduction automatically and co
tinuously as a function of the
ume and frequency characteristi
of the music, extending the ba
during the loud passages and com
tracting it during the low-level p
tions, the variation in bandwi
being independently controlled
both ends of the spectrum. Thi
the noise is reduced when
would be most noticeable, and ful
bandwidth is used when it is mos
necessary, at high levels. This at
tomatic contraction and extensio

FIG. 1—Typical threshold of hearing (a) and most probable
distribution of frequency components in music at high levels
(b), with volume control turned down (c) and with orchestra

playing softly (d)
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tPhonograph Record Noise

By H. H. SCOTTY

Technology Instrument Corp.
Waltham, Mass.

bf the bandwidth has but a neg-
Jigible effect on the apparent
‘realism of reproduction, because of
sthe threshold characteristic of the
‘ear and the distribution of energy
in musical sounds as described be-
‘low.

Music and Hearing

) Curve e in Fig. 1 shows the
sthreshold of hearing' for an aver-
Jage person, in terms of frequency.
BSounds below this curve are inaud-
lible. The distribution of the most
tprobable amplitudes of the various
‘frequency components involved in
itypical orchestral music® is shown
' by curve b. This may be moved up
jand down by varying the volume
fevel of the reproduction as shown
in curve ¢, but it will be noted that
it always intersects curve a at
‘definite points in both the low and
“high-frequency ranges. For any
\particular position of curve ¢ and
‘for the type of signal represented
by curve c, all frequencies above

nd below these high and low-fre-
lguency limits, respectively, may be
a neglected so far as being of any
’]rimportance to the listener is con-
(cerned, since he will not be able to
“hear them.

As a practical matter, if the re-
‘duction of volume is obtained by
‘the musicians playing more softly,
\the shape of curve ¢ will actually be
‘altered to something more like
tcurve d, showing still greater re-
_[duction in amplitude at the higher
‘frequencies. This is the result of
'the well known fact that most musi-
cal instruments produce purer
itones (less harmonics) when played
softly than when played loudly. It
will be noted that at low levels
dcurve d may cross the threshold
jcurve at a high-frequency limit as
glow as 2500 cycles.
| Theoretically, then, when listen-

——
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Dynamic noise suppressor designed particularly for broadcast station use

ing to low-level orchestral music
of the type indicated, insertion of a
2500-cycle low-pass filter will pro-
duce little or no change which is
obvious to the listener. This is
actually borne out by listening
tests, But the introduction of the
filter results in a tremendous de-
crease in needle scratch. This is
true because most of the secratch
noise is high-frequency noise and
its level is well above the threshold
of hearing.

A similar situation exists at the
low-frequency end of the range.
Here again, reproduction of those
components which fall below the
threshold of hearing results in no
worthwhile improvement in the
quality of the signal but may cause
rumble noise which is considerably
louder than the desired signal com-
ponents.

If, therefore, some system is de-
vised which automatically cuts off
sharply in response characteristics
for the ranges including those com-
ponents of a signal which are at
too low a level to be heard, the ap-
parent quality of reproduction will
not suffer, and the signal-to-noise
ratio will be improved to a worth-
while degree. The present state of
the electronic art allows practical

accomplishment of this objective in
several different ways, with vary-
ing elaborateness of equipment.

Degree of Noise Reduction

The amount of audible noise re-
duction obtained with the system
under discussion is difficult to ex-
press in simple terms, since it de-
pends so much upon the high-fre-
quency hearing of the individual,
the effect of auditory masking of
the small remaining noise by the
music signal, and various psycho-
logical factors dealing with annoy-
ance and personal preference.

A relatively simple system can be
made to give more than 20-db at-
tenuation to high-frequency and
low-frequency noise, with substan-
tially no attenuation within the
pass band. A narrow band of noise
is all that is left, and it is so situ-
ated (in shellac records) that it
coincides with the point of mini-
mum noise energy. It also lies
within the musical spectrum, so
that it is easily masked by even
low-level music. In general terms,
it may be said that the suppressor
reduces the noise level from a point
where it is distinetly annoying to a
point where it is practically elimi-
nated on the best records and prac-
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Dynamic Suppression of

By controlling the bandwidth of an audio amplifier automatically in accordance with

the characteristics of the recorded music, suppression of high and low-frequency noise
may be achieved without noticeable injury to the realism of reproduction

HE MOST OBVIOUS shortcoming
Tof ordinary reproduction of
music from phonograph records is
the presence of the high-frequency
background noise level caused by
minute irregularities on the sur-
face of the record. Although this
noise is more or less random in
character, the most annoying part
of it is concentrated in the same
frequency range as the upper musi-
cal harmonics. Any attempt to re-
duce it has heretofore been accom-
panied by a serious attenuation of
these harmonics and often of some
of the higher musical fundamentals
also.

For years, it has been recognized
that the most satisfactory simple
means of controlling noise is by
controlling bandwidth, using as
sharp a cutoff as possible beyond
the desired band and a minimum
of attenuation within the band. The
reproduction of phonograph rec-
ords represents about the only
phase in the field of electrical re-
producing where this precept has
been generally disregarded. There
are several reasons for this. One is

that the commonly used crystal
pickup, when operated into a high-
resistance load, provides conven-
iently a drooping frequency char-
acteristic or high-frequency roll-
off without the use of any addi-
tional parts. Another is that pho-
nograph records have been made
with various degrees of high-fre-
quency preemphasis, and a single
tone control adjusting the rate of
rolloff can be used either to com-
pensate for the recording charac-
teristics or to reduce noise, the lat-
ter of course always at the expense
of fidelity. The third and perhaps
most important reason is that a
sharp cutoff frequency sufficiently
low to reduce the noise level ap-
preciably makes such a deep excur-
sion into the range of lower over-
tones and higher fundamentals of
the music as to produce an ex-
tremely unnatural and mechanical
quality at high volume levels.

To a secondary degree there are
also present low-frequency noises
or rumbles, which may be in either
the record or the turntable, and
which are noticeable during soft

passages which do not contain many
low frequencies. The present tend-
ency to use large amounts of bass
boost or automatic low-frequency
compensation greatly exaggerat
any rumble that may be present. '
High - frequency and low-
quency noises are present at sub
stantially constant level during the
playing of a record. Hence they a
most noticeable during soft pa
sages and Jleast noticed (ofte
masked completely) during loud
passages. The noise suppressor de-
scribed in this paper is a devic
which controls the bandwidth o
reproduction automatically and con
tinuously as a function of the vo
ume and frequency characteristi
of the music, extending the band
during the loud passages and con
tracting it during the low-level por
tions, the variation in bandwidth
being independently controlled
both ends of the spectrum. Tha
the poise is reduced when
would be most noticeable, and full
bandwidth is used when it js mos
necessary, at high levels. This au
tomatic contraction and extensior
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FIG. 1—Typical threshold of hearing (a) and most probable
distribution of frequency components in music at high levels
(b), with volume control turned down (c) and with orchestra

playing soflly (d)
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Phonograph Record Noise

By H. H. SCOTT

Technology Instyument Corp.
Waltham, Mass.

of the bandwidth has but a neg-
\ligible effect on the apparent
‘realism of reproduction, because of
‘the threshold characteristic of the
~ear and the distribution of energy
\in musical sounds as described be-
low.

Music and Hearing

Curve a in Fig. 1 shows the
Jthreshold of hearing® for an aver-
sage person, in terms of frequency.
1Sounds below this curve are inaud-
‘ible. The distribution of the most
“probable amplitudes of the various
» frequency components involved in
| typical orchestral music® is shown
" by curve b. This may be moved up
sand down by varying the volume
glevel of the reproduction as shown
1lim curve ¢, but it will be noted that
' it always intersects curve a at
! definite points in both the low and
. high-frequency ranges. For any
| particular position of curve ¢ and
. for the type of signal represented
by curve ¢, all frequencies above
g and below these high and low-fre-

quency limits, respectively, may be
'ineglected so far as being of any
I importance to the listener is con-
I cerned, since he will not be able to
S hear them.

As a practical matter, if the re-
Uduction of volume is obtained by
-@the musicians playing more softly,
ithe shape of curve ¢ will actually be
galtered to something more like
decurve d, showing still greater re-
duction in amplitude at the higher
S frequencies. This is the result of
the well known fact that most musi-
cal instruments produce purer
tones (less harmonics) when played
softly than when played loudly. It
will be noted that at low levels
curve d may cross the threshold
dcurve at a high-frequency limit as
dlow as 2500 cycles.
¢ Theoretically, then, when listen-
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Dynamic noise suppressor designed

ing to low-level orchestral music
of the type indicated, insertion of a
2500-cycle low-pass filter will pro-
duce little or no change which is
obvious to the listener. This is
actually borne out by listening
tests. But the introduction of the
filter results in a tremendous de-
crease in needle scratch. This is
true because most of the scratch
noise is high-frequency noise and
its level is well above the threshold
of hearing.

A similar situation exists at the
low-frequency end of the range.
Here again, reproduction of those
components which fall below the
threshold of hearing results in no
worthwhile improvement in the
quality of the signal but may cause
rumble noise which is considerably
louder than the desired signal com-
ponents.

If, therefore, some system is de-
vised which automatically cuts off
sharply in response characteristics
for the ranges including those com-
ponents of a signal which are at
too low a level to be heard, the ap-
parent quality of reproduction will
not suffer, and the signal-to-noise
ratio will be improved to a worth-
while degree. The present state of
the electronic art allows practical

particularly for broadcast station use

accomplishment of this objective in
several different ways, with vary-
ing elaborateness of equipment.

Degree of Noise Reduction

The amount of audible noise re-
duction obtained with the system
under discussion is difficult to ex-
press in simple terms, since it de-
pends so much upon the high-fre-
quency hearing of the individual,
the effect of auditory masking of
the small remaining noise by the
music signal, and various psycho-
logical factors dealing with annoy-
ance and personal preference.

A relatively simple system can be
made to give more than 20-db at-
tenuation to high-frequency and
low-frequency noise, with substan-
tially no attenuation within the
pass band. A narrow band of noise
is all that is left, and it is so situ-
ated (in shellac records) that it
coincides with the point of mini-
mum noise energy. It also lies
within the musical spectrum, so
that it is easily masked by even
low-level music. In general terms,
it may be said that the suppressor
reduces the noise level from a point
where it is distinctly annoying to a
point where it is practically elimi-
nated on the best records and prac-
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Dynamic Suppression of

By controlling the bandwidth of an audio amplifier automatically in accordance with
the characteristics of the recorded music, suppression of high and low-frequency noise
may be achieved without noticeable injury to the realism of reproduction

—

‘ HE MOST OBVIOUS shortcoming
Tof ordinary reproduction of
music from phonograph records 1is
the presence of the high-frequency
background noise level caused by
minute irregularities on the sur-
face of the record. Although this
noise is more or less random Iin
character, the most annoying part
of it is concentrated in the same
frequency range as the upper musi-
cal harmonics. Any attempt to re-
duce it has heretofore been accom-
panied by a serious attenuation of
these harmonics and often of some
of the higher musical fundamentals
also.

For years, it has been recognized
that the most satisfactory simple
means of controlling noise is by
controlling bandwidth, using as
sharp a cutoff as possible beyond
the desired band and a minimum
of attenuation within the band. The
reproduction of phonograph rec-
ords represents about the only
phase in the field of electrical re-
producing where this precept has
been generally disregarded. There
are several reasons for this. One is

that the commonly used crystal
pickup, when operated into a high-
resistance load, provides conven-
iently a drooping frequency char-
acteristic or high-frequency roll-
off without the use of any addi-
tional parts. Another is that pho-
nograph records have been made
with various degrees of high-fre-
quency preemphasis, and a single
tone control adjusting the rate of
rolloff can be used either to com-
pensate for the recording charac-
teristics or to reduce noise, the lat-
ter of course always at the expense
of fidelity. The third and perhaps
most important reason is that a
sharp cutoff frequency sufficiently
low to reduce the noise level ap-
preciably makes such a deep excur-
sion into the range of lower over-
tones and higher fundamentals of
the music as to produce an ex-
tremely unnatural and mechanical
quality at high volume levels.

To a secondary degree there are
also present low-frequency noises
or rumbles, which may be in either
the record or the turntable, and
which are noticeable during soft

v 3
passages which do not contain many
low frequencies. The present tend- -
ency to use large amounts of bass
boost or automatic low-frequency
compensation greatly exaggerates
any rumble that may be present.

High - frequency and low - fre-
quency noises are present at sub-
stantially constant level during th
playing of a record. Hence they ar
most noticeable during soft pas
sages and least noticed (ofte
masked completely) during lou
passages. The noise suppressor de-
scribed in this paper is a devic
which controls the bandwidth o
reproduction automatically and con
tinuously as a function of the vol
ume and frequency characteristic
of the music, extending the ban
during the loud passages and con-
tracting it during the low-level por4
tions, the variation in bandwidth
being independently controlled
both ends of the spectrum. Th
the noise is reduced when 1
would be most noticeable, and f
bandwidth is used when it is mos
necessary, at high levels. This au
tomatic contraction and extensio
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Phonograph Recora

By H. H. SCOTT

Technology Instrument Corp.
Waltham, Mass.

of the bandwidth has but a neg-
'ligible effect on the apparent
‘realism of reproduction, because of
the threshold characteristic of the
~ear and the distribution of energy
\in musical sounds as described be-
" low.

Music and Hearing

Curve a in Fig. 1 shows the
ithreshold of hearing' for an aver-
Lage person, in terms of frequency.
Sounds below this curve are inaud-
Jible. The distribution of the most
\probable amplitudes of the various
» frequency components involved in
| typical orchestral music® is shown
by curve b. This may be moved up
vand down by varying the volume
i level of the reproduction as shown
im curve ¢, but it will be noted that
] 1t always intersects curve a at
! definite points in both the low and
. high-frequency ranges. For any

particular position of curve ¢ and
. for the type of signal represented

by curve e, all frequencies above
tand below these high and low-fre-
L quency limits, respectively, may be
Sneglected so far as being of any
! importance to the listener is con-
¢ cerned, since he will not be able to
Y hear them.

As a practical matter, if the re-
tduction of volume is obtained by
Hthe musicians playing more softly,
Hthe shape of curve ¢ will actually be
Yaltered to something more like
fcurve d, showing still greater re-
Y duction in amplitude at the higher
Y frequencies. This is the result of
1the well known fact that most musi-

cal instruments produce purer
tones (less harmonics) when played
softly than when played loudly. It
will be noted that at low levels
curve d may cross the threshold
curve at a high-frequency limit as
jlow as 2500 cycles.
Theoretically, then, when listen-
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Dynamic noise suppressor designed particularly for broadcast station use

ing to low-level orchestral music
of the type indicated, insertion of a
2500-cycle low-pass filter will pro-
duce little or no change which is
obvious to the listener. This is
actually borne out by listening
tests, But the introduction of the
filter results in a tremendous de-
crease in needle scratch. This is
true because most of the scratch
noise is high-frequency noise and
its level is well above the threshold
of hearing.

A similar situation exists at the
low-frequency end of the range.
Here again, reproduction of those
components which fall below the
threshold of hearing results in no
worthwhile improvement in the
quality of the signal but may cause
rumble noise which is considerably
louder than the desired signal com-
ponents.

If, therefore, some system is de-
vised which automatically cuts off
sharply in response characteristies
for the ranges including those com-
ponents of a signal which are at
too low a level to be heard, the ap-
parent quality of reproduction will
not suffer, and the signal-to-noise
ratio will be improved to a worth-
while degree, The present state of
the electronic art allows practical

accomplishment of this objective in
several different ways, with vary-
ing elaborateness of equipment.

Degree of Noise Reduction

The amount of audible noise re-
duction obtained with the system
under discussion is difficult to ex-
press in simple terms, since it de-
pends so much upon the high-fre-
quency hearing of the individual,
the effect of auditory masking of
the small remaining noise by the
music signal, and various psycho-
logical factors dealing with annoy-
ance and personal preference.

A relatively simple system can be
made to give more than 20-db at-
tenuation to high-frequency and
low-frequency noise, with substan-
tially no attenuation within the
pass band. A narrow band of noise
is all that is left, and it is so situ-
ated (in shellac records) that it
coincides with the point of mini-
mum noise energy. It also lies
within the musical spectrum, so
that it is easily masked by even
low-level music. In general terms,
it may be said that the suppressor
reduces the noise level from a point
where it is distinctly annoying to a
point where it is practically elimi-
nated on the best records and prac-
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tically unnoticeable on the worst
records.

The only fair proof of the effec-
tiveness and true value of the dy-
namic noise suppressor is in actual
listening tests. Figure 2 has been
prepared in an attempt to give a
graphical portrayal of the amount
of noise reduction. Curve A rep-
resents typical noise level per cycle
bandwidth on a standard-grade
shellac record.® The variation
among records is very great, and
while some high-quality records,
particularly of the Vinylite type,
may be noticeably quieter, many
records, particularly if at all worn,
produce far higher noise levels in
the high-frequency range.

Curve A represents the relative
noise level at various frequencies
in terms of power level, as repro-
duced with a flat gverall character-
istic from a constant-velocity re-
cording. The total area C plus D
under curve A represents the total
noise, since a linear frequency
scale is used. Similarly, curve B
represents the remaining noise
spectrum when using the dynamic
noise suppressor and the area D un-
der this curve represents the re-
maining noise energy. Visual com-
parison of the area D with the
total area C plus D gives some idea
of the amount of noise reduction
obtained on the physical basis of
overall noise energy. It will be
noted that the area C, reprgsenting
the amount of noise eliminated by
the dynamic noise suppressor, com-
prises all but a very small portion
of the total noise energy, and that
the most annoying noise, which
occurs in the higher frequency
ranges, is eliminated entirely.

Preemphasized recordings have
been used increasingly in recent
years as a maeans of obtaining an
improved signal-to-noise ratio.
While record companies have not
published data as to the exact
amount of preemphasis used, indi-
cations are that 9 db at 8000 cycles
is typical of records which have
been widely sold. If the reproduc-
ing system is provided with an
equivalent amount of deemphasis,
the curve 4 becomes the curve E,
and curve B becomes curve F. The
total area H plus G represents the
total noise, while G represents the
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relatively large proportion elimi-
nated by the suppressor and H is
the relatively small amount of re-
maining noise, which is even
smaller than the equivalent area D
without preemphasis.

Figure 2 shows also the low-fre-
quency noise taken from ‘Bauer’s
data (which were on a constant-
velocity basis), adjusted for the
normal reproducing characteristic
used with a 500-cycle turn-over
point between constant-amplitude
and constant-velocity recording. It
should be noted that the scales for
the low-frequency chart are differ-
ent from the high-frequency charts
in order to- provide satisfactory
illustration of the noise-reduction
effect. The break between the low
and high-frequency charts was
positioned at 500 cycles, which is
a ‘conventional crossover point in
recording characteristics. It will
be noted from curve J that low-
frequency noise increases rapidly
below 200 cycles, reaching a power
level 1000 times as high at 50 cycles
as at 1000 cycles, and still 100 timeg
higher at 30 cycles. This illustrates
why many record-reproducing sys-
tems have incorporated low-fre-
quency cutoff circuits to reduce
rumble trouble and acoustic feed-
back.

The action of the noise suppres-
sor is the opposite of the low-
frequency noise characteristic in
that the noise attenuation increases
as the frequency is decreased. Con-
sequently, the remaining noise is
approximately as shown by curve
K, and is negligible at even very
low frequencies. The total area L
plus M represents the total low-
frequency noise, the area L being
that eliminated by the suppressor,
and the area M representing the
remaining noise. It will be noted
that M represents a negligible part
of the total noise area. Use of the
suppressor is consequently of tre-
mendous benefit in systems having
extended or boosted bass response,
and the suppressor becomes more
important as the bass response is
improved.

Aural Balance

There is a further important
advantage in the simultaneous con-
trol of the low and high frequencies

which is totally independent of the
noise-suppression effect but is of
prime importance in presenting
what to the ear appears to be con-
stant reproduction of a wide fre-
quency range.

It is well known that restriction
of one end of the frequency range
is less noticeable if the other end
of the range is also restricted, thus =
maintaining substantially constant
the product between the high-fre-
quency and the low-frequency cut-
offs of the system. Of course, if
the noise-suppression system were
perfect, and the frequency ranges
attenuated always fell beyond the
range of audibility, the question of
maintenance of aural balance would
be of no importance, since, so far
as the ear could determine, there
would be no restriction of the fre-
quency range. As a practical mat-

ter, however, this theoretically
ideal condition is not always
obtained.

Many people like to operate their
radios or phonographs at a fairly
high level, and, particularly where
a high degree of compression is
used in the transmission or the
recording, the low-level portions of
the program may be heard at a
higher level than normal. This is
also true for people sitting unusu-
ally close to the loudspeaker when
the volume is adjusted for satis- !
factory level in a fairly large room.
Under either of these conditions,
the range during the low-level por-
tions of the program may be re-
stricted somewhat within the
audible limits. Also, all program
material will not follow exactly the
actual frequency distribution of the
curve d of Fig. 1. In fact, the
actual frequency distribution of the:
music is constantly varying not
only from orchestra to orchestra’
or from instrument to instrument,}
but also from instant to instant.’
Any curve such as those of ¢ or d l
therefore, represents merely an\
average condition.

Since these particular curves areé
based upon most probable levels;:
variations will normally fall below!
the curves, but occasionally varias
tions will fall above the curves, =El
under these conditions also, if the
variations occur at very high or
very low frequencies, the aural bals
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ance might be upset. Independent
control of low-level high-frequency
cutoffs provides best fidelity for a
wide range of signal types and best
aural balance for variations in
listening conditions.
A third condition goes back to
the generally accepted reaction of
'the average listener in regard to
‘noise versus high fidelity. Under
' conditions where a choice between
fidelity and noise must be made,
' the listener will generally choose
Ithat condition which keeps the
noise level practically inaudible
" during the actual program. With
" extremely noisy records, this may
'make desirable the setting of the
 control and gate circuits so as to
‘provide somewhat greater fre-
| quency-range restriction, particu-
tlarly at low levels, than that
Jimplied from theoretical consider-
lations of curves a and d.
These conditions indicate the
4 desirability of a system controlling
2 both low and high frequencies, a
" desirability sufficiently great, in
. fact, to warrant control of both
. ends of the frequency spectrum
\ even under conditions where noise
1 is encountered at only one end.
'I Gate and Control Circuits
The heart of the noise-suppres-
 sion system is a controlled bandpass
. filter known as the gate circuit. It
: has extremely sharp cutoff charac-
! teristics, particularly for the elim-
1 ination of high-frequency noise.
4 For varying applications, depend-
.e. ing upon the type of signal and
¥ the type of noise, lowpass, band-
pass or band-elimination -charac-
hterlstlcs may be desired. For the
: disc record application a bandpass
rﬂ characteristic is preferred, with a
sharp cutoff at the high-frequency
#end. The sharpness of the low-
% frequency cutoff is of somewhat
H less importance, but a slope steeper
dthan that obtained with the ordi-
dnary single-stage R-C tone control
a;is desirable. The gate circuit is
# capable of rapid control without
fl introducing audible thumps into
4 the output.
& The control circuit which actu-
,ﬁates the gate circuit adjusts inde-
@ pendently and continuously both
f high and low cutoffs of the system,
480 that they always coincide with
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the respective points of intersection
of the curves for the threshold of
audibility and the frequency distri-
bution of the particular signal. The
control must be sufficiently fast to
permit satisfactory reproduction
of transient sounds and to follow
each individual note in the musie,
so ,that noise shall not be heard

CIRCUITS TO COME

For patent reasons, the author has
found it necessary to omit circuit dia-
grams from this paper.

In view of the great interest aroused
by demonstrations of the dynamic
noise suppressor at the National Elec-
tronics Conference, the editors feel
that this description of the underlying
principle should nevertheless be pub-
lished.

Mr. Scott has promifed complete
details of both broadcast-station and
home equipment for publication in an
early issue.

in the background between adja-
cent notes in music of a staccato
or percussion character, such as
from the piano. When properly
operated, the system shows no
noticeable evidence of & rising and
falling background noise varying
in accordance with the musical
signal.

The noise levels encountered in
the upper and lower frequency
ranges over which the cutoffs may
be varied are considerably higher
than the musical components exist-
ing in those ranges, except during
a small portion of the playing time.
Consequently the sensitivity of the
control circuit must be reduced in
the ranges over which the cutoffs
are controlled in order that control
shall reside in the signal, rather
than in the noise or rumble. This
is very satisfactorily arranged
when the reproduced signal is
music, since the extremely high
harmonics exist only with funda-
mentals of somewhat lower
frequency, and control of the high-
frequency cutoff can be exercised
in accordance with musical compo-
nents below the controlled range.
Similarly, the deep bass fundamen-
tals are accompanied by harmonics
of appreciable amplitude which

may be used to control the low-
frequency cutoff.

Practical Equipment

The noise suppressor for home
phonograph use involves only three
vacuum tubes, two in the gate cir-
cuit and one in the control circuit,
and this third and latter tube may
often be combined with one of the
tubes already in the set. Further-
more, the gate circuit may be made
with an adjustable maximum band-
width or rolloff and thus may be
used to replace some of the usual
tone-control circuits in the receiver
and the 10-ke whistle filter for a-m
reception, so that the additional
parts required to include the sup-
pressor in a radio-phonograph are
few in number.

Further elaboration of the gate
and control circuits will produce
many advantages such as wider
frequency range, lower distortion,
lower hum level, greater flexibility
of control, and the ability to cope
satisfactorily with a wider range
of signal and noise types. The first
three of these characteristics are
of relatively little importance in
home radio-phonograph, since even
the simpler circuits exceed the
normal requirements of home radio-
phonograph design in these re-
spects. The other improvements
involve too many extra parts and
tubes for inclusion in the average
home receiver. On the other hand,
for broadecast applications, the best
possible performance is more im-
portant than the actual cost of the
equipment, and for these applica-
tions, a considerably more elaborate
form of the noise suppressor has
been designed and is pictured here.

Details of the circuits will be
published in an article to appear in
these pages as soon as patent ac-
tions are completed.
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VIBRATION EXCITER

for Structural Tests

Electromagnetic shaker units develop tremendous forces at mechanical resonance, for

aircraft flutter tests and failure tests in structural members. Unique carrier-type a4
amplifier, phase shifter, and phase indicator circuits are employed

HIS electronic vibration excit-
ing equipment was primarily
designed for making flutter tests
on large aircraft structures. It
provides for separately exciting vi-
bration at each mechanical reso-
nant frequent of the structure
being tested, as contrasted to
brute-force apparatus  wherein
vibration is created through use
of a rotating unbalanced mass
driven by a constant-speed motor.
In comparison with a mechanical
system for producing vibration,
the electronic method offers flexi-
bility and accurate control over the
vibration forces being applied.
When desired, vibration forces may
be exerted simultaneously at sev-
eral points on a structure. The op-
erator has fingertip control over
the phase and amplitude relation-
ships of the several vibration forces
being exerted, permitting excita-
tion of torsional or bending modes
of wings, either symmetrical or
antisymmetrical, at will.

As an example, the Douglas C-74
(DC-7) airplane was caused to
bounce vertically on its landing
gear by applying vibration excit-
ing forces to the wings, adjacent to
each side of the fuselage. The mass
of the airplane (30 tons) and the
compliance of the tires resonated
at a frequency of 114 cycles per
minute. Two electromagnetic shak-
ers were used and the peak force
required to produce the vertical
bounding was only 45 pounds per
shaker. Thus, tremendous mechan-
ical forces can be developed through
the phenomenon of resonance.

In another test, the wing of a
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By PAUL J. HOLMES

Chief Engineer
The Rollin Company
Pasadena, California

Complete vibration exciter equipment for driving the iwo pairs of electromagnetic
shaker on the floor. Power amplifier cabinet at left contains plug-in a-f oscillator for
controlling exciting frequency of shakers, while cabinet at right contains plug-in
phase shifter for varying phase relationship of signals fed from a-f oscillator to the
two power amplifiers, Extra a-f oscillator on box between cabinets is plugged into
cabinet at right in place of phase shifter when it is desired to use the two amplifiers
independently, each with its own controllable a-f oscillator and pair of shakers

large airplane was excited in an
anti-symmetrical bending mode.
This imparted a torsional (rota-
tional) motion to the fuselage,
causing the tail assembly to whip
from side to side. The extent of
tail motion made the fuselage oil-
can and produce snapping sounds
like those of a child’s metal cricket.

Many of the recent types of air-
craft, both large and small, have
been tested with the Rollin model
35 equipment described, including
the Consolidated Vultee XB-36 (the
Army’s largest land-based bomber),
the Northrop XB-35 flying wing,
Douglas C-74, Northrup XF-15,
and the Consolidated RY-3.

The use of the equipment is not
limited to testing airframes, how-
ever. It may be employed to excite
vibration in various types of struc-
tures, such as for making acceler-
ated repeated load or fatigue tests
(to the point of failure or destruc-
tion) to determine the physical
properties of various . structural
members or certain materials. For
instance, a resonant force of 200
pounds may be exerted alternately
in tension and compressien on a

sample structural member for 80,-
000 cycles in two hours. A similar!

test employing motor-driven cam-
operated apparatus operating at the

rate of 10 cycles per minute would
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. Power amplifier cabinet Just showing at left supplies exciting power to the two shakers on the ground. each attached to one of the
fuselage sections of a Northrop F-15 photo reconnaissance plane

i require well over 100 hours of run-
! ning.
Electromagnetic Shaker Units

The driving force is produced by
| electromagnetic vibration motor or
| shaker units energized by a vac-
| uum-tube oscillator and power am-
plifier. The frequency of the oscil-
kator can be controlled over a range
from 2 cycles per second (120 cpm)
to over 500 cycles per second (30,-
000 cpm), and lower frequencies
down to zero can be obtained by
| substituting a motor-driven sine
potentiometer and a battery for the
vacuum-tube oscillator.
A shaker unit comprises a mov-
able armature coil suspended in the
air gap of a magnetic circuit oper-
'} ated at high flux density. The field

coils are wound with 100 pounds of
¢! copper wire. The complete shaker
" weighs about 225 pounds and can
f| produce a peak blocked driving

‘| force of 1560 pounds. A mechanical
#{ connection to the armature trans-
+| fers this force to a structure.

A unique beryllium copper sus-
il{ pengion system keeps the armature
M coil centered in the air gap during
4! motion while permitting an arma-
i ture excursion of over % inch in
It! both directions from the rest posi-
@l tion. Less than 5 pounds of pull is
irequired to move the armature
#l from its rest position to a position
lof maximum excursion. This
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spring system has low mechanical
damping as required for observ-
ance of weak resonant periods of
vibration in the structure under
test, and the mass of the driving
element (primarily that of the ar-
mature coil) is low enough so it
does not affect the resonant periods
of the structure. Another require-
ment, minimum electrical damping,
is obtained by keeping the internal
resistance or impedance of the
source of driving power (the am-
plifier output stage) high with re-
spect to that of the armature coils.
With a higher resistance, the back
emf generated by armature coil
motion cannot cause appreciable

current flow which would consti-
tute an electrical damping effect.
Many vibration tests require
means for applying vibration forces
of different phase to two points on
a structure, such as for creating
torsional (rotational) types of vi-
bration. For this reason two
identical exciters are provided,
each in its separate cabinet and
driving its own pair of shakers.
The block diagram in Fig. 1 shows
interrelationships of the two cabi-
nets. If only one pair of shakers is
required one cabinet and the phase
shifter are disconnected, and the
audio oscillator is fed directly into
the other cabinet. The unused
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FIG. 1—Block diagram of complete vibration exciter equipment for driving two pairs
of shakers
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FIG, 2—Circuit of carrier-type power amplifier used for driving one pair of shakers

units serve as standby sets, a desir-
able feature since interruption of
tests on a large airplane is quite ex-
pensive. ]

Operation of Exciter

Consider first the simplest setup
whereby the audio oscillator is
feeding directly into the balanced
modulator of cabinet A in Fig. 1
and cabinet B is unused. To achieve
satisfactory amplifier performance
from 500 cycles down to zero fre-
quency, a carrier system is em-
ployed and the class B outptt stage
is of the cascade type. No output
transformer is used.

The low-frequency signal from
the 2 to 500-cycle oscillator (or
from a still lower frequency motor-
driven sine-wave generator) and a
5,000-cycle signal from the carrier
escillator are directly impressed on
a novel degenerative type balanced
modulator which will function to
zero signal frequency and is ex-
tremely stable in operation. The
modulator suppresses the 5,000-
cycle carrier and creates sum and
difference components in the out-
put. The low-frequency signal (2
to 500 cycles) is also in the output,
but is eliminated by a 4,000 to
6,000-cycle bandpass filter. The re-
sulting desired sideband compon-
ents are amplified in the sideband
amplifier, The output from the car-
rier oscillator is separately ampli-
fied in another identincal amplifier.
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The amplified outputs appear in
transformers which have dual out-
put windings. At this point the
sidebands. are recombined with the
carrier so normal modulated envel-
opes are produced. A phase correc-
tion network (not shown on the
block diagram) located between the
carrier oscillator and the balanced
modulator provides for proper
phase between the carrier and side-
bands when recombined.

The dual output windings feed
separate demodulators 180 degrees
out of phase, so that the demodu-
lator output signals are suitable for
driving the grids of the class B out-
put tubes which drive the shakers.

Exciter Circuilt

The complete circuit for driving
one pair of shakers (housed in one
cabinet) is given in Fig. 2. In ad-
dition to the low-frequency signals,
the outputs of the demodulators
contain a d-c voltage due to the car-
rier. This voltage would continu-
ously bias the grids of the output
tubes if it were not balanced out
by an opposite bias voltage. Unique
degenerative bias networks serve
this purpose and also function as
sources of d-c bias voltage which
remain constant regardless of grid
current flow through them.

The grids of class B tubes draw
considerable current when the im-
pressed signal is positive. Such
current flow tends to increase the

2
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FIG. 3—Circuit of phase shifter used be-
tween a common a-f oscillator and two

power amplifiers when it is desired to

drive two pairs of shakers in various

phase relationships ranging fgom zero to
360 degrees

voltage across a bias network but
the action of the degenerative net-
work is to maintain the bias at a
nearly constant value. Because of
this grid current flow, the output
impedance of the demodulators
must be quite low and have good
regulation. The low impedance is
obtained by employing for the de-
modulators a bridge circuit using
type 884 rectifiers and by having
considerable negative feedback in
the sideband and carrier amplifiers.

Power Supply Circults

The design of the power supplies
is more or-less conventional. Three-
phase 460-volt power is employed
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iecause the rectified output from
he power supplies is then simple to
ilter and gives good regulation as
equired for low-frequency ampli-
ier operation. The positive and
egative high-voltage supplies for
he type 805 output tubes are ob-
ained from two Y-connected three-
hase half-wave rectifier circuits
mploying a total of six type 866A
ubes. In extremely low-frequency
mplifier operation, the instanta-
eous peak plate current of the out-
ut tubes (750 milliamperes) be-
omes substantially a static current
nd the high-voltage power supply
35 designed to supply this peak cur-
ent continuously.

- The low-voltage power supply
mploys a three-phase half-wave
ircuit using three type 866A rec-
ifier tubes. Its output is filtered
nd fed to an electronic voltage reg-
rlator which in turn supplies plate
oltage to all vacuum tubes other
han the type 805 output tubes.

Current Regulators

| The rectified and filtered output
'f the low-voltage power supply is
Iso fed to two electronic current
egulators which supply all neces-
ry field current to the shaker

its. Each current regulator com-
rises three type 807 tubes con-
‘ected as pentodes and used as con-
tant-current devices to supply a
ontrollable field current to its
haker units and hold the current

Setup of two shakers for wing vibration test of Consolidated
Vultee model RY-3 airplane

I
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constant despite changes in field
coil resistance during heating.

A resonant type constant-voltage
transformer connected to one phase
of the three-phase 460-volt power
line supplies regulated 115-volt a-c
power for the 2 to 500-cycle oscil-
lator. This oscillator has a feed-
back circuit with a very low time
constant and sudden variations in
line voltage would cause low-fre-
quency transients.

Phase-Shifter

For dual operation with cabinet
A and cabinet B, the setup is as
shown in Fig. 1. Each phase-shift-
ing network in the phase shifter
employs a dual-triode vacuum tube
connected as in Fig. 3. The first
section serves as a phase inverter
to obtain equal voltages with re-
spect to ground which are 180
degrees out of phase. Across the
output terminals of the phase in-
verter is a series-connected RC net-
work whose junction point goes to
the grid of the second section of the
dual triode, which is connected as
a cathode follower.

The phase-shifted voltage at the
grid of the cathode follower is the
vector sum of two voltages whose
magnitude and angle both change
as the variable resistance of the RC
network is changed. The magni-
tude of the resultant of these two
voltages remains constant in am-
plitude while the phase angle is

L J

changed from zero to very nearly
180 degrees. Thus, the output of
each cathode follower supplies a
voltage whose phase may be con-
tinuously shifted by means of a
variable resistance.

Signal Distributor

The signal distributor used be-
tween the phase shifter and the a-f
oscillator provides for continuously
varying the amplitude relation-
ships of the forces exerted by the
pairs of shaker units. With this
control one pair of shakers can be
caused to produce a low driving
force while the other pair is pro-
ducing a high driving force, and
vice versa, or an equal driving
force can be had from both pairs
of shakers. Overall control of the
forces is provided by a master con-
trol on the 2 to 500-cycle oscillator.

The variable resistances of the
two phase-shifting networks are
ganged to provide concurrent ad-
justment, advancing the phase in
one output while retarding the
phase of the other. The phase
relationship can be adjusted from
0 to nearly 360 degrees in this
manner,

Phase Indicator

The phase indicator (used only
for dual operation) indicates phase
differences of from 0 to 360 degrees
on a calibrated linear scale, with
the 180-degree point occurring

Setup of single shaker for fuselage side bending test on
Consolidated Vultee model RY-3 airplane
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exactly at midscale. Continuous
indication of phase is obtained,
substantially independent of fre-
quency over the range of from 2
to 500 cycles and very nearly inde-
pendent of the amplitude relation-
ship of the signals being compared
for phase.

The circuit of the phase indica-
tor appears in Fig. 4. In operation,
a constant amplitude of current
flows through the indicating meter
for a time period determined by
the crest point of the negative half-
cycle of one signal and the corres-
ponding point on the other signal.
No current flows through the
meter until the starting point of
the first-mentioned signal again
occurs. The repetition rate of cur-
rent flow through the meter is
determined by the frequency of the
signals being compared. These on
and off periods of current flow are
primarily a function of the phase
difference of the signals being com-
pared. The ratio of these periods
is independent of frequency. The
deflection of the pointer of the in-
dicating meter is directly propor-
tional to the ratio of the on-off
periods of current flow. Because
of this, a linear phase indication
is obtained.

A flip-flop or trigger circuit pro-
vides the on-off periods of current
flow. Each side of this circuit is

LIMITER

LIMITER AMPLIFIER

AMPLIFIER

FLIP-FLOP
CIRCUIT

FIG. 4—Circuit used to indicate phas

separately triggered by a spike or
pip obtained from a differentiation
network fed by a two-stage limiter
amplifier. The two limiter ampli-
fiers resolve each of the impressed
sine waves to square waves and
the differentiation networks pro-
duce spikes determined by the slope
of the sides of the square waves.
Only the negative spikes trigger
the flip-flop circuit. Signals above
the threshold operating point of the
two-stage limiters do not increase
the amplitude of the square waves
produced. Therefore, the phase
indication obtained is independent
of the amplitude relationship of the

e relationship between two a- voltages

two signals being compared for
phase.

For their many helpful sugges-
tions in the design and application
of the electronic vibration equip-
ment, the author is indebted to Lt.
Col. B. Smilg of the Aircraft
Laboratory, Wright Field; K. R.
Jackman and Merle Brady, Test

Laboratory, Consolidated Vultee,
San Diego, California; E. A. Gard-
ner, Engineering Department,
Northrop Aircraft, Hawthorne,
California, and R. E. Rawlins,

formerly of Engineering Depart-
ment, Lockheed Aircraft, Burbank,

California. :

View of electromagnetic shaker unit.
protects armature and suspension system
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Punch Press Protector

| When the slugs formed by a punch press are not cleared within three seconds, an elec-

| tronic timer shuts off power.

unit prevent the timer starting

In normal operation slugs evacuated through a sensing

The die. compressed-air line, slug exit tube
and sensing coil are shown in relation to

the rear of the punch press. The detail
above is the sensing coil that detects the
passage of slugs

'l

1

] N MANUFACTURING cylindrical
I steel cases for a special applica-

i¥ tion it is necessary to punch a num-

| ber of holes all around the sidewall.
This is accomplished by clamping
each case in an automatic indexing
fixture that is installed in a regular
punch press. Each stroke of the
press punches out 16 holes in the

| side of the case. The fixture is then

| automatically indexed and the op-

| eration repeated. This continues
until the case has made one com-

u plete revolution. The small round

dli ELECTRONICS — December, 1946

By JOHN ISAACS

Asst. Metallurgist
Norris Stemping and Mfg. Co.
Los Angeles, Calif.

slugs that are punched out fall into
the hollow die and are blown out
with compressed air.

In manufacturing the cylinders
it soon “became apparent that a
problem existed in eliminating the
small steel slugs from the hollow
die once they had been punched out.
The exit hole in the die was of ne-

cessity rather small and the slugs,
instead of ejecting when the com-
pressed air was turned on, tended
{0 jam in the die. After about seven
strokes of the press, the die would
be completely filled and then the
punches or the die or both would
be damaged. This failure resulted
in needless lost time and repairs.
Also, though on less frequent occa-
sions, the compressed air supply
failed, resulting in damage to the
equipment. The solution depended,
then, on devising some means of
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stopping the punch press in the
event that the slugs were not pro-
perly ejected for any reason.

Variable-Inductance Sensor

First of all some sort of sensing
unit had to be devised that would
respond to the presence of the slugs
as they were being ejected. It was
also advisable that this sensing unit
be sensitive to the number of slugs
present. This ability was necessary
since it was discovered that occa-
sionally a few pieces stuck in the
die after each stroke of the press
and slowly built up an obstruction.

It was decided to make use of the
magnetic properties of the slugs,
whereupon the coil and funnel ar-
rangement in Fig. 1 was devised.
This unit was attached to the press
in such a manner that slugs pass
into the funnel and through the
coil as they are ejected from the die.
Another coil, identical with the first,
was mounted about 6 inches from
the press near the first coil. These
coils, marked L, and L, in the wir-
ing diagram of Fig. 2 form the two
reactance arms of a simple bridge
circuit. A fixed resistance and a
series fixed and variable resistance
combination make up the other
two arms of the bridge. The
variable resistance in one arm
is used to balance the bridge
circuit. Now, with the primary

coIL FORM;
/

\.ND.25 WIRE ~APPROX 100 OHMS

FIG. 1—Diagram of the die exit hole,

funnel, and sensing coil mounted on fiber

tube. Punchings are blown through this
channel

of transformer T, energized and
the bridge balanced, the pres-
ence of steel in the sensing coil
causes a change in the inductance
of this coil and so unbalances the
bridge. This unbalance voltage ap-
pears across the primary of trans-
former T..

The coil and bridge arrangement
satisfied the original requirement
that the presence of the slugs be
detected. However, the output of

the bridge circuit at maximum un-

balance was still rather small so it
was necessary to amplify this volt-
age. It was done by the use of a
conventional two stage amplifier us-
ing a 6SJ7, pentode connected, and
a 6C5. Since this amplifier must
amplify the line frequency (Gl
cycles), 0.1 microfarad coupling
capacitors have been used and the
plate circuit of each tube is by-

passed to ground to prevent any
high frequency feedback er regen-
eration that might be introduced.
A test jack is provided in the plate
circuit of the 6C5 so that an a-c
voltmeter can be inserted when it is
desired to balance the bridge.

Since compressed air is used to
blow the metal slugs from the die,
they pass through the sensing coil
at a relatively high velocity. The
bridge is only unbalanced for a
fraction of a second so that an or-
dinary relay can not be made to
operate satisfactorily on the ampli-
fied voltage. The relay is therefore
connected in the plate circuit of a
2051 gas tetrode. In this type of
tube when the plate is positive the
tube will fire once the negative grid
voltage is reduced to a critical
value. When the tube fires the gas
ionizes and the grid no longer has
any control over the flow of plate
current. Thus the amplified signal
from T, is applied to the grid cir- "
cuit of the 2051, When the instan-
taneous grid potential is reduced.
to the critical value the tube fires l
and relay K, is energized. Switch
MS. is opened by the punch-press!
cycle and the unit is again ready to
detect -the presence of the metal
slugs in the sensing coil.

It is necessary that the press be
shut down if the die is not cleared
after about three strokes. This is

BRIDGE GIRGUIT . AMPLIFIER RELAY CIRCUIT
65J 6CS 2051
T2 ‘8) T il
. 1 M
3 2% 8 . 3 m
ol 7 f LREL AY
20006RID | _ .o T 3 a >
Igéi L to-I : 8 o T INTERSTAGE RESET
e + - - 50000 TEST JACK $ D
40,000
Ky 1L18'
LOCKUP IRELAY :
| K
— g TIMER RESET :
;i Ry T iy | ;
MS, jas S
p—gl,o—o e 3 : bl
TO STOP K’F )
CIRCUIT =
ON PRESS Bt

FIG. 2—Simplified schematic wiring diagram of the i -
press-stopping circuit. Power suppl
tion elements have been omitted for clurity Delr. T pmq
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accomplished by the use of an elec-
tronic timer. The time delay is set
for about 4 seconds (three strokes
of the press) determined by
the 4-microfarad capacitor and
the 250,000-ohm resistor. When the
plate and cathode circuits of
the type 6V6 tube are disconnected
through relay K, the cathode is
connected to the hot side of the
1115-volt line through the 10,000-
shm resistor. The capacitor and re-
sistor combination connect from
the control grid to the ground side
of the line. The capacitor now
charges because the grid and cath-
'ode constitute a half-wave rectifier.
'The charge leaves the grid negative
\with respect to ground. When relay
K. is energized the plate and cath-
‘ode circuits are connected normally.
"No current flows through K, in the
iplate circuit of the 6V6 tube be-
icause of the negative voltage on the
‘grid. The 250,000-ohm resistor dis-
‘charges the capacitor so that the
grid bias is decreased and plate cur-
‘rent rises sufficiently to cause the
irelay to pull in. This relay remains
lenergized until the plate and cath-
lode circuits are again broken.

Sequence of Operations

Now that the various components
of the press protector have been
P:described, their operation as a
‘lwhole can be considered. The cycle

of the punch press begins with the
sppunch at the top of its stroke and
the steel cylinder clamped in posi-
tion over the die. As the punch
starts down, a switch operates the
Isolenoid valve that controls the flow
iof compressed air into the die. This
blast blows out the steel slugs left
in the die from the previous cycle.
he slugs pass through the sensing
]coil, and cause relay K, to become
lenergized.
| As the punch reaches the bottom
f the stroke the compressed air is
iturned off. At the same time, MS,
is closed momentarily. A contact on
relay K, in series with this switch
completes the circuit through the
coil of relayK, unless the contacts
/of K. are opened by the action of
the emerging slugs. If relay K, op-
lerates it will close the plate and

‘. @ELECTRONICS — December, 1946
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cathode circuits of the electronic
timer that will then start through
its cycle. In other words, as long
as the slugs are ejected from the
die, relay K, will become energized
and prevent the timer from start-
ing. In the event that relay K, does
not become energized during three
strokes of the press, the timer will
complete its cycle and operate K,,
opening the contacts that stop the
press.

As the punch reaches the top of

FIG. 3—Complete control unit is mounted

in a cabinet on a hinged panel. The three

replaceable chassis from top to bottom in-

clude: bridge circuit and amplifier, control

sequence relays and timer, and power
supply

its stroke switch MS. is actuated,
causing the plate circuit of the 2051
to be broken. This mechanical op-
eration is necessary because once
plate current starts to flow the grid
loses control and relay K: remains
continuously energized.
Functionally, although it sounds
complex, the entire unit is actually
made up of only two basic parts;
the amplifier that actuates a relay
each time the steel slugs pass
through the coil; and the electronic
timer that is reset each time the re-

lay is actuated. Such a system is
adaptable to a number of similar
applications and in some instances a
simple snap-action switch can be the
detecting or sensing device. This
method could be used when rela-
tively large articles were being
turned out by a high-speed punch
press or similar machine.

Practical Arrangement of Equipment

The mechanical construction of
any piece of electronic equipment
must receive prime consideration
if it is to be used in an industrial
plant. There is usually severe vi-
bration in the vicinity of heavy ma-
chinery, especially a punch press of
any size. This motion usually takes
the form of sudden jolts.

Attaching the equipment directly
to the machinery should be avoided
if vibrations will affect its per-
formance or reliability. The assem-
bly of the press protector is shown
in Fig. 3. From bottom to top,
the power supply is mounted on the
first chassis, the relays and the
timer on the second, and the ampli-
fier on the third. These chassis are
mounted on a front panel that
swings outward from the cabinet
which houses the entire unit for
ease in servicing and making ad-
justments. The chassis are con-
nected together with cables and
plugs. Any one of the three chassis
can be quickly and easily replaced
if it becomes defective. A cabple
that plugs into the power supply
chassis is wired to a terminal board
attached to the inside of the cabi-
net. The entire unit can thus be re-
moved without disturbing the elec-
trical connections to the terminal
board. All electrical circuits are
of course properly fused. A relay
(not shown in Fig. 2) is connected
so that if the power to the unit is
disconnected or a fuse blows, the
press is immediately shut off. A
switch (8S,) is also provided so that
when it is closed the press pro-
tector has no effect on the operation
of the press. This is necessary so
that the die setters can make ad-
justments on the press without hav-
ing it shut off because no steel slugs
are being ejected.
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CASCADE PHASE SHIFT|

Simple new modulator circuit for f-m transmitters is easy to adjust and maintain, requires

only standard tubes, and has minimum inh
shifts of six crystal frequency stages permits

erent amplitude modulation. Adding phase
low order of frequency multiplication ¢

T is fairly evident that the direct
crystal control which is charac-
teristic of phase modulators offers a
more reliable and straightforward
circuit than systems using center-
frequency correction, especially
with the aid of a new simple phase
modulator which has the necessary
low distortion and low noise level.
The development of such a new
modulator, closely approaching the
ideal, has resulted from an exhaus-
tive theoretical and experimental
investigation of a large variety of
phase shift modulators. This new
modulator, known as the cascade
phase shift modulator, allows the
use of a relatively low order of fre-
quency multiplication by adding
the phase shift of a number of
stages operating at the crystal fre-
quency. The basic phase shift cir-
cuit accomplishes the task of mod-

By M. MARKS

Broadcast Equipment Di?'isiort
Raytheon Manufacturing Co.
Chicago, Illinois

ulation with a minimum of inherent
amplitude modulation. Figure 1 is
a simplified block diagram of the
complete system.

Characteristics of Phase Shift
Modulators

This paper will give a brief gen-
eral review of phase shift modu-
lators, showing the relationship be-
tween phase and frequency modula-
tion, then develop the theory of the
new modulator and give perfor-
mance data.

When the phase of a carrier wave
of constant frequency is advanced
or retarded, the instantaneous fre-
quency of the carrier also changes;

the frequency deviation is propor-
tional to the rate of change of
phase.! The operation of all phase
modulators depends on this impor-=
tant relationship, which may be
visualized by considering a sinu-
soidal voltage of constant {fre-
quency. If the phase of this wave is
advanced, say by 90 degrees,
through insertion of a suitable
phase shifting device, it can be seen
that during the time taken for the
phase to change to the new ad-
vanced value, the wave actually has
to move faster than it would have
moved if no change had taken place.
Therefore, while the phase is
changing, the effect is the same as
if the frequency were higher. In
a like manner, delaying the phase
results in a lower frequency whilel
the change is taking place. As soon
as the shift in phase is stopped, the
wave continues on at the original
frequency.

TR Y T

s From this, it follows that th
1 GASCADE more rapidly the phase s shifted,
- GRYSTAL PHASE SHIFT el POWER R-F OUTPUT i i
os?(‘)lbl]l(gm -t |00M|8;Dyt:(91|-g%ps % STING 275 KC j M- 9752%|F'I/E_=,RKC U. the greater will be the resulting:
6 STAGES M=972 = frequency deviation. Thus, if thel
phase of an r-f signal is shifted b
plus and minus 90 degrees at
B b cranoarp | MODULATING AUDIO- sinusoidal audio-frequency rate 0
FREQUENGY e FREQUENCY  a— oIS | EREGUENCY INEUT 100 cycles, the frequency would |
NETWORK deviate (in accord with a cosin

FIG. 1—Block diagram of f-m transmitter
using cascade phase shift modulator 100KC 100 KG 100 KG 100 KG 100KG 100 KC
100 KC 2.5 CPS +250 CPS +3T.5CPS £500CPS =625 CPS ¢£750 CPS
MODU-
CRYSTAL FIRST SECOND THIRD FOURTH | | FIFTH SIXTH | LATOR
OSCILLATOR STAGE STAGE [™ STAGE STAGE [* STAGE STAGE [TOUTPUT
FIG. 2—Block diagram showing individual s '
stages of cascade phase shift modulator. A-F INVERSE w I 4
A maximum phase shift per stage of plus INPUT F:i?t\:,Ech -
or minus 23.9 degrees is required for a 25
30-cycle signal at full frequency deviation
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MODULATOR

Back view of cascade phase shift modulator for 250-watt f-m transmitter

functian) 157 cycles above and be-

. low the original frequency; if the

audio frequency rate of phase shift
is now increased tenfold to 1,000
cycles, the frequency deviation will
likewise be increased ten times to
give 1,570 cycles deviation. The
frequency deviation in cycles,

" therefore, can be seen to equal the

N

_—

product of the audio frequency
(also in cycles) and the phase shift
in degrees, divided by a constant
(the number of degrees per ra-
dian).

Inverse Frequency Network

Inasmuch as the frequency devi-
ation must be held constant at 75,-
000 cycles for 100-percent modu-
lation, regardless of the modulating
frequency, the number of degrees
phase shift must be varied in-
versely with the modulating audio
frequency. This effect is readily
accomplished by use of an inte-
grating circuit (also known as an
inverse frequency network), con-
sisting of a series resistance and a
shunt capacitance, usually placed
between the source of modulating
signal and the phase modulator.
The higher modulation frequencies
are thus attenuated in precisely the
desired manner for true frequency
modulation.

The phase shift obtainable with
low distortion from conventional

ELECTRONICS — December, 1946

phase modulator circuits rarely ex-
ceeds 25 degrees. The resulting
frequency deviation for a 30-cycle
modulating signal may be readily
calculated to be equal to 13.1 cycles.
Since this small deviation falls far
short of the required 75,000 cycles,
it becomes necessary to multiply
the original frequency deviation by
a factor M approximately equal to
6,000 in order to attain the re-
quired final frequency deviation.
The well-known fact that multipli-
cation of frequency produces a like
multiplication of frequency devia-
tion is used for this purpose to
good advantage in practically all
phase modulators.

There is a good practical reason,
however, for keeping M not much

over 1,000, Assuming the lowest

usable crystal frequency as 75 ke
(5 times the highest audio fre-
quency) and an operating fre-
quency of 100 me, a factor M equal
to 1,333 is obtained. To attain
higher multiplication factors than
this, it is necessary to resort to the
use of heterodyne frequency con-
verters.

Frequency Converters

In general, frequency converters

" are undesirable because the spuri-

ous beat frequencies present in
their output circuits must be care-
fully discriminated against by

Cascade phase shift modulator (second

panel from bottom, outlined) installed in
250-watt f-m broadcast transmitter

means of tuned circuits and ade-
quate shielding. In addition, there
is the possible production of addi-
tional spurious beats caused by
voltages from the low-frequency
stages entering one or more of the.
broad pass bands of the stages fol-
lowing the converter. Hence, if M
can be reduced to approximately
1,300 or less, the above difficulties;
will not materialize.

Addition of Phase Shifts

Large values of M are a direct
consequence of the limited phase.
shift of which conventional modu-
lators are capable. It is possible,
however, to increase the useful
phase shift of a modulator substan-
tially by adding the individual
phase shifts of two or more stages
connected in cascade. The block
diagram of Fig. 2 illustrates the
manner of connecting the phase
shift stages in cascade for the
transfer of r-f energy, but in paral-
lel as far as the a-f signal is con-
cerned. The progressive increase
of frequency deviation from stage
to stage is also given for N, the
number of cascaded stages, equal to
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CASCADE PHASE SHIFT

Simple new modulator circuit for f-m transmitters is easy to adjust and maintain, requires .

‘only standard tubes, and has minimum inherent amplitude modulation. Adding phase §
of frequency multiplication

- ‘.

shifts of six crystal frequency stages permits low order

5

T is fairly evident that the direct
crystal control which is charac-
teristic of phase modulators offers a
more reliable and straightforward
circuit than systems using center-
frequency correction, especially
with the aid of a new simple phase
modulator which has the necessary
low distortion and low noise level.
The development of such a new
modulator, closely approaching the
ideal, has resulted from an exhaus-
tive theoretical and experimental
investigation of a large variety of
phase shift modulators. This new
modulator, known as the cascade
phase shift modulator, allows the
use of a relatively low order of fre-
quency multiplication by adding
the phase shift of a number of
stages operating at the crystal fre-
quency. The basic phase shift cir-
cuit accomplishes the task of mod-

By M. MARKS

Broadcast Equipment Divigion
Raytheon Manufacturing Co.
Chicago, I11linois

ulation with a minimum of inherent
amplitude modulation. Figure 1 is
a simplified block diagram of the
complete system.

Characteristics of Phase Shift
Modulators

This paper will give a brief gen-
eral review of phase shift modu-
lators, showing the relationship be-
tween phase and frequency modula-
tion, then develop the theory of the
new modulator and give perfor-
mance data.

When the phase of a carrier wave
of constant frequency is advanced
or retarded, the instantaneous fre-
quency of the carrier also changes;

From this, it follows that the

o | | ng@e | | s e | e comyr | i sren R i

osci LaToR (~» MooULAToR 1 T i sk s ANPLIFER the greater xstlll.be the resyltlng

6 STAGES frequency deviation. Thus, if the

phase of an r-f signal is shifted by

plus and minus 90 degrees at a

e LA oo NODULATRS AU~ sinusoidal audio-frequency rate of

REQUENCY e~ FREQUENGY  |&—  peiciviats  f@———— 100 cycles, the frequency would

NETWORK deviate (in accord with a cosine

FIG. 1—Block diagram of {-m transmitter
using cascade phase shift modulator 100KC 100KC 100 KC 100 KC 100KC 100 KC
100 K¢ M2.5CPS  +250CPS  +375CPS :500CPS £625CPS £750 GPS
o [4 55 (e e W Mo o e

FIG. 2—Block diagram showing individual
stages of cascade phase shift modulator.
A maximum phase shift per stage of plus
or minus 23.9 degrees is required for a
30-cycle signal at full frequency deviation
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the frequency deviation is propor-
tional to the rate of change of
phase.!! The operation of all phase
modulators depends on this impor-
tant relationship, which may be
visualized by considering a sinu-
soidal voltage of constant fre-
quency. If the phase of this wave is
advanced, say by 90 degrees,
through insertion of a suitable
phase shifting device, it can be seen
that during the time taken for the
phase to change to the new ad-
vanced value, the wave actually has
to move faster than it would have
moved if no change had taken place.
Therefore, while the phase is
changing, the effect is the same as
if the frequency were higher. In
a like manner, delaying the phase
results in a lower frequency while §
the change is taking place. As soon
as the shift in phase is stopped, the
wave continues on at the original
frequency.

=

AnE INVERSE
FREQUENCY |
INPUT | NETWORK

r |
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Back view of cascade phase shift modulator for 250-watt {-m transmitter

{functian) 157 cycles above and be-
low the original frequency; if the

| audio frequency rate of phase shift
l1is now increased tenfold to 1,000
| cycles, the frequency deviation will
|[| likewise be increased ten times to
. give 1,570 cycles deviation.

The
 frequency deviation in cycles,
| therefore, can be seen to equal the
| product of the audio frequency
(also in cycles) and the phase shift
' in degrees, divided by a constant
(the number of degrees per ra-
dian).

Inverse Frequency Network

Inasmuch as the frequency devi-
‘ation must be held constant at 75,-
1000 cycles for 100-percent modu-
lation, regardless of the modulating

frequency, the number of degrees

' phase shift must be varied in-

| versely with the modulating audio
n} frequency. This effect is readily

accomplished by use of an inte-
grating circuit (also known as an

| inverse frequency network), con-

sisting of a series resistance and a
shunt capacitance, usually placed
' between the source of mod»_ulating
'signal and the phase modulator.
" The higher modulation frequencies
‘ are thus attenuated in precisely the

/

~desired manner for true frequency

The phase shift obtainable with
low distortion from conventional

!‘ modulation.
f
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phase modulator circuits rarely ex-
ceeds 25 degrees. The resulting
frequency deviation for a 30-cycle
modulating signal may be readily
calculated to be equal to 13.1 cycles.
Since this small deviation falls far
short of the required 75,000 cycles,
it becomes necessary to multiply
the original frequency deviation by
a factor M approximately equal to
6,000 in order to attain the re-
quired final frequency deviation.
The well-known fact that multipli-
cation of frequency produces a like
multiplication of frequency devia-
tion is used for this purpose to
good advantage in practically all
phase modulators.

There is a good practical reason,
however, for keeping M not much
over 1,000, Assuming the lowest
usable crystal frequency as 75 ke
(5 times the highest audio fre-
quency) and an operating fre-
quency of 100 me, a factor M equal
to 1,333 is obtained. To attain
higher multiplication factors than
this, it is necessary to resort to the
use of heterodyne frequency con-
verters.

Frequency Converters

In general, frequency converters

“are undesirable because the spuri-

ous beat frequencies present in
their output circuits must be care-
fully discriminated against by

Cascade phase shift modulator (second

panel from bottom, outlined) installed in
250-watt f-m broadcast transmitter

means of tuned circuits and ade-
quate shielding. In addition, there
is the possible production of addi-
tional spurious beats caused by
voltages from the low-frequency
stages entering one or more of the-
broad pass bands of the stages fol-
lowing the converter. Hence, if M
can be reduced to approximately
1,300 or less, the above difficulties,
will not materialize.

Addition of Phase Shifts

Large values of M are a direct
consequence of the limited phase.
shift of which conventional modu-
lators are capable. It is possible,
however, to increase the useful
phase shift of a modulator substan-
tially by adding the individual
phase shifts of two or more stages
connected in cascade. The block
diagram of Fig. 2 illustrates the
manner of connecting the phase
shift stages in cascade for the
transfer of r-f energy, but in paral-
lel as far as the a-f signal is con-
cerned. The progressive increase
of frequency deviation from stage
to stage is also given for N, the
number of cascaded stages, equal to

i0s



TO GRID OF SUGGEEDING
MODULATOR STAGE'

' AMPLIFIER TUBE

EQUIVALENT CIRCUIT

6, and for a maximum phase shift
per stage of 23.9 degrees (required
for a 30-cycle a-f signal at full devi-
ation). It should be noted that if
only the first stage were used
(N = 1), the conventional modu-
lator would result for which M
must be 6,000 (75,000 cycles/12.6
cycles) ; if all six stages are used
(N = 6), M is reduced to 1,000
(75,000 cycles/75 cycles)—the lat-
ter condition obviating the need for
a frequency converter.

From the preceding discussion it
follows that N may be considered
as effective as M in producing the
final frequency deviation, This re-
lationship may be stated as follows:
The frequency deviation at the op-
erating frequency in cycles is equal
to the product of the audio fre-
quency in cycles, the phase shift
per modulator stage in degrees, the
factor M, and the factor N, divided
by the number of degrees per ra-
dian (67.3).

There is yet another advantage
which comes from keeping M rela-
tively low. When an unmodulated
r-f signal is passed through a
vacuum tube amplifier, it becomes
modulated by the random noise
voltages which are ever present;
one portion produces amplitude
modulation of the r-f signal and
the other produces irregular fluctu-
ations in its phase.

The amplitude modulation is
readily removed by the limiting ac-
tion of subsequent multiplier
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FIG. 4 (ubove)—Constunt-impedam.:e net-
work and corresponding vector diagram

FIG. 3° (left)—Basic phase shift stage oper-
aling at crystal frequency. and equivalent
circuit

stages, but the irregular fluctua-
tions in the phase of the signal
represent a noise modulation. The
frequency deviation corresponding
to these fluctuations increases for
the higher audio frequencies be-
cause there is no inverse frequency
network to attenuate them. The
magnitude of the resulting phase
shift of the r-f wave due t¢o the
noise may be shown’ to be approxi-
mately equal to 57.3 times the value
of noise voltage divided by the sig-
nal voltage. Hence, assuming a
noise of 10 microvolts and a signal
of 10 volts, the phase shift would be
approximately 0.00005673 degrees.
For N = 1 and M = 6,000, ap-
proximately 0.05 degree phase shift
is required at 15,000 cycles to pro-
duce 100 percent modulation. The
ratio, then, of the phase shift for
100 percent modulation to the noise
phase shift, expressed in db, should
give the f-m noise level at the out-
put frequency. For the above case
(M = 6,000) the noise level is
58.8 db below 100 percent modula-
tion. Performing the same calcu-
lation for M = 1,000 and N = 1,
the phase shift required is 0.8 de-
gree, and the noise level for this
source of noise becomes 74.4 db
below 100 percent modulation.

Cascading of Stages

The foregoing calculations con-
sidered the case of an unmodulated
r-f signal for N = 1. The effect on
the noise level of adding N modu-

lator stages in cascade will now b
taken up. As previously mentioned,
the phase shift appearing at the
modulator output terminals is equal
to the sum of the phase shifts pro-
duced in the individual stages, But
the random nature of fluctuation
noise produced in each modulator
stage makes it necessary to take the
rms sum of these voltages in order
to find the resultant noise voltage
at the modulator output terminals.
Therefore, N modulator stages will

add \/N times the noise of one stage.
If four stages are cascaded, there
will be a fourfold increase in phase
shift, but only a twofold increase in
the noise of the system. In actual
practice, noise is also produced in
other parts of the transmitter, so
that the relative contribution of
the modulator séction to the total
noise is even smaller.

In order to minimize harmonic
distortion under certain conditions
of modulation, it is desirable to use
a modulator circuit in which the
percentage of amplitude modulation
produced concurrently with phase
modulation is very small. This dis-
tortion becomes a maximum when
the percentage of phase modula-
tion is such as to produce only the
first pair of sidebands.® The effect
in this case consists of a change in
the relative magnitudes of the side-
band, and any subsequent limiting
action which may remove the am-
plitude variation will still be power-
less to restore the relationship be-
tween the carrier and sidebands
necessary for low distortion.
Therefore, a further requirement
for the design of the modulator is
that any amplitude modulation pro-
duced along with the desired phase
modulation be kept at a minimum.

Theory of Cascade Phase Shift
Modulator

The basic phase shift stage in
Fig. 3 consists of an amplifier tube
T, and its plate load impedance, the
two-terminal network Z, connected
across terminals I and 2. T, serves
both as an amplifier which isolates
the cascaded phase shift stages
from one another and as a source of
constant current for Z,.

From the equivalent circuit it
follows that the phase of the output
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voltage e, must vary as the phase
angle of Z,. This is so because the
load impedance is much smaller
‘than the plate resistance R, and
'therefore can have practically no
part in determining the plate cur-
rent i, Since the product of
the plate current and the vector
impedance, Z, /6, is equal to the
output voltage, any change in phase
of this impedance must therefore
result in phase modulation of the
output voltage. It also follows that
‘any change in the magnitude of Z,
will result in amplitude modulation
of the output voltage.

The two-terminal network shown
in Fig. 4 may be designed to main-
tain a substantially constant im-

| pedance while phase modulation is
' itaking place. The general expres-
' sion for the impedance of this net-

ﬂ

i

1
|

f

work is®

. , 1+(1_)2

iz - XL‘/ LT SRR,
1+(%) (l - 1)

where
a= Xc¢/ X1 (2)
b= Ry/Xec 3)

A study of Eq. 1 will show that
when the quantity (1/a)—1 is set
equal to unity, the quantity under
the radical sign will also be equal to
unity and therefore |Z;| will remain
constant and equal to X, regardless
of any variation of b. This condition
occurs when o is set equal to 0.5.
Substituting this solution in Eq. 2,
it follows that |Z,| will be constant
when

X.=2Xec 4)
This network is used as the plate

| load of a vacuum tube whose plate

resistance is over 100 times greater
than |Z,|, and since the parallel

| resistance of a coil with a Q of

about 30 is also of the same high
order of resistance, the effect

| of these two quantities on the mag-
| nitude of Z, may be neglected.

These two quantities, however, do
play a minor part in determining
the phase angle of the, network.
Therefore, the phase characteristic
of the network® calculated for a

4f| coil Q of 30, is shown in Fig. 5 for

values of a equal to 0.4, 0.5 (the

| constant-impedance solution), and

0.6.
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A mental picture of the phase

shift action to which the output

voltage in this circuit is subjected
may be obtained by considering the
two extremes of resistance, bearing
in mind that the inductive reac-
tance is equal to twice the capaci-
tive reactance (Eq. 4). For R.
open, the current through termi-
nals 1 and 2 of Fig. 4 must be in-
ductive. Therefore, the output volt-
age will lead the plate current by
approximately 90 degrees.

When R, is short-circuited, the
current taken by the capacitive
branch will be twice as great as
that taken by the inductive branch,
thus making the net current into
terminals 1 and 2 capacitive. The
output voltage, therefore, will lag
behind the plate current by ap-
proximately 90 degrees for this
other extreme. Intermediate values
of R, will cause the locus of the
output voltage vector to follow the
semicircle depicted in Fig. 4.

The most important part of the
basic shift stage is the device which
converts the a-f modulating signal
into a corresponding a-f variation
of resistance. This device, which
is known as the modulator or resis-
tance tube, replaces R. of Fig. 4
in the practical circuit, To obtain
low distortion, the characteristic of
resistance versus control voltage of
this” device must be made to ap-
proximate the curvature of the

phase angle characteristic (Fig. 5).
This requirement is important
mainly for low-frequency signals in
the band from 30 to 50 cycles,
where a maximum phase shift of
about plus and minus 25 degrees
per stage is required for full fre-
quency, deviation.

Conventional vacuum tube ecir-
cuits utilizing the dynamic plate
resistance of a tube as a function
of control grid voltage cannot be
used because the adjustment of
bias becomes too critical when the
above requirement must be met.
Therefore, the circuit shown in
Fig. 6 was developed to do the job.
With the r-f voltage assumed to be
zero, the circuit behaves not unlike
a cathode follower. The plate is
bypassed to ground through C,,
the a-f modulating signal e, is ap-
plied between control grid and
ground (across the shunt capaci-
tance C, of the inverse frequency
network), and an output voltage
(the gain is less than one) appears
between cathode and ground. For
this condition of operation the re-
sistance looking into terminals 2
and 3 may be given as’

1
R=-——
1.1, » )
Rk+Rp+Rp
where R, is the resistance con-

nected externally between cathode
and ground, R, is the effective plate
resistance of the tube at its oper-
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FIG. 5—Phase characteristics of constant-impedance network
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ating point, and n is the amplifica-
tion factor of the tube at its oper-
ating point.

Analysis of R-F Cycle

Now consider the cirecuit from
the standpoint of the r-f voltage
¢,, which is the voltage across the
constant impedance Z, in Fig. 3.
Assuming the modulating signal
e, in Fig. 6 equal to zero, the cir-
cuit behaves like a grounded grid
amplifier because C, effectively puts
the grid at ground potential for
r-f. Thus, any r-f voltage between
cathode and ground is also applied
between control grid and cathode
of T.. Under normal conditions of
operation, the relatively high value
of R. never allows grid current to
flow during the positive portion of
the r-f cycle. However, if the r-f
grid-to-cathode voltage is high
enough, tube 7. will be cut off dur-
ing some part of the cycle, the point
of cutoff being a definite function
of the instantaneous grid-to-cath-
ode and plate-to-cathode voltages.

The modulating a-f signal e, thus
determines the fraction of the r-f

/" INVERSE
Iy F REQUENCY
> NETWORK

6—Basic -circuit of resistance-tube

stage

FIG.

cycle during which the plate cur-
rent flows through T. In other
words, during the time the modu-
lating signal is positive, the angle
of flow is increased, and during the
balance of the modulating signal
cycle, the reverse is true.

During the part of the r-f cycle
cycle over which T\ is cut off, R, is
equal to R,. For the remainder of
the r-f cycle, R, must be equal to R
as defined by Eq. 5. By proper
choice of r-f voltage level and the
value of R,, the curvature of the
resistance tube characteristic can
be made to match the curve in

Fig. 5, so that no bias adjustmen
is necessary.

Modulator Tuning Procedure

In the final design of the modu.
lator portion of an f-m transmitte
using the cascade phase shift mod-
ulator, six cascade stages are fol-
lowed by several frequency multi-
pliers with a factor M of 12, as
shown in Fig. 7. The final multi-
plier provides an M equal to 81, so
that the overall M is 972. A built-i
tuning meter enables the operator
to make adjustments without the aid
of external measuring equipment.

Assuming that the crystal oscil-
lator stage is operating normally,
the r-f voltage level at the grid of
each cascade amplifier (T, through
T,) is adjusted to a predetermined
setting on the tuning microam-
meter. Although this meter reads
the grid current, it acts as a peak-
reading vacuum-tube voltmeter. A
variable capacitor in each ampli--
fier grid circuit provides the means
of adjustment by forming a simple:
voltage divider with the associated
coupling capacitor. This r-f voltage
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FIG. 7—Schematic diagram of modulator
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level setting fulfills the require-
ment for curve matching of the re-
sistance tubes.
For the next step, the inductance
‘X, of the constant-impedance net-
work in each amplifier must be ad-
justed to conform with Eq. 4.
Ordinarily this would present a
difficult problem because the coil
cannot be peaked to the crystal
frequency—the actual resonant fre-
quency being the crystal frequency
divided by 1.414. However, this
ifficulty may be overcome by tak-
ing advantage of the theory which
states that a minimum of ampli-
ttude modulation will be observed
:at the plate of each amplifier tube
ywhen the inductance of its constant
{impedance network is adjusted cor-
qrectly (X, equal to 2X).
Accordingly, an a-f modulating
~signal is applied through the nor-
mal a-f channel, of a level sufficient
to bring about full frequency devi-
ration and of a frequency low
enough to produce a reasonably
| large phase shift in each modulator
" stage. Then use is made of a
~ built-in amplitude modulation de-
. tector and amplifier (the double
4riode T,,) which uses the micro-
ammeter as a modulation indicator.
Sample r-f voltages from each
| phase shift amplifier plate are
' piped over to this detector via the
!'meter switch, and thus any plate
[gmay be selected at will.
Starting with the first stage,
! each inductance in turn is adjusted
‘for minimum meter deflection of
the amplitude modulation indi-
cator. Of course, if the coils are
i found to be so far out of adjust-
' ment as to materially alter the r-f
' voltage set up in the initial step,
| then both steps must be repeated.
( That is all there is to the adjust-
! ment of the modulator proper.

] Transmitter Alignment
i

The only other adjustments are
those of the multiplier and ampli-
\fier coupling transformers. These
‘transformers are designed so they
' will pass a band wide enough to ac-
' commodate twice the highest modu-
tating frequency, but attenuate the

‘indesired adjacent harmonics pro-
in the preceding stages.
I These requirements usually lead to

ELECTRONIES — December, 1946

a slightly double-peaked selectivity
curve corresponding to a coupling
greater than critical.

Misalignment of such transform-
ers invariably causes asymmetrical
selectivity curves, which usually in-
crease the harmonic distortion and
may even reduce the frequency
deviation for the higher modulating
frequencies. It is important, there-
fore, that overcoupled transform-
ers be properly aligned.

The method of alignment of over-
coupled transformers adopted for
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FIG. 8—Operating characteristics of cas-
cade phase shift modulator

use in this transmitter is simple,
requires no external equipment and
gives the right answers in terms of
performance. A pushbutton switch
is provided on all overcoupled trans-
formers. A damping resistance is
permanently connected to the top
of the secondary of each trans-
former, and when the pushbutton
switch is pressed, the free end of
the damping resistance is grounded.
This action has the effect of de-
creasing the secondary impedance.
Because the ground side of the re-
sistance is switched, there is no
appreciable change of circuit ca-
pacitance due to the switching

- action.

It is well known that a decrease
of secondary impedance in an over-
coupled transformer reduces the
coupling. Thus, with proper choice
of damping resistance, the coupling
is reduced to a value below critical
and the transformer may be easily

and accurately tuned for maximum
output at the center frequency pro-
vided by the preceding stage.
Upon releasing the pushbutton,
the transformer again becomes
overcoupled and gives the symmet-
rical pass band required for high-
quality performance. All band-pass
transformers are aligned in this
manner. Normal transmitter tun-
ing technique is used for the
higher-powered portions of the
transmitter. It is possible to ad-
just all tuning elements shown in
Fig. 7 in less than ten minutes.

Performance of Cascade Phase
Shift Modulator

A static characteristic curve giv-
ing the total phase shift in degrees
as a function of the grid bias ap-
plied to the resistance tubes for 1,
2, 3, 4, 5, and 6 cascade stages is
shown in Fig. 8 The linearity of
the curve for six stages is attested
by harmonic distortion measure-
ments, for 75-ke¢ frequency devia-
tion, of 1.25 percent for 30 cycles
and less than 0.6 percent for 50 to
15,000 cycles. Distortion for
100-ke frequency deviation is less
than 1 percent from 50 to 15,000
cycles. The f-m noise has been
measured at 72 db below a fre-
quency deviation of 75 ke.

The author wishes to express his
appreciation for the perseverance
and help given by W. E. Phillips
and S. G. Jones, under whose direc-
tion this modulator was developed,
and to D. A. Skinrood, G. L. Dufield,
L. Schultz, E. A. Andrade, and Y.
K. Luk of the Broadcast Equip-
ment Division of Raytheon Manu-
facturing Co.
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ating point, and u is the amplifica-
tion factor of the tube at its oper-
ating point.

Analysis of R-F Cycle

Now consider the cireuit from
the standpoint of the r-f voltage
¢,, which is the voltage across the
constant impedance Z, in Fig. 3.
Assuming the modulating signal
e, in Fig. 6 equal to zero, the cir-
cuit behaves like a grounded grid
amplifier because C, effectively puts
the grid at ground potential for
r-f. Thus, any r-f véltage between
cathode and ground is also applied
between control grid and cathode
of T,. Under normal conditions of
operation, the relatively high value
of R. never allows grid current to
flow during the positive portion of
the r-f cycle. However, if the r-f
grid-to-cathode voltage is high
enough, tube 7. will be cut off dur-
ing some part of the cycle, the point
of cutoff being a definite function
of the instantaneous grid-to-cath-
ode and plate-to-cathode voltages.

The modulating a-f signal e, thus
determines the fraction of the r-f
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cycle during which the plate cur-
rent flows through T. In other
words, during the time the modu-
lating signal is positive, the angle
of flow is increased, and during the
balance of the modulating signal
cycle, the reverse is true.

During the part of the r-f cycle
cycle over which T, is cut off, R, is
equal to R,. For the remainder of
the r-f cycle, R, must be equal to R
as defined by Eq. 5. By proper
choice of r-f voltage level and the
value of R., the curvature of the
resistance tube characteristic can
be made to match the curve in

Fig. 5, so that no bias adjustment
is necessary.

Modulator Tuning Procedure

In the final design of the modu-
lator portion of an f-m transmitter
using the cascade phase shift mod-
ulator, six cascade stages are fol-
lowed by several frequency multi-
pliers with a faetor M of 12, as
shown in Fig. 7. The final multi-
plier provides an M equal to 81, so
that the overall M is 972. A built-im
tuning meter enables the operator:
to make adjustments without the aid.
of external measuring equipment.

Assuming that the crystal oseil- |

lator stage is operating normally, =

the r-f voltage level at the grid of ‘
each cascade amplifier (T, through(

T,) is adjusted to a predotermined
setting on the tuning microam-
meter. Although this meter reads
the grid current, it acts as a peak-
reading vacuum-tube voltmeter. A

Yy

variable capacitor in each ampli-

fier grid circuit provides the means.

of adjustment by forming a simple:

voltage divider with the associated
coupling capacitor. This r-f voltage
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FIG. 7—Schematic diagram of modulator of f-m transmitter using the cascade phase shift modulator
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devel setting fulfills the require-
ment for curve matching of the re-
-sistance tubes.

For the next step, the inductance
X. of the constant-impedance net-
work in each amplifier must be ad-
justed to conform with Eq. 4.
«QOrdinarily this would present a

. «difficult problem because the coil

cannot be peaked to the crystal
frequency—the actual resonant fre-
quency being the crystal frequency
divided by 1.414. However, this
lifficulty may be overcome by tak-
ing advantage of the theory which
states that a minimum of ampli-
tude modulation will be observed
at the plate of each amplifier tube
when the inductance of its constant
impedance network is adjusted cor-
rectly (X, equal to 2X,).

Accordingly, an a-f modulating
signal is applied through the nor-
mal a-f channel, of a level sufficient
to bring about full frequency devi-
ation and of a frequency low
enough to produce a reasonably
large phase shift in each modulator
stage. Then use is made of a
built-in amplitude modulation de-
tector and amplifier (the double
iriode T,.) which uses the micro-
ammeter ag a modulation indicator.
Sample r-f voltages from each
phase shift amplifier plate are
piped over to this detector via the
meter switch, and thus any plate
may be selected at will.

Starting with the first stage,
each inductance in turn is adjusted
for minimum meter deflection of
the amplitude modulation indi-
cator. Of course, if the coils are
found to be so far out of adjust-
ment as to materially alter the r-f
voltage set up in the initial step,
then both steps must be repeated.
That is all there is to the adjust-
ment of the modulator proper.

Transmitter Alignment

The only other adjustments are
those of the multiplier and ampli-
fier coupling transformers. These
transformers are designed so they
will pass a band wide enough to ac-
commodate twice the highest modu-
tating frequency, but attenuate the
ndesired adjacent harmonics pro-
duced in the preceding stages.
These requirements usually lead to

ELECTRONICS — December, 1946

a slightly double-peaked selectivity
curve corresponding to a coupling
greater than critical.

Misalignment of such transform-
ers invariably causes asymmetrical
selectivity curves, which usually in-
crease the harmonic distortion and
may even reduce the frequency
deviation for the higher modulating
frequencies. It is important, there-
fore, that overcoupled transform-
ers be properly aligned.

The method of alignment of over-
coupled transformers adopted for

8
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FIG. 8—Operating characteristics of cas-
cade phase shift modulator

use in this transmitter is simple,
requires no external equipment and
gives the right answers in terms of
performance. A pushbutton switch
is provided on all overcoupled trans-
formers. A damping resistance is
permanently connected to the top
of the secondary of each trans-
former, and when the pushbutton
switch is pressed, the free end of
the damping resistance is grounded.
This action has the effect of de-
creasing the secondary impedance.
Because the ground side of the re-
sistance is switched, there is no
appreciable change of circuit ca-
pacitance due to the switching

- action.

It is well known that a decrease
of secondary impedance in an over-
coupled transformer reduces the
coupling. Thus, with proper choice
of damping resistance, the coupling
is reduced to a value below critical
and the transformer may be easily

and accurately tuned for maximum
output at the center frequency pro-
vided by the preceding stage.
Upon releasing the pushbutton,
the transformer again becomes
overcoupled and gives the symmet-
rical pass band required for high-
quality performance. All band-pass
transformers are aligned in this
manner. Normal transmitter tun-
ing technique is used for the
higher-powered portions of the
transmitter. It is possible to ad-
just all tuning elements shown in
Fig. 7 in less than ten minutes.

Performance of Cascade Phase
Shift Modulator

A static characteristic curve giv-
ing the total phase shift in degrees
as a function of the grid bias ap-
plied to the resistance tubes for 1,
2, 3, 4, 5, and 6 cascade stages is
shown in Fig. 8. The linearity of
the curve for six stages is attested
by harmonic distortion measure-
ments, for 75-kc frequency devia-
tion, of 1.25 percent for 30 cycles
and less than 0.6 percent for 50 to
15,000 cycles. Distortion  for
100-ke frequency deviation is less
than 1 percent from 50 to 15,000
cycles. The f-m noise has been
measured at 72 db below a fre-
quency deviation of 75 kc.

The author wishes to express his
appreciation for the perseverance
and help given by W. E. Phillips
and S. G. Jones, under whose direc-
tion this modulator was developed,
and to D. A. Skinrood, G. L. Dufield,
L. Schultz, E. A. Andrade, and Y.
K. Luk of the Broadcast Equip-
ment Division of Raytheon Manu-
facturing Co.
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TWELVE-CHANNEL

N

Rear view of converter panel, showing rotary actuator (extreme right) used to drive the 12-position selector switch

By J. E. YOUNG and W. A. HARRIS

HIS 12-channel converter was

designed for use with a re-
motely-controlled prewar 42 to 50-
mc f-m receiver to permit reception
of stations in the new 88 to 108-mc
f-m band.

Since there appeared to be no
satisfactory method of rapidly set-
ting a ganged capacitor with the
accuracy required at 100 me, 12
sets of fixed-tuned circuits were
provided. These were well adapted
to incorporation in the Strowger
dial system used in remote opera-
tion of the original receiver. This
system provides facilities for tele-
phone-type dial selection from any
one of twelve stations on each of the
a-m, f-m, and television receivers,

plus volume control, audio-band-
width control, and loudspeaker
selection.

The desirability of obtaining a
satisfactory signal from broadcast
stations over 75 miles away re-
quired that the sensitivity of the
converter be of the order of a
microvolt for 20-db quieting. In
addition, the presence of other f-m
stations within a few miles of the
receiver and other services in ad-
jacent frequency bands imposed
severe requirements as to selectiv-
ity, stability, and spurious fre-
quency response.

The eomplete converter circpit is
shewn in Fig. 1. The input circuit

1o

Radio Corporation of America
RCA Victor Division
Camden, N. J.

inductor of the r-f amplifier is
tuned by a powdered iron slug in a
relatively high impedance circuit
which is broad-band enough to re-
quire no tuning adjustment to cover
the 88 to 108-mc band. It was
considered that any attempt to pro-
vide fixed tuned circuits at this
point for each desired frequency
would result in a circuit having
such a low impedance and low an-
tenna transformer stepup that the
signal-to-noise ratio would be ad-
versely affected. Coupling from
the input transmission line was
effected by tapping the line directly
on the input inductor, thereby
eliminating the effect of coupling
coil inductance.

The 6AK5 tube was chosen be-
cause it possesses relatively high
input resistance at the frequencies
involved. This high input re-
sistance, together with careful
adjustment of the coupling ratio,
permits obtaining an input circuit
gain high enough so that it is pos-
sible to realize ‘a sensitivity of 1.5
microvolt for 20 db of quieting at
any frequency in the band.

To obtain good image rejection,
the coupling circuit between the
r-f amplifier and the mixer was
designed to have high Q. By use
of high values of capacitance, the
impedance was kept low enough so
that the gain of the 6AK5 tube was

not sufficient to permit self-oscilla-
tion. The low circuit impedance
makes it possible to use parallel
feed to the plate of the 6AKS.

Mixer Circuit

To obtain a high image rejection
ratio, it was necessary that the
mixer input circuit be tuned. How-
ever, its tuning has little effect on
the oscillator stability, so ceramic
trimmer capacitors having a range
of from 7 to 45 ppf were used to
resonate the inductor and an 18-puf
fixed capacitor was connected in
series with the switch arm. With
this arrangement, the relatively
large variable capacitors minimize
the effects of switch and stray
capacitances, while the series ca-
pacitor keeps the maximum total
shunt circuit capacitance down to
the desired value.

The coupling capacitor and its
leads are so proportioned that in
spite of necessarily long leads vir-
tually the full a-c plate wvoltage
developed by the 6AKS5 tube is
realized across the grid circuit of
the 6AS6 mixer tube.

Oscillator injection is provided
to one grid of the mixer tube. A
coupling coil of the proper size to
match a 50-ohm line to the mixer
plate is used, since it was expected
that the 42-me receiver used as the
i-f amplifier would be ldcated too
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F-M CONVERTER

Telephone-dial selection of any of twelve stations in new f-m band is achieved remotely
. with prewar f-m receiver by use of three-tube converter in which mixer input and

oscillator are tuned by preset trimmers connected to 12-position rotary selector switch

am

. far away to permit using a high-

impedance coupling circuit. Coil

' L; lowers the frequency of a para-

sitic plate circuit sufficiently so that
feedback conditions do not support
oscillation.

Oscillator Circuit

The circuit chosen for the oscilla-
tor was one in which the plate is at
r-f ground. To minimize the effect
of alternating current on the heater
and to eliminate trouble from vari-
able heater-cathode capacitance, the
heater is kept at the same r-f po-
tential as the cathode. This was
accomplished by connecting one
side of the heater to the cathode,
permitting the heater current to
flow through the tank inductor and
return through a choke. Tuning

¢ was effected by varying the capaci-

tance from grid to ground.

The method of tuning made it
necessary to use either a grounded
plate or grounded grid oscillator.

The former was selected because
the anode acts as a tube shield,
minimizing the effect of external
objects on the oscillatcr frequency,
and no plate feed choke is required.

The vernier adjustments for the
oscillator tuning capacitors were
constructed by tapping a hole in the
panel adjacent to an individual tun-
ing capacitor shaft and inserting a
knurled-head screw to extend near
the capacitor stator. Variation in
the position of the shank shifts the
frequency 100 to 200 ke.

Mechanical Features

A rotary actuator (Price Electric
Corp. type 8500 automatic selector)
provides the means for driving the
standard 12-position wafer switches
used to select the proper tuned cir-
cuits in each stage.

Poor stability and resetting diffi-
culties in early tests resulted
because the shaft of the selector
switch was insulated and elec-

trically loaded by the switch
mechanism to be near quarter-wave
resonant at the oscillator fre-
quency. It was necessary to ground
the rubber-mounted switch frame
with a flexible copper strap to break
up the resonant circuit.

The selector switch actuator was
designed to operate on a 24-volt d-c
circuit, but after the proper capaci-
tor-resistor combination for use
across the contacts had been de-
termined, satisfactory operation
on 115 volts a-c was obtained.

Sensitivity is such that 20-db
quieting is obtained with an input
signal of less than 1.5 microvolts
applied in series with a 70-ohm
resistor, and spurious frequency
response is more than 70 db below
the wanted signal at any frequency
except the 42-mc i-f image, where
suppression is 50 db. Overall
warmup drift of the system is
almost the same as the warmup
drift of the 42-mc receiver.

AUTOMATIC SELECTOR

= ALL TRIMMERS ARE 3-25 puF AIR

=

R-F AMPLIFIER MIXER
ANTENNA Ll
¥ 16— X LIl
88-108 MC -] 120 o 1BuNF 6AS6 £
100 © — Y
3 90 »di‘kségm A7 o
o
ol (8 THROUGH 8% 010,75 _S,A L o 745 42 MC
ol |8L CONNECTION-~_ 7716 Rear 3l HF
ToFF e s s SI0| T 76‘
e s SIS i sl T8 | 1952
230 A o 10 4 | O1lm (o) 5=
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Tooll | © é [ Jooo—3—2 19 %6~ oo
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) 46-66 MC
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THROUGH TO CON-
TACTS ON S,C REAR

Coil Winding Data

L, —5 turns No. 18, 7/16” long on
17 diam. polystyrene form, tapped
1% turns from ground end, with 3/8”
diam. by %” long carbonyl iron core

L, — 4 turns No. 16, 5/16” long,
7/32” diam. mandrel, self supporting

Ls—6 turns No. 20, 5/16” long, 3/16”
diam. mandrel, self supporting

L;— 5 turns No. 22 dcc, 7/16" long
on 1’ diam. polystyrene form

L — 2 turns No. 22 dcc, close wound
3/32" from L,

_Ls — 13 turns No. 18, spaced 1 wire
diam. on 1" diam. ceramic standoff

insulator

L, — 3 turns No. 18, on 3/4” diam.
ceramic tube grooved 12 turns per inch,
tapped 1 5/8 turns from plate end
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FIG. 1—Complete circuit of converter. Leads at lower left go to remote control system



Design criteria are presented for L-C and R-C phase shifting networks ..that (.ievelo[) k|
a wide frequency band. The technique is to introduces

constant phase difference over 0. |
two phase shifts such that, although they vary with frequency, their difference does not’

T 1S frequently desirable to de-
I rive from a given voltage two
new voltages of the same frequency
but with the phase angle between
the new voltages held substantially
constant over a wide frequency
range, each derived voltage having
an amplitude characteristic linearly
variable with the amplitude of the
input voltage independently of fre-
quency.

To produce the phase difference
between the two voltages, two net-
works whose phase angles increase
substantially linearly with the lo-
garithm of the frequency are used.
Thus, if the two networks are prop-
erly matched, the phase difference
between them remains nearly con-

stant over a wide range of fre-
quency.
Network Development
One way of producing the two

voltages is to derive both of them
from a single source and arrange
that the output of either channel is
independent of frequency, but that
both have phase angles with re-
spect to the input voltages varying
in such a way that over a wide band
of frequencies

dr— 2= K
where ¢, : phase angle of output No. 1

¢: : phase angle of output No. 2

K : a constant

¢1 and ¢; are each their own function
of f, the frequency

One possible configuration for
these functions is

1)

fo: =
er/L,C, 2ny L.C,

lej=lel : 8= [ Lo
J = le T,
L 25to(fE-to2)
# = ton™ (ft_':)z_szfo!'t
(A)
! Ao i

AAAA

i [, 2
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FIG. 1—Three networks for producing phase shift.
obtain two outputs which have a constant phase

{requency. Phase shift equation given

Networks are used in pairs to
difference over a wide range of
for network of Fig. 1A holds for other

two networks

(12

¢ =C+logf
¢: = C + log kf
where C and k are constants .
Substituting Eq. 2 and 3 in Eq. 1'
o — ¢ =C+logf— C — logkf

=logf—logf— logk
= ~logk =K 4)

Thus it is only necessary to find
a network configuration which will
yield a phase angle which varies
as the logarithm of the frequency
over a wide range of frequency.
The network must also have no
change in output amplitude with
frequency. The latter limitation
usually restricts the final network
configuration to lattice types be-
cause finite ladder types with any
phase shift must be accompanied
by amplitude variations. In order
to avoid the use of transformers in
the lattice structure, a half-lattice
will be chosen with the input termi-
nals excited by two equal voltages
180 degrees out of phase. Such volt-
ages are readily available from
vacuum tube phase inverters con-
sisting of a tube with equal cathode
and anode loads.

L-C Lattice

A circuit having enough inde-
pendent parameters to permit the
designer to shape the phase angle
curve to the required logarithmic
form and the basic design equa-
tions of the circuit are shown in
Fig. 1A. It will be noted from the
equation for the phase angle (Fig.
1A) that an arbitrary factor s isé
included. The choice of s is up tod
the designer.

If s lies between 3 and 5, a fairly
straight line for ¢ is obtained
when plotted against a logarithmic
frequency scale. As will be shown?
later, if a second curve for a sec-
ond similar network, but with & |
resonant frequency f, which is 4.53
times the resonant frequency of: the
first curve, is plotted, the phas
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Phase Shiit Networks

By R. B. DOME

Receiver Division
General Electric Co.
Bridgeport, Conn.

‘angle difference between these two
curves is maintained within 90 +=4
‘degrees over a fairly wide range of
‘frequency if s = 4, and is quite
' satisfactory for voice frequencies
‘because the upper to lower fre-
i quency ratio is approximately 28
'to 1, as for example would occur in
a band from 130 to 3,600 cps.

The band can be widened indefi-
initely by adding more elements to
ithe bridge arms with the result
'that the frequency range is ex-
ipanded more until remarkably good
iperformance is obtained over the
“full audio range from 30 to 15,000
Lcps.

The use of inductances in filters
1is to be avoided if possible because
| of the inability to obtain a pure in-
{ductance; there are always the in-
1evitable series resistance and shunt
|capacitance. Other objections to
. the use of inductors are that they
. may pick up unwanted signals from
| stray magnetic fields and that they
.| are not constant in inductance with
il applied voltage. As a consequence,
'a resistance-capacitance type of
| half-lattice network would be pre-
i ferable providing the required type
- of phase curve were obtainable
¢ from them.

R-C Lattice

~ In order to provide a wide range
of operation, two simple resistance-
capacitance networks can be used
in cascade with isolating tubes be-
tween them as shown in Fig. 1B. A
single network has restricted band-
" width. No terminating resistor
can be used in this type of network.
The phase angle of the final out-

' put voltage can be adjusted ex-
actly as in the L-C circuit of Fig.
1A because the phase angle equa-
‘ tion is identical. The only limita-
" tion with this network is that s
' must be greater than 2, however as
previously found, for b_est results s

i
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Applications
THE wideband phase shift networks

described herein are applicable to:

Single sideband telephony accom-
plished directly at the final carrier

frequency without multiple modula-
tors or sharp cutoff filters.

High efficiency broadcast transmit-
ters radiating carrier, upper, and
lower sidebands from three separate
antennas.

Frequency variation of crystal con-
trolled carrier of communication trans-
mitters either for carrier control or
frequency-shift keying.

Circular display on cathode - ray
tubes over a wide frequency band
without adjustment of the phase shift
network.

Variable speed operation of three-
phase a-c motors.

should be approximately 4, and
hence lies well above 2,

The number of stages included
in cascade may, of course, be in-
creased to any desired number.
When six such stages are used, the
frequency ratio for which a phase
angle difference between two sets
of networks can be maintained
within 90 degrees =3 degrees be-
comes approximately 200 to 1, or
what would cover an audio fre-
quency band of 50 to 10,000 cps,
which is adequate for high quality
broadcast service.

Another R-C network, which does
not require an isolation tube, is
shown in Fig. 1C. This network
somewhat resembles the L-C net-
work of Fig. 1A but differs in out-
put voltage. The output voltage is
a proper fraction of the input volt-
age. The factor a must be less
than 0.25, or s must be greater
than 2, when using this network.
As previously pointed out, for best
results s should be approximately
4, or ¢ = 0.167, which will yield
an output voltage of about 0.33
times the input voltage.

The phase angle equation (Fig.
1A) is seen to be identical to those

for the previously described net-
works. In order to find the proper
values for f, in the two networks
which are to yield a phase angle dif-
ference of 90 degrees, assume a
geometric mean frequency between
the upper and lower frequency lim-
its of usable phase angle difference.
This mean frequency is not critical,
but a value of 700 cps has been sug-
gested as a practical frequency
(0. B. Hansen, Down to Earth on
‘High Fidelity’, Radio Technical
Planning Board, Report on Stand-
ards and Frequency Allocations for
Post-War FM Broadcasting, Panel
5, June 1, 1944, Section VIII). Hav-
ing decided on the mean frequency
of the system, it is merely neces-
sary to design the two phase shift
networks so that one has a phase
angle of 180 — 45 degrees at 700
cps, and the other a phase angle of
180 + 45 degrees at 708 cps.

Basis for Design

Suppose the value for f, of the
first network is to be determined,
then, designating f, of the first net-
work as f,. and letting f equal the
mean frequency, designated as F,
the phase angle equation (Fig. 1)
becomes

. 23Ff01 (F2 =] fmz"
(F* — fu?)? — (sfuF)*

Setting ¢ = 135 degrees and s = 4,
clearing fractions and solving for
fo gives f, = 2.126F, which, for
F = 700 cps, gives f, = 1,488 cps.

By reciprocal relationships, the
value of f.., the f, of the second net-
work, is f. = F/2.126; at F = 700
cps, foo = 329 cps.

The parameters of the two net-
works can now be calculated. For
convenience and to establish values
of impedance into which vacuum
tubes can work satisfactorily, as-
sume that R, = 20,000 ohms in each

tan ¢ =

13



Table I—Determination of Network Parameters

First Network Second Network
fo = 1488 cps foz = 329 cps
s =4.00 s = 4.00
a = 0.1666 a = 0.1666
Ry = 20,000 ohms R, = 20,000 ohms
1 1 c 1 il 8.
= = = e T 5 5]
G 2rfaR1 271488 X 20000 ' Snfplt | 27329 X 20000
= 0.00535 uf = 0.0242 uf
Co =aC =0.166 X 0.00535 C:=aC =0. 166 X 0.0242
= 0.000892 nf =0. 00403 uf
da® - 0.333C
Cs:(T——éla_) C,=0.333G C; = ( 1_4 )Cl 1
= 0.333 X 0.00535 = 0.333 X 0.0242
= 0.001785 uf = 0.00806 nf
R 20000 R, 20000
Re = =~ = 0166 , R = — = 9.166
= 120,000 ohms [ = 120,000 ohms
1 —4 1 — 4a
Rs = ( < ) R, l RSw == (T) Rg
0 666 1 — 0.666 )
=(—— = (=2—=—""") 120,000
( 0666 ) 1205909 ( 0.666
= 60,000 ohms ‘ = 60,000 ohms
1
350 /’,‘-—‘P‘
//
g 300 '5;,9 /’
S . f> o
2 |oo§250 — g~ 4, = <\°‘r
—_ (L]
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FIG. 2—Phase shift characteristics of networks whose values are given in Table I

network. The calculations are sum-
marized in Table I.

The phase shift curves for these
two networks are shown in Fig. 2.
Note the long frequency range over
which these curves are substan-
tially parallel. The difference angle
is plotted to facilitate comparison.
Note that this difference angle
holds fairly close to 90 degrees over
a range of frequencies from 130 to
3,600 cps. This range is quite ade-
quate for a voice frequency chan-
nel.
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Such a network can be used to
build a simple single sideband
transmitter without the necessity
of using sharp cut-off filters and
double or triple modulation. This
simplification may be done by com-
bining the outputs of two balanced
modulators: one balanced modula-
tor is fed with radio frequency cos
ot and audio frequency mcos
(nt—0), and the other balanced
modulator is fed with radio fre-
quency cos (ot %= n/2) and audio
frequency mecos (ut — 0 = x/2)., If

the plus signs are used and the bal-

anced modulator outputs are added,
the resultant output would be mcos
[(0 — w)t + 0], which is the™
lower sideband.

Single Sideband Telephony

An experimental system of this
type has been constructed and op-
erated using carrier frequencies in
the broadcast band. No untoward}
difficulty was encountered and re-=
sults were fully up to expectations.
The transmitter was modulated
with audio signals taken from the
output of a broadcast receiver, The ¢
single sideband transmission was
received by a second broadcast re-
ceiver into whose input terminals
was also fed an unmodulated con-
tinuous wave radio frequency from
a signal generator to furnish the
missing carrier. The signal gener-
ator frequency was adjusted until
the reproduced program sounded
most natural. No auxiliary filters
were used in the radio section of
the transmitter to aid in reducing
the unwanted sideband.

The question may arise as to how
much of the unwanted sideband is
permitted to get through the sys-
tem if not exactly 90 degrees phase
difference is obtained between the
two audio channels. The ratio of
the weaker sideband to the stronger
sideband is given by the equation

cosd . O
BATIO & "1 + cosd — —2-
where 3 is the deviation of the dif-

ference phase angle from =/2, with
3 expressed in radians for the ap-
proximate formula. A deviation
from 90 degrees of 6 degrees is!
required before the weaker side-
band becomes 5 percent as strong as
the stronger sideband, so that the
phase angle curve of Fig. 2 is
probably commercially useful over
a range in frequencies included be-
tween 84 degrees on the low side of
the center to 84 degrees on the high
side of the center.

A second application for the sys-
tem is that of providing a closer-to
zero frequency single sideband tele
phone or broadcast transmission
when filters are used. For example
a single sideband transmitter ma
be constructed along conventions
lines with a quartz crystal type of:
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band-pass filter to operate on 100 ke.

Suppose the pass band extends
from 100,600 to 108,000 cps. It is

seen that frequencies below 600

cps are attenuated in such a sys-

tem. Now if the single sideband
 gystem described in the present
. paper were to be used in conjunc-
| tion with a filter, the filter could
' transmit from 100,000 to 108,000
' ¢ps, and the region between 27 and
' 600 cps could be taken care of by
' the audio phase shift system, let-
' ting the filter remove the unde-
. sired sideband from 99,400 down
s to 92,000 cps. Thus the resultant
. radiation could contain single side-
. band components corresponding to
. an audio frequency range of 27 to
. 8,000 cps instead of being limited
. to a range of 600 to 8,000 cps. The
. addition of the 27 to 600-cps range
¢ will add considerably to the natur-
| alness of male speech and organ
! music. Frequencies between 0 and
! 27 cps should be removed fromethe
! original audio being fed into the
. system.

High Efficiency Transmitter

. A high efficiency broadcast trans-
i mitter can be constructed by
| employing three power amplifiers
| and three antennas arranged so
' that an unmodulated carrier is
. radiated on a central antenna and
. the upper and lower sidebands are
. radiated respectively on two side
antennas, which are on a straight
| line through the central antenna
" but on opposite sides equidistant
! from it. The sidebands are gener-
ated in much the same manner as
described in the preceding section.
Only one set of audio phase-shift
filters are required, for the upper
and lower sidebands can be ob-
tained by simply adjusting the
phases of the radio frequencies fed
into the two sets of balance modu-
lators.

: This system of transmission
d could be accomplished with the fol-
lowing installed relative power
" capacity
: Carrier 1.00
¢ Upper Sideband 0.25
lﬂ Lower Sideband 0.25
b ot
Total 1.50

=S AR —N

When modulating 100 percent, this
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system will have an overall effi-
ciency of about 66 percent, result-
ing in a d-c power consumption of
2.25 maximum. This consumption
graduates down to 1.5 for =zero
modulation. For an average modu-
lation of 50 percent the power
consumption would thus be about
1.875.

The conventional double sideband
plus carrier class-B amplifier must
have an installed power capacity
of 4.0 for handling the peaks of 100
percent positive modulation and the
transmitter runs at 33 percent
efficiency, requiring a continuous
input power of 3.0 from the d-c
supply. Thus the saving in d-c
power consumption would be about
1.125 based on the carrier rating,
or for a 50-kw transmitter, the
saving would amount to 56.25 kw.
Besides the savings in power costs,
the system would have lower first
costs in the water cooling system,
power rectifiers and transformers,
and in high power vacuum tubes.
The replacement tube cost also
would be less.

In the operation of emergency
communications transmitters it is
often desirable to change the ra-
diated carrier frequency a few hun-
dred or a few thousand cycles to
avoid either intentional or acci-
dental jamming, yet it is also
desirable to retain the benefits of
precise frequency control such as
is provided by a quartz crystal. One
solution is to have available a large
number of crystals lying on closely
adjacent frequencies selectable by
a rotary switch. Another scheme
might be to adjust the air gap or
shunt capacitance across the crys-
tal. All of these methods have their
objectionable features.

Adjustable Carrier Frequency

An alternative arrangement is to
make use of the single sideband
generator already described. By
way of example, suppose the as-
signed frequency of a transmitter
were 4,500 ke. One could then use
a crystal oscillator on 4,498 ke in
conjunction with the balanced
modulator and a 2-kc variable fre-
quency oscillator to produce the
required 4,500-kc carrier. The os-
cillator could then be adjusted to

other nearby frequencies to avoid
jamming, by having it cover a
range of roughly 0 to 4 ke and thus
be able to change the radiated fre-
quency plus or minus 2 kc about
the assigned frequency.

The frequency stability of the
system would be quite similar to
the master quartz frequency stabil-
ity and hence could be classified as
precise. Wider ranges of control
could of course be obtained by util-
izing submultiple crystal frequen-
cies or wider oscillator range,
within the limits of stability of the
final frequency,

Frequency Shift Keying

A transmitter equipped as above
could be easily converted into a
telegraph transmitter with precise
frequency shift keying. By way
of example, suppose the 4,500-kc
transmitter were required to radi-
ate 4,499.9 ke with the key down
and 4,500 ke with the key up. All
that would be necessary would be
to shift the low frequency oscillator
from 2.0 ke to 1.9 ke. This shift
could be accomplished by keying
in a shunt capacitance, and the re-
sulting frequencies would be both
precise and stable, maintaining the
0.1-kc difference quite accurately
over long periods of operation.

Other Applications

The two 90 degree phase angle
displaced voltages can be fed into
the X and Y deflection plates of an
electrostatic deflection type of
cathode-ray tube to obtain a circu-
lar trace. The pattern will remain
circular for wide changes in fre-
quency if one of these phase-shift
networks is used. The circular pat-
tern is a useful indication of the
closeness to 90 degrees of the phase
shift obtained from these circuits
and can be used to determine their
performance.

By employing the 90 degree
phase angle displaced voltages and
a reversed Scott connected trans-
former, three phase power can be
developed from a single phase
source. Such a circuit could be
used to control the speed of a three
phase synchronous motor. Varying
the frequency of the original
source would vary the motor speed.
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PHOTOELECTRIC
DUST METE

A phototube in an illuminated air duct continuously measures the quantity of light
reflected by dust particles passing through the system. Applications include testing ang |
rating the efficiency of air-cleaning devices

By GUY F, BARNETT and A. L. FREE

ONVENIENT quantitatively

meaningful methods for deter-
mining the dust content of air are
needed.

The problem is of particular in-
terest to the air-conditioning en-
gineer who is confronted with the
task of testing and rating air-clean-
ing devices, and to the experimen-
ter in this field who desires quick
but accurate measurements. An
ideal measuring system for these
purposes would be one which would
give a direct and instantaneous in-
dication of cleaning efficiency at
all times, and would present this
indication so that an untrained
worker could read it accurately.

Former Méfhods

Previous measurement techniques
have fallen short of the ideal. The
following examples are cited to ac-
quaint the reader with the nature
of the prior art and its limitations.

(1) In one method, air is im-
pinged onto a viscously-coated
slide by the stroke of a piston, and
the size and number of particles
per unit area noted with the aid of
a high-powered microscope.

Error arises from optical and me-
chanical discrimination against
small particles’, and human varia-
tions in making the count. Prepa-
ration and handling of the slide, and
adjustment of the pump orifice,
present complications. There is ob-
viously considerable time consumed
in making such a measurement, and
the services of a trained worker
are necessary.

1é

Research Division, Philco Corporation
Philadelphia, Pa.

(2) The increase in weight of a
coated slide may be determined.
This reduces the human error, but,
in a weight determination, there is
no way of knowing whether a
given weight represents one par-
ticle of 1000 microns in diameter
or a billion particles one micron in
diameter.

(3) Dust-laden air may be forced
through some filtering material or
device, such as a cloth, at a uni-
form rate’. The time necessary to
produce a given increment in weight
or coloration of the filter may be
taken as an indication of the dust-
content of the air. Again the method
is long and cumbersome, and ap-
preciably selective in the size of
particles retained.

In view of the limitations inher-
ent in physical dust-measuring
means, the authors have developed
an overall system for testing the
efficiency of air cleaners which

gives an instantaneous and di-
rect indication. The nucleus of
this system is a phototube and a
light source; the amount of dustl
in the air determines the illumin-
ation of the phototube and hence the i
current from it. This effect, when
amplified, gives a continuous meter
indication of the amount of dustl
in the air. By observations made
before and after the cleaning device,
the cleaning efficiency can be ob-§
tained by meter readings referred
to a previously constructed calibra-
tion curve.

Photoelectric System

The first experimental test sys-
tem is indicated schematically in
Fig. 1. By means of this system@§
the various parameters involved in\
the efficiency measurements could
be examined. The system consisted!
of a closed air path; however, iff
the duct-work was opened at A (o1

A

AI
SETTLING
PITOT TUBE CHAMBER
‘BLOWE !
R —
v ]\ | o q
[~ ———-oamper _'_]t
» e

DUST INJECTOR

BN

-
“PHOTOELECTRIC

TEST FILTER

.

SYSTEM 2

. 8
PHOTOELECTRIC™
SYSTEM | |

FIG. 1—Block diagram of an experimental dust measuring system
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Photoelectric system for testing the efficiency of a filter for an air-conditioning unit

A’) ~and B, air could be drawn
through opening A (or A’) and ex-
pelled through opening B.

The blower was capable of de-

h livering 300 cubic feet per minute,
‘ the air velocity being controlled by

adjustable dampers in the line.
After leaving the fan, air passed

. through a section of duct contain-

ing 'a pitot tube for measuring the
air velocity. Next in the system
was the dust injector, which was

| connected to a compressed air line.

=g

By proper adjustment of the air

' pressure, dust could be fed into the

system at a controllable and nearly
uniform rate. From here the air
passed into the bottom of the set-
tling chamber, which was 3 X 3 feet

| in cross-section and 6 feet in height.

Any large agglomerations of parti-

cles which might have existed in

the air stream tended to settle out
while travelling this six-foot ver-
tical path at a low velocity.

The air stream then passed
through a section of circular duct,
and through an elbow on which was
mounted a collimated light source
and a collimated phototube. Next
came the section in which the filter
on test was placed. Following this
was another elbow containing a
dust measuring system, and a re-
turn duct back to the blower.

Quantities Measured

The photoelectric method of dust
density measurement implies a de-
termination of either (1) the quan-
tity of light scattered onto a photo-
tube by dust in the air, or (2) the
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quantity scattered away from the
phototube by the dust. In the first
arrangement, the phototube is
shielded from the direct rays of the
illuminating source and from ex-
traneous reflections; ideally, the
only light to reach the phototube is
that scattered in a particular di-
rection by the dust.

The second method uses a light
beam shining directly at the pho-
totube, which is collimated to look
only at the source; dust between
source and phototube then causes
a decrease in phototube illumina-
tion- by scattering light out of the
beam. The precise nature of the
scattering depends on the particle
size and the wavelength of the
light used.

One principal difficulty occurs in
the case of direct viewing of the
illuminating source by the photo-
tube. The change in phototube cur-
rent caused by dust in the interven-
ing air is small compared to the
constant current corresponding to
clean air, unless the dust densities
are excessively high or the light
path exceedingly long. This means
a loss in effective sensitivity.

Special measures might be taken
to minimize this difficulty’. For
example, a lens might focus the
light onto a small absorbing target
near the phototube, thus protecting
the latter from direct rays. Another
lens could then direct diffracted and
reflected light to the phototube cath-
ode. However, the use of lenses in
a dust-laden system of this sort is
generally undesirable since dust

collected on them scatters light just
as does airborne dust. These fac-
tors and other practical consider-
ations favored the adoption of the
indirect-viewing method.

Indirect Viewing

With an indirect viewing system,
the illuminated dust particles are
viewed at an angle to the illuminat-
ing beam. The use of an optical
system here would serve only to in-
crease the sensitivity of the photo-
tube system. This same function
can be performed by a suitable
electronic amplifier, which is more
desirable than an optical system.
Since extreme sensitivity is avail-
able with the use of photo-multi-
plier tubes and high-gain amplifiers,
a consideration of relative intensity
of light scattered along, versus nor-
mal to, the incident beam is of little
importance in this connection.

If the dust has a random parti-
cle size distribution ranging in size
from larger to smaller than the
wavelength, X, of the incident light,
the light scattered normal to the
beam would be made up of that due
to reflection from the larger parti-
cles and that due to absorption and
reradiation from the particles
smaller than A. This latter is the
well-known Rayleigh scattering, the
law of which predicts that the
shorter wavelengths should be scat-
tered more intensely than the longer
ones due to an inverse fourth-power
dependence on wavelength.

As a further consideration, the
particle distribution before the air
passes through the cleaner would
differ from that after cleaning,
since any air cleaner is somewhat
selective with regard to the ease
with which it collects particles of
a particular size"®. This means
that the ratio of reflected to reradi-
ated light would have changed after
cleaning.

Since reflection depends on the
square of the particle radius, and
reradiation depends on the radius
cubed, interpretation of results
would become very difficult. For
the above reasons it was desirable
to restrict the types of dust to
those with p<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>