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'SENSITIVE LOW-POWER RELAYS

5, 327
RELAY
TYPES

ATLANTASBALTIMOREBOSTON sBUFFALO s CHICAGO + CINCINNATI« CLEVELAND *DALLAS
DENVER+«DETROITe HARTFORD ¢« INDIANAPOLIS*«LOS ANGELES MINNEAPOLISs MONTREAL

NEW YORK* PITTSBURGH ST, LOUIS» SAN FRANCISCO » SEATTLE « SYRACUSE - TORONTO

in a newly improved design
FOR USE ON AC AND DC

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

Write for Data Bulletin 112.

STRUTHERS-DUNN

STRUTHERS-DUNN. Inc.. 1530 No. 13th S¢., Phila. 7, Pa.

November, 1947 — ELECTRONICS
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partners in

NS>

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

ELECTRONICS — November, 1947

"The impossible takes a little longer”...this is one way of saying that the
draftsman lets no out-worn conceptions restrict his creative ideas. Yet without
his specialized technique for expressing ideas on paper, the designs he creates
could scarcely be turned into substance. As the draftsman relies on his own hands
and eyes, he calls likewise on his drafting instruments to serve him functionally.
So integral a part of his technique do they become, they are virtually his partners
in creating.

For 80 years Keuffel & Esser drafting equipment and materials have been
partners, in this sense, in creating the greatness of America, in making possible
our fleets of ships, our skyscrapers, our overwhelming weight of armor on the
battlefield . . . So universally is K & E equipment used, it is self-evident that every
engineering project of any magnitude has been completed with the help of
K & E. Could you wish any surer guidance than this in the selection of your own
“drafting partners’’?

Because of their balance, smooth action and responsiveness to your hand,
you will find that using MINUSA* Drawing Instruments is almost as natural as
breathing. Their legs are round and ta-

* pered, without the harsh fee!l of sharp cor-
creqtl ng ners. Joints are firm, snugly fitted, and
satin-smooth in operation. Yet these instru-

ments are strong and durable, for their

precision will outlast years of continuous use. For complete data on MINUSA*
Drawing Instruments, write on your letterhead to Keuffel & Esser Co.,, Hoboken, N. J.

*REG.{U. 8. PAT. OFF.

... the world'
"mightiest fleet

s . i

i

)

.. speediest
tonks

... tallest
skyscropers

KEUFFEL & ESSER CO.

i =8T. 1367

NEW YORK - HOBOKEN, N. L

CHICAGO o ST. LOUIS » DETROIT ¢ SAN FRANCISCO
LOS ANGELES « MONTREAL
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Reliability Dependability

Availability

El-Menco stands ready to serve

El-Menco Capacitors contribute
a great deal to the quality
performance of your electronic
product. In addition to being re-
liable in performance, El-Menco
is reliable in delivery service.

You get as many El-Menco
capacitors as you need . . .- when
you need them. Improved pro-
duction techniques are your
assurance of that.

you in any emergency . . . just
as El-Menco served in the
recent national emergency,
World War IL. Our staff will
assist you in solving any prob-

lem you may have.

We who design and make El-Menco Capacitors are proud of the repu-
tation of dependabiiity and quality that our products have earned. The
use of El-Menco Capacitors throughout the electronic industry is an
indisputable testimonial in behalf of their superiority.

MANUFACTURERS
Our silver mica department is now producing silvered mica
films for all electronic applications. Send us your specifications.

JOBBERS AND DISTRIBUTORS
Write on firm letterhead for

ARCO ELECTRONICS catalog and samples.
135 Liberty St.; New York, N. Y. .
is Sole Agent for El-Menco Products in United States and Canada

THE ELECTRO MOTIVE MFG. CO., Inc., Willimantic, Connecticut

Send for samples and complete specifications. Foreign
\ : Radio .and Electronic Manufacturers communicate
) = p— direct with our Export De-
/‘ B ¢ partment at Willimantic,
4 Conn., for information.
MOLDED MICA @ MICA TRIMMER

CAPACITO

November, 1947 — ELECTRONICS
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You get these 3 FM Watchmen
in Western Electric transmitters only

FREQUENCY WATCHMAN

All Western Electric FM transmitters
are kept constantly on their assigned
frequencies by the Frequency Watch-
man —a simple, fool-proof, automatic
device sensitive to the slightest fre-
quency deviation. With this watch-
man on guard, stability of the trans-
mitter 18 governed by the stability of
a low temperature coefficient crystal,
which varies less than 25 cycles per
million in the temperature range of
from 40° to 130° F.

POWER AND IMPEDANCE WATCHMAN

The new RF Wattmeter and Impe-
dance Monitor is available exclusive-
ly in Western Electric FM transmit-
ters. It makes possible —for the first
time —accurate, direct indication of
the actual R. F. power in kilowaits
fed into your antenna system — plus
a simple method of measuring stand-
ing wave ratio under full power out-
put. Supplied as standard equipment
with all transmitters of 3 kw and up.

J/ =

ARC-BACK WATCHMAN

Permits realization of the full life of
each rectifier tube. By indicating ex-
actly which tube has reached the end
of its reliable service life, this watch-
man makes it possible to replace a
worn out or faulty tube with the pre-
heated spare and be back on the air
—with assurance—in a few seconds.

FOR FURTHER DETAILS chout the 3
FM Watchmen and Western Electric’s new
line of FM transmitters, call your local
Graybar Broadcast Representative, or write
Graybar Electric Company, 420 Lexington
Ave., New York 17, N. Yy

Western Elecrric

- QUALITY COUNTS —

ELECTRONICS — November, 1947
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NEW ‘MAPC’
MIDGET APC
CAPACITOR

Smaller in size than the APC and lighter
in weight, the MAPC embodies all the fea-
tures which made the Hammarlund APC an
outstanding leader. Improvements in manu-
facturing technique and years of know-
how have produced a variable capacitor of
superior mechanical construction and elec-
trical design.

The MAPC 75 weighs fifty percent less
and is fifty percent smaller than the equiva-
lent APC. The MAPC is so small that it can
be used in place of a compression type trim-
mer with a resulting increase in circuit sta-
bility and efficiency. Low minimum capacities

make possible a wide tuning range.

WRITE FOR TECHNICAL BOOKLET

oA OF 5

© DADADY

ESTABLISHED 1910

.; |
3
50 H D

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

6 November, 1947 — ELECTRONICS
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WHISTLER ADJUSTABLE DIES...USED BY OVER 1000 MANUFACTURERS

simple, accurate, and economical to

use Whistler adjustabl= dies for the
tough jobs. Conplicated patterns can be
set up quickly. It's easy tc change hole
arrangements t0o...without waiting and
at no extra die cost. New HU-50 units,
that pierce at 90° angle, can be used
in conjunction with standard perforating
equipment. Fewer press cperations are
necessary.

EADING meznufacturers find it fast,

Savings, through continued re-usc of the
same dies in d fferent arrangements on
many jobs, are most important.
Whistler adjusiable dies can be used in
practically every type press. Standard
sizes of punches and dies up to 3" are
available in a harry. Only a few days are
necessary to get special stapes made to
order.

S. B. WHISTLER & SONS, INC.

746 Military Road Buffalp 17, N. Y.

HU-5¢C Perforating unit used
in corjuction with standard
Whistler adjustable dies on the
same job.

“Por mone detfacls on this modern way to
speed production and save money, write for your copies
of the Whistler catalogs.

ELECTRONICS — November, 1947




They Lick Humidity and Vibration
at High Frequencies

STACKPOLE
Polytite TRIMMER
ELECTRODE CORES

L b e i o

Placed in fitted metal sleeves, Stackpole Polytite Trimmer
Electrode Core Forms serve as variable capacitors that
assure honest-to-goodness capacity stability in high-fre-
quency circuits where humidity and vibration must be con-
sidered. The molded Polytite has a high dielectric constant.
Cores are moisture repellent and carry a heavy dielectric
coating that establishes a path of high leakage resistance
between the electrodes. Since these electrode surfaces have
short, symmetrical current paths, the inductance may be
kept low enough for use in the 200-megacycle range.
Standard types provide easy capacity adjustment with a
maximum from 20 to 40 mmf., depending on the size,

Write for Stackpole Polytite Trimmer Data Bulletin

STACKPOLE CARBON COMPANY
Electronic Components Division e St. Marys, Pa.

Stackpole Polytite Trimmer Electrode
Capacitors are well suited for mini-
mum capacity adjustments in tuned
circvits, installed across the tuning
capacitor as in Figure 1 or across
the tuning inductance as in Figure 2.
Trimmers may be mounted directly to
the tuning capacitor.

A typical application using two
Polytite Trimmer Electrode Capacitors
in a circult where bcnd-sﬁreud tuning
is dasired. Varicus bands may be

ILLUSTRATIONS
A APPROX,

covered by the switching of coils and
preadjusted trimmers,

RESISTORS ¢ IRON CORES © SWITCHES

,

[

€l - - . o~ . e e b
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Pigs ain’'t pigs, we say. There are differences even within

the litter. Sometimes they're visible, but often you tan

only tell the result of good breeding by checking the result.

It's the same with our Amperex 892. There is one of those

little differences in the grid arm. It's much easier to assemble

this by brazing a few parts together, but we know that a

o5

braze often offers resistance to the passage of current,

— & "

b

; AM&R[X 897 sometimes enough resistance fo make a big difterence.

Sc we start this grid arm as d solid rod of oxygen-free copper

ll’

o~ ond make it out of one piece, and. it takes some mighty fine

% % skill, Amperex skill, to turn that feather-edged seal from

the solid. But that Amperex skill in manufacture, plus

SRS AT ot

Amperex skill in design, produces a grid arm that
offers the best operating conditions for both DC
and RF . . . just another of the many little differences
that make a big difference in the design and
construction of the many, many types of

tubes that comprise the exiensive Amperex line.

AMPEREX L
ELECTRONIC |\
CORPORATION LR

25 WASHINGTON STREET, BROOKLYN 1, N.Y.
in Conodo and Newloundland: Rogers Majestic Limited
11-19 Brentcliffe Rood, leoside, Toronto, Ontario, (onodo

www americanradiohistorv com



(THERMOSTATIC BIMETALS)

The versatile Wilco Line includes 29 WILCO THERMOMETALS which
help manufacturing customers meet all conditions of bimetal applica-
tion . . . all applications where response to temperature is required.

In Wileo's versatile line are Wilco
Thermometals (Thermostatic Bimetals)
that “bend” to your will . . . that
precisely meet your requirements.
Wilco Thermometals are designed
for o wide variety of uses including

. Temperature Indication . . .
Temperature Control . .. Temperature
Compensation . . . and Sequence
Control.

CHARACTERISTICS—Wilco Thermo-
metals cover temperature ranges
of maximum resistance from 50° to
800° F... useful deflection from minus
100° to plus 1000° F. .. and include
a wide range of electrical resistances.

PERFORMANCE — Wilco Thermo-
metals give precision performance
in hundred of applications, including
Circuit Breakers, Furnace Controls,
Flatirons, Safety Pilots, Electric
Biankets, Carburetors, Cigarette

Lighters, Fluorescent Light Starters
and Automatic Toasters.

AVAILABILITY — VWilco Thermometals
are supplied in all shapes, including
strip, straight cantilever blades, U-
shapes, spirals and helices . . . or as
parts of assemblies with shafts, studs,
brackets, contacts, braids or springs.
Whatever your requirements for
Wilco Thermometals, Wilco engineers
will gladly help you.

WILCO PRODUCTS INCLUDE:

THERMOSTATIC BIMETAL —All tempera-
ture ranges, deflection rates and electrical
resistivities,

CONTACTS- Silver-Platinum-Tungsten-Alloys-
Sintered Powder Metal.

SILVER CLAD STEEL

JACKETED WIRE--Silver on Steel, Capper,
Invar or other combinations requested.

ROLLED GOLD PLATE AND WIRE
NI-5PAN C*New Constant Modulus Alloy

SPECIAL MATERIALS
:<Reg. Trade Mark The Internationat Nickel Co.. lne.

The H. A. Wilson Company

105 CHESTNUT ST. « NEWARK 5, NEW JERSEY - Branch Offices: Chicago, Detroit, Los Angeles, Providence

Vilco Thermometals
. 1o Your will'

i

{

rs

10

SPECIALISTS FOR 33 YEARS IN THE MANUFACTURE OF THERMOMETALS « ELECTRICAL CONTACTS - PRECIOUS METAL BIMETALLIC PRODUCTS

www americanradiohistorv com
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Super COILS FOR USE WITH STANDARD

R. M. A. 420-420 mmf VARIABLE CONDENSERS

rf Coilform Coilform Basic Oscillator Oscillator *\
Part No, Type Dimensions Material Capacity Range Padder Trimmer freq. Range
0OC-200 ;! Oscillator 1/20D x 1-1/4 1g Kraft 47.5-467.5 mmf | 127.6 mmf 15.1 mmf | 135-400 KC
AC-200 | Antenna 5/80Dx1-1/21g Kraft 47.5-467.5 mmf _— D — —_—
0C-13 Oscillator 1/2 0D x1-1/4 g Kraft 52.5-472.5 mmf | 490.5 mmf 12.3 mmf [535-1620 KC
AC-13 Antenna 5/80D0x1-1/21g Kraft 52.5-472.5 mmf _— —_— —_—
RC-13 RF Interstage 5/8 OD x 1-1/2 Ig Kraft 52.5-472.5 mmf e _ _
RF-13 T.R. F, 5/8 0D x 1-1/21g Kraft 52.5-472.5 mmf _— —— —_—
L-13 Loop Antenna Various Kraft 52.5-472.5 mmf —_ — —_—

0OC-65 Oscillator 1/2 0D x 1-9/16 lg | Bakelite | 37.3-457.3 1168.5 mmf 3.0 mmf 1.6-5.6 MC
AC-65 Antenna 1/20Dx1-9/16 g Bakelite | 37.3-457.3 P —_— —
RC-65 RF Interstcge 1/2 0D x1-9/16 1g Bakelite | 37.3-457.3 P _— —_—
0C-101 | Oscillator 1/2 0D x 1-9/16 1g Bakelite 37.3-457.3 4666.0 mmf 1.6 mmf

AC-10! | Antenna 1/20Dx1-9/16 |g Bakelite | 37.3-457.3 _—

RC-101 | RF Interstege 1/20Dx1-9/16 1g Bakelite | 37.3-457.3 —_—

IF-108 Input 455 KC IF Transformer
IF-11B Output 455 KC |F Transformer

These coils are standard components D ' y l [F"

for use in the manufacture of all wave

{Siqndcrd sizes and miniature

receivers.

ELECTRIC PRODUCTS CORP.

Coils for television and FM. .Also built
to customers specifications. 1057 SUMMIT AVENUE
JERSEY CITY 7, N. J.

ELECTRONICS — November, 1947 I
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S MEASURABLE CHARACTERISTICS  CURYES"IN-15. SECONDS
*%. INCLUDING BOTH POSITIVE AND NEGATIVE GRID REGIBNS

Watch the operatcr mmanipulate quickly the switehes and knobs of this new Hytron elac-
tronic curve tracer. Lik= magic, graduated horizontz] and ver-iczl scales flash onto the scre=n,
and he calibrates ttem in desired units by adjus:inz the rmarker pips. Effortlessly, he tracss
the three basic cha-acteristics curves (Ep-1p, Ep-I,, Ep-1-,)—for a quick check or a pho=o>-
graphic record. No slow tabulating ar.d plotting cf dozens of meter readings.

Because the gri¢ po-ential is applied in 2 momentary, narrow pulse (monitored by the
smaller ’scope), th= cu-ves inclade the positive grid region so impo-tant in analyzing trans-
mitting tubes. Anccher advantage, missed with rcughly plotted curves, is that the shight=st
eccentricities in thz cu-ves are apparent. Improoer tube geomeatry, for example, is immedi-
ately detectable.

A maze of trizger, paase-inverter, and sw=aep drcuits, synchrorizing pulse generators,
electronic switches, and regulatad power supplies— the curve tracer’s principle of operation
is simple. Micresecond pulsing, electroric switching, and persistency of the osciloscode
screen do the trick. What does this fancy gadget mear to you? Better, more unform
Hytron tubes, because design znd prcducton cortrol are easier, batter. The new Hvtron
curve tracer is zno:her step forward to give you the best in tubes.

SPECIALISTS IN RADIO RECEIVING TUBES SINCE 1921

MAIN OFFICE: SALEM, MASSACHUSETTS

12 November, 1947 — ELECTRONICS
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Announcing “Filpec”

Centralab’s new and revolutionary
“printed electronic circuit” filter /

Resistor s

“Filpec”
4 times ]
Actual size Capacitor _

“Filpec” gives you integral constryction! Made
with high dielectric Ceramic-X, Centralab's
Filpec assures long lif2, low internal induct-
ance, resistance to himidity and vibration.
Actual Filpec dimensions: Y%” long, %"
wide, %4" thick.

Capacitor

“Filpec”

Actual size

Acteal size

[ A ——— ——

“Filpec’” combines up to three major camponents into one tiny
filter unit! Small, lightweight, Fi/pec reduces soldered connec-
tions 50%, saves space, cuts inventory, :s highly adap-able to a
variety of circuits. Capacitor values are available on Fi/ per from

50 to 200 mmf. Resistor values from 5 ohms to 5 mcgohms.

ERE IT IS — Centralab’s newest zpplication af its famous

“printed electronic circuit” (PEC)! Illustrzted on this
page is a typical example — a brand new balanced diode load
hilter, lighter in weight, smaller in size than one ordinary ca-
pacitor! Think of what that offers you in higher circuit efficiency,
L o o more dependable performance as well as a reduction of line
;:;Eezboﬁyge:hz:v‘; ?;;:;;1'l'lyf!ilpseihjx?;;igasg operations in set and equipment manufacturing! For complete
as a balanced diode load filter. Filpec can be mfprmatwn, §end for Bulletin 976.
designed for you to meet a wide range of Ratings: Capacity values (Cy and Co equal): 50 to 200 mmf. Capacity
filter applications. tolerance: —20% 4 50% over 100 mmf., * 20% below
100 mmf. Resistance values: 5 ohms to 5 meg-
ohms. Resistance rating: }5 watt. 400
WVDC. Flash test: 800 VDC,

LOOK TO CENTRALAB IN 1947! First in component re-

search that means lower costs for the electronic industry.

ELECTRONICS — November, 1947 13
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RCA TK-20A FILM CAMERA .. . as outstanding for film
programming as the RCA imaga-orthicon field and studic
cameras have proved for ‘‘live” pick-up work. Only-one
of these cameras is required for a complete, versatile

film and slide setup. o

i

' RCA TK-20A

FItM CAMERA , FACE OF

CAMERA TUBE

RCA 35mm TELEVISION
PROJECTOR OR RCA

témm PROJECTOR RCA lémm TELEVISION

PROJECTOR OR RC?
35mm PROJECTOR

MIRROR

SLIDE PROJECTOR
IS MOUNTED HERE

RCA FILM MULTIPLEXER

Images from the RCA televisicn projectors are reflected
from the mirrors of the multiplzxer to the pick-up tube of
the camera. The slide projector, nounted on the multiplexer,
focuses directly on the pick-up tube. No focusing lenses are
required on the film camera; distortion is negligible. Instant
change from one projector image to another ... or injection
of slide pictures is performed in the profection room.

MULTIPLEXER

www americanradiohicetory com
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New F

television film camera

sk for use with one 16mm or one

35mm RCA television film projector

X for use with a 16mm and a 35mm

projecior

FILM CAMERA CONTROL—
one required for each
camera . . . becomes
part of video console
. permits operator
to.monitorand control
quality of picture sig-
nal (amplifying, mix-
ing, blanking, syn-
chronizing, etc.).

VIDEO CONSOLE —composed of studio and film

camera controls, a master monitor, and switching,

lap-dissolve, and fading facilicies for selecting the

camera pick-up desired. “"Building-block” design

assures a compact, unified appearance-. . . permits
adding extra units at any time.

sk for continuous shows with two
projectors of either size

* for two film projectors and a
slide projector

I IS NOW POSSIBLE to use two film projectors

and a slide projector with just one film camera

. and to switch instantly from one to another
without moving the camera.

Versatilityinthe RCA TK-20Aisachieved through
the use of a unique mirror system (see diagram at
left). By this means, slide projector images may be
shown in conjunction with motion picture films
for special effects . . . or used separately for station
identification, announcements, commercials, etc.
Consecutive movie shorts or continuous multireel
shows are handled with equal ease.

The camera includes a sensitive RCA pick-up
tube, blanking and deflection amplifiers, and a six-
stage video preamplifier. Resolution is excellent.

A separate control unit and master monitor, and
two regulated power supplies (rack-mounted) com-
plete the film-camera chain.

Only initial settings need be made at the camera;
all other adjustments are made at the monitor and
control units which normally become part of your
video console.

Complete specifications and description of the
TK-20A Film Camera are now available. Write
Dept. 30-K, RCA, Camden, N. J.

TELEVISION BROADCAST EQUIPMENT

RADIO CORPORATION of AMERICA

ENGINEERING PRODUCTS DEPARTMENT, CAMDEN. N.J.

In Canada: RCA VICTOR Company Limited, Montreal

www americanradiohistorv com



WESTON Electronic Aralyzer—Model 769. Incor-
poratiag: 1. A conv=ntional Volt-Ohm-Milliam- »
mete= with self-contaiced power source. 2. A high-
impelance electronic Volt-Ohmmeter using 115
vols, 6( zy:le power. 3. A stable, probe-type,
Vacunm Tube Voltmete, for use to 300 megacycles.

ahil WESTON Multi-Purpose
g ~ « TUBECHECKER — Model 798. This universal

tubechecker offers within one instrument pro-
vision for testing: 1. Receiving tubes. 2. Volt-
age regulator tubes. 3. Light duty thyratron
tubes such as 2A4—6D4—884—885—2051. Scale
is calibrated “Good-Bad” as well as in mutual
conductance readings.

These portable Westons are specifically designed for
expediting electronic maintenance . . . for doing the job
better— faster. All are engineered and built in the strictest
traditions of Weston accuracy and dependability. For fur-
ther details see your local WESTON representative, or

write .. . Weston Electrical Instrument Corporation, 618

Frelinghuysen Avenue, Newark 5, New Jersey.
Direct Reading Insulation Tester —Model 799.

Compact, one-hand-operated insulation tester with .1

to 10,000 megohm range, using a test potential less ;
than 50 volts d-c. Indicates: 1. Insulation properties.
2. Leakage resistance. 3. Conductivity of insulating A i t
materials. 4. Leakage due to moisture absorption, ni4 ’CI/LI/I/Lel/L 4

16 November, 1947 — ELECTRONICS
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Plastics where plastics belong for resistance to corrosion and wear
An unusual combination of mechanical, electrical,
and chemical properties make Synthane (our type
of plastics) practicable for a limitless number of uses.
For example, Synthane is an excellent electrical

insulator, structurally strong, and extremely light
(Y2 the weight of aluminum). It is w=ar, corroston,
and moisture resistant, may be easilv machinea.
The stator of this unique pump is a top-notch
example of plastics rightly used . . .

Handling a wide variety of materials, this application

seriously tests corrosion and wear resistant qualities.
Synthane stoutly resists the attack of many corrosive
solutions and opposes the scrubbing action.of pulp
and small solids.

If you have an application for which Synthane
seems the answer, let us know about if—before you
design if possible. We are eager to help you choose
the right job for plastics and the right plastics for the

job. Write for our complete plastics catalog today!
Synthane Corporation, 6 River Road, Oaks, Penna.

ESYNT;:H AN!}] where Synthane belongs
St

DESIGN - MATERIALS . FABRICATION . SHEETS - RODS - TUBES
FABRICATED PARTS.MOIDED-MACERATED . MOLDED.IAMINATED

www americanradiohistorv com



SOME QUICK FACTS ABOUT
SYNTHANE RODS AND TUBES

Diameters: Rod—Y%" to 4" O.D. {Larger diameters turned
from sheet material.)
Tubing—%"to 22”'1.D., ©.D. to specifications.
{Molded tubing to 4" O.D. only.)

Lengths: 18" and 36, longer on order

Colors: Natural (tan) or black

Finishes: Ground, buffed or varnished

For diameter or wall thickness tolerances, standards of

quality for tensife and compressive strength, dielectric strength,

density, percent of moisture abserption, power factor and dielec-

tric constant, write for descriptive Tubing Folder.

DESIRABLE PROPERTIES OF SYNTHANE TUBES

Non-metallic Low Coefficient of Expansion

Light Weight {2 the weight
of aluminum)

Structurally strong Hard, abrasion resistant

Moisture Resistant Resilient

Sound and Vibration Absorbing

£asy to machine

Corrosion Resistant
Excellent Electrical Insulator

Thermosetting

SYNTHANE CORPORATION, 6 RIVER ROAD,

OAKS, PENNSYLVANIA

Please send me the Synthane Tubing Folder by return mail.

Nome —_—

Company. _

Title__ —

Address . -

Cityeeo . _ Zone State

Once it is learned how many properties are combined in

Synthane —what sizes, and grades are available, and how
easy Synthane is to machine, many new, profitable, uses
for Synthane tubing and rods pop up quickly. Here, in a
light weight non-metal that is an excellent electrical insu-
lator, are all the charaeteristies for making thousands of
products better, faster or more economically.

Synthane’s plant capacity assures you a steady flow of
top-quality rods and tubes or close-tolerance parts fabri-
cated from these versatile materials.

Why not find out for yourself how Synthane rods and
tubing can help you? The coupon below will quickly
bring you a copy of the Synthane Tubing Folder complete

with tables of characteristics. Send for it today!

In addition to round tubes, Synthane produces a
}- wide variety irregular shapes by tube-inaking
processes . . . . round with square or hexagonal centers,
. and from a

"" ,‘ square, rectungulur, channel, oval
!’ broad range of busic laminating materials puper,

T
'; !“ [fabric, asbestos, gluss. The standard round tubing is
\ I“i

needs call for an irregular shaped section, it will pay
you to inguire about Synthane's diversified line o
rods and tubes.

SYN’]T[ANE

OAKS, PENNSYLVANIA

always « little more economical to use, hut if your

SYNTHANE CORPORATION

www americanradiohistorv com



SCREEN CHARACTERISTICS AT A GLANCE. ..

The following types of fluorescen! screens
are available in Du Mont cathode-ray tubes:

P1: Medium persistence green. High
visual efficiency. For general-purpose
visual oscillographic and indicating
applications.

P2: Long persistence blue-green
fluorescence and yellow-green per-
sistence. Long persistence at high
writing rates. Short-interval excita-
fion.

P4: Medium persistence white for
felevision images.

P5: Extremely short persistence blue
for photographic recording on high-
speed moving film. Persistence time

ALLEN B. DUMONT LABORATORIES,

for energy drop to 50% is 5 microsec-
onds. Available on special order.

P7: Blue fluorescence and vyellow
phosphorescence. Long persistence at
slow and intermediate writing rates.
For filtering out initial “flash” and
for high build-up of intensity under
repeated excitation, this screen may
be used with Du Mont Type 216-J
Filter.

P11: Short persistence blue. For re-
cording high writing rates. Persist-
ence fime for energy drop to 50% is
10 microseceonds.

L =

PHOTOGRAPHIC R

HIGH WRITING RATES?

ECORD\NG?

Visuat OBSERVA'HON?

’ There’s a screen for every oscillographic
purpose. But only Du Mont makes all types of
screens. By having that extra Du Mont tube
with the right screen available, you can cover
a wider range of applications more quickly
and realize far greater value from your oscillo-
graph, simply by switching tubes.

As a time-, trouble- and money-saver, that
extra, dependable, high-quality Du Mont tube
should be on hand when you need it. So why
not buy it now while you're thinking about it?

And when replacing cathode-ray tubes, al-
ways remember that Du Mont tubes are made
to RMA specifications and therefore {it any
standard oscillograph.

PUse the right screen for the right job.
Descriptive data on request.

© ALLEN B. DU MONT LABORATORIES. INC,

Cacinion Loclionics & folbosiion

INC., PASSAIC, NEW JERSEY * CABLE ADDRESS: ALBEEDU, PASSAIC, N. J.,, U. S. A, ‘

ELECTRONICS — November, 1947
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FOR THE HIGHEST EFFICIENCY IN FIBROUS INSULATION

USE ROGERS FABRICATING SERVICE

HERE'S WHAT ROGERS UFFERS. ROGERS fabricates fibrous insulation to

. detign meet your most rigid specifications. Rogers
. e

: inative, €XP

e Alert, ima9

assistance.

fabrications are accurate, made to simplify

die-making facilities- assembly and afford maximum protection.

o Complete ol
c . . . .
Ropid, aceurate and econom™ Design assistance, complete die-making and

® apié.,

{abricating fabricating facilities are at your command.

adap}- . -
Write for the Rogers Exhibit. It tells the

. £ tough,
\\ne o) chked

ersuﬂ\e .
<V us materials:

oble fibro by manufactur- complete story about our fabricating service.
py research on‘d :d ver A Pe- PLEASE ADDRESS 107 MILL ST.

ing skills develop Investigate the DUROIDS, new fibrous structural ma-
riod of 115 years: terials that are firm, yet flexible and shatterproof.

—

. ROGERS CORPORATION

A MANCHESTER e CONNECTICUT

8 November, 1947 — ELECTRONICS
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AFTER YEARS IN COI.UMBIA RECORDS’ FILES

E‘M 7 Dech_|

;:':/Z‘/E‘ 39 | Kecartor g 4}"
L |

V2
- e ——=

"'Master safety disc No. 15B — an AUDIODISC — recorded
December 12, 1939, was taken from our files and played back
on September 12, 1947. This test showed that after almost
eight years the recorded quality was still excellent and there
was no measurable increase in surface noise. Surface noise
of a new cut, made on this disc at the same date in 1947, was
no different from the original cut.”

This is the brief, factual report by Columbia recording engi-

AUDIO DEVICES,

neers on a test made ta measure the lasting qualities of AUDIO-
DISCS. In the photograph the two large bands show the orchestral
recording made in 1939. Close 10 these are the unmodulated
grooves cut this year.

One more convincing proci of a most important claim -
" AUDIODISCS do not detericrate with age either befcre or
after recording, and there is no increase in surface noise from
the time of recording to playback or processing—whether it
be a few days or many yeavs.”

INC., 444 Madison Avenue, New Ycrk 22, N.Y.
Export Department: Rocke International Corp., 13 E. 40th Street, New York 16, N. Y.
Aundiodiscs are manufactured in the U.S.A. under exclusive license from PYRAL, S.A.R.L., Paris

*REG U S PAT. OFF.

ELECTRONICS — November, 1947
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HIGH RELIABILITY at

HIGH VOLTAGES

Check these advantages | The dependability that is a “must” in high-voltage

of SUPEREX™* capacitors comes from long-time experience in design and
High Voltage Capacitors | construction. Solar SUPEREX units are outstanding in
VLONG LIFE this field today.

¥ BUILT FOR THE APPLICATION Standard capacitors are available in ratings up to 100,000
Low Voltage Stress

Uniform Winding Tension volts in all-welded hermetically-sealed heavy steel cases
Extra wide tabs for positive with oversized porcelain bushings. Capacitors rated
Sontast tolsections up to 150,000 volts are obtainable in tubular phenolic

Carefully placed internal .
P e ke cases with leak-proof seals.

Voltage Barriers
¥ NON-FLAMMABLE, NON-EXPLO=
SIVE SYNTHETIC IMPREGNANT

If you have any special problems in the field of high-voltage
capacitors, a Solar field engineer will gladly discuss

¥ HIGH INsULATION ResisTance | them with you. Write today. ® a5
¥ STABLE CHARACTERISTICS

SOLAR MANUFACTURING CORPORATION

1445 HUDSON BOULEVARD, NORTH BERGEN, N. J.

Plants at: Chicago, lll., North Bergen and Bayonne, N. J.

% Trade Mark

souuz cApAciién

“Quality Above All”

20 Noveniber, 1947 — ELECTRONICS
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. An exclusive Precition Development

i gtes feiding

S BT e SRR, B

do i

Compare the new and the old! Note the square,
even form with minimum bow of the new DI-
FORMED tube—previously made only on special
order, at higher prices.

[10)

Now all Precision square and rectangular paper tubes and coil bases are DI-FORMED
as a standard process. And you now get these DI-FORMED tubes at no extra cost.

Use these New Precision DI-FORMED Coil Bases to

save money— speed production and increase efficiency of
your equipment—because DI-FORMED coil bases have greater
strength; permit automatic stacking; eliminate forming coils
after winding; and cores can be engineered closer, saving wire.

NEW OoLD

Write for new Mandrel List (many new sizes now!) and ask for samples of Precison DI-FORMED
Tubes — to your specifications.

PRECISION PAPER TUBE COMPANY

2041 WEST CHARLESTON STREET CHICAGO 47, ILLINOIS

ELECTRONICS — November, 1947 2y
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FOR TOP U-H-F PERFORMANCE

/)

General E]ec*rzc s new GL-5648 transmitting

tube —a

forced-air-cooled rriode of ultra-

compact lighthouse design— LEADS in
microwave applications such as:

FM-AND-TELEVISION
STUDIO-TRANSMITTER LINKS

COMMERCIAL RADAR

’

PLATE OR CATHODE-PULSED CIRCUITS

2,500 mc freguency af max ratings

HERE is the most modernly
engineered transmitting tube
of medium power to operate in
the ultra-high range. Type GL-
5648 will perform at frequencies
up to 2,500 mc under full plate
input, assuming proper adjust-
ment of heater voltage to compen-
sate for cathode back-heating.

The tube finds primary appli-
cation in oscillator service, and as
a grounded-grid power amplifier.
Also, Type GL-5648 is directly
suited to plate or cathode pulsing.
Maximum ratings for this service
now are being determined prior
to definitive release.

Design follows the successful
lighthouse-tube principles of par-
allel-plane electrodes that are

GENERAL @3

FIRST

22

AND GREATEST

closely spaced, plus a coaxial-con-
tact structure meeting the needs of
concentric-line circuits. Internal
shielding is highly developed, sc
that the tube is especially useful
in grid-separation-type circuits.

Cylindrical terminal contacts,
wide in area and silver-plated,
provide low-inductance current
paths and reduce r-f losses. The

tube is sturdy, compact in outline,

and small in dimensions, requir-
ing minimum space to mount.

Additional daia on the GL-5648
gladly will be supplied on request,
and G-E tube engineers are at your
service to consult with you as to
applications. Address Electronics
Department, General Electric Com-
pany, Schenectady 5, N. Y.

NAME IN

www americanradiohistorv com

GL-5648

ELECTRICAL
CHARACTERISTICS
Cathode voltage 63 v

current 1.1 amp
Interelectrode capacitances (with shields):

Grid-cathode 6.50 mmfd

(with cathode hot) 8.50 mmfd

Grid-plate 1.95 mmfd

Cathode-plate 0.035 (max) mmfd

Amplification factor 100

Transconductance 17,000 micromhos
Frequency at max ratings (wnh proper
heater-voltage adjustment}

Type of cooling

2,5002mc
forced -air

Max Ratings (absolute values),
Class C Telegraphy

D-c plate voltage 1,000 v
D-c grid voltage —150 v
D-c cathode current 100 ma
D-c grid current 50 ma
Grid dissipation 1.5 w
Plate input 100 w

dissipation 100 w

Ratings for Typical Operation (as grid-
separation oscillator at 500 mc), Class
'C Telegraphy

D-c plate voltage 1,000 v
D-c grid voltage —48 v
D-¢ plate current 50 ma
D-¢ grid current (approx) 8 ma
Plate input 50 w

dissipation 25w

power output 25 w

ELECTRIC

161-F9-88350

ELECTRONIEICS

November, 1947 — ELECTRONICS
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When you need insulators in a hurry, phone us for of rush orcers. We make our own dies and that also
die pressed AlSiMcg. Air shipments put us as close saves a lot of tima. Die pressing is usualiv the fastest
as if we were in your own back yard. and most economical way to produce steatite ce-

American Lava has the lorgest battery of presses ramic insulators of fine quality. Try us when you
in the industry and can now handle a limited number want to break that bottleneck of ceramic insulators.

4 6 T H Y R ESRSARER O F C ER A M C L EADEER S HIP

AMERICAN LAVA CORPORATION

CHATTANDOGA 5, TENNESSEE

SALES OFFICES: ST. LOUIS, MO , 1123 Washingion ave.. Tel: Garfield 8953 » CAMBRIDGE. MASS.. 38 B Biatle St., Tel: Firkland 44%8 « PHILADELPHIA, 1649 N. Broad St., Tel: Stevenson 1-2823
SEWARK, N J.. 671 Broad S1.. Tel: Milchell 2.3158 » CHIEAGO, 9 S. Clinter St.. Tel: Central 1721 « SAN FRANCISCO, 163 2nd. St., Tel: Douglas 2464 « LOS ANGELES, 324 N. San Pedro St Tel: Mutuzi 5076
www americanradiohistorv com



Now... FERRANTI

ELECTROSTATIC VOLTMETERS

FOR AC AND DC MEASUREMENTS

\"

mr‘

A\

W
== WA
'A\‘\‘v:“\\\\\l\';? A
e ey
N4t
T
IS

e
AN A
TP SVEI VIS
WY
U
- %(!‘_

-
S
X <

W
\ o)
AV

2 MPA NI A0,
VaTTANIZA7 A

LA
—

WIES
\_ [ o

AN
.
Pl

VAT
VAN
X/

SV,
NANANA
L=

v

<x\”
R

s /N
X

2%, PORTABLE TYPE
Also made in FLUSH and
PROJECTING TYPES

ZERO CURRENT CONSUMPTION ¢ READING FROM

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

SELF-CONTAINED * OVER-VOLTAGE PROTECTION

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

* MAGNETIC DAMPING < PRECISION BUILT, ACCURATE
* THOROUGHLY RELIABLE *

A Pradve! of ever 65 years gf Fevtants exferience

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

November, 1947 — ELECTRONICS




PWC flexible cords and cables stand up
to pumshment like no old-fashioned
cord you've ever used, like no other cord
you can buy.

For PWC flexible cords — ST, SJT,
SVT and POT — are insulated and
sheathed with PWC plastic, the last
word in modern insulation. Made by
the world’s leading exclusive manufac-
turer of plastic insulated wire and cable,
non-aging, non-combustible PWC flex-

PLASTIC
CORP.

408 East Main St., Jewett City, Conn.

ELECTRONICS — November, 1947

ible cords shrug off moisture, abrasion,
oil, grease, acids and alkalis. They won't
crack, fray or rot. Just try to kink them!

Leading manufacturers of electrical
tools, major and small appliances, con-
veyors and other clectrical products have
standardized on PWC cords for original
equipment. They are available on reels
or as cord sets with molded-on plugs,
receptacles or grommets, cither standard
or special.

Experience shows that PWC cords and
cord sets more than pay their way in
frecedom from maintenance costs and
replacement over long, hard service.

You'll get outstanding performance in
every PWC product you buy — from
building wire, apparatus wire, or power
cable to special purpose wires and cables.

Let us quote you prices and delivery
dates today.

ULTRA HIGH FREQUENCY CABLES

RADIO HOOK-UP WIRE

AITRRAR e e s e

WIRE & CABLE ==

—_—

s

www americanradiohictory com

PAIRED (OMMUNI(ATION CABLES
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REVERE FREE-CUTTING COPPER ROD

.. . INCREASES ELECTRONIC PRODUCTION

INCE its recent introduction, Revere Free-

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

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

P

closer tolerances and much smoother finish.
Thus production is increased, costs are cut,
rejects lessened. The material’s one impor-
tant limitation is that it does not make a
vacuum-tight seal with glass. In all other
electronic applications this special-quality
material offers great advantages. Write
Revere for details.

REVERE

COPPER AND BRASS INCORPORATED
Founded by Panl Revere in 1801

230 Park Avenue, New York 17, New York

Mills: Baltimore, Md.; Chicago, 1ll.; Detroit, Mich.; New

Bedford, Mass.; Rome, N. Y.—Sales Offices in Principal Cities,
Distributors Everyuhbere.

-

CUSTOMERS REPORT:

‘N Thls material seems to machine much better than our pre-
vious hard copper bar; it cuts off smoothly. takes a very
nice thread, and does not clog the die.” (Electrical parts.)

“Increased feed from 1-1/2" to ¢" per minute and do
five at one time instead of two.” (Switch parts.)

“Spindle speed increased, [from 924 to 1161 RPM and
feed from .0065" to .0105" per spindle revolution. This
resulted in a decrease in the time required to produce the
part from .0063 hours to .0036 hours. Material was capable
of faster machine speeds but machine was turning over at
its maximum. Chips cleared tools freely, operator did not
have to remove by hand.” (Disconnect studs. )

November, 1947 — ELECTRONICS
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-L“ Duo-Cone

The RCA LC-1A speaker is expressly designed
for monitoring FM programs and high-fidelity
recordings in broadcast stations. Its response is
exceptionally free from distortion—over the full
FM range. Read these highlights:

Uniform response, 50 to 15,000 cycles. Audio
measurements prove RCA’s new speaker free
from resonant peaks, harmonic and transient
distortion . . . at all usable volume levels.

120 degrees radiation at 15,000 cycles! The
LC-1A is unique in its ability to project a wide
cone of radiation through a constant angle of
120 degrees. And frequency response is uniform
throughout! Advantages: It eliminates the fa-
miliar sharp peak of high-frequency response
usually present in other systems. And exact lo-
cation of the LC-1A in control or listening
rooms is not critical.

Remarkably smooth crossover-response.
Both cones are mounted on the same axis and

'Speaker

The RCA LC-1A full-range,
duo-cone Broadcast
Monitoring Speaker,
with cabinet. Speaker
mechanism only, is type
ME-11411.

have the same flare angle to place their surfaces
in line. Thus the possibility of undesirable in-
terference between H-F and L-F units over the
crossover range i eliminated.

Controlled “rc!l-off'“ at 5 and 10 kec. Because
of the LC-1A’s exceptional high-frequency re-
sponse, the surface noise and high-frequency
distortion present in many recordings is accen-
tuated. Therefore, a panel-mounted switch is
provided to control and restrict the LC-1A’s
high-frequency range for this type of program
material (see response curve).

Two fine bass-reflex cabinets (optional) are
designed to match the LC-1A speaker. One is
finished in the familiar RCA two-tone gray for
control-room use. The other . . . in bleached
walnut, is suitable for executive offices and mod-
ern surroundings.

For prices and further details on the LC-1A
speaker . .. now in production, write Dept.30-K

BROADCAST EQUIPMENT

RADIO CORPORATION of AMERICA

ENGINEERING PRODUCTS DEPARTMENT, CAMDEN,N.J,

§n Conada: RCA VICTOR Company Limited, Montrea$

www americanradiohicetory com

DETAILS OF RCA
DUO-CONE DESIGN

Two individu-
ally actuated

cones are VOICE COIL
mounted on the HIGH-FII:E%JSJEP?C.YP i
same axis and co
flare angle,
with a specially
designed heavy Al-
nico magnet of high
flux density. The
high-frequency unit
is a 234" cone with
anexceptionally low-
mass aluminum voice
coil. This cone follows out the shal-
low angle of the larger cone to
radiate a pattern at full power over an
area of 120 degrees at 15,000 cyeles!
The low-frequency unit has a massive
15” diaphragm with a high-mass voice
coil of large diameter. Its resonant fre-
quency, only 35 cycles . . . with true
bass response at all volume levels.

LOW-FREQUENCY
CONE

LOW-FREQUENCY

HIGH- FREQUENCY
YCICE COIL

7




6-Way Protection
wctth One Tnsalation

Here is the story of what a good insulation
can do. Thermoswitch controls, made by TFenwal,

23379
SOEER)

=4
e

((|((>

l

Inc., are used in a wide variety of applications— “Comparative tests made against similar insu-
unit heaters, home freezers, laboratory water baths, lation proved BH Fiberglas Sleeving was best
to mention only a few. The insulation is constantly suited for our use. In actual use, this Sleeving with-
subjected to (1) heat up to 700°T., (2) cold as stands abrasion, friction and bending without split-
low as -120°F., (3) extreme vibration, (4) fric- ting or cracking. The non-fraying qualities and
tion, (5) bending, and (6) abrasion. resistance to extreme temperatures are outstanding.”

Over a year ago, Fenwal engineers specified

JDaily use by America’s lcading manufacturers
proves the value of BH Fiberglas Sleeving. Tty it
ingour plant, in your own product,

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

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

Bentley, Harris Mfg. Co., Dept. E-16, Conshohocken, Pa.

I am interested in BH Non-Fraying Fiberglas Sleeving for.
(product)

operating at temperatures of °F.at _____ volts. Send samples so I can see for myself how

BH Non-Fraying Fiberglas Sleeving stays flexible as string, will not crack or split when bent.

NAME __ . COMPANY.

ADDRESS

28
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Send samples, pamphlet and prices
on other BH Products as follows:
O Cotton-base Sleeving and Tubing

[ Ben-Har Special Treated Fiberglas
Tubing

November, 1947 — ELECTRONICS



RELAYS OF ADAPTABILITY

Type BOHO

Type BG Type BO
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1009% electrical test for continuity and ‘'shorts” completes reason why Centralab controls assure you accurate ratings, pre-
Centralab’s program of tests for each control before it is cision workmanship, trouble-free installation, long field service
shipped. This includes testing for resistance at various degrees life — above and beyond your specification requirements. But
of rotation, taper, noise, mechanical dimensions, etc. It's the that's not all . . .

MODEL “R"

Model "R” — wire wound, 3 watts; or composition type, 1 watt. Model "L” miniature receivers, amplifiers. No big-
composition type, 14 watt. Direct contact, 6 resistance tapers. Model ""M” ger than a dime, high quality per-

CRL's complete Radiohm line offers wide range of variations for special needs: 3 Here's Centralab’s newest control for
composition type, 15 watt. Write for Bulletin 697. formance is assured.

November, 1947 — ELECTRONICS
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Electronic Industry

Cutaway view of ’Hi-Vo-Kap’’ shows
integral ceramic construction

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

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

Low loss, mineral
filled phenolic resin.

Three terminal types
for strong, fast con- =
nections.

age and small size for television ap-
plications. For use as filter and by-
pass capacitors in video amplifiers.

l CRL Hi-Vo-Kaps combine high volt-

The recognized dependability and
high quality of Centralab’s ceramic
capacitor line is now available in
quantities for quick delivery.

Guaranteed minimum life of 50,000 11i-Kaps — miniature ceramic disc ca-

Revolutionary, CRL Lever Switch For utmost reliability in small physi-
features exclusive coil spring design. cal size, low mass weight, use CRL
cycles. Write for Bulletin 970. pacitors. Write for Bulletin 933.

NOW SEE HOW
| 4THIS REPLACES THIS»

€, — Coupling Capacitor, .01 ___—¥"
mfd. is standard.

C>— Plate R.F. By-Pass Ca-
pacitor, 250 mmf. £ 20% is
standard.

&Rl—l’lme Load Resistor, 250,-
b 000 Ohms * 20% 1/5 watt
L 1 is standard.

R>— Grid Resistor, 500,000
Ohms = 20% 1/5 watt is-
standard oivy

Other Values Available

complete interstage coupling circuit consisting of an integral assembly of Hi-Kap
capacitors and resistors closely bonded to a steatite ceramic plate and mutually

8 First commercial application of the “printed circuit’, CRL's new Couplate offers a
connected by metallic silver paths “printed” on the base plate.

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

Cen hy:

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

ELECTRONICS — November, 1947
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DU MONT csescoupeces e wetw . . .

AVAILABLE NOW FOR
DELIVERY FROM STOCK
IN LIMITED QUANTITIES

SPECIFICATIONS ...

AN N N U N N NN

Wide range of film speeds
(3600 to 1) — from 1 inch
per minute to 5 feet per
second.

Instantaneous change
from low. o high-speed
recording.

Calibrated e€lectronic
speed control (in,/min,
and in./sec.)

Quickly detached to free
oscillograph, or for use with other
oscillographs.

Fixeddocus 1/2.8 or 1/1.5 lens for
medium. or high-speed recording.

Capacity of 100 feet of 35 mm. film
or paper; provision for 1000 feet if
required. Film footage indicator.

Operates independently of ambient
light. Simultaneous viewing and re-
cording of trace.

Self-illusirated data card for labeling
given “takes” directly on film. Pro-
vision for timing markers.

B e
£, e

To meet the need
for permanent rec-
ords of complex phe-
nomena, Du Mont proudly presents a
camera capable of photographing all
types of traces — high or low fre-
quency; periodic or aperiodic; con-
tinuous-motion or single-image; and
for time intervals up to 200 hours.
The new Du Mont Type 314 Oscil-
lograph-Record Camera* provides all
users of cathode-ray oscillographs
with a useful, simple, practical re-

Applicable to ALL
5-inch cathode-

ray oscillographs!

cording means. It opens the way for
precise’ quantitative measurements.
It permits direct comparisons of
traces recorded at different times un-
der varying conditions.

For maximum convenience, the
mounting, operation and dismount-
ing of this camera are reduced to
simplest terms consistent with the re-
quirements and practices of the wid-
est range of oscillograph users.

. .
#*Manufactured for Du Mont by Fairchild
Camera and Instrument Co.

’ Descriptive literature on request.

© ALLEN B. DU MONT LABORATORIES, INC.

PASSAIC, NEW JERSEY » CABLE ADDRESS: ALBEEDU, PASSAIC, N. J., U. S. A.

www americanradiohistorv com
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THE WASHER IS HELD
ON BY THE ROLLED
THREAD AND IS FREE
TO ROTATE!

DRIVING IS EASIER, FASTER. SEMS ARE NO DROPPED OR WASTED WASHERS. SEMS ELIMINATE COSTLY HAND

PERFECT FOR HARD TO REACH PLACES AS N S SMOOTHLY ASSEMBLY; SAVE TIME AND LABOR!

ANY OF THESE MANUFACTURERS WILL SEND YOU THE SEMS DATA BOOK, FREE!

Russell, Burdsall & Ward Stronghold Screw Products Inc, Chandler Products Corp. The Lamson & Sessions Co.
Bolt & Nut Co. Chicago, lII. Cleveland, Ohio Cleveland, Ohio
S .:’Ior;A(hes;er, K.Y C American Screw Co. Continental Screw Co. National Lock Co.
(0V|w \ m"|‘|j (lD(‘hfr_mg 0. ;rov;:lem;, I: 1. New Bedford. Mass. Rockford, [linois
aterville Division utcher art : .
Waterville, Conn. Manufacturing Co. Corbin Screw Division The National Screw & Mfg. Co.
Shakeproof Inc. Toledo 7, Ohio The American Hardware Corp. e, iy
Division of lllinois Tool Works Canada lllinois Tools, Ltd. New Britain, Conn. ¥ New England Screw Co.
Chicago, lllinois Tororito, Ont., Canadn Eaton Manufacturing Co. Keene, N. H.
Steel Co. of Canada, Ltd. Central Screw Co. Reliance Division Pheoll Manufacturing Co.
Hamilton, Ont., Can. Chicago, Hll. Massillon, Ohio Chicago, Illinois

ILLINOIS TOOL WORKS * CHICAGO * Originator of Sems
www americanradiohistorv com



THERE'S A SHAKEPROOF LOCK WASHER

EQRVEVERY

EXTERNAL INTERNAL

e

EXTERNAL-INTERNAL DOME PLAIN

COUNTERSUNK HEAVY-DUTY

0000000000006 OC0OC0OCGCOGIODEOSTTS
r 3 .

DISHE-TOOTHED

DOME TOOTHED

You GET THE FAMOUS SHAKEPROOF TRIPLE-ACTION PERFORMANCE

No matter what your fastening problem may be . . . oversize
or elongated holes, hardened or soft materials, large or deli-
cate parts . . . there is a Shakeproof Lock Washer designed to
make your fastenings secure against vibration . . . to do your
job at peak efficiency. And no matter what size or type you
choose for your application, every Shakeproof Lock Washer
incorporates the exclusive triple-action Shakeproof tapered-
twisted teeth that actually bite deeper, hold tighter as vibra-

tion increases.

Shakeproof Field Engineers can be of great service to you in
selecting the right size and type of standard washer, and their
knowledge is especially helpful in the selection of one or more
of Shakeproof's hundreds of specials that provide even greater
fastening performance for specific problems than the standard
types. When you meet fastening problems let a Shakeproof
engineer meet you! A phone or written request will bring him
to your plant! Call today.

/7 - /
SHARKEPROOF inc.
Plants at Chicago and Elgin, lllincis e In Canada:
Canada INinois Tools Ltd., Toronto, Ontario

Division of ILLINOIS TOOL WORKS @ 2501 No. Keeler Ave., Chicago 39, lli.

Offices in Principal Cities

wWwWwW americanradiohistorv com



At Station WBRC,
Birmingham, Alabama

THIS FEDERAL 5
STAYED ON TH

for more than

0,000 HOURS!

EDERAL’S F-891R AM broadcast tubes have estab-

lished an outstanding service record at Station
WBRC—for Mr. G. P. Hamann, chief engineer, reports
that “these tubes all have a life in excess of 20,000
hours”! That's well over three years of actual operation
—and it’s meant substantial savings in tube replace-
ment costs.

In major AM stations from coast to coast, Federal
broadcast tubes have won the confidence of engineers
and operators—Dby consistently setting the standards
of performance, tube life, and operating economy. The
F-891R modulator tube, and the corresponding F-892R
power amplifier, are two forced-air-cooled triodes which
have proved extremely satisfactory for small and
medium-sized AM broadcast stations. Water-cooled
types of equivalent rating, the F-891 and F-892, are
also available, F-891R

If you want top performance like this, specify Fed- Forced-air-cooled |
eral broadcast tubes. For their long life and perma-
nence of characteristics is the cumulative result of

. F-891
more than 38 years of research and manufacturxpg Water-cooled mp |
experience—continual pioneering in new ways to build
better tubes. For complete technical data on these AM
tubes, write to Federa! today—Dept. K713.

|

N Federal Telephone and Radio Corporation

100 KINGSLAND ROAD, CLIFTON, NEW JERSEY

research and engineering organization, of which the Federal

da:—Fed El i i b b
Telecommunication Laboratories, Nutley, N. L., is & unit In Canada:—Federal Electric Manufacturing Company, Ltd., Montreal, P. Q,

KEEPING FEDERAL YEARS ANEAD...is ITAT's world- wnd!)
Export Distributors : —International Standard Eleciric Corp, 67 Broad St., N.Y.

ELECTRONICS — November, 1947 33
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Millen “‘Designed for Application’’ components are differanti As a designer
and manufacturer for mony years of complex electronic and communication
equipment, we are our own best customer for component parts. Consequently,
we have to perform an outstanding job of designing and manufactuzing such
parts in order to satisfy our own applications. Our parts are ‘' different’’,
also, bacause os symbolized by the ‘’Gear wheel’’ of our registered trade
mark, they are designed by mechanical engineers working in close «oopera-
tion with our electronic circuit group. Below are illustrated a typical half
dozen of the thousand-odd items we manufacture.

10007-8-9

Hlustrated above, laft to right; Top row: The No. 80075 cathode roy tube Bezel, the No. 04000 series of adjustable shaft
angle, center drive variable transmitting condensers and the No. 74001 permeability tuned shielded plug-in coil form. Bottom
row: The No. 36011 snap lock multiple finger contact plate caps, the small panel dials and finally the Ceramic insuiated plate caps.

JAMES MILLEN MFG. CO., INC.

MAIN OFFICE AND FACTORY 7 .
SALES OFFICES MALDEN CANADIAN SALES
IN ALL MASSACHUSETTS ASTRAL ELECTRIC CO.
PRINCIPAL CITIES SCARBORO BLUFFS (TORONTO)
6
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® Light weight, compact, interchangeable power sources
. .. small motors that can be mass produced at low cost
are in rapidly growing demand! And Alliance has a
“Head Start’’ in making millions of small electric motors.

® Alliance phonomotors drive most of the turntables, record
changers and recorders for the radio-phonograph in-
dustry. And Alliance Powr-Pakt Motors rated from less
than 1-400th h. p. up to 1-20th h. p. will drive fan
blades, motion displays, projectors and actuate
switches and controls!

® Write today . . . find out how Alliance Motors can help
to drive your products to market!

Y- L
‘ " MOTORS IN MIND

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

AIURE MOTOFS THAT
MAKE 'EM MOWVE

WHEN YOU DESIGN—KEEP

ELECTRONICS — November, 1947 : 35
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FOR TODAY'S NEW CIRCUITS

NEW CATALOG LINE 0F €7
TRANSFORMERS AND REACTORS

New and up-to-date, yet embodying all the quality, precision
engineering and outstanding construction features for which
Chicago Transformers have long been recognized.

Ratings have been skillfully selected by men who know the latest
trends in circuit design. They provide maximum flexibility in
application and close matching with today’s most widely used tubes.
Audio transformers have 600/150-ohm impedances and
contribute to product performance which not only meets but
surpasses RMA and FCC standards for high quality repro-
duction, uniform frequency response over the required

ranges, and freedom from distortion. Power transformers
meet or surpass RMA standards for temperature rise and
insulation test voltages. Combined in the power series are
filter reactors with conveniently matched D.C. current ratings.
Transformers and reactors are mounted in drawn steel cases in
three variations of CT’s famous “Sealed In Steel” construction.
This provides protection against atmospheric moisture,
efficient magnetic and electro-static shielding, strength
and rigidity to withstand shock and vibration, convenience

‘. . - .
NN in mounting. compactness, and clean, streamlined appearance.

DWiete ﬁ/& %a/a/oy

PUBLIC ADDRESS INDUSTRIAL AMATEUR

3501 ADDISON STREET CHICAGO 18, ILLINOIS

36 November, 1947 — ELECTRONICS
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LAPP GAS-FILLED CONDENSER
OFFERS NON-DETERIORATING,
UNIFORM PERFORMANCE

The dielectric of the Lapp condenser is an inert gas, non-deterioraling
and puncture proof. After years of service, the condenser retains the
same margin of sccurity it had when installed in the circuit. Also, it
offers lower loss than solid-dielectric units, with corresponding econ-
omy of power. Not needing to ‘““warm up,”’ it provides constant capac-
itance under temperature variation. Variable, adjustable and fived
capacitance units are available, in current ratings up to 500 amperes
R.M.S., and voltage ratings up to 60 Kv peak. Fixed units have been
made with capacitance up to 60,000 mmf., variable and adjustable

units up to 16,000 mmf,

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

ELECTRONICS — November, 1947
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Presto Presents
Something New
in Recording
Amplifiers...

The new Presto 92-A is a 50-
watt amplifier designed specif-
ically for recording work. It
answers the need for an am-
plifier of exceptional quality
and performance, and includes
a number of outstanding fea-
tures thoroughly proved in op-
eration:

1 Selector switch and meter
provide both output level in-
dicator (not for “riding gain”)
and plate current readings for
all tubes.

@8 2 Chassis is vertically mount-
ed. Removal of the front panel
gives access to all circuits with-
out removing amplifier from
rack.

4 3 The output stage has four
807’s in push-pull parallel with
an unusual amount of feed-
back.Thisproducesample peak
power with low distortion and
an extremely low internal out-
put impedance for best per-
formance from magnetic cut-
ting heads.

Pushbuttonsselect any of these
recording characteristics: flat,
20-17,000 cps, 78 rpm, standard
NAB lateral, NAB vertical —
all within an accuracy of +1

* db. Distortion is only 1%4% at
full output.

FREE! Presto will send you free of charge a complete
bibliography and digest of all technical and engineer-
ing articles on disc recording published since 1921.
Send us a post card today.

RECORDING CORPORATION
248 WEST 55TH STREET, NEW YORK 19, N. Y.
Walter P. Downs, Ltdl., in Canada

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

38 November, 1947 — ELECTRONICS
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Model HAR-§ illustrated

1> times actual site

TIBBETTS HAR-6

RECEIVER "N e @ w o o= ==

(ACTUAL SIZE)

Find out more about the performance and size advantages of these
new Tibbetts Products. Write today for detailed information.

TIBBETTS INDUSTRIES, INC.

% A SQUARE HEARING AID MICROPHONE
+ AN ENTIRELY NEW HEARING AID RECEIVER

Now even smaller, better hearing aids are possible!

Here they are! — #wo new, infinitely better hearing aid components from Tibbetts,
makers of the famous HA-30 Monobar-Diabow Hearing Aid Microphone. Thousands
used in hearing aids all over the world. The results of long research, the HS-41
Microphone and HAR-6 Receiver are the smallest for their output on the markef.

Look at these outstanding performance features:

Model HS-41 SQUARE Microphone

An important improvement in hearing aid mikes.
® Only 1 1/32" square, .210" thick overall.
® Case bottom recessed to save space.
@ Output at 1000 cps: minus 49-Db — volt/dyne/cm®.
® Grilled protective cover.
@ Features Tibbetts exclusive Monobar-Diabow Crystal Element.

Model HAR-6 Crystal Hearing Aid Receiver

® Exceptionally sensitive (see chart)

@ Smallest, lightest receiver for output available.

® Flesh-pink color case.

@ Features Tibbetts exclusive Monobar-Diabow Crystal Element.

The chart* and shadowgraph show the HAR-6 com-
pared with Receiver "'X"* for sensitivity and size — proof
of the superiority of this new Tibbetts Product!

© - »
"J EENNSES Sy 7 AN ‘\:—/‘\
i P tad S. ’ !
.~ ~. -’ W L]
ob _|.-- .- ) g0 A
=T A [N ) IR
............. A LY ]
N OO
10 1t

L

20
200 1000 cps

6000

*The curves shown are from our actual laboratory tests. The input to the
receivers was held constant at 5 volts. The pressure output of the receiver
was measured with a 2 cc cavity artificial ear with ear tip. 0 Db reference

is 1 dyne/cm?,
MONOBAR

CAMDEN, MAINE CRYSTAL

ELECTRONICS — November, 1947
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INCREASED PRODUCTION

to meet increased demand

permits NEW LOW PRICES

* AIRLOOPS . . . back panel and loop antenno in one unit

More and more manufacturers of receiving sets are adopting AIRLOOPS as standard
for their loop antenna and cabinet back requirements . . . this increase in demand
permits manufacturing economies which are going right back to AIRLOOP users,
in the form of NEW LOW PRICES . . . competitively AIRLOOPS are the lowest cost loop
antenna and cabinet back and more important AIRLOOPS incorporate many superior
features which in themselves improve set performance . . . no set builder can afford
to overlook the significance of the AIRLOOP.

- FRANKLIN AIRLOOPS are flat sheets of copper die-stamped into perfect super sensitive
loops . . . are air dielectric throughout . . . are lower in cost . . . are back panel and loop
in one unit . . . have high uniform “Q"” over entire band . . . have low distributed capacity

.. have 27% greater effective loop area . . . have electrical and mechanical stability . . .
increase set sensitivity . . . eliminate individual loop adjustment . . . eliminate haywire.

CORPORATION

43-20 — 34th ST., LONG ISLAND CITY 1, N. Y.

FRANKLIN

November, 1947 — ELECTRONICS
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REG.US.PAT. OFF.

04

scores on Problems
like these...

ELECTRO-
STATIC
SHIELDING

da

" REG.US PAT.OFF

COLLOIDS

These are but a few of many problems for which
“dag’’ colloidal graphite is often the only prac-
tical answer. Any problem requiring a slippery dry
solid lubricant which conducts hedt and electricity
and resists extremes of temperature; which is truly
colloidal in size and therefore capable of capillary
penetration; which is chemically inert and anti-
corrosive, opaque and gas-absorbent, is a problem
for the ““dag’’ team of properties to challenge.

yours for the asking:

|46°| A data and reference booklet discussing

tions. 16 pages profusely illustrated.

ENGINES AND MACHINERY.

FACE COATINGS.

Facts about “*dag?® colloidal graphite in the FIELD
: [432] of ELECTRONICS® 432 [ srate

ELECTRONICS — November, 1947

‘f
’O
'l

dag colloidal graphite

CARBONIZING

IN GLASS CEMENTING
GRIDS AND MOLDING LEAD WIRES
PLATES 10

“dag”
colloida!l graphite dispersions and their applica-

——  Facts about **dag” colloidal graphite
421 for ASSEMBLING AND RUNNING-IN

422 Facts about **dag” colloidal graphite

| as a PARTING COMPOUND. 422 D
423 Facts about **dag?” colloidal graphite

I 2 as a HIGH TEMPERATURE LUBRICANT.

————— Facts about *‘dag’” colloidal gra«
| 431 | phite for IMPREGNATION AND SUR- 431 ]

o

NON-

SMOKING

NON-STAINING
LUBRICATION

FILAMENTS

The scope of “dag’ colloidal graphite is
widened by its numerous carriers. Water, petro-
leum and castor oil, alcohol and glycerine, are
some of the 18 available dispersions. Acheson
technicians work constantly on new applications
for the attack on specific industrial problems.

Your problem may be an old victim of “‘dag”’
colloidal graphite’s versatility. Better see literature
below. If yours is a new problem, better see
Acheson engineers, and get the “dag’’ colloidal
graphite team on your side.

This new literature on ‘‘dag” colloidal graphite is ACHESON COLLOIDS CORPORATION

PORT HURON, MICHIGAN, DEPT. L-5

460 [ ] \ame

LUBRICATING
CONTACTS

Please send me, without obligation, a copy of each of the bulletins checked:

421 D POSITION

FIRM

423 [ ] srreer_

City ZONE

www americanradiohistorv com
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ouith Roll [epp Safety Cace

At 20,000 ohms per volt, this instrument is far more
sensitive than any other instrument even approach-
ing its price and quality. Unequalled for high sensi-
tivity testing in radio and television servicing and in
aggindustrial applications.

Ask your Jobber

SIMPSON ELECTRIC COMPANY
'IB West Kinzie Street, Chicago 44, lllinois
impson Ltd., London, Ont.

® Model 260 permanently fastened in Roll Top Case.
©® Heavily molded case with Bakelite roll front.

® Flick of finger opens or closes it.

® Leads compartment beneath instrument.

® Protects instrument from damage.

Model 260—Size 514" x 7' x 38"

Model 260, in Roll Top Safety Case—Size 53/3 x99 x 41’4”
Both complete with test lends

\\\ \\\ The Ranges

o Q &
"L m% \\\ N Q%“ ‘\\\\ o W ‘. \k\‘* Q "*‘Sr ‘@?‘ s

2.5 2.5 2.5V. 10 100 10 —1Cto 0-2000
10 10 10 V. 100 +52DB (12 ohms center)
50 50 50 Vv 500 0-200,000
250 250 250 V. {1200 ohms center)
1000 1000 1000 V. 0-20 megchms
5000 5000 5000 V. {120,000 center)

Novembe:, 1947 — ELECTRONICS
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WALL CABINET

Model J-61 Wall Cabinet, employing the Peri-
dynamic principle, is another new JENSEN

enclosure, destined for wide use in such pub-

lic address installations as hotels, factories,
schools, airports, railroad stations and offices.
It may also be used to enclose extension
speakers in homes. It can be used with any
€-inch speaker.
Model J-61 Wall Cabinet is of durable con-
striction and beauty of design and finish and,
-¢ focrmed of attractively textured brown com-
positicn wood over solid wood frame. The
grile is o2 matching brown fabric with chrome
= m asound cperture. Brackets for wall mount-
ing are furh:shed. On the back is mounted a
Slug terminaxl strip. Height, 16-2/3 inches;
widtk, 12%; inzhes; depth, 6% inches.
Mocel J51 ¥al. Cabinet (ST-751)....$14.50

JENSEN BASS REFLEX CABINETS

b Jensen
i MANUFACTURING CO.
I 6607 S. LARAMIE, CHICAGO 38, ILL
| Please send me a copy of the 1947 Jen:en
[ I catalog.
: NGPIE . - o i et ie e e o
N Address. ..o oo e
CilY.euniiianennnns Zone. ...State. ... ..
ELECTRONICS — November, 1947 |
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KENYON T-LINE ADDITIONS

For Amateur and Industrial Use!

°
. KEN-O-TAP UNIVERSAL, DRIVER - TRANSFORMERS. I
e 500 Ohm Line to any Class B Grids Primary to Secondary Ratio Yariable from 1:13.3t0 1. .7 e
— = — = _ . L ]
¢ Type ] Power Rating __g«::se No. _Weight I L’fﬁ Price .
¢ 1-261 . 7 Watts 3A 2% lbs. $ 9.70 .
° 1-262 | 18 Watts 4A . 5% lbs. 13.20 .
o == | - - .  ——
®  Any line or Single or Push Pull Plates to Class B Grids Primary to ¥2 Secondary Ratio Yariable from 7.0:1 to 1.9.0 i
° | I a o ' [ ]
= __Type _l‘ Avdio Rating 17C<:|_seiMrgze Max. Pri. D.C. | Moax. Sec. DC Weight | List Price - °
= T-264 7 Wcmshl _3A | 100 MA ) 100 MA ) ) 2% Ibs. 579.95 o
5 T-263 18 Watts ]: 4A | 2_00 MA 200 MA 5% Ibs. 15.25_ o
L] L ]
o FILAMENT TRANSFORMERS O
¢ Primary 115 Volts, 50 to 60 Cycles :
°
° Type l a Sec. R«o'ing_ -~ | tnsul. Test B ‘L | Case No.__L = Weight | List Price - PY
@ T-393 ' 5_/51/525 Y.—26 A_CI B _2000 V. B _SA‘A ~9‘é !bsﬁ.i B 51_7.30_ °
N T-394 1 5/;5.1_/2.25 V_.—: 3_2 A_C_T L 20007 \( B A i B 10% Ibs. | 18.65 °
o T-395 6.3 V. = 2_0 AC_T 2000 V. | 5A L 9 Ibs. 15.30 °
o _T1-39 6.3 V.—30 ACT 2000 V. | 5%A 12 Ibs. 21.00
o T1-397 6.3 V.— 12 ACT 2000 V. l 4A 5% Ibs. 10.90 .
] = °
o PLATE. TRANSFORMERS C
¢ Primary 115 Volt, 50 to 60 Cycles °
° °
° | Secondary Volts [ °
N Type Primary Conn. D.C.___ ~_AC M.A, D.C;P = Ccse_No_. ___Weig_h' - List Price R 5
R T-673 High 3000 3400-0-3400 400 10A 82 Ibs. $110.00 A
. Low 2:590 2840-0-2840 500 ‘L .
. T-674 Hign 3000 3400-0-3400 800 Special 135 Ibs. 155.00 A
. Low 2500 2840-0-2840 1000 End Castings .
These Units are designed for Continvous Duty on low Yoltage Taps at 85% of D.C. Current Rating.
[ ] [ ]
° . °
;. REACTORS :
L4 Inductance At Rated D.C. , Of
° Type p_Rtied D.C_._ oy _D,C.__EA. Resistance _ Insul. Test Case No. Weight - List Price °
o _T-l EO_ 10 500 MA. ) 60 7000 V. 8A 26‘/1 Ibs. ' $:13.00 °
o _T-181 5 1000 MA. 18 7000 V. 9A | 50 1bs. | 6300
o T-530 6/20 500/59_ MA 60 7000 !._ 8A- 26Y, Lbs. 43.0(:) °
= T-531 3/10 1000/100 MA. 18 7000 V. QA 50 lbs. | 63.00 °
[ ] [ ]
o KEN-O-TAP MODULATION TRANSFORMERS 3
[ ]
* | Audio [Class € | Max. Max, [ Max.D.C. ST T Sec. Case
- Type | W. Pri. | W, Sec. Pri. D.C. Sec. D.C. Voltage Range Ohms Range Ohms No. Weight __I.is' lﬂe_r H
4 T-441 | 125 250 | 250 MA. | 250 MA. 1_5()70%_ 20_00-20000_(_200-200(20 6A l?'/zﬂas. ¥$i52_0_ d
4 T-442 | 600 | 1200 | 400 MA. ,r400 MA.| 3000 500-18000 | 200-19000 | 9A |45 lbs.—‘ 67.50 ®
° - =  m .
° YOUR INQUIRIES ARE INVITED. WRITE TODAY FOR FURTHER DETAILS. .
° .

840 BARRY STREET
NEW YORK 59,N.Y.

KENYON TRANSFORMER CO., Inc.
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THE HALLICRAFTERS SX-43 RECEIVER is being
hailed as another great advancement in com-
munications equipment. We're glad of the
part we have contributed to its success by
fabricating a cabinet worthy to house this
superior apparatus.

You can be sure there’s a reason when manu-
facturers of exacting standards come 1000
miles and more for cabinets, housings and en-

E y A .‘
" A i 2
R\
i
¢

closures by Karp The big reason is that Karp-
constructed cabinets not only enhance the
appearance and market value of equipment,
but afford real long-run economy as well.

Karp cabinets are so painstakingly, so uni-
formly constructed that they save you time and
money by their ease of assembly in your plant.
Show us your blueprints. Get our quotations.
Write for new brochure.

Any Metal ®* Any Gauge ¢ Any Specification ®* Any Quantity ¢ Any Finish

KARP METAL PRODUCTS CO., INC.

124 - 30th STREET, BROOKLYN 32, NEW YORK

Creslom (gw%nm tre Heol Nlelad
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[ know!

Askilled archer responds to the smooth,
speedy cast of a fine yew bow. So does
the professional draftsman respond to the
smooth, easy performance of TYPHONITE
ELDORADO leads. You'll learn the joy of a
job well done with

DIXON'S TYPHONITE

ELDORADO

DIXOM'S 7TverHonTE ELDORADO-- 3H ' iq

e
e

L
-

PENCIL SALES DEPT. 59-J11, JOSEPH DIXON CRUCIBLE CO., JERSEY CITY 3, N. T
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10,000 VOLT TELEVISION
‘POWER SUPPLY CERAMICON

Type 401 Erie Ceramicon is a compact

ceramic condenser with 10,000 Volt
' DC. rating. Extremely simple design
employs one piece body, .860" OD
x 3" long, 500 MMF minimum ca-
pacity, unit already has proven ideal
for television power supply filter con-
densers. Also made in 20 and 51
MMF capacity ranges.

9,000 VOLT BY-PASS CERAMICON

This new ceramic dielectric by-pass
condenser is rated at 10,000 RMS test
and 7 KVA load. Maximum operating
temperature is 100°C. Type 2344 Erie
Ceramicon is available in capacities
up to 1,000 MMF. Size approximately
414" high.

200 AMP. FEED-THRU
BY-PASS CERAMICON

Erie Type 2373 Ceramicon is ideal for
power line terminals to by-pass radio
frequenc&> currents on industrial heat-
ing and similar equipment. Conserva-
tively rated at 1,000 Volts DC. operated
with current carrying gapacity ol 200
Amps. overall length 413" Standard

capacity ranges, 250 MMF, 650 MMF,

1,000 MMF, and 10,000 MMF.

e

3 o

L%

10,000 VOLT, 20 KVA CERAMIGON

This plate-type ceramic condensgr com-
bines ratings of 20 KVA and 10,000
Volts DC. with compact size, only 435"
dia. x 2-5/16'" height, With forced air
circulation rated Qoad is above 50
KVA at 15 MC. Type 3688 Ceramicon
isy made In 500 MMF and 1,000 MMF

~ capacities.

% Ceramicon is the registered trade name of silvered
ceramic condensers made by Erie Resistor Corporation

ELECTRONICS — November, 1947
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In a television receiver circuit, two power wound resistors were
needed, but the space for mounting them was hard to find.

So Ward Leonard suggested: instead of two separate resistors, each
requiring individual mounting and installation, let’s make a single
Vitrohm unit with two electrically independent resistance windings.

This unit is mounted just like any single resistor.

RESULT; less space needed .

As this case shows, it often happens
that by a slight modification of a
basic design or by use of a certain
manufacturing method, Ward
Leonard can give you the exact re-
sult you need—without the extra
cost of a special design.

Blue means “Result - Engineering’’
in resistors, rheostats, relays and
other electric controls. The distinc-
tive blue identifies Ward Leonard
“Result - Engineering”’

FREE BULLETINS on ‘“‘Result-
Engineered” Resistors. (Please re-
quest on business letterhead, mention-
ing your title) WARD LEONARD
ELECTRIC CO., Mount Vernon, New
York. Offices in principal cities of
U. S. and Canada.

RESISTORS o

RELAYS - CONTROL

. . assembly cost cut 40%!

FOR YOUR PRODUCT'S
FASTER ASSEMBLY...
OR BETTER PERFORMANCE —
PUT THE PROBLEM THROUGH

Before you decide to ‘‘make the best”
of a “standard’ component, or pay a
premium for a ‘“‘special”’, submit the
problem to Ward Leonard. At no
obligation, see if ‘‘Result-Engineer-
ing” can’t work out the solution

RHEOSTATS

DEVICES

we el Supineonsd " fov Yo
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Electrical Contact Material
for Bar or Disc Contacts

Our contact material is available in bi-metallic form . . . palladium,
platinum or silver, pure or alloyed, bonded to nickel or nickel silver . . .
or in solid form of any precious metal or alloy.

We are prepared to —

. « « supply this material for your own attaching

. « « attach the contact material to arms supplied
by you

. + . provide complete assemblies of arms with
contact material attached

Our new bar contacts result in a great saving of precious metals
with assured contact area equal to the width of the bar, with larger
mislocation tolerances, and with marked economy in attaching. But
whether bar or disc, these contacts are permanently welded with a weld
strength of 25 to 35 pounds where thickness of blade permits, and they
can be positioned within .005 on length and .010 transverse.

The electrical conductivity and life of a welded contact greatly
exceeds that of the mechanically applied type because it is fused . . .
permanently bonded to the arm, not dependent upon mechanical pres-
sure for electrical contact between arm and contact.

One of our sales engineers will be pleased to assist you in comparing

=
-

: < the costs of our materials and methods of application with conventional
5%%%Qﬁ types.

L— m;954 " BAR CONTACT TAPE . . . under license arrangement with Western Electric Company, Inc.

PRODUCTS

SHEETS * WIRE ¢ TUBING * SOLDERS * FABRICATED PARTS AND ASSEMBLIES
OF SOLID AND LAMINATED PRECIOUS METALS

D. E. MAKEPEACE COMPANY
Main Office and Plant, Attleboro, Massachusetts
NEW YORK OFFICE, 30 CHURCH ST. CHICAGO OFFICE, 55 EAST WASHINGTON ST.

50 November, 1947 — ELECTRONICS
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The Sperry Klystron Tube to generate
ultra-high-frequency microwaves . . .

The Sperry Klystron Signal Source
to “power” them . . .

The Sperry Microline to test and
measure them . . .

These Sperry products equip the
research or development engincer
with every essential for development
or design in the microwave field.

The Sperry Klystron Tube has
already opened up new vistas in

ELECTRONICS — November, 1947

navigation, aviation, medicine, radio,
teleplione, telegraph and other major
applications. It is ready for mamy new
local oscillator or high power uses.

The Sperry Microline includes
practically every typc of instrument
for quch precision measurements

n thc/rmFlowa\c frequency bands.

Sperry Gyroscope Company, Inc. ¢

DIVISION OF THE SPERRY CORPORATIDN

[ N IEXIICU'I'IVIE OFFICES: GREAT NECK, NEW YORK o~
NEW ORLEANS -

NEW-YORK - CLEVELAND -

This Sperry service — beginning
with a source of microwave energy;
the Klystron, and following through
with every facility for measuring
microwaves — opens up almost un-
limited possibilities for industry.

We will be glad to supply com-

plete information.
@8
/

LOS ANGELES < SAN FEABCISCO - SEATTLE
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You may build the best appliance of its
kind on the market — but 1F§P'§€t55up
local radio interference—you'll‘?hai{"'a“t(_afugh
sledding against today’s keen compétitjbﬁ'.
Your customers are demandin‘g’rédio
noise-free performance in the electrical
equipment they buy.

The answer, of course, is to equip your
products with C-D Quietones. Why
Quietones? First, becausc-they’re the best-
engineered noise filters — second, because
they guard your product’s reputation by

B2

f f

roduct

s,

IS MORE SALEABLE WITH

giving long trouble-free service — third,
because they’re designed and built to mcet
manufacturers’ specific needs — efficiently
and economically.

Speed up sales — build prestige — boost
profits with C-D Quietones. Your inqui-
ries are invited. Cornell-Dubilier Electric
Corporation, Dept. K-11, South Plainficld,
New Jersey. Other large plants in New
Bedford, Brookline and Worcester, Mass.,
and Providence, Rhode Island.

MICA o

www americanradiohistorv com
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—

Reg. U.S. Pat. Off,

Maoke Your Product More Soleable
with C-D Quietone Radio Noise Filters
and Spork Suppressors

e PAPER ¢ ELECTROLYTIC
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You can

Reduce Costs

You can Improve X

Performance with

W&D 1295

Where’s the manufacturer these days who doesn’t
need all the competitive and cost advantages he can
get? Maybe you have new electrical or mechanical
equipment in mind—designs or re-designs thar
should employ permanent magnets for best results.
Maybe you have existing applications that perma-
neant magnets will do bester—save you time and
money in production, and step up the efficiency of
your product.

In either case, let Arnold’s engineering service
help you to find the answers to your magnet prob-
lems. Arnold offers you a fully complete line of per-
manent magnet materials, produced under 1009,
quality-control in any size or shape you require,
and supplied in any stage from rough shapes to
finish-ground and tested units, ready for final
assembly. Write direct, or to any Allegheny Ludlum
branch office.

THE ARNOLD ENGINEERING CO.

AL Subsidiary of ALLEGHENY LUDLUM STEEL CORPORATION

147 East Ontario Street, Chicago 11, lllinois

Specialists and Leaders in the Design, Engineering and Manufacture of PERMANENT MAGNETS

ELECTRONICS — November, 1947
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Varnished Cambrics.. ..

ATED

F IT'S TURB

0_IT SAFEGUARDS'

...an all-purpose insulation
with all-round advantages!

ASK THE ENGINEER! Most conditions which require an
insulating material may be satisfied by the use of this general
purpose insulation. TURBO Saturated Sleeving provides a
flexible, high tensile strength cotton braided and impregnated
insulation which is resistant to most common destructive
agents—oils, acids and alkalies. These sleevings are especially
recommended for industrial equipment, office machines, home
appliances and similar light duty electrical devices. Investi-
gate also the physical properties and characteristics of these
other TURBO insulating products listed below

Closely woven combric fabrics treated with multiple coats of boked-on varnish to previde protec.
tion against oils, moisture, alkalies, and voltage breakdowns under severe conditions. Supplied
in sheets, rolls and tapes in standard thicknesses, weights and colors.

Plastic Insulated Wire.

Number 18 and finer stranded and solid conductor with o seomless extruded plastic insulation.
Surpassing dielectric properties. Resistant to oils, organic solvents, acids, alkalies and oxida-
tion. Minimum shrinkage and burning effects in soldering ond potting.

Varnished Tubing...... »

A superior braided cotton insulation featuring saturation impregnotion of flexible varnishes.
Strong, flexible, nan-peeling, non-cracking, moisture, oil, acid and flame resistani, Dielectric
breakdown ASTM test—Magneto grade—7000 V., Radio grade—4000 V.,

Fibrous Glass Tubing. ..

Fabricated of flexible fibrous glass yarn braided and impregnated with flexible varnishes and
baked to form an ideal insulator, highly resistant to most reagents and to physically and elec-
trically destructive elements, Four grades [ASTM Test) from 1200 V. to 7000 V.

ILLIAM BRAND & COMPANY

76 FOURTH AVE., NEW YORK 10, N.Y. - 325 W. HURON ST., CHICAGO 10, ILL.

November, 1947 — ELECTRONICS

WWW americanradiohistorv com



Always Dependable! oo

G %

siseleironke <

SELENIUM RECTIEIERS.. .. Built on Aluminum

LARGE OR SMALL WE BUILD THEM ALL
MAX, RM.S.
CODE NO. CIRCUIT INPUT VOLTS OUTPUT VOLTS OUTPUT AMPS.
A1C1S18B 1 Phase Center Tap 24 8 .220
B2B1S1B 1 Phase Bridge 48 36 .30
C5B81518B 1 Phase Bridge 120 90 .6
pD1C1s18 1 Phase Center Tap 24 8 1.6
E2B1S18B 1 Phase Bridge 48 35 2.4
F7B1S18B 1 Phase Bridge 168 120 4.0
G2B1S18B 1 Phase Bridge 48 35 6.0
H1B1S18B | Phase Bridge 24 17 10.0
FH1C3518 1 Phase Center Tap, Fan Cooled 24 6 60.0
FH1IHA9S18B 3 Phase Half Wave, Fan Cooled 13.8 9 250.0
The above ralings for 35°C ambient continuous duty resistive inductive load.
Other combinations manufactured fo meet your requirements.

For AC-DC conversion where minimum maintenance costs and
maximum efficiency are required, circuit designers write SELETRON
into their specifications . . . right at the start! 1

These advanced type selenium rectifiers built on aluminum are I
engineered for long life, minimum weight, compactness and maximum I
heat dissipation. Ten standard sizes of discs provide outputs ranging I
from 50 milliamps to thousands of amperes. Arrangement of discs in i

1
i
|
|

FOR RADIO APPLICATIONS...

Specify SELETRON
Miniature Selenium Rectifiers
* STARTS INSTANTLY
* RUNS COOL
» WILL NOT BREAK
¢ BOOSTS PERFORMANCE
¢ LASTS LIFE OF SET
* EASILY INSTALLED

5L 5P1
75 mil 5-plate stack 150 mil 5-plate stack
7/0")(7/3")(7/3" 1136 ”X] ],3‘;”’(7/.0
5M1 5Q1

100 mil 5-plate stack 200 mil 5-plate stack
1”x1”x%" 12" x12" x%"”

infinite series and parallel combinations makes possible stacks to
meel spec|f|c requirements for voltage and current.

Consultation with our engineers on any problem is invited. Their
services and advice are yours without any obligation. Write TODAY
for our informative bulletin on SELETRON Selenium Rectifiers and for
‘the SELETRON application data sheet.

Address Dept, 5-49

SELETRON DIVISION
BAI)IO RECEPTOR CO.,Inc.

Since 1922 in Radio and Electronics
251 WEST 19th STREET NEW YORK 11, N. Y.

R
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News || N|T|/Fl] ametitier systems tor recording

MICROPHONES|
OR

Flexibility is the outstanding advantage of the new
Fairchild Unitized Amplifier System. It includes 13 basic
components which can be assembled in an endless number
of combinations to meet the standard, special and chang-
ing recording requirements of schools, broadcasting and
the professional recording industry. Related units are sim-
ply plugged in or cabled together. It’s that easy ... that
quick!

Fairchild’s Unitized Amplifier System now makes it
practical and economical to build highly individualized
audio systems to satisfy all of the varied and changing re-
quirements of the individual recording engineer. Further,
the flexibility of the Fairchild system permits the units to
be rearranged or the system to be expanded at will with-
out obsoleting a single component.

Fairchild’s 13 basic components have been especially
designed by recording engineers to meet the specific re-
quirements of the various types of recording systems.

Unit 620 — Power Amplifier Unit 626 — NAB Equalizer

Unit 621 — Microphone Preamplifier Unit 627 — Variable Equalizer

Unit 622 — Pickup Preamplifier Unit 628 — Diameter Equalizer
Equalizer Unit 629 — Mixer

Unit 623 — Line Amplifier Unit 630 — VI Panel

Unit 624 — Output Switch Panel Unit 631 — Bridging Device

Unit 625 — Input Switch Panel Unit 632 — Auxiliary Power Supply

Study the typical setups shown on this page. Then set
down your own requirements . . . select the basic units
you’ll need . . . assemble them for convenient panel board
operation . . . or let us do it for you. How will your spe-
cific amplifier system perform? Professionally! Like all
Fairchild Sound Equipment-—it keeps the original sound
alive. Precisionized mechanical and electronic skill is the
precise reason.

Want more details? Address: 88-06 Van Wyck Boule-
vard, Jamaica 1, New York.

[ 4 L4
FCI

CAMERA

PICKUPS
LINE

—>= MONITOR
SPEAKER

Single Channel Systems: far recording from a microphone or
record or playing back from a pickup.

Multiple Channel Systems: for recording simultaneously
through multiple input channels in conjunction with a mixer.

Dual Recarding Chammels: for recording simultaneously on
two machines through dual channels with separate variable

equalizers.

SOUN o MENT

AND INSTRUMENT CORPORATION 6

MAKERS OF: TRANSCRIPTION TURNTABLES, STUDIO RECORDERS, MAGNETIC CUTTERHEADS, PORTABLE RECORDERS AND LATERAL DYNAMIC PICKUPS

56
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The Collins 734A
10,000 watt FM
Broadcast Transmitter

RBuilt for Continuous Performanee

Operating reliability and efficiency are your assur-
ance of economical operation. In Collins FM trans-
mitters each stage has been carefully designed for
maximum efficiency. The requirements of every com-
ponent were determined and generous safety factors
allowed. You can depend on a Collins transmitter to
give you continuous efficient performance.

Lasting Economy

The 10 kw 734A (shown above) consists of three basic
units—a model 731A 250 watt exciter unit, a 3 kw
intermediate amplifier, and a 10 kw grounded grid
amplifier. The economy of thorough engineering is
apparent both in the moderate initial cost and in the
low operating expense. Each stage functions with
high efficiency, thus a minimum number of stages is
required. Only 33 tubes are utilized in the entire
transmitter, with only ten different tube types.

FOR THE BEST IN FM, IT'S ...

Low maintenance costs are assured by the use of
highest quality components operated conservatively.

Advanced Cireuit Design

Frequency stability is within * 250 cps. All circuits
are metered. Exciter, intermediate amplifier and
power amplifier stages utilize motor tuning. Forced
air ventilation is provided for each cabinet. The ver-
tical chassis can be tilted forward for servicing the
rear side. Fuseless circuit protection is provided in
both a-c and d-c power channels.

Distortion is less than 1.59%, at 1009, modulation
over the range of 50-15,000 c¢ps. The frequency re-
sponse is flat within 1.0 db over the same range.

Twenty-five or fifty kw operation is accomplished
simply by adding amplifier bays. Write us for a com-
plete,descriptive bulletin giving detailed information.

NATIONAL RADIO WEEK, OCTOBER 26 —NOVEMBER 1

Ee = A
—

COLLINS RADIO COMPANY, Cedar Rapids, lowa

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

A
1 3

— W |

458 South Spring Street, Los Angeles 13, Californla
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RF HEATING TUBES
DESIGNED and PROCESSED
ESPECIALLY FOR
RF HEATING PURPOSES

To Machlett Laboratories the tube needs of the RI heating industry have

been a challenge — no less than they have been a source of deep concern

to the industry itself. The electronic heating industry has now grown to

such importance as to require—and merit—the best the electron tube

industry can produce. .. and here the “best” must mean tubes designed

and processed especially for its needs, not “hand-me-downs,” no matter

how high in quality, from communications or other fields.

For this reason . ..

MACHLETT LABORATORIES
are e%i@w'/eyea’ lo Innowrce

their initial step in a planned program

to provide the RF heating industry

for the first time

with a line of tubes designed, processed,

and serviced exclusively

for its use

Machlett Laboratories” announcement several months
ago of RF Heating Tube Types ML-5604 and ML-5619
constituted the first tangible recognition by the tube
industry of the special requirements of the clectronic
heating ficld. These tubes, featuring above all else an
unquestioned ability to handle — without penalty to
life or performance — the most severe load mis-match-
ing and the unusual physical conditions inherent in
industrial service, marked the beginning of a new con-
cept of service to this growing industry. Unmatched in
mechanical ruggedness, they embody materially

heavier sections, sturdicr grid, cathode and terminal
construction, and principles of tube design and process-
ing which assure better performance and longer life.

These same principles are now embodied in five
new tubes—ML-5658, ML-5666, ML-5667, ML-5668
and ML-5669. Thus there is now available—for rhe
first time—for both initial installation and for replace-
ment, for all induction and diclectric heating purposes
from 5 to 50 KW, a selection of tubes, each of which
is custom-made for the job it has to do.

November, 1947 — ELECTRONICS
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AN IMPROVED WATER JACKET
FOR BETTER TUBE PERFORMANCE

Machlett’s new water jacket, available for
all Machlett RF Heating Tube types, em-
bodies the first fundamental improvement
in water jackets since their initial use with
celectron tubes. With this new jacket, it is
simple to remove a tube and replace an-
other in less than five seconds. No tools
are needed; simply a twist of the wrist and
the jacket is open, another twist and it is
scaled — without danger to the tube, with-
out leakage, without trial and error—a
perfect scal every time.

Machlett RF Heating Tubes will be sup-
plied — where desired — with scientifically-
designed terminal connectors affixed to the
tubes at the factory. Flexible leads will be
permanently attached in lengths to mect
cquipmcnt manufacturers’ requirements.

To the RF Heating Equipment manufac-
turer these Machlett electron tubes and
accessories will provide the first real free-
dom from “tubc worries” and assure user
satisfaction. They will contribute to
demonstrating the effectiveness and econ-
omy of clectronic heating. Priced only
slightly higher than the standard com:
munication tubes generally sold for this
purpose, they will prove lowest in cost
through better performance and materially
longer life.

MACHLETT LABORATORIES, INC.
Springdale, Connecticut

¥

AUTOM‘ATIC SEAL WATER JACKET. No tools
needed to open and close the new Machlett
water jacket. No worry about tube break-
age or water leakage. Jacket cannot be
apened unless water pressure is off, nor
closed unless tube is properly seated. Your
hand apens and closes a perfectly safe seal
with just a single twist.

ELECTRONICS — November, 1947

ML-5619 RF HEATING TRIODE,
water cooled with automatic seal
jacket, or for farced-air cooling
{ML-5604).

ML-5658 RF HEATING TRIODE
Maximur Enput 60 KW
Maximum: Plate Dissipation.. 20 KW

Maximum Input. 32.5KW
Maximum Plate

Dissipation (ML-5619) ... 20 KW
Maximum Plate

Dissipation (ML-56D4) ... 10 KW

{Will replace Tyee 880 without equip-
ment modificoticns}

Automatic seal water jocket as shown.

ML-5667 FQRCED-AIR COOLED
TRIODE, available for water cool-
ing ML-5666, with automatic seal

ML-5668 WATER-COOLED RF

jacket.
Maximom Input ...
Maximum Plate

Dissipation {M1-5667) ... 7.5 KW
Maximum Plate
Dissipation (ML-5666).... 12.5 KW

{Will reploce Typms 889A ond 889RA

...20 KW

without equipment modlfications)

g

Write for complete technical
data on this new line of tubes
and accessories. A Machlett
Application Engineer will gladly
visit you at your request.

www.americanradiohistorv.com

HEATING TRIODE, ovailable with
automatic seal jacket.

Maximum Input 28 KW
Maximum Plate Dissipation.. 20 KW
{Will replace Types 892 and 892R
[by ML-56591 without eoyioment modi-
fications)

GACHLETD

S0 Years of Electron Tube Experience

5%



| "It Isn’t Santa Claus, Kiddies” —
% but Brand and Baby both Benefit

... when AMERICAN PHILLIPS SCREWS
Speed Assembly— Make Sturdier, SmarterTOYS

INECHEN] — It's a Xmas Bonus in time-savings (up to 509%,) for toy manufac-
turers who cash in on the super fastening speed of American Phillips Screws.
Automatically straight to drive, non-slipping, they can’t harm product or
personnel. Screws can’t be fumbled, time can’t be lost, heads can't be
burred. Whether you make miniature trains or real ones, sofas or staves,
radios or refrigerators—output and savings go x#p when American Phillips
Screws go in!

Toys (or whatever you make) have both a ‘“can take it”

; "1 <P OUT and “take me with you” look! For children and grown-ups, there’s the safety,

4-WINGED DRIVER C%’E‘W RECESS non-snagging feature. American Phillips Screws join your sales promotion

OF PHILLIPS TA e staff, make your product sturdy, eye and buy-appealing. And more and
' more buyers know it!

AMERICAN SCREW COMPANY, PROVIDENCE 1, RHODE ISLAND
Chicago 11: 589 E, lilinols St Detroit 2: 502 Stephenson Bullding

ALL METALS: Steel,,
Brass, Bronze, Stain-’

less Steel, Aluminum,
i Monel, Everdur (sili-:*
con bronze)

60 November, 1947 — ELECTRONICS
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00 RECORD the temperatures at specific points
in the anatomy of a “jet" is a tough assignment, but
thic small-diameter thermocouple, manufactured by

Precision Tube Company of Philadelphia, does it.

Thin as a thread, it can be employed effectively
in lengths up to 20 feet—laid along surfaces,
snaked around obstructions, pushed down chan-
nels, fed through tiny apertures, sealed in walls
and left protruding into space. Temperatures are
only registered at the end where the thermocouple
junction is located. Thus when inserted into pres-
sure and exhaust chambers of jet engines, it can
be maneuvered in any direction to obtain tempera-
tures of gases with pin-point accuracy at different
points.

Top performance has been achieved by use of
Advance* Wire—because, in its finer forms, it has
a negligible temperature coefficient of resistance,
only +.00002/°C; develops maximum and uniform
thermel e.m.f. against copper; is extremely ductile;
is resistant to heat and corrosicn. An insulated
winding of Advance is inserted inio a seamless
copper tube, and themocouple junction is made by
cutting the assembly te length and brazing or
welding the wire and the tube at one end.

Rapid response to temperature change, and

Ciameter of Thermocouple com-—
parea “with ord'mo’y <Pin. -Tem-
perats-es on'y register at ‘point of
Taeamccouple Junchion

srmall heat storage are characteristic of this therme-
couple — permitting accurate readings to be
obtained almcst instantly. Moreover, its small
proportions render it ideal for use with midget-size

mechanisms.

Whether your product be small or large, if its
successful operation rests upon application of
special purpose alloys, send your specifications fo
us. We will supply the alloy with electrical and
physical properties kest suvited to your
requirements.

Driver-Harris
COMPAN?Y

HARRISON, N. J.

BRANCHES: Chicago e Detrait ¢ Clzveland
Los Angeles o €on Francisco ¢  Seattle
THE B. GREENING WIRE COMPANY, L1D.
Hamilton, Ontorio, Canada

*Trade Mark Reg. U. S. Pai. Off.
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g by General Electric,
these new nine-pin miniatures are keyed. to the
requirements of adwanced FM and Television
receiving sets scheduled for early production by
radio manufacturers.

sign its increased flexibility
plicaticn, broadening the useful-
ness of the tubes. In size—seated height 115/1¢
inches—they are true miniatures, with the ad-
vantage which this brings to the electronic de-
signer who must pack maximum receiver per-

formance into minimum compass.

in-to-p a eas h se
pin types—made pcssible by a slight jncrease
in base diameter. Both electrically and in length
of service life, these fine new miniature tubes
give performance which is convincing proof of
their modermn, efficient design and precision
methods of manufactere,

mplete deser] d . to
radio builders and circuit designers interested in

applying G.E.'s new nine-pin miniatures to sets
now on their boards. Also, G-E tube engineers
will be glad to coope-ate personally in selecting
the right tubes for your commercial. receiver or
other electronic unit in the planning stage. Wire
or write Electronics Dapartment, General Eleciric
Company, Schenectady 5, N. Y.
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Neiue 1 Meriictanes

RECEIVER APPLICATIONS

Hoare, Trigde
v°"0ge Heq'e,
Curre, Pley,
[ * v°”°:e Crid big,
-3 v 0.45 am valtage Plate
P 250 Currery Tran,

\4 €on.
~3v ducton, Ampl;
250, Tma oo N~
~3v : 200 rm'cromhos
mag

nir

!
8.9, 0.15 amp

Al 70
‘200"'""°’"hos %0

‘i_"ilto’n_
“Uttence

Proof of G-E tube-design leadership is this you may PROFIT by servicing tha new AM, FM,
great new series of nine-pin miniatures! The and Television receivers which tke public today
dealer who handles General Electric tubes, the is buying in increasing volume, Stay well ahead
radio service-man who installs them, both know of your competition by ingalling and selling
that their G-E product marches to the quickstep General Electric radio tubes—design leaders in
of today's electronic progress. With G-E tubes the electronic-tube fleld!

GENERAL &3 ELECTRIC

iy 17¢-r13-0680

FIRST AND GREATEST NAME IN ELECTFONICS

ELECTRONICS — November, 1947




IS THE LATEST

IN MODERN TELEGRAPHIC
COMMUNICATIONS

NATIONAL'S
FREQUENCY SHIFT
DIVERSITY RECEIVING
EQUIPMENT

Features

® Simple aperation requiring only the clasing of pawer
switches.

® Oven-contralled, stable crystal ascllator assures tum After two years of actual field operation, the National

e W Company presents receiving equipment for a most
modern and dependable system of telegraphic com-
munications.

@ Receptian of frequency shift signals with == 425 cycle
deviation,

@ Provides reception in 2-20 mc range normally. A
wider range is also available on order.

® Low impedence interconnectians permit varied instalio-
tion arrangements,

® Tropicalized for resistance ta fungus. Airlines, shipping lines, oil companies and other indus-
® Power-Source — Conventional 115v. 60 cycle "‘AC.

BASIC ISTALLATION trial organizations requiring a communications network
le—)_{umm ) & h essentially free from interruptions can now secure a
PrTER thoroughly dependable system that will save time,

DUAL DIVERSITY INSTALLATION

money and man-hours.

LI RECEWER '{ Liniten

g 1 This equipment, providing reception in the 2 to 20 mc
Fsr I FsL

~_RECEIvER LIMITER PRINTER . . 0 .

OUAL DIVERSITY USING SEPARATE DAY AND NIGHT FREQUENCIES range, 1Is especuolly svitable for 'felef)’pewrlfer opera-

o] tions but may also be employed with other types of
= terminal equipment.

FSR
RECEIVER

FSL
LIMTER

e MNational
Company, Inc.

The FSR Receiver, the FSL Limiter and the FSK Keyer are the

three units comprising this equipment and the use of multiple

FSR's and FSL's mokes possible space or frequency diversity Dep*’ no' lo
or both.

Plpase write our Sales Engineering Department for FSDR mclden’ mass’
baoklet.

MAKERS OF LIFETIME RADIO EQUIPMENT

e i o m—
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Gives you Solid SILVER CO

R =

NDUCTIVITY plus SPRINGINESS

of Beryllium Copper

Here’s the General Plate Laminated Metal that
you have been waiting for . . . General Plate
Silver on Beryllium Copper. This laminated
combination gives you the good conductivity
of silver ... which was lacking where only
Beryllium Copper was used ... plus the

springiness of beryllium copper.

General Plate Laminated Silver and
Beryllium Copper is available in com-
binations of silver on one side or both
sides . . . or silver between two layers

of beryllium copper (centerlay).

From tiny switch blades to heavy strips. ..
General Plate Laminated Silver and Beryllium
Copper will give you better performance plus

long life. Investigate this new metal com-

bination, today. Write for information.

WWW.americanradiohistorv.com



Your Wire’s

<% Insulation
Quality

For Failure-Free Product Performance

If you aren’t getting the sort of performance that builds product
acceptance and repeat sales, it may pay you to look into the “1.Q.”
of the wire you are now using. Insniafion that isn’l designed lo
withstand extremes in operating and usage conditions (lnv,\ more
than cancel good-will — it. skyvrockets costs through expensive
repairs and replacements.

For a high “1.Q.” on everything that insures dependable per-
formance under severe conditions wire with Rockbestos wires,
cables and cords. They ave permanently insulated to prevent
fatlure:

e Thev won’t bake dryv. crack or flow under high operating
or ambient temperalures.

e They won’t bloom or rot il exposed to grease, oil or de-
structive corrosive fumes or vapors.

@ They give you greater currenl carrying capacity through
high resistance 1o heal.

e They won't ignite under ares or provide paths for Hame.
® They won't bake out under conductor-heating overloads.
o They won’t deteriorate under exposure to oxidation.

Rockbestos wnsulation quality gives yvou these reputalion-
protecting values in 125 permanently insnlated wires, cables and
cotds —— designed for use i appliances, cranes, eleclronic devices,
locomotives, motors, radios, ranges, rheostats and hundreds of
other products. Use them to keep customers satisfied and inerease
sales. Write for mformation, recommendations, samples or en-
gineering assistance.

Rockbestos Products Corp., 453 Nicoll $t., New Haven 4, Conn.

ROCKBESTOS RESEARCH
Solves Difficult Wiring Problems

A Jew of the 125 permanently insulated
wires, cables and cords developed by
Rocl:bestos,

"

ROCKBESTOS ALL-ASBESTOS APPLIANCE LEAO WIRE

Available in <everal types to fit the clectrical and me

chinical requirements of vour praduct. Solid or stranded
copper, nickel or monel canduetors insmlated with 0807

or 040" of inipreguated felted ashestos in hlaek, white and
colors

ROCKBESTOS A.V.C. 600 VOLT SWITCHBOARO WIRE

This wire was designed to make complicated wiring johs
permanent . The impregnated felted asbestos wall he neaih
the thuneproofed cotton hraid is heal, fhone and mois tor
resistant and assures fine appearinee of boards as i gives

an bends 1o preveni braid-cracking, Sizes I8 o 4 0
AWG with solid or slranded unnln ors i black, gray
aml colors. Rochbestos A V.C. Hm;sg and Bus Cables
have the sime characteristics,

ROCKBESTOS A.V.C. 600 VOLT MOTOR LEAO CABLE

Use this appuaratns cable for coil conmections, motor and
transformer leads exposerl to overloads or high ambienl
temperatures, It makes o permanent installation as it is
resislanl Lo heat. flame. oil, or vnd meisture. g
No. 18 AWG to 1000000 CM insulated with two w..ll
of impregnated ashestos and o hig o

cambric insert, with a llcu\'_y asbesios braid coverii g

NEW YORK BUFFALO CLEVELAND PITPSBURGH
DETROIT CHICAGO ST. LOUIS LOS ANGELES OAKLAND
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RAKGE

CHECK THESE FACTS ABOUT THE NEW -hp- PROBE*: '

Ultra-short leads, direct
grounding assure high fre-
quency response.

Small size for ease in contact-
ing Fard-to-get-at compo-
nents,

Detachable tip lowers input
capacity, shortens diode lead,
vtilizes maximum capabilities

Specially-designed diode has
short transit time, low input
capacity, high resonant fre-

Rugged, mechanical construc-
tion, dural shell, polystyrene
insulation.

*Reproduced

actual size

quency of 2000 mc.

of diode.

The specially-designed diode, in
combination with the -bp- probe de-
sign, makes possible the exceedingly
flat frequency response shown graphi-
cally in Figure 1.

With this flat frequency response
are combined the factors of low input
capacity and high input resistance.
The variation of these factors with

frequency is shown in Figure 2. The
input resistance and reactanceare high
throughout the entire range of the
instrument, and thus measurements
are made without appreciable detun-
ing or loading of circuit. Maximum
measuring accuracy is assured.

In addition to swiftly, easily, ac-
curately making uhf radio measure-

ELECTRONICS — November, 1947

Noise and Distortion Analyzers
Audio Frequency Oscillotors
Amplifiers Power Supplies
Squore Wove Generators

www.americanradiohistorv.com

Wave Analyzers
Audio Signal Generators
UHF Signol Generators
Frequency Standords

ments, this -bp- 410A is a convenient
voltage indicator up to 3000 mc. And
it serves equally well as an audio or
d-c voltmeter, or an ohmmeter. A-c
measurements are made in 6 ranges
...full scale readings 1 to 300 v. D-c
full scale readings from 1 to 1000 v
in 7 ranges. Input resistance all ranges
—100 megohms. As an ohmmeter, the
-hp- 410A measures resistances from
0.2 ohms to 500 megohms in 7 ranges.

In short, this -bp- 410A Vacuum
Tube Voltmeter is ideal for obtaining
most important parameters in radio
design, manufacture, or servicing,
Werite today for full details. Hewlett-
Packard Company, 1407E Page Mill
Road, Palo Alto, California.

Frequency Meters
Vacuum Tube Voltmeters
Aftenuators
Electronic Tachometers

65



acy ara teed 0 on¢’ part Per mil 1 n per de ree
rk is’ tempegature-co pensated ‘and

y se aga st varm’nons of arometrx pres-

~sure. Ihls st dard, when ¢ i h/ pment,
oGilitates Aécurat speed and ' chanical,

elec 'cal,(icyﬁ i 1
The upit”is available separatgly or in codjunction with

plete timit;%trumen Our enginéers are r/a‘éﬂy to
any probleni,

'ctg,dh e is’a tu n:vf rLfrﬂ/rcys ndardw/
C,9r
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I'm :,boc j/ﬁfl s one of Federated’s

friendly service men. Me and the other
Federated service boys have worked with
metals for quite a while now and ...

we know our stuff. What’s more, we're
ready to prove it to you any time you run

into a metal problem, big or little.

Federated is a right large outfit—

first in the whole non-ferrous field=—

and they’'re anxious to have us service
men roll up our sleeves and help you out

whenever you ask.

Remember, boys, for service ... for anything
in the non-ferrous metals line, call Federated

first. Our offices are all over the country.

I’ll be seeing you and talking to you again

pretty soon. So long for now.

METALS DIVISION

: ING
AMERICAN SMELT
and REFINING COMPANY

JNY
120 BROADWAY, L ALLLE

/ JMLeo F-L1
g

ELECTRONICS — November, 1947
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A NEW ERA IN TUB

ACTUAL SIZE
LLUSTRATIONS

The FIRST truly practical, all-purpose PHENOLIC

K : =

e .
e : '”f ‘

g = "\E! -
n,- .,_‘{.‘ -

¥ e

Pioneers of Electrical and Electronic Progress
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ULAR CAPACITORS

— MOLDED paper tubulars

After more than four years of intensive research,
plus one of the largest retooling programs in its
history, Sprague announces a complete line of
phenolic-molded paper tubular capacitors that
offer farreaching advantages for a long list of
products ranging from home or auto radios and
electrical appliances to military equipment. Their

Highly heat- and
moisture - resistant

Non-inflammable

Conservatively rated
for -40°C. to +-85°C.
operation

Small in size

Mechanically rugged

Moderately priced

§5]

unique phenolic sealed construction assures maxi-
mum dependability even under extremes of heat,
humidity and physical stress. Thus they have vir-
tually universal application in modern equipment.
In most cases the new Molded Tubulars are smaller
and in no instance are they larger than ordinary
Sprague paper tubular capacitors of equal rating.

Write for Sprague Capacitor Engineering Bulletin 210.

CAPACITORS

SRRAGUE

KOOLOHM®
RESISTORS

ELECTRONICS — November, 1947

Sprague Electric Company, North Adams, Mass.

*Trademark reg. U.S. Pac. Of.
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HE 4 GRADES OF

RNISHE
BINGS

OR EXCEED
ATIONS

RNISHED TUBING ASSOCIATION AND

SOCIETY FOR TESTING MATERIALS

STANDARD GRADE for maximum flexibility, IMPREGNATED TSN Optimum in Superiority
has little varnish and is recommended for high

temperatures where dielectric strength is not a
factor.

for high gloss, non-hydroscopic, resistance to high
temperatures, oils, acids, etc. IMPREGNATED has a
dielectric rating beyond 7000 volts and is un-
has all qualities of the e.quulled .for Long Life Under Most Severe Condi-
STANDARD GRADE but with additional coats of var- e s,

nish to bring the dielectric rating up to 1500 volts.

FOR USERS OF COTTON YARN VARNISHED
TRIPLE STRENGTH [FN built up with coats of TUBINGS The Mitchell-Rand MIRAC and HYGRADE

especially flexible insulation varnish for dielectric Varnished Tubings of long staple fiber yarn are
ratings up to 2500 volts and is particularly suited comparable to Fiberglas Tubings in dielectric rat-
w-R ‘1‘::‘ where assembly. operations include the possibility ings, tensile strength, flexibility and long life.
‘::31 n;g:s of rough handling. Write For Samples.
AR
:;ipq\l YEARS. Write today for your free copy of the M-R WALL CHART with its engineering tables, elecirical symbols, carrying
Q‘ \ capacities of conductors, dielectric averages, thicknesses of insulating materials, tubing sizes, tap drills, etc.

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

70 November, 1947 — ELECTRONICS
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How do Wesrern Elecrric Thermistors function?

o »

When the temperature of thermistors (thermal resis-
tors made of semi-conducting metallic oxides) goes up,
their resistance goes down—when their temperature
goes down, their resistance goes up. This one charac-
teristic enables you to use simpler, more economical
circuits with thermistors than are possible with con-
ventional components.

V. %

b

\

1

Where can Wesrern Electric Thermisto[,S’be used?

Thermistors can provide greater accuracy and depend-

ability in an almost untold number of applications «
where temperature plays a part in the operation of

your produgts or processes. Below are some suggested -
applications for the many types of thermistors now
available. For further details, call your Graybar Repre-
sentative, or send the coupon below.

CHEMICAL AND FOOD PROCESSING

Local and Remote Temperature Indication
Detector in Infrared Specirometry
Automatic Temperature Control

Gas Detectors

Refrigeration Control

Pyrometry

Vacuum Gauges

Temperature Compensation

Calorimetry

Infrared Spectrophotometry

COMMUNICATIONS

Automatic Gain Regulators
Volume Limiters
Overload Protectors

HOUSING AND HOUSEHOLD APPLIANCES

Air Conditioning Systems

Avtomatic Room Temperature Control
Fire Protection Devices

Automatic Switches

Gas Detectors

Furnace Controls

Oven Temperature Control
Refrigeration Control

Thermal Insulation Testing

Thermai Conductivity Testing

MANUFACTURING OPERATIONS

Quality Control
Temperature Measurement and Control
Fire Protection Devices

Compressors and Expanders Pyrometry
Power Indicators Automatic Switching and Time Delay
Ambient Temperature Compensation Devices

Amplitude Stabilized Oscillators
Voltage Regulators

Switching Devices

Remote Controlled Resistances
Time Delay Devices

Negative Resistances
Transmission Networks

Voltage Regulators

Surge Suppressors

Anemometry

Vacuum Gauges

Flow Meters

Differential Temperature Controllers

MINING AND METALLURGY

IRA?‘SPORT Fire Protection and Safety Devices
Engine Temperature Measurement and Gas Detectors
Control Local and Remote Temperature Measure-

Cabin Temperature Control

Meteorological Equipment Pyrometry

PUBLIC UTILITIES

Voltage Regulation
Switching Devices
Time Delay Devices
Power indicators
Warning Devices
Temperature Compensation of Instruments
Gas Detectors

Pyrometry

Calorimetry

Flow Meters

Anemometry

Chemical Analysis and Control

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

Please send me Bulletin T-2288 describing
applications of Western Electric Thermistors.

|
|
|
ment and Control l
l
l
I

Flow Meters Quality Control
Test Equipment Calorimetry Name._
Switching and Signalling Devices Time Delay Devices
Differential Temperature Controllers Geological Surveys Compan)’
Fire Protection and Safety Devices
Address
City
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Tungsten, molybdenum, silver, plati-
num, palladium and alloys of these
metals. Callifex Thermostatic Bi-
Metals; Callinite Facing Material,
Bulletins on request.

it's elementary. ..

SPRING COIL

when you use Callite heating elements to coat metals or plastics

Leading metallizers have discovered that Callite tungsten or molybdenum
heating elements provide the simplest, quickest and most economical solution
to their specific problem of coating materials by the vacuum evaporization
process. Electrically heated, the filaments evaporate the coating metal —

in pellets or wound on heater — and spread a smooth, uniform coat . . . often

in a matter of seconds.

Let our many years of varied ficld experience help you, too, improve your
metallizing operations. Skilled Callite engincers will gladly design special
filaments — “'tailor-made’” to your speciﬁcations; to fit your current equipment;
or to meet your production cost schedules. Prompt deliveries of all types.

Callite Tungsten Corporation, 544 Thirty-ninth Street, Union City, New Jersey.
Branch Offices: Chicago, 1llinois; Cleveland, Ohio.

November, 1947 — ELECTRONICS
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WHILE Wi DELAY—

Russia Drives for the Atlantic

west of the Iron Curtain it is later than

you think. Unless the United States quickly
mobilizes its own and other nations’ resources,
World War II will be lost as World War I was
lost —by no economic follow-through.

EN THE STRUGGLE to keep western Europe

Millions of people in western Europe, living in
cold homes or no homes at all, face another winter
of near starvation. Some countries are absolutely
without dollars to buy abroad the food and fuel
they need for survival. Others slide toward that
desperate state.

In this welter of misery Russia grasps for do-
minion over all Europe. Everywhere, as cold and
hunger deepen and as men begin to doubt Amer-
ica’s determination to help, Russia turns on the
pressure. In France the Communists drive to over-
throw the Government. In Italy they do likewise.
In Greece Russia kills the United Nations investi-
gating commission. In Trieste Tito elbows us out
of the way. In Germany and Austria the Soviet
commanders alternately stymie and flout the Allied
governments.

FACED WITH this bloodless attack, the leaders
of western Europe and of the United States
have not covered themselves with glory.

Look, for example, at what the sixteen Euro-
pean countries participating in the Paris meetings
on the Marshall “plan” first proposed to the
United States as a catalog of their needs. In the

main it was simply an adding up—to $30 billion _

-of what the various countries thought they
needed to keep going in the same old way at the
same old stands. There was no real start on plans
for the mutual aid by European states which is
the essence of a successful recovery program. ..
no real start on plans to knock down the barriers
which divide European trade into hopelessly in-
adequate little pockets...no real plans to clean
up currencies which deteriorate so fast nobody
wants to work for them. In fact no plans to make
people want to work.

Meanwhile, what have our leaders offered? Not
much more than one fine commencement speech by

General Marshall, outlining a good idea, and a couple
of carloads of statistics, with more to come.

Not even a beginning has been made on the
most crucial part of any European aid program —
that of explaining to the American people what
their part must be and why. It is true that not all
the reports of all the statistical committees have
been completed. They never will be. But it is also
true that the broad outlines of what the United
States must do to save Europe are already clear.
And it is not simply to provide more dollars, al-
though $12 to $16 billion more — the cost of 6 or 8
weeks fighting in World War II —may be required.

A far more basic requirement is leadership which
will lift Europe out of the slough of despair and get
recovery rolling. Without that leadership more
billions for Europe will buy us nothing but more
bitterness and remorse on both sides of the Atlantic.

WHAT ARE the ingredients of that leadership?
Here are a few:

1. A bi-partisan program for European
recovery.

It should be so thoroughly understood and
so overwhelmingly supported by both parties
that playing politics with it will be like selling
military secrets to the enemy.

Truman and Vandenberg have failed mis-
erably to develop and explain a complete pro-
gram—one in which Europe and America can
have full confidence. Nor have Taft and Dewey
and other candidates for high office pledged
that politics will stop at our shoreline. These
men must speak out. To date Herbert Hoover
alone has had the courage and vision to state
a program.

2. A mobilization of American food supplies.

We must assure people at home and abroad
that our crops, cut down by drought and
heat, will be stretched to cover minimum
European needs (with whatever help we can
muster from other nations) without forcing
still higher food prices here.

Some food experts are comfortably con-
fident that the stretching can be done. But

WWW.americanradiohistorv.com



meatless and wheatless days, higher extrac-
tion of flour from wheat and similar volun-
tary conservation moves would make it surer.
And they would demonstrate that a free
country can mobilize itself to meet a very
serious crisis.

3. An understanding that relief is one problem
and recovery another.

Both problems must be solved. Relief emer-
gencies must be met, some of them at once.
But they must not black out the longer task
of recovery. Italy illustrates the point. Italy,
particularly the south, is flat broke. Help is
needed right now to keep people from dying
in the streets. But we must eventually do
more than keep the Italian people alive. We
must help them get back to useful work so
that they can stand on their own feet.

4. A steady insistence on results —which means
that Europe must find a way to make its people
want to work.

In the U.S.S.R. they have a way to get
things done. It is to liquidate those who do
not work. In the U.S.A. we have a way to
get things done. It is to create incentives to
make people want to work. Western Europe,
notably France and Britain, has fallen be-
tween two stools. It has socialized away the
incentives, and it does not yet, thank heaven,
enslave the laggards. We should make it crys-
tal clear that we have no designs on the na-
tional “sovereignty” of others. But we should
make it equally clear that we insist that those
countries which receive our aid work hard
enough to get results. To this end continued
aid should be on an installment plan, each
installment conditional on getting results.
Otherwise more billions can easily disappear
down the drain.

5. Insistence on all-out self-aid by European
countries.

That is the constructive core of the Mar-
shall idea —to help Europe to help itself. In
his brilliant “Report on Germany” and how
to get it “off the backs of the American tax-
payer,” Lewis H. Brown, Johns-Manville
Chairman, shows how the export of only 10
million tons of coal a year from Britain to
western Europe would speed industrial re-
covery of the Ruhr immeasurably. There are
countless other cases where effort in one
European country —or a group of countries

—will break a big industrial bottleneck in
another. We should insist that everything pos-
sible be done to see they are broken.

6. An agreement with Britain and France giv-
ing us authority in western Germany equal to
our responsibility.

Britain is shifting to us most of the financial
burden she has been carrying in the German
occupation. Less directly we shall also be car-
rying much of the French occupation load too.
We must have authority in the economic field
commensurate with our responsibilities. Other-
wise the management of western Germany
can poison Anglo-American and Anglo-French
relations in addition to wasting resources
we could use to promote general European
recovery.

It is truly said in the scriptures that the Lord
loveth a cheerful giver. But it is not recorded any-
where that anyone, including the recipient, loves
a soft-headed giver. Hence as a capstone any pro-
gram of aid for Europe should have machinery
assuring that only what is needed is sent; that
what is sent does the job for which it is sent; and
that arrangements are made for the recipients to
pay back whatever they can.

THE AMERICAN PEOPLE should be told
clearly by their leaders that there is no assur-
ance that the best possible program of eco-
nomic aid for Europe will do the job. The time
is very late.

In France and Italy, as our help falters, the Com-
munists right now are provoking strikes which will
make the people’s suffering more acute. They hope,
of course, to overthrow the governments in both
those countries and to seize control. If Communist
dictatorships are clamped on France and Italy this
fall, Russia and her satellites will have advanced
to the Atlantic. The Iron Curtain will have moved
500 miles west —toward us.

Americans should be clearly told, therefore, that
not to undertake an immediate program for the
recovery of Europe is to bring closer the greatest
possible national disaster-— World War IIL

President, McGraw-Hill Publishing Company, Inc.

THIS IS THE 6lstr OF A SERIES
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ETaL Type GL-502-A and
M glass Type GL-546 have
proved their efficiency in scores of
applications such as the industrial
circuits shown at the right. De-
signers can fit one or more of these
thyratrons into an ultra-compact
control panel, with knowledge that
despite their small dimensions, the
tubes will deliver a high rated per-
formance...Because they are made
in quantities by the most precise
modern methods, the price is low
—a prime advantage to the equip-
ment builder seeking business in a
competitive market... Where com-
pactness is important but not the
first need, Type GL-502-A often is
preferred because of self-shielding

That's wh-y these "midget”
thyratrons stand ace-high
with equipment designers

qualities due to the metal envelope,
plus a larger current capacity. This
tube will replace the GL-2050, yet
is only half the latter’s size . . . If
space available must be figured
down to the fraction of an inch,
Type GL-546 (with a seated height

of 1Y inches, and a diameter of %

inches) usually is selected . .. G-E
tube en zgineers will be glad to work
closely with you in choosing the
right tkyratron for any control or
other circuit. For this counsel, or
for further facts about the GL-
502-A end GL-546, phone or write

your nearby G-E electronics office

or General Electric Company, Elec-
tronics Department, Schenectady 5,
New York.

CHARACTERISTICS
GL-502-A GL-546

Max over-all height 2 19/32 inches 12 inches
Max over-all diameter 1 5/16 inches Y% inch
No. of electrodes 4 4
Cathode voltage 6.3 v 63 v

current, approx 0.6 amp 0.15 amp

heating time, typical 10 seconds 10 seconds
Peak voltage drop, typical Mv Mv
Average anode to control-grid capacitance 0.2 mmfd 0.1 mmfd

Ambient temperature limits

MAXIMUM

Peak anode voltage, inverse
forward

Anode current, instantaneous
average

Time of averaging anode current

—551t0 +90C —55t0 +90C

RATINGS
1,300 v 500 v
650 v 500 v
1 amp 100 ma
100 ma 20 ma
30 seconds 15 seconds

GENERAL @ ELECTRIC

162-FB-E8B50

FIRST AND GREATEST NAME IN ELECTRONICS
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The above circets are examples of possisls tube ap-
Dlications and tre description ard illustratiem of them
does not convey tn the purchaser of tubes any license
under patent vights of General Electric Company.
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Elim OS#s* FILTERS
FOR SCREEN-ROOMS,
ELECTRONIC HEATERS,
AND SIMILAR USES

Solar Type EB series Elim-O-Stat radio in-
terference filters are intended for heavy-
duty service in 1, 2 and 3 phase circuits and
equipment drawing from 5 to 200 amperes,
250V a-c/600V d-c. Voltage drop is negli-
gible.

Type EB filter assemblies have a noise
elimination range of from 150 Kc to 250 Mc
covering all frequencies used for radio com-
munication and entertainment, as well as
commercial television. Most efficient in
eliminating line-conducted radio interfer-
ence when connected immediately adjacent
to motors, generators, electric clevators,
diathermy machines, X-ray apparatus, elec-
tronic heating equipment and other devices
generating radio noise, they are also highly
effective when connected at the power serv-
ice entrance to remove noise entering via
electric power distribution circuits.

When placed in electrical circuits enter-
ing radio screen-rooms, these Elim-O-Stat
assemblies provide noise-free power within.

Type EB series Elim-O-Stats are furnished
in standard Underwriters’ approved heavy
cadmium-plated steel surface cabinets. Indi-
vidual filter units in each assembly are
housed in hermetically sealed, corrosion-
resistant metal containers.

Bulletins SFI-160 and SFI-161 give com-
plete data on these units. Write for your
copies today. Solar Manufacturing Corpo-
ration, 1445 Hudson Bivd., North Bergen,
N. J. Plants at: Chicago, 111, Bayonne and
North Bergen, N. J.

*T.M. Reg. U.S. Pat. Off.

& 3506

Radio Interference Filters
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BUSINESS BRIEFS

By W. W. MacDONALD

“Electronics will dominate the
next 50 years in astronomy as
much as photography dominated in
the past 50 years,” says Otto
Struve of Chicago University’s
Yerkes Observatory.

We Understand that IRE has al-
ready sold all exhibit space on the
first floor of New York’s Grand
Central Palace, where the March
show will be held. Space is still
available on the balcony.

Superregeneration has been
taken down from the commercial
shelf, dusted off and once more put
to work, notably in certain inexpen-
sive f-m tuners. Not too much is
known about the theory of superre-
generative circuits but some studies
were made during the war. ELEc-
TRONICS is at present endeavoring
to pry data loose for early publica-
tion.

Hearing Aids in use in the
United States total between 500,-
000 and 600,000. About 125,000.
were sold in 1946 and at this writ-
ing it looks like sales will reach 200,-
000 in 1947,

We hesitate to estimate the size
of the potential market owing to
wide differences of opinion in the
industry regarding the number of
hard-of-hearing and how many of
these can be helped by hearing
aids. It appears likely, however,
that the popularity of single-unit
models will result in a substantial
increase in business during 1948.

Licenses covering some 700 pat-
ents in the radio receiver, electri-
cal phonograph, and television re-
ceiver fields have been offered all
set manufacturers by Philco.

Commercial Radar installations
aboard American vessels were esti-
mated earlier this year (p 82,
April) as totalling 85. We have
no later figures covering the output
of the entire industry but the pic-
ture is obviously changing rapidly.
RCA reports the installation of 81
equipments operating on. 3.2 cm

www americanradiohistorv com

since January. Some 40 of these
are aboard American ships.

Machine Tool Show exhibits
featured more electronic acces-
sories than in previous years. Mo-
tor control devices employing
tubes were everywhere in evidence.
Electronically controlled chucking
grinders and sizing mechanisms
were shown. Conversations with
people attending the show also dis-
closed that machine manufacturers
were perfecting electronically con-
trolled hosiery knitting machines,
blind gaging devices and other
devices soon to be described else-
where in ELECTRONICS.

Teaneck, N. J. Dogcatcher re-
ceives tipoffs concerning stray
canines in his car from the local
police radio station.

Commercial Broadcast Picture
for the continental United States,
as of August 1, 1947, is as follows:

................ 1,266
A-M Construction Permits . 500

Licensed F-M Stations...... 52
F-M Construction Permits. . 639
F-M Conditional Grants. . . ... . .. 247
Licensed Television Stations. 6
Television Construction Permits. 60

TOTAL............. .. Lo 2,770

Breakdown of the 1,266 licensed
a-m stations listed above:

Clear Channel

Unlimited (50 kw). L . 53

Part-time (50 kw). ... ....... +

Unlimited (5 to 25 kw) ... 31

Part-time (5 to 25 kw). .. [
Regional Channel

Unlimited........ . 311

Limited and day........ 125

Part~time. .... ... . 14
Ixcal Channel

Unlimited.... .. .. .. 665

Day and part-time 57

Minimum Cost of equipment re-
quired for a modest start in tele-
casting (500-watt video transmit-
ter and 250-watt audio transmit-
ter) is $89,000, according to Du-
Mont’s Herb Taylor.

Underscored by FCC chairman
Denny in a speech before the NAB
were two statements of particular
significance to new applicants for
a-m station licenses. Denny said (1)
that applicants should be sure they
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COMMUNICATIONS

TYPE
4-1000A

TYPE 4-1000A

ELECTRICAL CHARACTERISTICS

Filament: Thoriated tungsten
Yoltage -
Current - . -

Grid-Screen Amplificatio

o

Factor (Average} 7.2

Direct Interelectrode Capacitances (Average)

Grid-Plate (without

grounded}
Input - -
Output - - - - -
Transconductance (i, = 300 ma., E; =
2500 v. E .= 500 v.) -

shielding, base

RADIO FREQUENCY POWER AMPLIFIER

AND OSCILLATOR
Class-C Telegraphy
(Key-down conditions, per tube)
MAXIMUM RATINGS

D-C Plate VYoltage - 4000
D-C Screen Voltage 1000
D-C Grid Voltage - —500
D-C Plate Current - 700
Plate Dissipation 1000
Screen Dissipafion - 75
Grid Dissipation 25

TYPICAL OPERATION
(Frequencies below 40 Mc.)

D-C Plate Yoltage - -
D-C Screen VYoltage - - - -
D-C Grid VYoltage - - - -
D-C Plate Current -
D-C Screen Current - -
D-C Grid Current. -
Screen Dissipation - -
Grid Dissipation - -
Peak R-F Grid Input Yoltage
{approx.) - - -
Driving Power (approx.) -
Plate Power lnput -
Plate Dissipation -
Plate Power Output -

BROADCAST AM & FM

Follow the Leaders to

yB

The Power for R-F

INDUSTRIAL AUDIO

Workh
Orse f
H or
y fecenf/y annoy Commumcaﬁon
argest of ima ed type 4.]000 ’”dusfry the
. C . . 4
High Power.ga; adiation Cooled ; Presently the
times fit " tn capabi/,'f,-(:_,S - Powe, tetrodes
pow o o .
e outpyt with | © aPplication qfder of 230
8 Uirin .
The "Ving po 9 high
tube 1, Wer neeqd
as been S.
4///’! € abuse of o TUGgedl, designeqy
no (3 .
! rmal OVerloay ‘Ost Severe N fO W’”’Sfand
ube design pr 'Mac “kno,, :16at10n and ap
ov Z :
'a/ €Conomy, ges fong ife expe iy Vacuum
O .
Input and oy, Peration - Ctancy, and oye
75 volts plify; put cj, Yal isoiat; "
2l amperes ylng aSSOCiaf SOl has e ation of fhe
tance leads E: ed c;rcuitdes’- i achieved &
Plate impa imac’s nOn-emlttQ”. ort, /ow_’.r’)d m-
0.24 uufd High <" a high de '"Ng grids ve
272 putd efficien gree of > and rugged
7.6 uufd vhf may b Peration,, :
o - dbove |1 < malnfafned " Stab/lify
10,000 wmhos fating wey With A an exg / vell into y,
fU/ Outpy, n f'aﬁngs h De, two tub
Power at 110,04 € Provided 5 ;... OP
Asaf ) W use
UnCtIOn
. al
Max. Volts assist adeqy Sccessory, unj
x. . u
dor Vel beloy the co . cooling js a\c,] «/e cocket design +
N :vfam € contrgy o Plete Unit ang 3 Z-ab/e- //Iusfrat d
Wiax. Watts around the low past the o, 9"3M indicat;
D»frex g/jss Ch \'Z / pe and - efmln /, ase - /ng
m . e pf als
Y is inc/ Plate se ’
0 v 7 included wiy cuc, S The
o Ocket
141 ma
41 ma
TI Watts
6.1 Watts
348 Volts
14.3 Watts
4086 Watts
746 Watts
3340 Watts ”

5‘#

Export Agents: Frazar & Hansen, 301 Clay Streef,
San Francisco, ||, California

EITEL-McCULLOUGH, Inc., 185 San Mateo Avenue, San Bruno, California
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introducing packaged VHF

Crystal Control
by

Design engineers recognize that peak
frequency precision depends greatly
on close correlation between crystals
and their associated oscillator circuits.
In the region above 20 mc it is equally
true that circuit design can make a
significant difference in drive secured
from the oscillator stage. Complete
uniformity of construction and care-
ful control of component tolerances
assumes extreme importance.

Bliley is now prepared to design
and build packaged oscillators for pre-
cision VHF applications between 20
mc and 200 mc. Consistent perform-
ance of overtone crystals and mainte-
nance of operating tolerances to

CRYSTALS ™

BLILEY ELECTRIC COMPANY UNION STATION BUILLDING

76

+.0059, or better over wide temper-
ature ranges is assured by considera-
tion of all significant factors in a pack-
age of this kind. The result is a pre-
cise frequency source that has suffi-
cient power to meet design ratings.
One possible form of packaged oscil-
lator is shown in the picture. Space
requirements in the equipment will
determine whether a subchassis or
plug-in unit is most desirable. Bliley,
with over fifteen years experience in
frequency control applications, is ex-
ceptionally qualified to assumerespon-
sibility for the complete frequency
package from conception to delivery.

This custom-service is lim-
ited, at present, to applica-
tions involving production
quantities. Inquiries, giv-
ing detailed performance
specifications, are invited.

ERIE, PENNSYLVANIA

www americanradiohistorv com

BUSINESS BRIEFS (continuad)

are well enough financed to pay the
bills until revenue from sponsored
programs takes up the load and (2)
that the chance of commercial suc-
cess is twice as good in towns hav-
ing no competitive station.

Size And Cost of average exist-
ing broadcast transmitter build-
ings, determined by Western Elec-

tric in a 610-station survey, is as
follows :
POWER SIZE
(watts) SERVICE TYPE* (cuft) COST
250 a-morf-m tr 5,300 3,700
250 a-morf-m trandstu 19,100 13,200
1,000 a-m orf-m r 7,200 6,800
1,000 a-morf-m trandstu 21,000 15,300
3,000 f-m r 17,600 10,700
3,000 f-m trand stu 30,500 36,500
5,000 a-m tr 20,600 17,000
10,000 f-m tr 30,800 22,700
,000 f-m trand stu 51,000 46,300
50,000 a-m tr 57,600 800
50,000 f-m tr 39,100 '
* tr — transmitter building only. tr and stu —

combination transmitter building and studios.

Today’s construction costs would,
of course, be considerably higher
than the averages shown, since
these cover construction over the
period between 1930 and 1947.

Rooftop Rents asked by owners
of tall buildings are a matter of
concern to many prospective opera-
tors of vhf and uhf transmitters.
The concern is particularly acute
among people who wish to operate
point-to-point communications, com-
mon-carrier, and relay services
which must necessarily function at
low cost.

Realtors would do well to care-
fully study space and facility
requirements before quoting. Serv-
ices such as those mentioned fre-
quently require just a small corner
for equipment, need little power
and service, can often utilize exist-
ing structures for antenna support,
and generally leave the lion’s share
of the rooftop available for f-m and
television broadcast station rental.

Technical Dictation throws in-
experienced stenographers for a
loss. One of the boys on the edi-
torial staff of ELECTRONICS was
momentarily puzzled the other day
by a letter dealing with steam power
tubes.

We hear that a mid-western
manufacturer is perfecting a pro-
tective system for large industrial
plants. Watchmen carry con-
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cealed radio transmitters operat-
ing around 150 me. When trouble
is encountered the transmitters go
into action, a neon lamp on the
panel of a centrally located re-
ceiver flashes a warning and the
watchman’s code number is indi-
cated by a tape recorder.

“Radio Tube Design is largely a
matter of compromise,” says Hy-
tron’s Vin Ulrich. “The manufac-
turer who hits upon the most satis-
factory combination of compro-
mises is the one who has the most
widely accepted tube types for
given applications.”

Small Boat Owners tune from
one a-m broadcast station to an-
other, hoping against hope that
something resembling a complete
weather forecast will be appended to
news programs. Stations located
near water could make a lot of
friends by more regularly including
wind direction and velocity.

Coast Guard stations operating
near 2,600 kc transmit weather
forecasts two or three times a day
but hesitate to increase the fre-
quency of this service because dis-
semination of such information is
officially the business of the
Weather Bureau. Many yachtsmen
wish the matter of appropriations
could be arranged to permit closer
cooperation between the two gov-
ernment agencies. More power and
personnel for Coast Guard stations
would also pay dividends in safety
at sea.

Step In Right Direction is Gen-
eral Instrument’s recently inaugu-
rated $500,000 research and engi-
neering program designed to reduce
the cost of major components used
by television receiver manufactur-
ers.

Unnoticed by most of the men
who attended the recent NAB con-
vention at Atlantic City, the air-
craft beacon on top of one of the
geveral antenna towers on display
in the exhibit hall put out not only
conventional flashes but also an
occasional group of most uncon-
ventional code words. It seems
that the boys running the exhibit
got a little bored, rigged up an
extra set of cams and switched
them in when things began to pall.

ELECTRONICS — November, 1947
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“Dependability

Ward Leohard is one of many reputable manufacturers of fine quality
timers, time delay relays and electrical control apparatus,whe depend
upon the versatility and adaptability of the Haydon synchronous
motors in the design of superior products.

The time delay relay illustrated is designed primarily for such industrial
applications as delayed timing for preheating electronic tube filaments
before applying voltage and sequence fiming in motor controllers.
The Haydon 1600 motor provides almost instantaneous self-recycling
on breaking the pilot circuit through means of a magnetic shift; chcice
of standard motor speeds make possible a wide range of adjustable
time delay periods and the built-in one-way friction prevents damage
to motor on return travel of the cam.

Take time to talk time with Haydon engineers on this and other apoli-
cations. A fully illustrated Engineering Data Catalog is yours for
the asking,

WRITE HAYDON, 2400 ELM STREET, TORRINGTON, CONN.

CONNECTICUT

YOUR:PRODYCTS
ot *®

TORRINGTON

oy HARNESS:TIME 10,

"s“u'a‘s‘m! . QF.  'GENERAL ~TIME- INSTRUMENTS 'CORPORATION

P T L

FORMERLY LOCATED AT FORESTVILLE, CONNECTICUT

www americanradiohistorv com
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NOW. .. New Types of

|
|

|

Sy ELKONITE* CONTACTS |
for Light Duty Applications Like This

YOR quite a number of yeurs now

Elkonite has been the standard contaet
material for heavy-duty circuit interrupting
equipment. A Mallory-developed material,
Elkonite has been [amous for its hardness
and electrical conductivity—for its re-
sistance to stichit g, to erosion by arcing,
to mechanical wear and impact.

Now this same material—fabricated dif-
ferently and somewhat changed in com-
position—is available for applications in
the light duty field: applications like small
relays, mechanical breakers, thermal hreak-
ers and similar equipment where silver
alloys have heretofore been used.

It has an advantage over silver in that ir is
less subject to sticking and has a higher

*Reg. U. S. Pat. Of.

hardness, It is superior (o most non-silver
allovs in iis improved finished and uniform
contour, which requires no machining,
And it is

Elkonite—availuble in smaller sizes. too.

lower in cost than standard
On the other hand, it will not resist ex-
tremely heavy arcing, as standard
Elkonite will,

If you need a contact material where the

maximum  physical  propertics of  true
Elkonite are not required, vet where silver
does not meet the specilications, here is
something to investigate. These new grades
of Elkonite are available in standard rivets
and  projection  welding blanks—or can
be used in special contacts made 1o your

order. Write for more information.
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P.R.MALLORY & CO.Inc.

MATLLORY :iicrnicas

E_EONTACTS & CONTACT ASSEMBLIES

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

www americanradiohietory com

The only volume of its kind in
the world, this Mallory Comtact
Data Book contains everything
you want to know about contact
desigu, construction, applica
tion and materials. Free to
engineers who write on company
letterhead. $2.50 to others.
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> AIR . . . Talking to one of our editors recently,
Major E. H. Armstrong opined that recent advances
in our knowledge of vhf waves have introduced some
radical changes in some homely concepts. Time was,
according to the Major, when one explained to non-
technical friends that radio waves didn’t really go
through the air. In fact, we used to say, the waves
would get there as well or better if the air weren’t
there. But not so with vhf waves, Refraction of
these waves in the air accounts for much of their
availability. If the air weren’t there, the marginal
servige of f-m and television stations would cease
to exist. Moreover, variations in the state of the air
masses cause fading, once thought to be absent from
very-short-wave transmission. So the old order
changeth. What the Major says is only too true;
the art has much to learn about the transmission of
uhf and vhf waves. Much already known has not
been passed out widely enough. We can offer some
help on this, in the form of a bang-up manuscript by
Don Kerr of the Radiation Lab, just ready to toss on
the griddle. Watch for it.

» VOICE . .. At the recent NAB convention, a manu-
facturer of a limiting amplifier, advertising to the
delegates, elected to speak in their language. “Our
limiter,” runs the ad, “gives your station a steady,
loud voice!’ That's the word for too many broadcast
stations today: a steady, loud voice. The broadcasters
code, which would limit commercial announcements
to three minutes per 15 minute period, ran into heavy
weather at the convention, but was finally adopted over
the protests of the smaller stations. If followed, this
code will do much to combat the growing public resist-
ance to steady, loud voices on the air.

» MORE PRIVILEGE . .. In these columns last July
we objected to a rider charge, amounting to $1.26
per month, assessed on owners of television sets in
Norwich, Connecticut. Since Norwich is well outside
the range of existing television stations, that threat
to progress was academic. But the disease spreads.

TALK

Now comes word from the Wallingford, Connecticut,
municipal plant, inside the range of New York sta-
tions, that owners of television sets connected to this
system must pay $2.50 for the first five kilowatt-
hours they buy each month. This is roughly $2.00
extra per month, or 24 dollars a year, over and above
what would be charged for the same juice if the tele-
vision set were absent. This rate increase is based on
the same recommendations, and subject to the same
objections, as the Norwich case to which we have
previously alluded with some feeing.

We are happy to note that the Radio Manufac-
turers Association, prompted by our outburst, has
dug into the facts, intending to combat the forces of
evil. The power consumptions and power factors of
15 models of television sets made by eight manufac-
turers have been listed. The power consumption
ranges from 215 to 550 watts, with 328 watts as
average. The power factor ranges from 89 to 95
percent, with 92.5 percent as average. The power
factor figures are particularly interesting and show
that the public utility does not have to install large
capacity for wattless current. Moreover, the Wall-
ingford company informs us that the peak load on
their system occurs between 11 and 12 in the morning,
during the spring and summer months from April
to October. In the winter, from October to April,
it occurs from 4 to 6 in the evening. These hours
do not coincide with hours of television programs,
except possibly from 4 to 5 pm in winter,

Why then, must owners of television sets pay 24
dollars a year, not for electric power, but for the
privilege of being connected. This is more than half
the national average electricity bill ($42.90 in 1946).
It looks powerful fishy to us. Worse, it looks like
charging what the traffic would bear. One ray of
hope: The Wallingford authorities say they are
merely experimenting with this rate, and are in con-
tact with set owners to find out just what additional
demand is placed on their system. We are sure that
the facts will not support this charge, and we hope
the RMA will make good use of its facts.

wwWw.americanradiohistorv.com
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Announcing a program of research, underwritten by the publishers of ELECTRONICS,

to develop equipment and test the potentialities of the Citizens Radio Service.

First

equipment, a transmitter meeting FCC specifications, is described in this issue

HE EDITORS OF ELECTRONICS are

happy to announce a series of
articles, beginning in this issue, on
equipment specifically developed for
the Citizens Radio Service, operat-
ing in the band between 460 and 470
megacycles and ultimately intended

for use by the general public for
private communication. The first
item of equipment, a four-tube crys-
tal-controlled f-m transmitter, is
described on pages 84 to 89, Suc-

ceeding issues will describe a high-
sensitivity

f-m  superheterodyne

Walter Hollis. who designed Citizens Radio Service equipment for ELECTRONICS,

testing transmitter at Boonton

80
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receiver, a power amplifier for the
transmitter, high-gain non-direc-
tional antennas, and will relate the
results of comprehensive tests of
this equipment in the field.

The Citizens Radio project, the
costs of which have been underwrit-
ten by McGraw-Hill as a service to
the industry, is intended to reveal
the potentialities of the new band
for public use and to offer equip-
ment designs suitable for produc-
tion by individuals or commercial
organizations. This program, which
marks a new departure in technical
publishing practice, was undertaken
by the editors of ELECTRONICS early
in 1947 after discussions with Com-
missioner Ewell K. Jett, sponsor of
the Citizens Radio Service in the
FCC.

Citizens Service Slow to Start

The 460 to 470-mc band was first
proposed by the FCC before the end
of the war, in May 1945, and was
made an official part of the alloca-
tion table in June 1946. When the
band was first announced, engineer-
ing opinion on it was generally pes-
simistic. While all agreed with the
basic philosophy of providing a
band for the general public, most
observers doubted the wisdom of
choosing a frequency band as high
as 460 to 470-mc for the purpose.
But since lower frequencies were al-
ready occupied by existing services
of higher priority, the allocation
stood as originally proposed. In the
intervening two and one half years
no equipment has been made avail-
able commercially for this band.

The reason for the inactivity was
not lack of interest, since a sizable
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Clitizens Radio Project

Commissioner Jett Hopes ELECTRONICS Project Will Speed Citizens Radio

Shortly before the end of the war, the Federal
Communications Commission announced a pro-
posed allocation of the band 460-470 megacycles
for a citizens radio service. Intended for use by
the general public for private or personal communi-
cation, the new band is available to any citizen who
agrees to abide by the law, with no technical license
requirements. To serve such a purpose, equipment
for the new band would have to be simple and vir-
tually foolproof. In June, 1947, the Commission
issued tentative specifications for the equipment
and announced a plan for type approval which will
assure the adequacy of the equipment before it is
offered to the public.

The proposal has received widespread approval
in the industry. But engineers have found it diffi-
cult o design equipment for the band which would
meet the necessary specifications, particularly with

respect to frequency stability. It has appeared that
some fime might elapse before the citizens radio
service would become a practical reality.

It is, therefore, most reassuring to know that the
Editors of ELECTRONICS have underwritten a com-
prehensive program to develop and test equipment
for this important new service. It is my sincere hope
that this program, in which the industry is invited to
participate, will reveal the full potentialities of the
new service and that the public will be able to make
full use of the facilities in the near future. It is to
be emphasized that type approval by the FCC will
be necessary before large-scale production of any
particular design of equipment begins.

(signed) E. K. JETT
Commissioner
Federal Communications
Commission

market for such equipment has been
predicted by equipment manufac-
turers from the very start. The
reason was rather a difficult techni-
cal problem. Stated briefly, engi-
neers found it next to impossible to
generate adequate amounts of power
at the 460 to 470-mc frequency
with equipment simple enough,
and foolproof enough, to serve the
non-technical public in portable and
mobile service.

It was feared by many that in-
terference would prove, even within
a 10-megacycle band, insuperable if
radiating receivers and non-stable
transmitters were used in any num-
ber in heavily populated areas.
Secondly, the industry has been un-
willing to offer equipment for the
Citizens Service until more was
known about its adequacy for differ-
ent uses. The 460 to 470-mc band
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has quasi-optical properties under
normal conditions, so communica-
tion might prove impossible unless
line-of-sight paths were maintained
between units. While such a restric-
tion might prove acceptable on
farms in the Plains States, it would
certainly prove a hindrance in built-
up cities, suburbs, and in rolling or
mountainous country.

Survey Conducted by Editors

A survey conducted by the editors
in 1946, among manufacturers
known to be interested in the Citi-
zens Service, revealed practically no
activity beyond laboratory measure-
ments on self-excited and superre-
generative units, all of which
seemed inadequate. It looked as
though the new service might go
begging. Shortly thereafter the
staff of ELECTRONICS resolved to set
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up a development project, to see
whether technical and operational
answers to the unsolved problems
might be found. Encouraged by
Commissioner Jett to proceed, the
following plan was put in action:
An appropriation of funds was
set up to underwrite the costs of
parts and materials, engineers’ and
technicians’ time, and application
for an experimental license was
made to the FCC. A search
was then instituted to find a project
engineer familiar with the prob-
lems of stable transmitters and re-
ceivers at these frequencies, who
would be willing to undertake the
project on his own time. This
search was rewarded in the person
of Walter C. Hollis, an engineer on
the staff of the Sperry Gyroscope
Company. Mr. Hollis, who has pub-
lished an article in ELECTRONICS'
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on the design of tuned-line resona-
tors suitable for this band, agreed
to design and supervise the con-
struction of suitable equipment,

Sperry was not involved in the
project but was asked whether there
was any objection to Mr. Hollis
undertaking the assignment, pro-
vided all activity was confined to
out-of-office hours, and graciously
gave assent. The equipment is, ac-
cordingly, a personal development
of Mr. Hollis. All rights in the de-
sign have been relinquished by him,
as well as by the publishers of
ELECTRONICS, and are hereby placed
in the public domain. Any person
or organization who desires to copy
the designs or equipment may do so
for any private or commercial pur-
pose.*

When the project was well under-
way, the FCC announced tentative
equipment  specifications which
would have to be met before type
approval would be given to equip-
ment or transmitting licenses
issued. These specifications did
much to remove the atmosphere of
uncertainty surrounding the engi-
neering problem. On May 20th,
the FCC issued an experimental
station construction permit, under
the call W2XSN, to the McGraw-
Hill Publishing Company to cover
the development and testing of the
equipment,

By mid-September the initial
item of equipment, the transmitter
previously mentioned, had been
completed and subject to an equip-
ment test in the field, where it per-
formed satisfactorily, as outlined
in later paragraphs. Accordingly,
the editors were encouraged to an-
nounce the program and proceed
with publication of technical details.

Purpose of Program

In announcing the program, the
editors wish to emphasize that its
purpose is developmental and ex-
perimental. Many (in fact, most)
of the questions concerning the Citi-
zens Service remain unanswered at
this stage, particularly those relat-
ing to performance of the equip-

* Commercial organizations are reminded
that licenses under various patents cover-
Ing the use of vacuum tubes and circuits
are required before any transmitting or
recelving equipment embracing these pat-
ents may be offered for sale. Most equip-
ment manufacturers hold licenses for this
purpose. QOthers are advised to secure
licenses before proceeding.
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ment in the field. Within the limits
of its resources, the staff intends to
test the system and to report the
results objectively, good or bad, in
coming issues. But the full poten-
tialities of the service can be recog-
nized only after an extensive test,
conducted by many groups in differ-
ent parts of the country and under
different conditions.

To make possible the widest use
of the designs, a primary objec-
tive of the program has been to
use standard and conventional com-
ponents throughout, and to elimi-
nate entirely the need for specially
machined cavities and other diffi-
cult-to-construct items. Cost fig-
ures will be published as the pro-
gram proceeds. At the moment it
appears that the investment in
parts and materials, for a complete
465-mc crystal-controlled transmit-
ter-receiver (without power ampli-
fier) including power supply will be
under one hundred dollars at cur-
rent net prices.

Although the aim has been sim-
plicity and inexpensive construction,
the equipment has been required to
meet the more strict of the two pro-
posed FCC frequency tolerances and
to meet standards of good engineer-
ing practice throughout.

FCC Specifications

Since the equipment under de-
velopment was designed to meet
FCC regulations, it is pertinent to
state the proposed FCC specifica-
tions In accordance with FCC Pub-
lic Notice 8387, issued June 27,
1947, it is proposed to divide the
citizens band into three regions.
The central region extends from 462
to 468 me, within which any ap-
proved equipment may be used, in-
cluding equipment of poor frequency
stability (Class B stations, == 0.4 per
cent). The other two regions are the
band edges from 460-462 mc and
468-470 me, within which only
equipment having excellent fre-
quency stability (Class A stations,
0.02 percent) may be used. The 460
to 462-mc region is restricted to
equipment operating at fixed loca-
tions; the other regions are for
fixed, mobile, or portable operation.

Modulation may be of the ampli-
tude, phase, or frequency type, and
all sidebands are to be confined
within a 200-kec band. Transmission
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may be by c-w radiotelegraphy, ra-
diotelephone, or facsimile. The
input plate power to the final stage
must be limited to 50 watts in the
band-edge regions and 10 watts in
the central region. Spurious radia-
tions from the transmitter must be
eliminated or reduced in accordance
with good engineering practice, and
in any event shall not cause inter-
ference to receivers of good engi-
neering design tuned outside the
460 to 470-mc band.

When a manufacturer intends to
produce 100 or more units of a given
type, he may submit a typical pro-
ductjon equipment to the FCC for
type-approval tests, If the equip-
ment meets FCC requirements it
will be awarded a type-approval cer-
tificate and thereafter transmitting
licenses may be issued to applicants
owning such equipments. If less
than 100 units are to be manufac-
tured, type-approval tests will not
normally be conducted but full in-
formation on the unit may be for-
warded to the Commission which
may, at its discretion, decide to test
a sample in accordance with the
standard type tests.

Choice of Basic Design

In developing the ELECTRONICS
Citizens Radio equipment, it was
decided to construct initially an
equipment which would meet the
Class A specifications, that is, 0.02
percent frequency tolerance. This
choice was dictated by two factors:
first, such equipment can be used
for any purpose, anywhere in the
band; second, the specifications
could be met by a straightforward
engineering approach using crystal
control, whereas the Class B design
might require an extensive investi-
gation into non-crystal-controlled
stable oscillators. As the program
proceeds, it is hoped that a suitable
Class B design, consuming the mini-
mum amount of space, weight, and
power, and taking advantage of the
0.4 percent frequency tolerance, will
be evolved.

Since the 0.02 percent tolerance
virtually demands crystal econtrol,
it was decided to produce the simpl-
est possible crystal-controlled trans-
mitter, using conventional minia-
ture tubes, tuned circuits, and
simple square cavities. All metal-
working would be confined to that
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possible with a drill press (or, in a
pinch, a portable electric drill), an
ordinary vise, and usual small tools.
The estimate of primary power re-
quired was 50 watts, so it was de-
cided to build the equipment for
mobile use in vehicles having a six-
volt storage battery, or for fixed
station operation.

The r-f power-output specifica-
tion was -broken down into three
categories. The initial transmitter
would have a power output less than
one watt (the actual unit produced
one-quarter watt at carrier fre-
quency, as measured by a Bird watt-
meter) and would be suitable for
short-range operation. A power
amplifier, employing standard com-
ponents, would increase the power
output to about 3 watts. A more
complicated power amplifier, em-
ploying a lighthouse tube and re-
quiring some skill in machining
cavities, would permit operation at
the maximum permissible level of
50 watts input to the final stage.

Frequency modulation (actually
phase modulation plus frequency
multiplication) was decided upon
for the following reasons: A simple
phase-modulation network is avail-
able which uses a germanium crys-
tal and will provide about 15-kc
deviation after multiplication from
a 4.3-mc crystal frequency to the
465-mc carrier frequency. This
modulation system is simpler and
consumes less power and tubes than
the corresponding amplitude modu-
lator. The power efficiency of the
final stage is higher when f-m is
used. Finally, the signal-to-noise
performance of the system as a
whole, and consequently the range
of coverage, is superior on f-m pro-
vided a high modulation-index is
used and the receiver is built for
high sensitivity. Both of the latter
requirements are met in the design.

Basic Transmitter

The first equipment, the basic
transmitter described in detail in
the following pages, follows the
plan just outlined in all respects.
It employs but four tubes, pro-
duces a crystal-controlled carrier
at 465 mc with 0.25-watt output
power. All the tubes are standard
miniature types mounted in stand-
ard sockets. Ordinary tuned cir-
cuits are used up to the final stage,
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at which point two resonators, (ac-
tuallyv loaded sections of coaxial
line, built in square shape) are in-
troduced. A frequency multiplica-
tion of 108 times is achieved in
three tubes, two of which are double
triodes.

The transmitter is designed as

one of three units of similar size,

all of which will be mounted in a
single container in the completed
transmitter-receiver. The other two
units are receiver, and power-sup-
ply control-switching unit.

Equipment Test

The basic transmitter was sub-
jected to a test in the field at Boon-
ton, N. J., on September 10, 1947.
The assistance of Jerry Minter of
the Measurements Corporation, in
measuring the field strengths and
providing test facilities, is much
appreciated. In the test, two quar-
ter-wave ground-plane vertical an-
tennas were used, one mounted on
the top of an automobile, the other
placed on the laboratory roof at an
elevation of 15 feet. The transmit-
ter was operated firom the car. The
transmitter power supply, a vibra-
tor power pack, was supplied from
the car battery at 6.4 volts and pro-
duced 135 volts on the plates of the
tubes. A carbon-button microphone
and microphone amplifier, mounted
on the power supply chassis, fed
audio voltage at 5 volts level to the
phase-modulation network of the
transmitter proper. The transmit-
ter was placed on the front seat of
the car. During six hours of test-
ing, including driving over rough
country roads, the transmitter re-
mained in adjustment and gave no
trouble whatever.

To measure field strengths, an
AN/APR-4 search receiver with
self-contained signal-strength me-
ter was employed. This produced
a 30-mc carrier (the intermediate
frequency) which was detected by
a Hallicrafters model S-27 f-m
a-m receiver and fed to a loud-
speaker. The input signal to the
APR-4 receiver (picked up by the
ground-plane antenna on the roof)
was compared by the substitution
method with the output from a
Measurements Corporation model
84 uhf signal generator. A match-
ing stub was used to secure a proper
match to the antenna.
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The following results were ob-
tained: An input signal of 200
microvolts was developed when the
transmitter antenna was located at
25 feet. This is lower than would
be expected from a radiated power
of 0.25 watt, which is the output
measured in the laboratory. The
loss probably is accounted for by a
mismatch between the transmitter
and its radiator. The signal
strength decreased as the inverse
first power of the distance (when
line of sight prevailed) out to a
distance of 1600 feet (approxi-
mately one-third mile.) No longer
line-of-sight path was available at
this location. Complete quieting of
the receiver occurred, with conse-
quent full intelligibility of the
speech modulation at a receiver in-
put of 8 microvolts, and bare intel-
ligibility was achieved with 4 micro-
volts input.

Although this test was not in-
tended to show any propagation
effects, some incidental observations
were made which indicate factors
to be studied at length when propa-
gation tests are begun. It was
found that foliage produced a pro-
nounced shielding effect, so much
so in fact that communication could
not be maintained beyond one-half
mile since heavy foliage intervened
along the roads available at the
Boonton location. In one quantita-
tive test of this effect, it was found
that a single row of small birch and
poplar trees about 50 feet from the
transmitter, then located 1500 feet
from the receiver, introduced an at-
tenuation of two-to-one in voltage.

The tests revealed that the trans-
mitter would survive rough usage
without loss of adjustment, and
showed that in-the-clear transmis-
sion paths up to one-third mile could
be covered adequately with the
equipment putting out substantially
less than its full output. However,
even with a properly matched an-
tenna, it was clear that higher
power (available from the power
amplifier scheduled for test in the
near future) would be required for
full coverage at greater distances,
particularly if obstructions and foli-
age intervened. These matters will
be investigated in tests to be con-
ducted in future weeks. —D.G.F.

(1) Wualter €. lollis. Design of Trans-

mission Line Tank Circuits, ELECTRONICS,
D 130, May 1947,
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Top view of transmitter. Output of 4.3-mc crystal (lower right) is multiplied 108 times in three tubes to 465 mec.

triode (left), produces one-quarter watt output

Final stage, a 6J4

TRANSMITTER for the

Citizens Radio Service

Simple low-power f-m unit, using conventional tubes and components, meets FCC Class-A
specifications for 460 to 470-mc¢ band. Phase modulation and crystal control produce
stable quarter-watt output in unit designed as part of portable-mobile equipment for

general public

HE equipment deseribed in this
article was constructed as part
of the ELECTRONICS Citizens Radio
Project. The purpose of this proj-
ect, as well as the philosophy under-
lying the design of the equipment
and results of initial tests, are stated
elsewhere in this issue (p 80). The
present treatment is intended to
provide sufficient discussion of the
electrical and mechanical details of
the transmitter to permit its con-
struction and adjustment by those
readers who may wish to copy it
for their own use.
The transmitter is a direct crys-
tal-controlled unit emploving four
tubes and a phase-modulation net-
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work. The power output of the final
stage is one-quarter watt at the
center frequency of the citizens
band, 465 mc. This power level is
small. and is admittedly not suffi-
cient to permit full utilization of
the citizens band when obstructions
intervene in the transmission path.
However, a surprisingly large range
can be covered in direct line-of-
sight with this power output. A
line-of-sight path of 25 miles
(transmitting and receiving anten-
nas elevated 100 feet or higher) can
be covered with a power output of
only 11.5 milliwatts, using dipole
antennas, with a receiver noise fig-
ure of 10 db and a carrier-to-noise
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ratio of 10 db. This computation is
based on the well known relation
which gives the attenuation between
half-wave dipole antennas in free
space:

6472r2 db

Attenuation = 10 logy 9 n {1

where the distance r between trans-
mitter and receiver and the wave-
length A are in the same units, e.g.
meters. It is expected (although
tests have not yet been completed
at maximum range) that the trans-
mitter described will cover a 25-
mile line-of-sight path with 20-db
carrier-to-noise ratio.

The phase modulation network,
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By
WALTER C. HOLLIS

Radic Engineer, Sperry Gyroscope
Company®

Part I

of a Series

Bottom view, showing interior of resonators and coupling loops.

Conventional coils

are used up to 116 me

Side view. showing enclosed quarter-wave-line resonators at input and output of final
stage

described later in this article, is
designed to produce a maximum
modulation of 28.6 degrees (one
half radian). At the lowest modu-
lating frequency in the voice band
(800 cps) this phase deviation will
produce a frequency deviation of
approximately 16 kc when a fre-
quency multiplication of 108 times
is introduced between modulator
and carrier output. This deviation
compares favorably, in its ability
to reduce noise, with the 75-ke
deviation employed in f-m broad-

* The equipment described was produced
by Mr. Hollis as an independent consultant
to the MecGraw-Hill Publishing Company.
For a full account of ELECTRONICS Citizens
Radio Project, see p 80.
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casting provided the maximum
modulating (voice) frequency is re-
stricted to 3,000 cps. The deviation
produces sidebands which are well
within the 200-ke channel width
specified by the FCC regulations.

Circuit Description

As shown in the block diagram
of Fig. 1, the transmitter employs
a 6AK5 crystal-controlled oscillator,
a 1N34 germanium crystal diode in
the modulation network, a 6J6
twin tripler, a 6J6 tripler-doubler,
and has a 6J4 doubler in the final
stage.

The oscillator employs the screen
as the plate of a conventional tgtp.
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oscillator. The output of this crys—
tal-controlled oscillator is electron
coupled through the plate to the
phase modulating network. The
phase modulating network is a con-
stant-impedance network, the phase
of which is varied through audio
modulation on the erystal diode.

The phase-modulated carrier of
4,305.560 kc drives one unit of the
first 6J6 tube as a tripler. The trip-
led output then feeds the other unit
of this same 6J6 as another tripler.
The output of the first 6J6 is thus
nine times the crystal frequency, ox
38.75 mc.

One unit of the second 6J6 is
driven as a tripler whose output
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feeds the other unit of the same 6J6
as a doubler. The output of the sec-
ond 6J6 is fifty-four times the crys-
tal frequency, or 232.5 me. All sec-
tions of the 6J6 are conventional
grid-driven harmonic generators,
The output stage of the transmitter
is a 6J4 employed as a grounded-
grid doubler, the output feeds the
antenna through a coaxial cable.

Circuit Details

The complete schematic diagram
of the 465-mc transmitter is
shown in Fig. 2. Values of all

component parts are indicated. A
6AKS, V), is used as the oscillator-
buffer. The screen, grid, and cath-
ode are used as a triode in the con-
ventional oscillator, ¥, is a quartz
crystal which, together with C., de-
termines the frequency of oscilla-
tion. C, is used for fine frequency
adjustment. R, in series with R,
provide grid bias through grid rec-
tification. In addition, R. is by-
passed for r-f by C, and is used as
a metering resistor for oscillator
grid current. L, is a permeability-
tuned coil which, together with C.

o
108¢ I
6AKS N3 6J6 64 |
1 {

CRYSTAL | f PHASE  |f/#) I 9f I 54f o
CONTROLTLED MODULATING =l 3! | 2 39 | DOUZBIER
OSCILLATOR BEAWORE TRIPLERTRIPLER TRIPLERI' DoUB-

] 1 | LER
: (4305560 KC)|  |(IN34 CRYSTAL) ! i J (465 MO)
]

FIG. 1—Block diagram of transmitter.

Tubes are conserved by operating three 6J6

triode sections as triplers. Phase modulation network produces 25-k¢ deviation

and screen-to-cathode tube capaci-
tance, forms the screen resonant
circuit. R, drops the voltage sup-
plied to the screen of the 6AK5 tube
and, with C,, forms a decoupling
filter.

The output is coupled through the
plate. Output voltage for driving
the first tripler is developed across
the modulating network to be de-
scribed later. L. is a permeability-
tuned coil which, with C,, the out-
put capacitance of the oscillator and
the input capacitance of the first
tripler, constitutes the plate reso-
nant circuit. R, is a dropping re-
sistor which places the plate voltage
below the screen by a sufficient
amount to reduce output voltage to
the level required by the modulating
network. R, and C, form the plate
decoupling filter. C, and C, are
blocking capacitors. R, and R, de-
velop the necessary grid bias for the
first tripler through grid rectifica-
tion. R, bypassed by C.. serves as a
grid metering resistor for the first
tripler.

Components Y, and C, are the
frequency control and frequency

7

O FEED THROUGH METERING POINT =

C., C;—Erie Ceramicon TS2A trimmer,
7t045 puf

Cs, Cs, Cio, Cui, Cy5, Cir—350 wuf sil-
vered mica

Ci, Cs—56 uuf silvered mica

Cs, Ci, Cpy Cyy, Cuy, Cis—700 uuf sil-
vered mica

Co—Erie insulated Ceramicon, 12 wuf

Cis, Cor—70 puf silvered mica

Cis, Cys, Cos—Erie 370FA button mica,
235 puf

C;o. Coay, Cys, Cor—see text

X STAND-OFF iNSULATOR 3] R,

MODULATION THRY
6200 OHMS TD GND

Coy—FErie 170BI button mica, 1,000

o
Cas, Ciy—Erie 370113 button mica,
1,000 uuf

Li, Ly—see text
Ls—r-f choke, 1 inh
L; to Lig—see text

Ri—Allen-Bradley, 250,000, Iw

R:, Re—Allen-Bradiey, 10,000, 3w

Ri. Ri—Allen-Bradley, 15,000, i w

R;, Ry, Rig—Allen-Bradley, 10,000, § w

+120V

Rs, Ry, Riz—Allen-Bradley, 1,000, L w
Rs, Riz—Allen-Bradley, 100, 1 w
Ris—Allen-Bradley, 6,800, 1 w
Ris—Allen-Bradley, 390, 1 w

Vi—6AK5
V,, V;—6J6
Vi—6J1

Y —Auxiliary crystal

Y:—Hunt Corp. CR7Y,
crystal

Y;—IN31 crystal diode

1,305.560-ke

FIG. 2-—Complete schematic of transmitter. Socket orientation and feed-through numbers correspond to mechanical layout of chassis,
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shown in the drawing at the right
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adjusting elements for supplying
the local oscillator frequency for
the receiver, to be described in a
later issue.

The oscillator plate circuit load
is the modulating network consist-
ing of C,, Y,, L, L., Cw and a 6,-
200-ohm resistor in series with a
low-impedance modulating source.
This network is the same as that
used in the Raytheon cascade-phase-
shift system’, with a IN34 crystal
(Y,) replacing the cathode follower.
For the network to present a con-
stant impedance, the reactance of
L, must be twice the reactance of
C.. L, presents a high impedance
to the oscillator frequency, but pro-
vides a low-resistance d-c return
for the rectified current of modu-
lating crystal, Y.. Y., in combina-
tion with C,, and the 6,200-ohm re-
sistor in series with the modulating
voltage, presents a variable resistor
which is a function of the modu-
lating voltage, in series with C..
This variation in resistance causes
the phase angle of the impedance

tron-coupled oscillator output is es-
sentially a constant-current genera-
tor, the voltage developed across
the modulating network is phase
modulated with negligible residual
amplitude modulation. This prop-
erty of negligible residual ampli-
tude modulation is used to tune Le..
The procedure used is discussed
under tuning adjustments.

All succeeding multiplier stages,
except the final stage, are conven-
tional grid-driven triode harmonic
generators, employing the dual tri-
ode 6J6. FEach stage except the
first doubler employs conventional
double-tuned circuits. These offer
ease of excitation adjustment, free-
dom from parasitic oscillations, and
good harmonic rejection. Grid bias
resistors have been chosen for opti-
mum output. Both 6J6 tubes, V, and
V., are protected from overload due
to loss of excitation by cathode bias
resistors Rs and R, respectively.

The output tank circuit for the
first doubler is unconventional. The
tank circuit is a reentrant reso-

loading is a variable capacitor, Coas,
and the inductive portion L. con-
sists of a length of short-circuited
transmission line in a sheet metal
shield. The plate supply is bypassed
to ground by capacitor C., and is
series fed through filter choke L.,
self-resonant at about 230 mc.

The output tube, V,, is a 6J4 em-
ployed as a grounded-grid doubler.
The output of the first doubler, at
232.5 mc, is inductively coupled to
the cathode of V, by means of pick-
up loop L. As the driving imped-
ance of a grounded-grid doubler is
very low (a few hundred ohms), the
circuit is untuned and noncritical.
The output tank circuit is another
transmission line resonator con-
sisting of a variable capacitor, Ca,
and a length of short-circuited
transmission line, L. The plate
supply is shunt fed through the fil-
ter arrangement consisting of Cu,
L, and Cx. The output to the an-
tenna is coupled through a pickup
loop, Ly Grid bias is supplied by the
voltage drop through cathode re-

to vary in accordance with the nator of the capacitive-loaded trans- sistor R, bypassed for r-f by Cax.
modulating voltage. As the elec- mission-line type’. The capacitive Ly, and L., are self resonant chokes
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HOLE SPECS:
Feed-throughs 1 to 12-G drill (2 to 1
Stand-offs 1’ to 7/, #30 drill
Coils L1, L2, L3, L6, L7, L8-}” drill

spaced 7/16"

Capacitors Cl. C2-3/16" drill spaced 7/8", #30 drill

Capacitors C19, C25, C20-#36 drill
Capacitors C20, C21, C23, C27-1" drill

0, Spaced 3/4")
Tube sockets
spaced 7/8"

1 11/16"

for V1, V2, V3, V1-21/32" hole, #30 drill
Lock-in socket for Y1, Y2-1 5/16” hole, # 30 drill spaced

FIG. 3—Mechanical layout of chassis. Slight differences from layout shown in photos have been introduced o simplify construction,
Relative location of tube sockets and resonators is critical
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which place the filament at the same
r-f potential as the cathode. C, by-
passes all filaments to ground.

Parts List

In addition to the parts listed
with the circuit diagram, the fol-
lowing are required:

1 lock-in socket

4 miniature tube sockets

6 National XI50 coil forms

4 E. F. Johnson capacitors, type 160-107
(3-15 uuf)

Note: Modify Johnson capacitors C20, Cn,
Ozs, and C2r to have three stator plates and
four rotor plates.

14 glass-sealed feed-throughs (such as
Electrical Industries, Inc. type AB-
80W-PP)

7 stand-off terminals (such as Winchester
Co., stand-off No. 754)

3 1-watt Allen Bradley resistors, 100,000
ohms or larger

1 l%-watt Allen Bradley resistor, 100,000
ohms or larger

1 CIU-UG-58/U
nector

Miscellaneous hardware, wire,
1/82-inch half-hard sheet brass

panel mounting con-

solder,

At current net prices, total cost
of parts is approximately $40.00.

Coil Specifications

L, I3, 15-—41 turns No. 27 heavy formvar
wire, close wound on Nafional XR-50 form

L—250-microhenry universal-wound r-f
choke (commereinl tolerances can be com-
pensated by adjustment of (g)

L*—50 turns No. 29 heavy formvar wire,
close wound on National XR-50 form

L’—15 turns No. 20 heavy formvar wire.
close wound and centered on National
XR-50 form

L8—12 turns No. 20 heavy formvar wire,
close wound and centered on National
XR-i50 form

L*>—4 turns No. 14 tinned copper wire,
Yo ineh diameter, space wound for 7/16
inch length, selt-supported between Ca and
stand-off No. 1

Lic—3 turns No. 14 tinned copper wire,
1% inch diameter, space wound for 14 inch
length, self supported between Ceo and feed-
through No. 11

Lns, Ly, Lim—151% turns No. 22 plain
enameled, close wound on 1-watt Allen-
Bradley resistor, 100,000 ohms or larger,
dipped in glyptal

L®-—12 “turns No. 22 plain ena meled,
close wound on 34-watt Allen-Bradley re-
sistor, 100,000 ohms or larger, dipped in
glyptal

Chassis Construction

The chassis is of conventional
sheet metal construction shown in
the photographs. The chassis is
made entirely of & inch half hard
sheet brass. The completed chassis
consists of a drilled base 12% by 4
by 48 inches upon which are
mounted two resonators for the final
multiplier stages. With the reso-
nators and all parts and tubes in
place, the overall height is 44 inches.
The details given below are slightly
different from the photographs.
These changes have been made to
simplify the construction and do
not impair the performance.

The bottom view of the chassis
layout is shown in Fig. 8. All holes
have been identified with the com-
ponent indicated on the circuit dia-
gram of Fig. 2. A mounting lip
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projects § inch below the bottom of
the chassis on all four sides, as is
seen in the sectional elevation view
of Fig. 4. Two mounting holes for
the resonators are provided in the
chassis base. The cutout for the
resonator for the first doubler is
27 x 3% inches; for the second it
is 27¢ x 11% inches. Lips projecting
g inch above the top of the chassis
base are provided for mounting
each resonator.

The layouts for the first doubler
resonator shield and the second
doubler shield are shown in Fig. 5
and 6. After cutting, the shields
should be bent as shown in Fig. 8
and 4, and soft soldered along the
quarter-inch lips provided in the
layouts. The shield for the second
doubler resonator should have its
center conductor, consisting of 3-
inch diameter by ;-inch wall brass
tubing, soldered into place as indi-
cated in Fig. 8 and 4. In addition,
covers with #-inch lips should be
made to fit each shield. These may
be anchored in place by 4-40 screws
tapped into the shields. The cover
for the output resonator should be
drilled for mounting a UG-58/U r-f
fitting for the output connection,
as shown in the photographs. All
chassis parts should be cadmium
plated to resist corrosion.

After plating, the parts are as-
sembled as follows: C,, a 1,000-puf
type 470-BA button mica capacitor,
is centered and soft soldered over
the 3-inch hole in the shorted end
of the first doubler shield. In addi-
tion, two glass-sealed feed-throughs
are soft soldered into the G drill
holes provided. These are used to
mount output pickup loop L.,, which
is made of No. 14 tinned copper
wire, approximately 1 x % inch. The
center conductor should next be in-
stalled. It is made of #-inch brass
rod of length indicated in Fig. 4
and threaded on the end for 2-56
nuts. The center conductor should
be bolted through C, with a lug
provided for mounting L. The as-
sembly constituting L., and L, is
then mounted on the chassis base
by means of the mounting lip and
4-40 screws tapped into the shield.
The inside junction between the
shield and the chassis base should
be soldered to provide a solid elec-
trical connection. C. should then
be mounted on the chassis and the
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two stator uprights soldered to the
center conductor. This assembly
constitutes the complete resonator
for the first doubler. The mount-
ing holes for the socket for V., are
so aligned that terminal No. 2 may
be soldered directly to the center
conductor of the resonator.

The output resonator is next as-
sembled. C., L., and C., are as-
sembled to the center conductor by
soldering as indicated in Fig. 4.
C= is mounted and the two uprights
soldered to the center conductor.
The resonator then is mounted on
the chassis base by means of the
mounting lips and 4-40 screws
tapped into the resonator shield.
The socket for V, is next mounted
and terminals 1, 5, and 6 soldered
directly to the output resonator.

All  feed-through connectors
should next be soldered into holes
provided in the chassis base. All
other components may then be
mounted on the chassis base, taking
care to align all terminals for short-
est connections. C, and C. are
mounted such that terminals 5 and
1, respectively, on the tube socket
for V, may be soldered directly to
the terminal lugs provided on the
capacitors. L, and L,, are mounted
axially and the spacing adjusted
during tune-up for maximum drive
to the first doubler. Where possible,
series resonance is employed in the
mica bypass capacitors.®

Tune-up Procedure

After the transmitter wiring has
been checked, the tubes and crystal
may be installed in their respective
sockets and voltages applied. Fila-
ment supply at 6.3 volts is applied
between stand-off terminal No. 2
and ground, and 150-volt d-c plate
supply between terminal No. 4 and
ground.

Test equipment used included a
20,000 ohms-per-volt test analyzer
such as the Simpson Model 260, an
audio oscillator, and a cathode-ray
oscilloscope. A set of absorption
wavemeters is useful to assure that
the proper harmonic is tuned in
each stage.

First connect the voltmeter be-
tween metering point 1 and ground.
Starting with the poly-iron slug of
L, all the way in, screw out the
slug, watching grid current as
registered on the voltmeter. Note
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FIG. 6—Shield can for 465-mc resonator,

If dimensions are followed accurately,

both resonators may be tuned over band without mechanical adjustment, by adjusting
loading capacitors

maximum reading and back off to
about half of the maximum read-
ing.

Next connect the audio oscillator
through a 6,200-ohm resistor be-
tween stand-off 5 and ground, and
set the output to about 5 volts. Con-
nect the vertical amplifier of the
cathode-ray oscilloscope between
metering point 5 and ground.
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Through grid rectification in the
first tripler, any amplitude modu-
lation occurring in the modulation
network appears across R, and may
be seen on the oscilloscope. Adjust
L, for a null (or minimum) as seen
on the oscilloscope. L. is now prop-
erly adjusted and should never be
retuned except by this method. The
audio oscillator and oscilloscope
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may now be disconnected and the
6,200-ohm resistor returned to
ground.

The voltmeter should now be con-
nected between metering point 7
and ground and L, and L, adjusted
for maximum grid drive as indi-
cated on the voltmeter. The absorp-
tion wavemeter should be used to
make sure that the proper harmonic
is tuned. All other stages are tuned
in a similar manner using succes-
sively metering points'9, 11, and 12.
The output resonator is tuned for
maximum output into a load or an-
tenna. Output loop L. should be
adjusted for maximum output.

The following table gives repre-
sentative readings obtained with a
20,000 ohms-per-volt analyzer con-
nected to various stages.

Analyzer Lead Meter
Connections Reading
+ = (Volts)
Ground 1 0.6
Ground 5 3.2
Ground 7 38
Ground 9 33
Ground 11 15
12 Ground 8
4 3 65
3 2 30
4 2 103
4 6 5.2
4 8 8.2
4 10 7.4
4 L 23.5 ma
4 L 18 ma

The last two readings should be
taken by opening up the plate sup-
ply leads and inserting the meter
in series.

An output of approximately 1
watt was measured using a Bird
Wattmeter, Model 63-A. The out-
put loop was made of No. 14 tinned
copper wire with dimensions % x 3
inch. Using improved coupling
means, it is expected to increase the
output to 3 watt.
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Explosion-pressure recorder setup for use with remotely located capacitance-type pressure pickup. Operator adjusts bridge control
unit with left hand and single-sweep generator with right hand while viewing pattern on oscilloscope screen through peephole along-
side camera on hood. Unit at right is sweep tripper contirol unit

Measuring Pressures of

NVESTIGATIONS and tests
to eliminate or reduce damage
from explosions have been devoted
to methods of preventing explo-
sion damage in rooms or build-
ings, both from dust and from
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FIG. 1—Cross-section of capacitance-type

pressure pickup. Sound waves act on steel

diaphragm at lef:, causing capacitance

between grounded diaphragm and insu-

lated brass plate behind it to vary. Shell

and retaining plug are turned from 1%-inch
hexagonal steel stock
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flammable liquid vapors. The
method usually involved determin-
ing, in a specially constructed build-
ing, the ratio of free venting area
to building volume required to pre-
vent obvious excessive pressure or
stress in the structure. The work
has also included explosions in ves-
sels and pipe lines with vapor-air
mixtures and also mixtures of air
with hydrogen and acetylene.

Until recently, no wholly satis-
factory instrument was available
for obtaining pressure-time dia-
grams under such a wide variety of
test conditions. Without an accur-
rate pressure record there was no
assurance that presumably identical
explosion tiests were being dupli-
cated with respect to pressure, and
the results of tests could not be
applied with any degree of confi-
dence to other conditions.

The pressure recorder described
here meets all requirements for ex-
plosion research. It is adaptable to
a wide range of maximum pressure,
and it can be used for static condi-
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tions as well as for varying rates of
pressure change, including those
encountered in industrial explosions
and water hammer. Because of the
characteristics of the design, it is
relatively independent of humidity,
temperature, and extraneous pres-
sure. A most important feature is
that the design facilitates calibra-
tion in a very short time either be-
fore or after an explosion or othez
pressure test.

General Test Requirements

Occasionally tests are run which
represent considerable time and ex-
pense for the setup, and it may be
desired to obtain an accurate pres-
sure record on an explosion which
may mnot again be reproduced
quickly, so that checking of results
by many tests is not practical. Con-
sequently, every individual test
record should be completely reliable.
Sometimes it is desired to measure
pressures from an explosion the
exact time of which is not predict--
able. For such cases the recording
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Explosion of magnesium powder in a heavy concrete test tunnel at the Factory Mutual Laboratories is typical of accidental explosions
but is set off under controlled conditions so that pressures can be measured and recorded to determine safety of various industrial
conditions. Other tests include explosions of cleaning fluids in enclosed spaces and explosions of black powder in pipes

Industrial Explosions

Capacitance-type pickup feeds cro through 10,000-cps bridge to give pressure-time dia-

grams covering from 2 psi for dust explosions to 3,000 psi for gas-air mixtures in pipes,

with calibration on static pressures. Automatic tripper circuit responds to explosions

By NORMAN J. THOMPSON and EDWARD W. COUSINS

Director

Research Engineer

Factory Mutual Laboratories
Boston, Massachusetts

apparatus must be actuated auto-
matieally by the explosion pressure
wave.

Some explosions, such as dust ex-
plosions in building structures, may
give rise to maximum pressures of
only two or three psi and the time
required to reach peak pressure
may be one-half second or even
more. With other explosions, such
as gas-air mixtures in pipe lines or
closed vessels, maximum pressures
may be of the order of 100 psi, or
in some cases 2,000 to 3,000 psi,
with pressure rise rates at very
high values. Pressures due to water
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hammer in supply lines to sprin-
klers or in other hydraulic systems
also develop very rapidly and may
reach high peak values.

In explosion tests involving dusts
or vapors in large areas, the decay
of pressure may occur at such a
slow rate that the pressure condi-
tion is almost static. Since the de-
vice must be used on static or near-
static conditions, it is desirable to
be able to calibrate the device stat-
ically in a very short period of time,
either before or after any test.

In some tests it may be desired to
locate the gage inside a building or
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FIG. 3—Pressure-time diagram for typical industrial explosion producing 6.7 psi in
25 milliseconds (A), with peaked 60-cps timing wave and static calibration (horizontal
traces) at 5 psi, as photographed with Super XX film at £/4.5 on SLPI green tube
using maximum beam intensity. Improved contrast (B) is obtained by using a 5LP11
blue tube at reduced beam intensity with Eastman Linograph 5244 film and an /3.5

camera;

this diagram is for a similar explosion producing maximum pressure of

7.8 psi, taken by means of automatic sweep tripper that started record at 0.57 psi

vessel as a space gage, whereas in
other tests the gage must be ex-
ternal to piping or vessels.

In order to carry on varied ex-
perimental work, both inside and
outdoors, it is essential that a pres-
sure gage have certain characteris-
tics. It should be accurate at least
within 5 percent, and preferably
within 2 percent or less. It should
be able to operate satisfactorily at
ambient temperatures from well
above 100 F down to minus 50 F.
Neither humidity nor transient
temperature conditions should pro-
duce any serious error in results.
The pressure pickup should be de-
signed in such a manner that a wide
variety of pressure ranges can be
quickly and easily obtained by re-
placement of a simple element.

In the gage developed, a resist-
ance-capacitance bridge circuit is
used in which the pressure pickup
acts as a variable capacitance in one
leg of the bridge. Apparatus used
includes an RCA 154 beat-fre-
quency oscillator, a Du Mont 208B
oscilloscope, and a Du Mont 215
single-sweep generator.

It is desirable in many cases to
have a definite record of negative
pressures, because there are times
when these may not be so small nor
of such duration as to be entirely
disregarded. Experimental work on
the new gage was conducted with-
out such differentiation (that is, in
a condition of complete balance at
zero pressure) because this revealed
the most about the gage character-
istics. However, negative pressures
can be shown easily by adjusting
the bridge circuit to an unbalanced
condition at zero pressure.
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The pressure pickup was built
according to the design shown in
Fig. 1. The diaphragm thickness
may be selected to accommodate a
wide range of maximum pressures.
For use as a space gage the hole in
the retaining plug would be
threaded to accommodate half-inch
pipe or conduit to support the gage
and shield the connecting cable
from temperature and pressure
changes. The conduit, plug, and
shell would be grounded.

Circuit Characteristics

In order to utilize the special
pickup, its eapacitance and the ca-
pacitance of the connecting cable
are balanced out so that only a
change in capacitance will be indi-
cated. A conventional RC bridge
circuit is shown in Fig. 2A in which
C, is the gage, C, the balancing ca-
pacitance, K, and R, the resistance
elements of the bridge, and M a cur-
rent or voltage detector.

OSCILLOSCOPE DEFLECTION IN INCHES

PRESSURE IN LB PER SQ INCH

FIG. 4—Static. calibration curve of pickup
when using 0.02-inch thick steel diaphragm
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It was found desirable to energize
the bridge circuit at a frequency of
approximately 10,000 cycles. In
order to avoid serious frequency
drift, it was necessary to use a
voltage regulator between the 60-
cycle power supply and the beat-
frequency oscillator.

For maximum facility in opera-
tion, it would be desirable to ground
the shell of the gage, the voltage
detector, and also one side or a
center tap in the power supply, but
there is of course no common point
for all three. Accordingly, for high-
speed work, where it is necessary to
use a cathode-ray oscilloscope as a
detector, it is essential that the
oscilloscope be grounded in its con-
nection at point B, which requires
that the power supply be isolated
from ground.

It was found necessary to shield
thoroughly all parts of the bridge
circuit and its controls in order to
eliminate 60-cycle pickup, some of
which came through from the oscil-
lator and could not be entirely bal-
anced out. Grounding the center
tap of the oscillator output trans-
former would eliminate most of the
60-cycle current transmitted from
the oscillator, but this would bypass
the bridge circuit with a signal
direct to the grounded oscilloscope.

Attempts to eliminate 60-cycle
current by inserting a small capaci-
tance in each lead from the oscil-
lator resulted in no advantage be-
cause even though the 60-cycle cur-
rent was eliminated, harmonics of
the oscillator frequency appeared,
undoubtedly due to the inductance
of the beat-frequency oscillator out-
put transformer. Similar difficul-
ties, either by generation of or sen-
sitivity to high-frequency voltages,
resulted from an attempt to use a
simple inductance choke between
the bridge output and ground.

The final solution, which gave
satisfactory results, involved the
use of a tuned filter connected
across the oscilloscope input to re-
Jject all but a relatively narrow band
of frequencies around 10,000 cycles.
This was accomplished by the use of
a 250-millihenry choke in parallel
with a 0.001-uf capacitor with a
variable vernier, as shown in Fig.
2B. With this circuit it was possible
to balance the bridge to a point
where the residual unbalance was
about 0.001 volt, equal to 0.1 inch
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deflection on the oscilloscope with
its amplifier adjusted to maximum
gensitivity. Since the bridge has a
ratio of unity, and the applied 10,-
000-cycle current to the bridge is
approximately 30 volts peak, this
represents a balance to within 1
part in 15,000.

Tn actual use, it was noted that
there was occasionally considerable
zero drift. This was caused by a
change in temperature, and was
almost wholly due to changes in
temperature of the single-conductor
microphone cable (20 feet long)
used to connect the gage to the
bridge circuit. Both resistance and
capacitance of the cable were
affected. To correct for these fac-
tors a two-conductor cable was sub-
stituted, with one inner conductor
and the grounded outer shield con-
necting the gage and bridge, and
the other inner conductor connected
in parallel with the balancing ca-
pacitance of the bridge. In spite
of this balancing arrangement, the
cable was found to be somewhat
pressure-sensitive. If the pickup is
used as a space gage, it would be
desirable to enclose the cable within
the space by pipe or conduit.

Application to Explosion Tests

In a series of preliminary tests,
the gage was used to measure the
pressure required to break glass
panes (14 x 19 inch) in one side of
a 8 cu ft enclosure and subjected to
explosions of flammable liquid
vapors with air. A typical result is
shown on Fig. 3A with accompany-
ing 60-cycle timing wave.

Other tests included breaking a
0.003-inch thick paper diaphragm
by explosions of black powder in a
short length of 6-inch diameter
pipe. A typical result is shown on
Fig. 3B. These pictures were made
with the 0.020 inch thick diaphragm
in the gage; the static calibration
for this diaphragm is given in Fig.
4. With a maximum useful range of
approximately ten pounds per
square inch, there is a range of
about 10 psi where the departure
from linearity is less than 0.2 psi.

When using this gage near maxi-
mum oscilloscope deflection, the
speed of travel of the beam at 10,000
cycles is too fast with the usual
green cathode-ray tube to give
photographs  having maximum
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sharpness. One solution for this
would be the use of a rectifier be-
tween the bridge and the oscillo-
scope input. However, this would
require an amplifier capable of a
wide range of frequency amplifica-
tion down to and including direct
current for static calibration. The
difficulty was overcome by substi-
tuting a cathode-ray tube of much
higher actinic intensity, the blue
Du Mont 5LP11.

For explosions the exact time of
which can not be predicted in ad-
vance, an automatic tripper circuit
was developed, utilizing a 6C5
amplifier and a 2051 relay tube as
in Fig. 5. The input is taken from
the oscilloscope deflection plate, and
the output is connected to the sin-
gle-sweep generator. This equip-
ment operates on a signal (with
some adjustment) equal to about
8 percent of the maximum useful de-
flection of 2 inches but under such
adjustment it is especially sensitive
to exterior electrical disturbances
such as turning on and off an incan-
descent lamp. In actual practice the
adjustment was made so as to trip
at 0.1 inch deflection, or about 5 per-
cent of the maximum. For explosion
work the loss of the first fraction
of the record is of no importance.
Possibly for other applications it
might be worth while to develop a
satisfactory delay, so as to be able
to photograph the entire pressure-
time diagram.

Stability and Pressure Range

The shape of the calibration
curve is affected only slightly by the
initial spacing between the gage
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FIG. 5—Automatic tripper circuit for start-
ing single-sweep generator when voltage
on deflection plate of cathode-ray oscillo-
scope reaches about 5 percent of maximum
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plates; within practical limits the
calibration of the pressure pickup
is essentially independent of the
spacing. The pickup was disassem-
bled many times with only a
minimum of care to recover the
same initial spacing (about 0.001
inch with normal takeup). In each
case when a known pressure was
applied to the pickup and the gain
control on the oscilloscope adjusted
to give the same deflection as the
original calibration, other pressure
points also fell on the original cali-
bration curve. This is important
gince it eliminates any necessity for
careful temperature compensation.

The stiffness and consequently
the linear limit of indication of
similar diaphragms of different
thicknesses will vary with the cube
of the thickness. Practically, in
order to obtain an essentially linear
calibration, the deflection of the
diaphragm at its center should not
exceed 50 percent of the initial spac-
ing. This relation of thickness to
useful limit was shown by test to
be true in calibration of diaphragms
of 0.010, 0.020, and 0.030-inch thick-
ness. Accordingly, the maximum
useful pressures of hardened steel
diaphragms of various thicknesses
would be 1.5 psi at 0.010 inch, 12 psi
at 0.020 inch, 40 psi at 0.030 inch,
100 psi at 0.040 inch, and 200 psi
at 0.050 inch. The natural vibra-
tion frequencies of these dia-
phragms are respectively 38,960,
7,920, 11,900, 15,800 and 19,800
cycles per second.

Since the modulus of elasticity in
compression of Lucite is of the
order of 500,000 psi, this material
cannot be used safely in the design
shown at pressures beyond about
3,000 psi. Bakelite or other insu-
lators having higher compression
modulus would have to be substi-
tuted, but these have a higher di-
electric constant which should be
avoided. It would be best for opera-
tion in the range up to 10,000 psi to
use a design in which the dia-
phraghm and shell are combined
integrally by machining from a sin-
gle piece of steel, thus avoiding
strain on the insulating space plug.
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F-M Chain Broadcasting

Economic salvation for the small f-m broadcaster may lie in the methods of relaying high-

fidelity programs from one station to another now used by the Continental Network and

others. Techniques employed successfully since 1939 include one that does not require

HERE are many aspects to the

problem of f-m broadcast eco-
nomics, all leading to the important
consideration, can f-m pay its way?
One important factor is how to uti-
lize a good, and probably expensive,
live-talent program on two or more
stations, each of which is located in
a mutually noncompetitive market
area. This is a problem that can
not be solved by the vice-president
in charge of advertising sales alone,
nor by the technical director alone.
But both these men know, or should
know, that they are treading on
neither strange nor dangerous
ground when considering the feasi-
bility of chain f-m broadcasting.

A certain elementary book on
calculus bears an inscription to the
effect that what one fool can learn
another can also. Although the f-m
pioneers are certainly no more fool-
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conversion to audio

ish than their new and enthusiustic
colleagues, the methods by which
they achieved success in a relatively
uncharted area were less often dry
victories of the slide rule than the
adoption of Major Armstrong’s phi-
losophy,—*“Make it work; then find
out what makes it work”. New-
comers in the f-m field may be
heartened by a review of a success-
ful past as well as by an active
present. The facts are here.

Original Relay System

The technique of relaying f-m
programs from a high-frequency
low-power station to a lower-frequ-
ency high-power station more suit-
able for broadcast coverage origin-
ated in the early experiments of
E. H. Armstrong and C. R. Runyon,
Jr., particularly between Yonkers,
N. Y. and Alpine, N. J. Aware of
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the success of these relays, P. A.
deMars, technical director of the
Yankee Network, felt secure in
planning a three-station network
without wires. He had been further
encouraged by frequent periods of
good reception on Mount Washing-
ton, N. H. (37,600 feet below the
optical horizon) of Alpine signals
on 44.1 megacycles since 1938.
This original commercial relay
system comprises a low-power
transmitter operating on 156 mega-
cycles (first assigned 133 me)
located on the roof of the Boston
studios used to program the a-m
and f-m stations of the Yankee Net-

work. The signals from WEOD,
Boston, are beamed towards the
main 50-kilowatt transmitter

WGTR in Paxton, Mass., serving
Boston and southern New England,
and are picked up there, about 45
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miles away, on a directional receiv-
ing array. The program is then
broadcast on 44.3 and 99.1 mc and
picked up on Mt. Washington, N. H.,
about 140 miles away, where it is
rebroadcast from WMNE, serving
northern New England on 45.1 and
100.5 me. Broadcasts from Paxton
started in May, 1939 and from
Mount Washington during the win-
ter of 1939—-40. Although there have
been failures at various points in
the circuits the total time off the
air has been such an extremely
small fraction of the total that it
has never been considered necessary
even to install local turntables and
transcriptions so as to provide local
sustaining programs during re-
pairs.

In general, two modulator equip-
ments are provided at each station.
The class-C amplifiers following are
not overworked and give relatively
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North Carclina demonstrafion
relay net planned for Na-
tional Radio Week. Qct. 27-
Nov. 1. Other possible relay
paths are also indicated
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Beam antenna for 156 mc atop Yankee

Network studios in Boston is used to pro-

gram Paxton transmitter about 45 miles to
west

little trouble. In a few instances,
the 50-kw pushpull amplifier at Pax-
ton was operated from several hours
up to two days with only one tube
filament lighted. Slight retuning of
the final was necessary, but the
majority of listeners were never
aware of the impairment to the
signal strength.

Cost Considerations

Time has indeed shown the feasi-
bility of the Yankee Network sys-
tem, but the original daring concep-
tion of the network was predicated
on two points. Although it might
have been possible to program the
Paxton transmitter by a wire line,
such facilities were not then avail-
able. The best offer that the tele-
phone company could make was a
line reasonably flat from 30 to 15,-
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000 cycles at an initial cost, to be
borne by the broadcaster, of more
than $75,000. The usual toll charges
for use of the facility would follow.
There could be no guarantee that
the line would be noise-free. On
that account, the radio program cir-
cuit was adopted as a major tenet
of the plan, and Radio Engineering
Laboratories furnished a unique
133-mc transmitter built to Major
Armstrong’s specifications at a
fraction of the wire line cost.

Inaccessible Location

Mount Washington is remote
from good wire lines. The broad-
casting facilities designed to use to
best advantage the summit of the
peak were approachable, at best,
through 7 miles of woods, to the
foot of the mountain, and then three
miles upward along a cog railroad.
Although winter telephone commun-
ication has been maintained off
and on since 1932 along this route,
the cost of installing high-fidelity
lines from the nearest suitable toll
center and maintaining them in the
high winds and other generally in-
clement weather would be extremely
costly. Practically, the only way to
program a Mount Washington
transmitter is by radio link.

The techniques and equipment
required for the relay system are
simple, but the actual installations
made were designed for less than
optimum conditions. At the Boston
studios (WEOD), a 8-element array
of dipoles, reflectors and directors
mounted one above the other on a
steel mast on the roof of the build-
ing was used. At Paxton a pair of
multiwave vee antennas, one above
the other and each backed by a
closely spaced parasitic reflector,
furnished more than adequate gain
for the program receiver used. In
actual practice, the final amplifier
in Boston was discarded at the time
of a change in frequency assign-
ment from 133 to 156 me. Besides
tolerating a power reduction at the
relay transmitter, it was found that
under conditions of abnormal icing
at Paxton a simple dipole with re-
flector and director, mounted behind
a glass-block wall near the 50-kw
transmitter, furnished adequate
signal for the program circuit.

On Mount Washington where
small structures must be protected
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from accumulations of ice or the
force of superhurricane winds, a
wooden tower was included in the
special building design to house
receiving or emergency transmit-
ting antennas.

The receivers used in the relay
technique were originally simply
good f-m receivers built for Major
Armstrong for general demonstra-
tion purposes. When Mount Wash-
ington went on the air, the General
Electric type JFM-90 home receiver
had become available and so this
equipment was modified slightly for
somewhat greater r-f gain and
selectivity as well as for a more
convenient output impedance. In
general all these receivers were also
provided with two audio outputs,
one with a standard RMA restorer
(de-emphasis circuit) for audio
monitoring and the other maintain-
ing the pre-emphasis introduced in
the original transmitter. In this
way, it is not necessary to restore
and pre-emphasize the signal again
at each succeeding station in the
chain. At a later date, simple
heterodyne converters were added
to the JFM-90 receivers and they
serve for reception on 156 mega-
cycles as well.

Intercompany Relays

On Dee. 4, 1939, a program origi-
nating at W2XCR in Yonkers was
picked up and relayed through
W2XMN Alpine, then rebroadcast
from W1XPW, operated by Frank-
lin M. Doolittle at Meriden, Conn.,
since May 13, 1939. The success
of this venture created considerable
furore and K. B. Warner of the
American Radio Relay League
stated: “In 10 years there won’t be
any orthodox brand of broadcasting
remaining except for the lowest
grade of local service”. Early in the
morning of Dec. 29 a similar test
program was tried again, this time
including the Paxton transmitter.
No difficulty was experienced when
the Meriden program was picked up
at a farmhouse somewhat lower in
elevation than the station and sent
through about a thousand yards of
wire line to the transmitter modula-
tor. The remote receiver and an-
tenna were soon replaced by a local
antenna and a receiver in the trans-
mitter building. On Jan. 4 and
again on Jan. 5, 1940, an hour’s
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program starting at 6 pm was orig-
inated in Yonkers and sent over
the net for the benefit of regu-
lar listeners. Mount Washington
received the program and relayed it
by a-m to the communications
center in Boston, where it was put
on a telephone line and returned
to Yonkers.

On Feb. 21, the Paxton program
was successfully rebroadcast dur-
ing a 15-minute test by the a-m sta-
tions WNAC Boston and WEAN
Providence. With this success, a
new chain was composed for a half-
hour broadcast on the evening of
Feb. 29, using W2XAG Yonkers
(key station), W2XMN Alpine,
W1XPW Meriden, W1XO0J Paxton
and W1XER Mount Washington,—
all f-m stations. In addition, the
Alpine broadcast was picked up by
a-m station WICC Bridgeport. Sta-
tions WEAN Providence, and
WAAB Boston picked up the Paxton
broadcast. Listeners in Boston to
the Mount Washington f-m broad-
cast felt that it was fully as good as
that from Paxton.

Further relay experiments con-
ducted during 1940 were compli-
cated by the continual violent evolu-
tion of the stations. At Paxton
alone from May 1939 until May
1941 transmitter power was raised
from 2 to 50 kilowatts and three
different types of turnstile antennas
were tried. One imposing 400-foot
tower toppled over in an ice- and
wind-storm early on the morning
of Jan. 15, 1940. Every change in
transmitting power or antenna re-
quired at least a slight change in
the receiving setup.

Yet despite these difficulties it
was possible to relay a live half-
hour dinner music program from
Meriden through the Yankee f-m
network six days a week from Janu-
ary until December, 1941, as well as
a number of other irregularly
scheduled chain programs. On July
17, 1941, a special program was
broadcast from Paxton for the ded-
ication of W47A Albany, and there-
after for some time the bulk of the
Albany station’s program material
consisted of rebroadcasts from the
Yankee Network. On Nov. 30 the
same year, the W7INY dedicatory
program was heard over the net-
work from New York after which
live programs from Boston and
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Hartford were relayed in the re-
verse direction through the Meri-
den station.

For three months, the Paxton
programs were picked up at Trum-
bull, Conn., relayed on about 150
and later 200 megacycles, picked up
at Alpine with a corner-reflector
antenna on the middle arm of the
famous tower, and fed via a coaxial
line to the receiver that program-
med the Alpine transmitter, pro-
viding a two-way circuit between
Alpine and Paxton.

Some different relay techniques
were also employed experimentally.
Instead of receiving a signal, con-
verting it to audio and using it to
modulate another transmitter, the
incoming carrier signal was caused
to beat with a local oscillator so the
difference frequency that was
further amplified occurred at the
assigned carrier frequency of the
relay station. This system was used
for some time with great success at
Meriden in relaying to the north.

Beginning March 3, 1942, f-m
chain broadcasting came of age
when General Electric paid out cash
money to sponsor the Frazier Hunt
news program Tuesday, Thursday
and Saturday evenings until May
29, 1943. The American Network
chain included W53PH (now WFIL-
FM) Philadelphia which picked up
Alpine  direct, WT7INY (now
WBAM) New York, W2XMN Al-
pine. W65H (now WDRC-FM)
Meriden, W43B (Now WGTR) Pax-
ton, W47A (now WBCA Schenec-
tady) Albany and W39B (now
WMNE) Mount Washington., The
broadcasts went off with little tech-
nical difficulty, but unfortunately
the program was transcribed—a
fact only too apparent with the
high-fidelity equipment used!

Postwar F-M

For a number of real and suffic-
ient reasons, f-m broadcasting was
unable to capitalize fully upon its
rapid early gains and plateau of ac-
complishment after the cessation of
hostilities in 1945. Because of the
fear on the part of FCC that occas-
ional long-range anomalous propa-
gation would interfere with service
areas far removed, new frequency
assignments were made transfer-
ring the f-m broadcast band from
40-50 megacycles to 88-108 mega-
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Radio-relay receiving panel used at FMA

convention demonstration. Two vu meters
for monitoring, high and low:band tunable
receiver, jackfield, amplifier, and two fixed-
tune receivers can be switched at will or
automatically by time clocks below

cyveles. Transmitters with any ap-
preciable power were rot immedi-
ately available for the new band.

With understandable if not com-
mendable hesitancy, many manufac-
turers of receivers put off the evil
day when a choice would have to be
made whether to manufacture high-
band or high-and-low-band f-m
receivers, or no f-m receivers at all.
F-m program material generally
deteriorated or broadecasting time
was cut because of an edict from the
head of the American Federation of
Musicians banning duplication of
a-m programs on f-m stations unless
suitable quid pro quo was forthcom-
ing from the broadcasters.

Once again, under the aegis of the
pioneers the Gordian knot has been
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badly fraved. The Continental Net-
work with WASH-FM Washington
as key station. has been picking up
since March 26, 1947 public-service
concerts of Army and Army Air
Force bands. relaying them by wire
line and the rebroadcasting tech-
nique to an ever increasing network
of f-m stations. Wire lines, neces-
sary until the participating sta-
tions increase power or decrease
distance between relays, constitute
a bottleneck so far as fidelity is con-
cerned. Tt has not vet been pos-
sible to obtain intercity telephone
facilities that pass higher than
8,000 cycles a second so that with
"he exception of the key station, and
despite the extensive radio links,
(see map) the listeners lose a cor-
tain amount of the program’s
realism. The noise-free aspect is,
however, a boon contributing a
¢greater share to enjovment than
can be understood without listening.

It is probably not without sig-
nificance that most of the relay cir-
cuits emanate from the older sta-
tions that are licensed to broadcast
on hoth the low and the high bands.
It is likely that consistent reception
over distances possible with the low
band may require greater power or
more intermediates when the high-
band frequencies are used.

At the moment of this writing
Continental has grown to 28 sta-
tions, using 573 miles of wire line
and over 1,400 miles of radio relays,
and is still expanding rapidly.
Starting Sept. 12, 1947, commercial
operation of the network was begun
with a half-hour program from
WHFM Rochester sponsored by
Stromberg-Carlson  following &
half-hour sustaining show. The
schedule was varied on the first eve-
ning to include a pickup from the
Frequency Modulation Association
convention in New York where
previously the delegates had heard
Alpine broadcasts sent from Boston
via three relays and one from Allen-

own, Pa. in two hops.

More than 90 applications have
come in to Everett L. Dillard of
WASH-FM, president of the Con-
tinental Network, requesting affilia-
tion, one from the owner of a poten-
tial chain to cover California. There
are inquiries from Florida and the
Gulf states. The most immediate in-
terest is in a plan that calls for « tel-
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ephone line to Chicago with satellite
relay stations branching from the
wire line to the north and south.

Practical technical limitations to
the length of a relay chain without
wires is unknown, so that future
plans for expansion will depend on
turther experience. The hetero-
dyne frequency-changing method
used successfully at the Meriden
station is thought to be the most
satisfactory solution, and the tech-
nique is being further developed
experimentally.

The North Carolina State Hookup

The mountainous region in the
Cuarolinas has proved, like New
England, a fertile ground for f-m
broadeasting.  A-m signals are so
rapidly attenuated that it is not
cconomically feasible to give large
segments of territorv with small
nopulations adequate or enjovable
service. F-m, on the other hand,
is much less adversely affected by
the terrain, particularly since high
land is available for the siting
of stations.

Plans are being formulated by
the North Carolina FM Association
for a statewide, one-time hookup of
f-m stations that are on the air in
time to participate in a broadcast
to take place during National Radio
Week, Oct. 26 through Nov. 2. A
map included here shows the ten
stations most likely to take part as
heavyv dots and the six remaining
licensees as open circles. Relay
paths expected to be used are indi-
cated by solid lines. These circuits
will probably be used in both direc-
tions as each station takes over as
kev station of the net, puts on its
best program and then retires to a
relay function as the next station
originates rather than relays a
program. The stations shown as
squares are added to this map for
convenience, but will not take part
in the Radio Week hookup. The
dotted lines show circuits that have
been already tried experimentally or
seem feasible for obvious reasons,
indicating possible future poten-
tialities for relayving.

Missouri-Kansas Net

Aside from the many inevitable
studio-transmitter links connecting
remote transmitters with their pro-
gram sotree. there are other station
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networks now in operation or in
the formulative stage. Ambitious
plans for a Missouri-Kansas net-
work have been set into motion by
the establishment of a receiving
station atop the Kansan Hotel in
Topeka, Kansas for reception of
KOZY, Kansas City, Mo. One half-
hour show each Sunday is by this
means picked up and rebroadcast by
WIBW-FM. As soon as station
facilities at KOZY, now undergoing
alteration, shall have reached a
stable state more extensive hookups,
possibly on a commercial basis, will
be tried.

Owners of Radio Diablo, operat-
ing a 50-kw high-band transmitter,
are considering establishment of a
relay network that will tie together
Los Angeles and Mt. Diablo, Calif.
The latter station will then program
transmitters in outlying communi-
ties roughly representing a hub to
the spokes formed by the relay cir-
cuits.

Although f-m relays can do much
to aid the growth of a new broad-
casting service and the inexpensive
dissemination of good programs,
the time may eventually come when
the f-m broadcaster will find it
necessary to re-evaluate his posi-
tion. A few moments, or even an
hour of lost time from a sustaining
program at this stage of the game
can be tolerated, although it is
undesirable. When more and more
commercial programs are handled,
the broadcaster mayv find that the
additional expense of wire lines is
still less than the maintenance of
standby equipment at each station
in a long chain. While it is still too
early to predict the exact shape of
the combined wire and relay facili-
ties to be used by f-m broadcasters.
it seems safe to assume that nearly
as many miles of wire, coaxial, or
microwave circuits will be used in
the future as for the present major
a-m networks.
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Temperature Control
for Octane Tests

Transformless vacuum-tube relay circuit controls temperature of gas-air mix-

ture fed into knock-testing engine by switching electric heater from low heat to high

heat as often as 250 times per minute.

ONTROL of the temperature of

the gasoline-air mixture fed
into a knock-testing engine pre-
sented a series of interesting tech-
nical problems. According to ASTM
specifications, the mixture tem-
perature must be maintained at

i - =

used are highly reliable

By PIERRE J. MALRAISON

Mownt Vernon, N, )

300F ==2F as indicated by mercury
thermometer. The equipment de-
scribed here has been approved as
optional by the ASTM.

The fuel intake system of the en-
gine is diagrammed in Fig. 1. Air
is supplied to the carburetor where

i

2 1
M ST

Knock-testing engine in Ethyl Corporation plant, using Malraison Mixture Thermostat

for maintaining temperature of gas-air input mixture within 2 degrees of 300 F as

indicated by mercury thermometer. Vacuum-tube relay housing is mounted behind
control panel at eye level
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In industrial service, the 117N7GT tubes

it is mixed with atomized gasoline.
The gasoline and air mixture passes
through a heater housing contain-
ing a two-blade 1-kw immersion-
type heater. It then passes around
the bulb of the indicating thermom-
eter and into the engine.

The operating temperature of the
mixture is well above its flash point
and only slightly below the fire
point, so that the most minute spark
in this portion of the system will
cause a partial or total combustion
of the mixture before intake, de-
stroying the validity of the test.
The lag of the heating system is
very large compared to that of a
system specifically designed for
automatic control, but could not be
changed without exhaustive test
work to prove that the changes
would not affect the existing data.

Bimetallic Thermostat

Tests showed that the most satis-
factory sensing element for control
was a bimetallic strip mounted in
the intake stream of the engine as
near the indicating thermometer as
practicable, with contacts arranged
to close with rising temperature.
Since the volume of the heater hous-
ing is considerably less than the
volume of the cylinder, the mixture
travels through the housing at a
high velocity during the intake
stroke of each cycle.

An oscillation of the bimetal due
to mechanical action of the mixture
stream on the bimetal and to cool-
ing of the strip as the tail of the
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FIG. 1—Block diagram of knock-testing engine used for de-
termination of octane ratings of various gasolines in refineries
and petroleum-testing laboratories, showing location of bimetal

assembly used with vacuum tube for

charge passed through was noted.
Although no measurements of these
rapid changes in temperature have
been achieved, it is obvious from
the characteristics of the system
that they are present. The bimetal
contacts are connected into the grid
circuit as shown in Fig. 2.

Contact Problems

In initial tests a conventional
vacuum-tube relay was used, with
raw a-c fed to the plate and with a
capacitor across the relay coil to
eliminate chatter.

A spark (believed due to the dis-
charge of the grid-cathode inter-
electrode capacitance) was observed
at the contacts of the bimetallic
strip. The current at this point is
of the order of microamperes and
gives no spark with the tube dis-
connected. A 0.5-megohm resistor
in series with the grid of the tube
successfully eliminated the spark.

The lag of the heating system
was so great that it was impossible
to achieve control to better than
=+15 degrees F with complete on-
off operation. A variable autotrans-
former was inserted to limit the
high-heat current, and a series re-
sistor shunted by the Micro Switch
in the vacuum-tube relay was in-
stalled to limit the low-heat current.
In order to provide temperature
control to =1 degree F it was found
necessary to adjust the differential
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temperature control

between high heat and low heat to
such a small value that manual con-
trol was required to compensate for
any but the smallest changes in
temperature-influencing factors.
The capacitance across the relay
coil was then reduced so that the
relay would respond to 10 contacts
per second and a passable degree of
automatic control was achieved.
Under these conditions the switch
life varied from 4 hours to 1,000
hours, depending on the installation.

Since a relay which gave a thou-
sand hours service in one laboratory
gave 4 hours service in another
(where an isolation transformer
was required between the line and
the relay), it was guessed that some
sort of synchronization occurred
between the power line frequencies
and the operation of the relay. This
guess was confirmed by inspection
of the switch contact points, which
in every case had the characteristic
appearance of having carried direct
current. In other words, the con-
tacts were always breaking on the
same portion of the a-c eycle.

A rectifier and filter capacitor
were inserted to provide d-c plate
current for the tube, and the ca-
pacitor across the relay was re-
moved from the circuit. Inspection
of the switch contacts after 500
hours of operation showed a satin
finish characteristic of a-c service.
From the data obtained, an im-
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FIG. 2—Circuit of vacuum-.tube relay having unique advan-
tages for industrial control applications.
mits carrying standby unit in plant for quick replacement of
entire amplifier unit in case of tube failure or other trouble

Plug-in feature per-

proved Micro Switch was developed
for this relay and was used with a
0.5-uf capacitor shunting it to mini-
mize oxidation of the contacts.

When the capacitor across the re-
lay coil was eliminated, the time
constant of the relay circuit was
markedly reduced, permitting re-
sponse to more than 60 contacts per
second in the grid circuit. For a
given differential between high heat
and low heat, larger and more rapid
variations in temperature influenc-
ing factors could now be compen-
sated for automatically.

Relay Circuit

A universal a-c/d-c transformer-
less circuit is used in the relay be-
cause of the greatly varying power
line voltages and frequencies en-
countered in industrial plants.

Tubes of the 117-volt series are
used because they have low oper-
ating current requirements and
thus dissipate less heat than other
types. The power output type of
tube is used because it has been
found to give long, satisfactory op-
eration when lightly loaded, as it is
in this application.

The 10-megohm resistor con-
nected between grid and plate as-
sures that the grid will not block
when the grid circuit is open. The
200-ohm resistor was inserted in
the tube heater lead to overcome the
effects of high line voltage encount-
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Vacuum-tube relay unit, Phantom view of

cover was obtained by taking two ex-

posures on same negative, one with and
one without cover

ered in many industrial plants. The
rectifier and electrolytic capacitor
provide sufficient filtering to elimi-
nate synchronization with power
line frequencies.

The circuit is arranged so that
plate current flows with the grid
circuit open. Adjustment of the
various clearances, spring tensions,
and the cathode circuit potentiom-
eter are made so that when the Mi-
cro Switch is used as an interrupter
in buzzer fashion and connected
into the grid circuit, the relay will
operate at a minimum rate of 20
times a second at 95 volts a-c input
and 30 times a second at normal
line voltage of 117 volts a-c. Ac-
ceptance tests require that it shall
continue to function at 140 volts
input. These speeds are adequate
for the control of temperature on
engines in the ASTM motor, re-
search, and aviation knock-testing
methods.

In order to provide continuous
service from an installation it
is customary to change Micro
Switches after approximately 2,000
hours of service. On breakdown
tests, switches have operated in ex-
cess of 7,000 hours. While these
times of operation do not appear
impressive, it is to be noted that
the contacts can operate as often as
once per intake stroke or 450 times
per minute for the 900-rpm ASTM
motor method. By actual count,
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contact closure occurred an average
of 250 times per minute, which
means that 2,000 hours is equiva-
lent to 30,000,000 contact closures.

Since the installation of the
switch and adjustment of the relay
to these operating conditions are
fairly critical, the relay has been
assembled on a plug-in mount so
that the changeover can be facili-
tated and factory service of the
units easily provided. Parts requir-
ing adjustment for individual in-
stallations, such as the 0.5-megohm
resistor and a 7-ohm adjustable se-
ries resistor, are installed in a junc-
tion box having a receptacle for the
plug-in amplifier unit. The series
resistor is adjusted to give a 2-am-
pere reduction in electric heater
current on a 110-volt line. The line
voltage is adjusted so that the aver-
age of the high and low heater cur-
rents is approximately equal to 7.5
amperes on 110-volt lines. This is
accomplished by means of the
standard manual temperature-con-
trol rheostat supplied with each en-
gine for the electric heater.

Operation of Relay

When the engine is started, the
Micro Switch is open and current
flows through the series resistor to
the electric heater. As soon as the
117N7 tube has warmed up to the
point where plate current is drawn,
the relay pulls in to close the Micro
Switch, permitting high-heat cur-
rent to flow directly to the heating
element. As the temperature of the
intake mixture rises, the mean posi-
ticn of the bimetallic strip moves
nearer the adjustable contact. As
the temperature approaches the de-
sired point, the bimetallic strip
makes instantaneous contact at the
crest of its upward movement,
grounding the grid of the tube and
cutting plate current nearly to zero.
The relay drops out and the Micro
Switch opens, thereby removing the

ghort from across the series re-
sistor and reducing the current to
low-heat value.

As soon as the momentary con-
tact is broken, the plate current
goes up and initial high-heat condi-
tions are restored. As temperature
continues to rise, the time of con-
tact closure on the bimetal increases
until an equilibrium is reached at
which the correct average heat in-
put is supplied.

Variations in line voltage, ambi-
ent temperature, and latent heat of
fuel are compensated for automati-
cally by changes in the time of con-
tact closure. It is notable that the
approach to equilibrium is asymp-
totic and that the equilibrium is
mobile. Under these conditions the
system provides a degree of antici-
pation of heat requirement which
permits stability within the desired
limits even with rapidly varying
conditions. For instance, when
changing from fuel to fuel by
means of the carburetor selector
valve, with benzene having a latent
heat of about 75 calories per gram
in one bowl and ethyl alcohol having
a latent heat of about 200 calories
per gram in another, sensible equi-
librium was reached within one
minute.

Except in one instance when the
fuel could not be vaporized in the
heater housing and both the bimetal
and thermometer bulb became wet
with fuel and therefore could not
be depended upon, it has always
been possible to maintain thermom-
eter readings constant within =2
degrees F. Under average condi-
tions, control to =0.5 degrees F is
readily achieved and certain oper-
ators have reported even closer con-
trol.

The author wishes to acknowl-
edge the cooperation given him by
J. C. Pope and E. N. Garnsey of the
Ethyl Corporation in designing and
testing the initial equipment.

safety circuit for industrial use

OTHER INDUSTRIAL APPLICATIONS

Similar relay units have been used to control the temperature of water
baths o within 0.0001 degree C and air baths to within 0.001 degree c

With suitable hair hygrometers or humidity-sensitive resistors, the unit is
readily adapted for control of humidity

Use of photoelectric input provides a rugged counter, alarm circuit, or
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Interconnecting Facilities for

Television Broadcasting

Video facilities now available, or to be completed by 1950, include a 12,000-mile nation-
wide system using coaxial cable, local networks employing shielded-pair telephone cables,

and microwave radio circuits.

casters’ equipment to shielded-pair

NTERCONNECTING facilities for

television broadcasting stations
fall into two general classifica-
tions: short haul circuits, which in-
clude those connecting studio to
transmitter, remote pick-up point to
studio, and studio to point of inter-
connection with intercity networks;
and long haul circuits which inter-
connect cities to form networks.

In both short haul and long haul
circuits, the principal technical
characteristics affecting the trans-
mission of television signals are

deviations, and (3) noise, modula-
tion and crosstalk.

The bandwidth of a given tele-
vision transmission circuit influ-
ences the definition obtainable with
a particular rate and method of
scanning. Reflections from objects
in a radio path and from imped-
ance irregularities in wire plant,
which cause deviations in the trans-
mission-frequency and phase-fre-
quency characteristics of the ecir-
cuit, produce ghosts in televi-
sion pictures. Transmission and

(1) frequency bandwidth, (2) phase deviations resulting from
echoes, and transmission and phase causes other than reflections, such
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a polyethylene-insulated shielded pair
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Provisions are made for direct connection of broad-

systems

as imperfect equalization, give the
same sort of picture ghosts.
Reflections mayv be greater in one
part of the band than in another.
Thus, a high-frequency echo might
produce a complete ghost of a thin
vertical line, such as a flagpole,
while the ghost of a wider object
would show only at its edge. Very
short delay echoes produce picture
ghosts so slightly displaced that
they merely blur the edges of sharp
discontinuities in the picture. Long
delay echoes. on the other hand,
cause discrete images displaced
from the principal image. These
effects are minimized by introduc-
ing transmission and delay equal-
izers at amplifier points.

Systematic noise resulting from
harmonics of the power frequency
produces objectionable patterns on
the picture; resistance noise pro-
duces a general fuzziness and boil-
ing effect. While raising the level
of the signal can reduce the effects
of the noise, modulation in the am-
plifiers tends to increase. This
modulation usually produces spuri-
ous patterns appearing as sharp de-
marcations in brightness over the
televised scene. Crosstalk from an-
other television system produces a
type of interference which shim-
mers, or crosstalk can result in the
superposition of a weak copy of the
picture from the interfering sys-
tem.
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Shielded-pair video cable is used
for local television facilities:
coaxial cable for intercity facil-
ities. Use of polyethylene insul-
ation in construction of both types
minimizes transmission losses

By W. E. BLOECKER

American Telephone and Telcgraph
Company
New York, V. Y.

Special attention in the design,
operation and layout of facilities is
required to provide adequate band-
width for good picture definition, to
eliminate ghosts and to minimize
noise and crosstalk.

Short Haul Circuits

Short haul television facilities
are usually equalized to accommo-
date a bandwidth of about 4 mec.
Because of the vrelativelv short
lengths of local television circuits,
carrier methods are not economical
when wire circuits are used because
of the cost of the terminal equip-
ment. Transmission, therefore, is
at video frequency, that is, in a
band extending from the very low
frequencies up to about 4 me. The
associated sound channels are fur-
nished separately over regular pro-
gram transmission circuits,

In large city areas, regular tele-
phone cable pairs literally appear
everywhere and consequently are
attractive as a vehicle for television
transmissicn. The transmission
losses of such facilities at 4 me,
however, are high. ranging from
about 94 db per mile, for the small-
est gauge cable conductors in gen-
eral use, to 36 db per mile for larger
gauge conductors frequently found
along main trunk routes. These at-
tenuation figures compare with
values of 7 db to 23 db per mile at
8 ke for corresponding types of

ELECTRONICS — November, 1947
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FIG. 2—Froni and rear views of video amplifiers used in short haul circuits
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plant used for sound program
transmission. Figure 1 shows rep-
resentative attenuation character-
istics of the usual types of exchange
telephone cables.

The use of exchange cable pairs
for television transmission requires
special preparation such as the re-
moval of all bridged taps and all
cable stubs over 4 feet in length, the
removal of any loading present, and
in some cases special measures to
reduce noise. Because of the high
losses at the upper video frequen-
cies, it is frequently desirable, in
order to minimize the number of
intermediate amplifiers required, to
make special splices between cables
to utilize available larger gauge
cable conductors and obtain the
most favorable routing.

The crosstalk coupling between
cable pairs at the higher video
frequencies is high, limiting
the number of television channels
which can be carried in a single
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cable sheath, even when they are
operated at comparable levels in the
same direction. Special coordina-
tion measures, usually involving
separate cable sheaths, are required
for oppositely directed television
circuits along a route. This high
crosstalk coupling also introduces
another interesting problem in the
control of amplifier gain, in that
high level signals from the output
of the amplifier, by cross induction
into other pairs of the cable, are
reintroduced into the pair con-
nected to the input of the amplifier.

Shielded-Pair Video Cables

In order to overcome the limita-
tions of regular telephone pairs and
to provide greater flexibility in the
use of the plant, shielded low-loss
facilities, designed specially for
video transmission, are now being
introduced. Such special conduc-
tors can be provided most economi-
cally when they are included in full
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size cables along with other pairs
provided to meet normal telephone
requirements. To do this requires
long range planning as telephone
cables are generally designed to
meet prospective requirements for
a number of years.

The new shielded video facility
now being installed consists of a
balanced 16-gauge pair with poly-
ethylene insulation. The transmis-
sion loss of this facility, also shown
in Fig. 1, is about 18 db per mile at
4 me. While initially circuits of
this type will be equalized to 4 me,
the facility itself will not be a limi-
tation in the transmission of much
wider bands if the demand for such
circuits should later materialize.

The impedance of the polyethy-
lene insulated pair is such that it
can be spliced directly to regular
telephone cable pairs. It is thus
possible to envision the ultimate de-
velopment of a backbone television
network of this type of facility
reaching the most important tele-
vision points in an area, to which
regular telephone cable pairs can
be connected to reach occasional
service points. Fundamental stu-
dies looking to the orderly develop-
ment of such networks are now
under way in many cities.

One might ask why the use of
coaxial structures is not contem-
plated in local areas. This type of
structure is unbalanced and since
local television transmission ex-
tends down to very low frequencies
where the shielding is not effective,
coaxial cable is susceptible to low-
frequency noise induction and
cross induction between adjacent
coaxials within the same cable. In
the intercity system, -carrier
methods put the line transmission
at frequencies where the shielding
can elininate these effects. There
are a few cases at present where
coaxial cables are being employed
for studio-transmitter circuits and
are giving satisfactory service, but
these circuits are short and well
within the lengths at which it is
possible to correct these effects.

Amplifiers and Equalizers

The amplifiers and equalizers now
being used can accommodate line
sections averaging as high as 60 db
loss at 4 me. Thus, depending on
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the gauge of conductors available,
amplifier spacings on regular tele-
phone cable pairs will range from
about 0.6 mile to about 1.5 miles for
the types of cables usually encoun-
tered. In the case of the polyethy-
lene-insulated video pair, amplifier
spacings of about 8.5 miles are
practicable. Because central office
spacings sometimes exceed these
lengths, it is necessary in some
cases to use rented quarters as am-
plifier locations. This involves a
number of special considerations
such as finding suitable space near
the desired location, ready access
at all hours, power supply, and the
like. The future design of video
line amplifiers contemplates supply-
ing power over separate cable pairs,
which should simplify installations
in rented quarters and make possi-
ble the installation of amplifiers in
manholes.

The equalization of the line fa-
cility, including amplifiers and ter-
minating equipment, involves the
adjustment of the attenuation and
phase characteristics over the de-
sired transmission band. In wide-
band transmission systems of the
type being discussed, it is practi-
cable to design attenuation equal-
izers which also automatically
correct for the phase deviations ex-
cept in the regions near the edges
of the band. Since the edges of the
band are determined principally by
the characteristics of the amplifiers
and associated attenuation equaliz-
ers, the phase deviation is substan-
tially independent of the length of
line section between amplifiers. For
this reason, a relatively simple fixed
network in each amplifier (except
the transmitting amplifier) pro-
vides the required phase correction
and the field equalization job be-
comes one of adjusting only the at-
tenuation over the desired band.

The line attenuation equalization
is in the form of fixed units to pro-
vide basic equalization for various
lengths of circuit. These are sup-
plemented by two variable equaliz-
ers, one which corrects for slope by
adjusting the loss at 4 me with
reference to the loss at 10 ke, and
the other a bulge adjustment for
varying the loss at 1 mec without
substantial effect on the loss at
10 ke or 4 me. A portion of the
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basic line equalization is provided
at the output of the amplifier feed-
ing the line section, the remainder
being included in the amplifier ter-
minating the line section. This
pre-equalization improves the sig-
nal-to-noise ratio at higher video
frequencies.

In order further to minimize the
effects of noise, particularly on
regular telephone cable pairs, pre-
distortion is employed at the trans-
mitting point which causes the 4-
me level to be 20 db higher than the
10-ke level. A complementary res-
toring network is used at the re-
ceiving end of the circuit.

Connection to Studio Equipment

Broadcasters’ pick-up and studio
equipments generally operate on an
unbalanced basis. The amplifiers
used to connect such equipment
with the balanced telephone lines
are shown in Fig. 2. Block diagrams
of these amplifiers are shown in Fig.
3. Intermediate line amplifiers have
both input and output balanced.
Present plans contemplate that anv
switching or patching done in Tele-
phone Company offices will be on a
balanced circuit basis. A typical
wire line video circuit, using
regular telephone cable pairs and
the amplifiers described, is shown in
Fig. 4. Two frequency characteris-
tics of such video circuits are shown
in Fig. 5.

Microwave Radio

Radio facilities for short haul
television circuits appear to have
advantages for the occasional pick-
up of a special news or sports event,
and for unusual geographical situ-
ations, such as that between several

studios in Hollywood and their pro-
posed associated transmitters on
Mount Wilson. In this latter case,
wire video circuits would require a
long and circuitous route with many
amplifiers, whereas a single-link di-
rect radio path can be obtained.
Radio circuits at microwave fre-
quencies need line-of-sight trans-
mission paths, and in addition fad-
ing effects must be taken into
account by allowing margins over
the requirements for normal free
space transmission conditions.
Through the use of highly directive
antennas, difficulties with interfer-
ence and ghosts due to reflections
can be minimized and low power can
be used. The requirement for line-
of-sight paths has in some cases re-
sulted in a combination wire and
radio circuit, the wire video facili-
ties being employed to reach favor-
able radio transmitting or receiving
sites.

Long Haul Coaxial Cable Systems

The search for increased efficiency
in the use of conductors for multi-
plex telephony has resulted in the
development of the coaxial cable
system which is suitable for tele-
vision transmission as well. The
present standard coaxial unit,
which has been used for installa-
tions since 1946, is 0.375 inches in
diameter as compared to 0.27 inches
for the earlier installations. The in-
sulating disecs supporting the cen-
tral conductor are now of polyethy-
lene rather than hard rubber pre-
viously used. The construction of
coaxials and their arrangement in
a typical cable are shown in the
photograph. The coaxial itself does
not limit the frequency range which
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can be transmitted. This depends
upon the bandwidth handled by the
amplifiers and equalizers and the in-
tervals at which they are placed.

The general layout of coaxial
cable system is shown in Fig. 6.
The present repeaters provide about
50 db gain at 8 mc and have a
gain-frequency characteristic which
very closely matches the cable loss
characteristic. On the new 0.375-
inch coaxials, these repeaters are
spaced at intervals of about 8 miles
whereas a spacing of about 54 miles
is used on the 0.27-inch coaxials.

Repeater stations are of two va-
rieties, auxiliary and main. The
majority of the stations are of the
auxiliary type, the main stations
being located at intervals of 40 to
165 miles. Most of these auxiliary
repeaters are housed in small closed
huts, requiring no heat or power
connections. The auxiliary repeat-
ers operate from 60-cycle a-c power
furnished over the central conduc-
tors of the coaxial from the main
repeater stations.

For telephone use, terminals are
provided for stacking 480 circuits
in the 68-kc to 2,044-kc frequency
space. It is proposed later on to
operate additional short haul tele-
phone circuits in the 2 to 3-me band.
For television transmission, the
video signal, by a process of double
modulation, is transmitted as an up-
per side band and a vestigial lower
side band on a carrier of about 811
ke. The frequency space below
about 200 ke is not used for televi-
sion purposes because of the diffi-
culties of equalizing this range and
the less effective shielding provided
by the coaxial structure at these
frequencies. The associated sound
channel is transmitted on a single-
sideband basis between 76 and 88
ke. Transmission and phase char-
acteristics of the 240-mile New
York-Washington television circuit
are shown in Fig. 7.

It is recognized that this televi-
sion system provides a video band
of about 2.8 mc instead of 4 me pro-
vided for in the television channel
assignment. Experience with this
system has demonstrated that very
acceptable pictures are being trans-
mitted. Development work is con-
tinuing, however, on repeater
equipment which will permit utiliz-
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ing the coaxial structure to higher
frequencies. One system considered
employs closer repeater spacings
than the present and would provide
a usable frequency band of about 7
me. This would permit the simulta-
neous transmission of about 500
telephone conversations and two
oppositely directed 4-mc television
programs on a pair of coaxials.

Service Protection Features

Many features have been included
in the system to insure stability and
continuity of service. Variations
in transmission resulting from tem-
perature and other changes are
compensated automatically by regu-
lators under control of four pilot
frequencies—64 ke, 556 ke, 2064
ke and 3096 kc sent continuously
from the main repeater stations
over the coaxial line. The cables
are generally buried deep in the
earth or put in conduit, are pro-
tected against corrosion, lightning
or mechanical damage, and are
maintained under gas pressure with
arrangements to detect any leak in
the outer sheath so that repairs can
be made before failures occur. Each
stage of amplification in the repeat-
ers has parallel tubes, and one tube
in any stage can fail to function
without interrupting service. Pilot
alarms at each auxiliary repeater
warn the nearest attended main
station of excessive pilot deviations.
The power supply is arranged so
that if commercial power fails, a-c
will automatically be supplied,
through rectifier inverters or motor
generators, from large storage bat-
teries. Gas engines are available if
the commercial power should be off
for some time. Finally, a spare line
is provided in each direction
through each switching section,
which may be up to 200 miles in
length. Whenever a given coaxial

line fails or its pilot gets out of
limits, the spare line is automati-
cally switched into the circuit so
quickly that no interruption of any
telephone conversation or television
program occurs, and an alarm is
given so that the trouble may be
cleared.

Microwave Radio Relay

Wire communication is character-
ized by certain desirable features
which have heretofore been lacking
to a large extent in radio. For ex-
ample, an unlimited number of
channels can be established, the
energy can be precisely directed,
circuits can be made very stable,
and noise and interference can be
controlled. With the development
of techniques permitting the use of
frequencies of thousands of mega-
cycles, radio is beginning to ap-
proach wire lines in these respects,
permitting its extension over long
distances by the use of repeaters,
a method which has long been used
for wire lines.

Experiments are now under way
to determine the practicability of
radio relay systems from the stand-
points of cost, performance, and re-
liability. As a part of the Bell Sys-
tem experiments, a full-scale radio
relay system is being established
between New York and Boston.
Preliminary indications are that
satisfactory television operation
could be provided by this means.

Seven intermediate radio re-
peater points will be employed,
spaced at intervals of 10 to 35 miles,
with an average spacing of 27 miles
for a total circuit length of about
220 miles. These repeaters are lo-
cated on high points of ground so
that a direct line-of-sight path is
available between adjacent repeat-
ers.

In New York, the terminal is in
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the long-distance building. In Bos-
ton, the radio terminal is about 1
mile from the main long-distance
building with which it will be con-
nected by short haul video facilities
of the type discussed earlier.

The system will employ fre-
quencies in the vicinity of 4,000 mc.
A total of four channels will be
established, two in each direction of
transmission. Tests will be made
on the transmission of large blocks
of telephone circuits and of tele-
vision. It is probable that a usable
frequency band of at least 4 mec
can be obtained for television trans-
mission.

The antennas will be horns with
10-foot square apertures equipped
with a metal lens to focus the radio
waves. It is expected that a satis-
factory signal-to-noise ratio can be
obtained for the number of sections
involved in this experiment using
transmitting power in the order of
1 watt.

Recent Use of Television Circuits

A very considerable use has al-
ready been made of the television
transmission facilities now avail-
able, particularly since the televi-
sion broadcasting stations have
been operating on a regularly
scheduled basis. During the past
year, some thirty short haul televi-
sion circuits were established for
one of more occasions of use, em-
ploying wire, experimental micro-
wave radio or both in combination.
The longest wire circuit—Yankee
Stadium to Radio City—was about
9 miles in length and required the
use of seven amplifiers. The longest
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radio circuit was one of two links
between Michie Stadium at West
Point and Radio City in New York,
a distance of about 47 miles. In
addition to those in New York,
services were also established in
Philadelphia, Baltimore, Washing-
ton, Pittsburgh, St. Louis and Los
Angeles. Some of these channels
have been continuously in service
for several years.

A television circuit in coaxial
cable arranged to transmit from
Washington to New York was first
used in connection with the Lin-
coln’s Birthday ceremony on Feb-
ruary 12, 1946. CBS, DuMont and
NBC cooperated in arranging for
the program which started with an
introduction from the NBC studios
in New York, after which a switch
was made to Washington where
pick-ups were successively made
from the DuMont studio in the Har-
rington Hotel, the steps of the
Capitol, and ceremonies at the Lin-
coln Memorial. By April 15, 1946,
the New York-Washington coaxial
cable was equipped for television
transmission in both directions and
was used by DuMont in connection
with the opening of new studios in
New York. Shortly afterwards, the
twc circuits between New York and
Washington went into active use on
practically a daily basis for the
several broadcasters.

Further plans include the provi-
sion of shielded polyethylene-insu-
lated video pairs in connection with
cable construction programs in city
areas to meet requirements for
short haul television circuits quickly
and economically. These plans are
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being carried out to the extent prac-
ticable with the scarce materials
which can be allotted to this type
of plant.

Great progress has been made in
the construction of a nationwide co-
axial cable network since the close
of the war. As of January 1, 1947,
about 4,000 route miles of coaxial
cable had been placed in the ground
and construction is continuing.
Cables now in place or under con-
struction and the extensions plan-
ned for the next three or four years
total about 12,000 miles. It is ex-
pected that by early 1948 a southern
coaxial cable route will be ready for
telephone service to points as far
west as Los Angeles, and that by the
end of 1948 a central coaxial route
will extend from New York to Chi-
cago and St. Louis. Television
service, if required, can probably
be made available on most coaxial
routes some time after the opening
of telephone service, the date de-
pending to some extent upon the
demand.

In addition to the New York-
Boston radio relay system, there is
under construction a radio relay
system between New York and
Thiladelphia, utilizing four links in
tandem of a simplified type of equip-
ment. Plans have also been pro-
jected for establishing a New York-
Chicago radio relay system for
multichannel telephone and tele-
vision transmission. This is ex-
pected to be available by about 1950.

Future Prospects

The trend to wider and wider fre-
quency bands, no doubt, will con-
tinue. These wider bands will be
needed to handle the ever increas-
ing demand for telephone communi-
cations and, perhaps, for greater
definition or color television. Wider
band circuits such as the 7-mc co-
axial system discussed earlier are
already under development by the
Bell System. Still further in the
future is the possibility of using
long wave guides which are merely
hollow tubes without central con-
ductors and which provide trans-
mission paths for enormously wider
bands sealed away from interfer-
ence of all sorts. It is quite clear
that the future holds promise for
advances far beyond the present
status.
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Electronic C

By JOHN W. LUDWIG
Vice-President

Hlectronic Control Corporation
Brooklyn, New York

HE OUTSTANDING industrial fea-

ture of electronic controls is
their ability to “think” much as a
trained operator thinks, that is, to
anticipate changes in the process
under control from experience and
introduce corrections in time to pre-
vent the state of the process from
leaving the control point by a large
amount.

Computing equipment with rate
and acceleration elements has this
anticipatory feature. It sees a rate
of accumulation of error, or even
its derivative, and begins corrective
action long before the process has
left the control point by an appre-
ciable amount.

Large mathematical computers
are not suitable either from a cost
or equipment standpoint, for the
great and ever increasing number
of industrial control problems.
Smaller equipment which, to a
limited extent, can perform their
functions are, on the other hand, in

omputer

Each 24-tube control amplifier that feeds a Diehl motor contains eight 6H6 tubes used

to sharpen and clean the pulse caused by a registration mark to a width of less

than 20 microseconds. This is necessary to distinguish the pulse caused by a registra-
tion mark from that caused by irregular reflections from the web of metal foil

demand, particularly at present
when increased produectivity with
higher quality from existing plants
is a primary engineering problem.

Ideal Industrial Control

The following is a good set of
general specifications for industrial
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control equipment: It must be in-
finitely superior in function to man-
ual control on a cost or quality of
product basis. It must give long
periods of service with little atten-
tion and should not require special,
on-the-job, maintenance personnel.
It must be rugged, so as to stand
general factory use and in a large
number of instances it must be ex-
plosion or oil proof. It must be
fairly high power (for control)
equininent, sav 3 horsepower to 50
horsepower. It must not set up un-
expected stresses in the machines to
which attached, therefore accelera-
tions must be accurately controlled,
and it must function under the
vibration conditions of the equip-
ment it is controlling. Preferably,
it should be built to fit the job, of
standard components, so as to make
service and replacement easy.

It is the writer’s opinion after six
years experience in several fields

FIG 1—Schematic views of mechanical

arrangement of printing couples used in

multicolor web. For register control,

correction is applied to the differential sys-
tems at points marked X
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for Printing Control

Speed of a multicolor web printing press is tripled by application of an electronic-

hydraulic system that holds running register accurate from zero to 0.001 inch. Register

marks actuate a phototube whose output is compared with a sample of a sine wave

taken at the same instant

Complete setup of electronic and hydraulic units that connect tc the printing press.
Five 24-tube chassis are being immersed in oil inside the long steel box in which they
normally operate

with industrial equipment that
nearly all these specifications can,
in general, best be met with a com-
bination electronic-hydraulic sys-
tem. For example, a hydraulic
motor, which is a device which con-
verts oil pressure and flow into con-
tinuous rotary motion, can be ob-
tained which can deliver 10 horse-
power and is 4 inches in diameter
and 8 inches long with a moment of
inertia of the rotating parts of only
13 1b-in.®* Hydraulic preamplifier
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valves can be obtained which re-
quire negligible torque and only
0.080-inch movement to control the
hydraulic motor from zero to maxi-
mum horsepower in either direc-
tion.

Components such as these furnish
their own lubrication, are explosion
proof, give long periods of service,
and are not adversely affected by
the vibration usually encountered.
Their use enables the use of low-
power electronic apparatus of about

www americanradiohistorv com

25 watts which can be made very
reliable.

By combining electronic and hy-
draulic means it is possible to use
low-power electronic equipment
(usually without gas tubes in the
control circuits) whose components
are well standardized, long lived,
reliable, easily obtained and rela-
tively inexpensive. Hydraulic final
actuating elements offer the advan-
tages of high power with low inertia
and small size, rapid response, and
intrinsic explosion and oil proofing.

Delays which occur in the hy-
draulic system can be largely com-
pensated in the electronic equip-
ment. The electronic stages are
flexible in that their performance
can be varied without the necessity
for major mechanical changes.

Typical Application

The problem to be discussed here
was the design of running register
controlling equipment that would
enable a multicolor, roll fed, print-
ing press to be stepped up in speed
from 300 feet per minute to 1,000
feet per minute and still keep the
register accurate from 0.000 to
-+-0.001 inch. The control decided
upon drives into the press through
a planetary gear system with a re-
duction of approximately 800-1 and
had to be capable of continuous ro-
tation in either direction.

Among the major problems in
high speed color-printing are run-
ning or longitudinal register, lat-
eral register, ink flow, and ink dry-
ing. Satisfactory solutions to the
last two have been developed for
today’s press speeds and of the first
two running register is the big
problem, because sideways move-
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The pickup head and explosion-proof housing are mounted on
the press. It contains two phototubes and two amplifier tubes

so that if one set fails, the other set is switched into the circuit

ments of the web are very small.
The problem of running register
can be explained by Fig. 1.

As the web travels through the
press, it is important that each suc-
ceeding color be printed to the same
baseline as the yellow, or the com-
pleted picture will be out of regis-
ter, that is, one or more of the colors
will be shifted with respect to the
vellow. The register is maintained
by scanning the web and controlling
the X member of the differential
which is inserted in the drive sys-
tem of the press between each print-
ing couple and the main drive. At
present, running register cannot be
accurately enough controlled for
precision printing jobs at the high
press speeds at which the other
problems have been conquered,
therefore the development of regis-
ter-controlling equipment has been
one of the industry’s greatest needs.

Inasmuch as it would operate in
an explosive atmosphere an addi-
tional requirement was that the con-
trol equipment meet the Under-
writers Laboratories requirements
for equipment in hazardous loca-
tions, Class I, Group D. These re-
quirements in general specify that
explosive atmosphere be prevented
from reaching the equipment by im-
mersing it in oil or that the equip-
ment be encased strongly and
tightly enough so that should an ex-
plosion occur within the case no

effects of the explosion can reach
the surrounding atmosphere.

Other requirements were that the
control have a minimum of oscilla-
tion as that would cause excessive
wear on the printing cylinder, and
that the corrective action not take
place so rapidly that excessive
stresses were set up in the paper,
metal foil, or tcloth web being
printed. (The web is the actual
material being printed, not a con-
veyor for the material.)

The limits of automatic control
were to be from 100 ft per min to
1,000 ft per min web speed. It is
interesting to note that the problem
of control became easier as the
speed increased. If it had been pos-
sible to ignore such factors as web-
strength, press design, ink-drying
speed, and ink-flow characteristics,
the maximum web speed could have
been increased several times with-
out decreasing the effectiveness of
the control. The printing cylinder
was 7 inches in diameter, thus the
press varied from 54.5 to 545 rpm.

Measurements and calculations
determined the inertia and friction
torque characteristics of the press.
The torque of the actuating element
necessary to introduce the maxi-
mum correction in the time decided
—approximately 0.15 second—fig-
ured out to be approximately 25
Ib in. This relatively high torque
requirement, coupled with the high
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Sinewave p-m generator at lower left, ten-horsepower hydraulic
motor at right, and induction generator for tackometer feed-

back at top

speed of response needed, lead early
in the design to the choice of piston-
tvpe hydraulic motors for the ac-
tuating element.

The problem of controlling elec-
tronically the power required for an
electric motor developing the above
stalled torque would present certain
difficulties because of the need for
high speed of response, the desira-
bility of eliminating gas tubes in
the control circuit, and the explo-
sion-proof requirement.

The hydraulic motor, a Vickers
MF-12-2, is controlled by an As-
kania standard regulator which is
stroked by a Diehl two-phase motor
type FPE-49-10 with a positive
coupling whose rotor is allowed to
turn only = 1 degree. The elec-
tronic amplifier controls one phase
of this motor and the power require-
ment is 25 volt amperes. This power
is easily handled by components of
the radio and telephone class and
that is what was used.

Hydraulic power is furnished by
a standard Vickers unit comprising
a vane pump, explosion-proof drive
motor, reservoir, and relief valve.
The system pressure is approxi-
mately 200-250 psi.

Electronics in Oil

To meet the Underwriters specifi-
cations it was decided to immerse
all electronic control elements in oil.
To this end, a test program was un-
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dertaken and the effect of immer-
sion in transformer oil studied on
sine wave generators, induction
generators, two-phase motors, po-
tentiometers, wire, vacuum tubes,
capacitors, sockets, and terminal
strips. These tests were conducted
over a four-month period and as a
result it was possible to obtain all
necessary components as standard
items which would satisfy the oil
immersion requirement.

With the exception of the photo-
tube scanning head, all apparatus
is immersed in oil, the electronic
components in transformer oil and
the hydraulic components in their
own oil supply. All connections to
the press and between units are
made through oil or pitch-filled tub-
ing. Necessary controls are brought
out above the oil level in all units or
are accessible from above the oil
with screw drivers or wrenches, The
scanning head is made to meet the
requirements for air-break explo-
sion-proof gear.

The electronic amplifiers are all
immersed to a depth of one inch
over the tops of the tubes in a com-
mon oil bath and the leads brought
out in copper tubing which starts
well below the oil level, The elec-
trical units, an induction generator

and a permanent magnet generator

are mounted on the press, and each
is immersed in an oil tank and the
leads brought out through oil-filled
copper tubing.

The control amplifier is a d-c
amplifier whose output is used to
modulate the 60-cycle supply voltage
for the control phase of the torque
motor through a phase-sensitive
modulator. The input to the ampli-
fier is the error voltage obtained by
sampling the voltage generated by
the permanent magnet generator
coupled to the printing cylinder at
every register mark interval.

The voltage on the sine wave at
each sampling instant is clamped,
then filtered into a smooth wave
which serves as the input to the
control amplifier. This error signal
is differentiated to reduce dynamic
errors and integrated to reduce ac-
cumulative errors.

Tachometer feed back, propor-
tional to the rpm of the correction
motor, is used to check that the cor-
rection motor is faithfully following
the designed funection of input sig-
nal. An induction generator geared
to the hydraulic motor furnishes
this feedback.

The time to introduce a correc-
tion should the web be subjected to
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FIG. 2.—Schematic of the register control system. Functions of the electronic stages
are illustrated in blocks at right
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a step function between register
marks, rather than the usual error
change, would, of course, be greater;
but it would still be far shorter
than can be accomplished by manual
control (which, to date, has been the
most universally satisfactory
method) since the control will see
the error at the next printing sta-
tion and will start correction im-
mediately rather than waiting until
the affected section of web has left
the press.

Constant Performance

The gain of the control amplifier
and its frequency characteristics
are fixed, to assure constant
performance of the control even
though the operating conditions
change. Detailed measurements and
caleulations of the inertia and fric-
tion forces in the press and of the
torque characteristics of the actu-
ating means were made and the
stability of the system was investi-
gated. In the present case an ample
margin of stability does exist pro-
vided the delays in the hydraulic
system are compensated. Provision
for such compensation is included
in the electronic amplifier.

A schematic of the entire system
is shown in Fig. 2. Provision is
made for returning each roll indi-
vidually to manual control if the
error signal from that roll exceeds
a preset value for more than a given
time, thus indicating that that con-
frol is not functioning properly.

Labor Upgrading Effect

A control such as the one de-
scribed has an upgrading effect on
highly skilled labor. A pressman’s
production is tripled. He is removed
from the negative, routine task of
register control and applied to more
technical ones such as ink color and
flow, drying, printing pressure, In
this way his position becomes more
important at the same time that he
becomes more productive.
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Example of strip chart obtained with sky-wave signal recording equipment at Strathburn, Onfario. Curve shows variation in input
signal strength to receiver over period of several hours at night for signals of station WGY, Schenectady, N. Y.

Recording Sky-Wave Signals

|
|
|
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Receiving rack. cycler chassis, and graphical recorder used at Ottawa frequency
monitoring station for recording sky-wave signals from broadcast stations

GOOD DEAL of the energy ra-
diated from standard-band
broadeasting stations is reflected
from the ionosphere and returns
to earth at a distance from the sta-
tion. This phenomenon is an ad-
vantage in the case of clear-channel
stations since it augments the cov-
erage, but where channels are
shared by two or more stations in
the same region it may produce
interference which seriously limits
the coverage otherwise obtainable.
In the broadecast allocation strue-
ture, due cognizance must be taken
of the effects of sky-wave signals.
Ground-wave propagation is calcu-
lated from verified theoretical
curves, but because of the many in-
determinable factors involved in

112

sky-wave propagation, no corre-
sponding curves exist, and calcula-
tions must be made from entirely
empirical curves. These curves are
plotted from measured data on the
sky-wave signal intensities of dis-
tant stations over an extended pe-
riod, and are based on the signal
exceeded for certain percentages of
time.

Early curves took no separate ac-
count of variations due to latitude,
or between north-south and east-
west propagation, or of ionospheric
focusing, but assumed an average
propagation characteristic for all
sky-wave signals. The early curves
are the ones which have been in use
up to the present time, under the
North American Regional Broad-

www americanradiohistorv com

By WILBERT B. SMITH
Assistant Radio Engineer, Radio Division

Department of Transport, Ottawe, Ontario,
Canada

casting Agreement, Havana, 1937.

The Modus Vivendi, Washington,
1946, which extends the above-men-
tioned agreement, recognized the
need for more up-to-date informa-
tion on which to base new technical
standards to be drafted in 1948,
and charged the signatory countries
with making the necessary studies
towards this end. A program of
sky-wave recording was therefore
drafted by the Canadian authori-
ties to determine the propagation
characteristics of sky-wave signals
in Canadian latitudes.

Sky-Wave Recording Technique

Equipment for the recording of
sky-wave signals must be accurate
and stable, yet simple enough to be
used in outlying stations. It must
produce records which are readily
analysed in terms of the absolute
field intensity of the radio wave, in
microvolts per meter.

The essential components of field-
intensity recording equipment are
the radio receiver and antenna, com-
parison standard signal generator
or other calibration means, and the
graphical recorder.

In the system as finally developed
by the author for the Canadian re-
cording program, the incoming sig-
nal is received on a National] HRO
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Analysis of above chart with photoelectric scanner showed that signal exceeded 6,100 uv 5% of the time, 5,300 uv 10%, 3,000 uv
30%, 1,700 uv 50%, 1.400 uv 60%, 820 uv 90%. and exceeded 700 uv 95% of the time

from Broadcast Stations

Description of monitoring station set up by Canadian government to investigate sky-

wave interference occurring when two or more broadcast stations share the same chan-

nel. Signal strength of a station is recorded on strip chart for several hours, and photo-

electric scanner then determines percent of time signal exceeds any selected value

receiver which has been peaked for
maximum i-f response, and from
which the ave voltage is fed to a
vacuum-tube amplifier which drives
a 5-ma graphical recorder. In se-
ries with the graphical recorder is
a device which periodically returns
the recorder pen to zero so as to
blank in the area between the curve
and zero to facilitate analysis of the
graphs. The incoming signal as
delivered by the antenna is com-
pared with the output of a standard
signal generator for calibration of
receiver output. The antenna itself
is calibrated by comparison with a
field-strength meter of known ac-
curacy.

Analysis of the charts is accom-
plished by means of an electronic
scanner, in which a spot of light
rapidly traverses the chart along
the time scale. The reflected light
operates, through a phototube and
amplifier, an electronic gate which
permits current to flow through a
meter calibrated directly in per-
centage only during the periods
when the spot is on the blanked-in
portion of the chart. In this manner
the scanner integrates the time
during which a particular value of
signal was exceeded. Suitable scales
used in conjunction with calibra-
tion marks placed on the charts per-
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mit direct determination of the field
intensity exceeded for any specified
percentage of time.

Signal Generator

The circuit diagram of the stand-
ard signal generator is shown in
Fig. 1. It is a straightforward de-
sign, the only unique features being
the shielding, the use of a coupling
tube between the r-f sources and
the receiver, and the vacuum-tube
voltmeter circuit.

Effective shielding is achieved by
locating the oscillator and the cir-
cuits associated with it in individual
cast aluminum boxes which are in-
sulated from ground, connected to-
gether in sequence at one point only,
and grounded to the main chassis
at one point only. Circuits entering
the boxes are individually filtered
by means of chokes and capacitors,
and control shafts entering the
boxes are broken with insulated
couplings. Circuits within the box
are grounded at one point only, near
where the r-f voltages are finally
delivered.

Under the provisions of present

Format followed in recording signal

strength of broadcast station on strip chart,

and (below chart) method of obtaining

calibration curve used in connection with
electronic scanner
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FIG. 1—Circuit of sigmal generator used for calibration in connection with recording of sky-wave signals, showing elaborate
shielding technique employed and relationship to other units of recording system

international agreements the lowest
sky-wave field which has any signif-
icance is 25 microvolts per meter, so
there is little advantage in making
studies on field intensities much less
than this. Therefore the signal
generator was designed to deliver
calibrated r-f voltages only down to
10 microvolts, which with the usual
broadcast type of antenna permits
accurate recording of fields as low
as 5 microvolts per meter.

In order to simplify operation
and minimize effects of antenna va-
riations, a cathode-follower coup-
ling tube is included in the circuit
between the r-f sources and the
receiver input, with a switch to
change the input from antenna to
signal generator for calibrations.
Since this tube is in the circuit for
both calibration and recorded sig-
nals, it is in effect part of the re-
ceiver and is calibrated with it. It
does not introduce spurious effects
unless subjected to r-f signal inten-
sities of the order of 2 volts, which
may drive the tube beyond its range
of linearity. Localities where high
signal strength exists are avoided
in selecting a site for the recording
equipment.

Two similar vacuum-tube volt-
meters are provided, one for meas-
uring the r-f voltage applied to the
attenuator, and the other for oper-
ating the graphic recorder from the
received ave voltage. They consist
of triodes with the indicating
meters bridged between their plates
and the midpoint of two voltage
regulators in series. The tubes are
operated under conditions of no
input voltage with about 0.8 volt
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FIG. 2—Cyecler circuit for sweeping pen of

recorder periodically back to zero, to black

in entire area between signal strength curve and zero. Rate of sweep may be varied
from once per second to once every 5 seconds by adjusting 30-megohm resistor

bias, obtained from a cathode re-
sistor. The plate resistances are
varied for zero reading on the re-
spective meters, as zero-sets. For
any negative voltage applied to the
triode grid, the plate current will
decrease a proportionate amount
over the corresponding portion of
the tube characteristic, which in the
case of the 6J5 triodes is quite
linear. The change in plate current
will result in the difference current
flowing through the meter, giving
after calibration the measure of
the applied voltage.

Provides Protection

This circuit was selected to utilize
the negative ave voltage from the
receiver, and to provide protection
against accidental overload of the
meters or recorder from excessive
input voltage. Excessive input volt-
age can only drive the triode to
cutoff, when the meter will be called
upon to carry not more than the
normal plate current of the triode,

www americanradiohistorv com

which is approximately 8 ma and
not dangerous for a 5-ma meter.

The vacuum-tube voltmeter which
reads the r-f voltage applied to the
attenuator obtains its grid voltage
from a germanium crystal rectifier.
No return resistance path is pro-
vided for this rectified voltage =zs
the germanium rectifier itself has a
sufficiently low resistance in the
reverse direction to permit the grid
charge to leak off. Since the volt-
age applied to the tube grid is very
nearly equal to the peak value of the
r-f voltage applied to the attenuator,
the original calibration of the sig-
nal generator can be against a
standard cell, although comparisen
against a laboratory standard sig-
nal generator may be more conveni-
ent,

The second vacuum-tube volt-
meter obtains its grid voltage from
potential-dividing resistances
across the ave circuit of the re-
ceiver. The values of these resist-
ances are such as to bring the range
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FIG. 3—Circuit of electronic scanner used for analysis of charts. Arrangement of optical system is shown at lower right; phototube
is mounted on carriage along with lenses and lamp, and picks up light reflected from spot on chart

of the meter onto the portion of the
receiver gain characteristic which
is most nearly logarithmic. It is
therefore possible to get better than
two complete ranges, or a ratio of
100:1 within the scale of 0-5 ma,
using a National HRO receiver.

Chart-Blanking Circuit

The circuit for blanking in the
area on the chart between the curve
and the zero for analysis by means
of an electronic scanner is shown in
Fig. 2. Electrically it consists of a
small resistance in series with the
graphical recorder, which resist-
ance remains constant for about
four-fifths of the cycle, and then
increases to infinity over the re-
maining fifth, after which it sud-
denly returns to its previous value
and the cycle starts over again.

The resistance which performs in
this unusual manner is the plate re-
sistance of a 6J5 triode, the grid of
which is held about 4 volts positive
for the first four-fifths of the cycle.
Under these conditions the tube
shows a linear plate resistance char-
acteristic of about 300 ohms for cur-
rents as high as 8 ma.

The grid of the output or vari-
able-resistance tube is connected to
the plate of another 6J5 triode
which acts as a control tube to
translate the voltage developed by
the relaxation oscillator into an in-
creasing bias. Since the control
tube is biased well beyond cutoff for
four-fifths of the cycle developed by
the relaxation oscillator, it does not
come into action until the last fifth
of the cycle. It then diverts the cur-
rent previously flowing through the
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grid circuit of the output tube, per-
mitting the bias of that element to
increase to cutoff.

The relaxation oscillator is con-
ventional, being a capacitor charged
through a high resistance and dis-
charged through a type 884 thy-
ratron. By using a tapped 30-meg-
ohm resistance and a 1-pf oil-filled
paper capacitor, good stability was
obtained with periods from 1 to 6
seconds long.

For chart speeds of 1 foot per
hour the b5-second period is re-
quired, but for faster speeds a
correspondingly faster rate applies.

An Evershed-Vignoles graphical
recorder with 5-ma range and clock-
work drive is used. This instrument
is fitted with an oil dashpot so that
control can be had over damping,
which is important for the cyclic
operation to which the instrument
must respond. Wrinkling of paper
was overcome by using No-Rinkle
ink and Albanene paper produced
by Keuffel & Esser. The combina-
tion of a red ink and a blue-sensi-
tive phototube in the electronic
scanner was found to give best
results.

Electronic Scanner

A substantial part of the infor-
mation to be gleaned from the chart
is statistical and involves the de-
termination of the signal exceeded
for certain percentages of time,
during certain periods relative to
sunset. Heretofore, the method of
analysis has been to step off with di-
viders and scales the time incre-
ments corresponding to certain
signal intensities, replot the values

www americanradiohistorv com

so obtained and from the resultant
curve read off the required infor-
mation of the signal exceeded for
certain percentages of time. Need-
less to say, this manual method is
tedious and inefficient, and opens
wide the door to personal error
which it is almost impossible to
check. Fortunately, however, when
a great deal of data is so analyzed
most of the errors balance out in
the subsequent statistical mathe-
matical treatment, but there still
remains the tedious labor of the
manual analysis.

The electronic scanner was de-
veloped for the dual purpose of
speeding up analysis and eliminat-
ing largely the personal error. Due
to the shortness of time during
which the Canadian program could
operate before the data would be
required for the production of prop-
agation curves, speed and accuracy
of analysis were essential.

The circuit of the scanner is
shown in Fig. 8. The chart to be
scanned is wound around the scan-
ning drum, which will accommodate
24 inches of chart for each opera-
tion. The lamp-house contains a
carriage which slides along ways
under the control of a crank on the
front of the lamp-house. Mounted
on this carriage is a light source
consisting of a 32-candlepower auto-
mobile lamp, condenser lens, dia-
phragm with a 1-mil aperture, and
an objective lens which focuses the
image of the aperture as a small
spot of light on the chart undergo-
ing analysis. Also mounted on the
carriage is a phototube so arranged
as to pick up diffused reflected light
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Electronic scanner unit used at Radio Standards Office in Ottawa for analysing sky-

wave charts obtained with recording equipment.

Logarithmic calibration chart is

placed under pointer on table just above drum. Pointer is mechanically coupled
to optical system

from the spot on the chart. The top
of the lamp-house carries a special
logarithmic graph under roughened
plastic to take pencil lines. Cross-
ing the chart is a pointer which is
connected to the carriage and ar-
ranged to track with the position
of the spot of light. The near side
of the pointer acts as a straight
edge to place the calibration lines
on the graph, and to read off the
values of signal exceeded.

The electronic section consists of
an amplifier responsive to the stand-
ard i-f value of 456 ke but normally
biased slightly beyond cutoff. This
amplifier is supplied with 456-ke
excitation from an oscillator
through a small capacitor, but does
not come into action until the bias
on its first stage is reduced by il-
lumination of the phototube. The
output of the amplifier is rectified
by two germanium rectifiers in a
doubler circuit, and applied to the
grid of a triode-connected 6SJ7,
which is in series with a 6SJ7 sat-
uration pentode and the percentage-
of-time meter.,

When the phototube is not il-
luminated there is no appreciable
output from the amplifier and the
grid of the triode is maintained at
zero potential by a flashlight bat-
tery, permitting the full saturation

1é

current of 1 ma to flow through the
saturation pentode and give a full-
scale reading on the percentage-of-
time meter. This condition corre-
sponds to the scanning of a com-
pletely inked-in portion of a chart
undergoing analysis.

When the phototube is illumi-
nated the amplifier comes into
action and produces at the output of
the germanium rectifier 50 volts or
more, which produces immediate
cutoff of the triode. For the period
when this condition prevails no
current flows through the percent-
age-of-time meter. This corre-
sponds to the secanning of a blank
portion of the chart.

Since the percentage - of -time
nmeter is of the uniform scale type,
it will read the average current
flowing through it, provided the
cyele is fast enough to prevent the
meter movement from following
the individual fluctuations. Hence it
follows that in the scanning opera-
tion the meter will read directly the
percentage of time during which
the phototube has not been illumi-
nated, which is the percentage of
time a certain signal strength has
been exceeded.

The instrument can be made un-
responsive to residual room illumi-
nation by judicious adjustment of
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the amplifier biuas controls, so that
no special precautions are neces-
sary in regard to room lighting. A
Sola constant-voltage transformer
supplies the electronic circuits. This
transformer combined with the
voltage regulators used to obtain
the various internal voltages gives
maximum stability and the instru-
ment can be easily read to an ac-
curacy within 1 percent.

The image of the aperture in the
diaphragm on the chart being
scanned is about 0.03 inch in diam-
eter. which is about the width of
the line traced by the pen on the
graphical recorder. Consequently,
the scanner can resolve and analyse
any record normally taken by the
recorder. The accuracy with which
the percentage-of-time meter and
the calibration on the graph can be
read is about 2 percent.

In using the scanner, the chart to
be analysed is first placed on the
drum with the zero side to the front
and with the calibration marks
showing on the outside. The pointer
is then wound successively to the
top of each calibration mark and a
short pencil line drawn along the
straight-edge intersecting an ap-
propriate unit line on the graph.
These points are then joined up by
a smooth curve which provides the
scale from which signal intensities
pertaining to that particular chart
are read. The curve so plotted is in
reality the received signal versus
ave voltage curve, and consequently
provides the means for reading di-
rectly in microvolts per meter the
field intensity from the recorded
values of the resultant ave voltage.
A new curve is drawn for each
chart analysed.

After the calibration curve is es-
tablished, the chart is moved around
the drum until the portion of which
the analysis is desired is on the out-
side and visible to the scanning
spot. The drum is then started ro-
tating and the percentage-of-time
meter checked for zero and full
scale, The scanning spot with its
attendant pointer is then wound
across the chart until the meter
reads the desired percentage of
time, when the corresponding field
intensity can be read off directly
from the intersection of the straight
edge of the pointer with the calibra-
tion curve.
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Electromechanical
D-C Amplifier

Small chassic at left contains the d-c amplifier and power supply used with the
recarder and thermocouple (botitom) to measure transients in a thermal process

By C. G. ROPER

Chief Engincer
and
J. F. ENGELBERGER

Development Engineer

IMectrical Engineering Department
Manning, Mazwell, and Moore, Inc.
Bridgeport, Connecticut

APPLICATIONS

Production matching of resistors.
Gives quick response with high sensi-
tivity to replace galvanometer
Experimental production of thermo-
couples. Used with recorder to meas-
ure time response characteristic of
thermocouple element

Development of temperature regula-
tors to drive transient response re-
corder

Serves as power o impedance changer
to make possible long distance trans-
mission or telemetering of low level
d-c signals

Amplify outputs of barrier layer pho-
tocells, Firani or ionization-type
vacuum gages

Amplifier for control equipment, and
servomechanisms

Bridge detector

Preamplifier in radiometry recording

A moving-coil system actuates a metal flag in an oscillator tank to provide high gain
and stable d-c amplification. Operating principle, mechanical details, and circuits

of a degenerative system for low-impedance, low-current inputs are given

HOLLY ELECTRONIC d-c ampli-

filers are subject to drift re-
sulting from supply voltage varia-
tion, tube characteristic instability,
and variations of temperature and
humidity. Also, this type of ampli-
fier does not lend itself to low-im-
pedance inpnts.

When voltage regulation and bal-
anced circuits are used to reduce
drift, the amplifier becomes compli-
cated and unwieldy. For laboratory
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use this last point is perhaps no
handicap, but for industrial and
aircraft usage, complexity and size,
not to mention cost, become vitally
important.

The chopper type d-¢ amplifier,
while it can be used with a low-im-
pedance input, structurally is diffi-
cult and expensive to make. For
many industrial purposes, as well as
aircraft applications where space
and weight are at a premium, it is
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inconvenient, and its extremely

high gain is unnecessary.

Combination System

The principle of electromechani-
cal d-c amplification is illustrated
in Fig. 1.

In Fig. 1A, a low-level voltage in-
put to a galvanometer is converted
into motion, and this motion is
then employed to tune an oscillator
by having a metal flag move be-
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FIG 1—Basic principle of the electrome-

chanical system is fllustrated at (A). The

method of adding feedback is shown at
(B)

FIG. 2—Two practical circuits for using
the current-sensitive tuning flag and an
electronic oscillator 1o obtain amplifica.
tion. Both provide a voltage gain of 1.000

tween coils of a tured-grid, tuned-
plate oscillator. The motion of the
metal flag loads and unloads the
tank circuits with consequent varia-
tion in input voltage of the oscilla-
tor. With a reasonably sensitive
galvanometer movement, such a
conventional setup can easily pro-
vide voltage gains higher than 10°.

In Fig. 1B, an extra coil has been
added to the galvanometer, and the
output voltage is fed back to the
galvanometer input. Basically, this
is the complete d-c feedback ampli-
fier. Feedback could be applied to
the input coil, but the advantage
of an isolated input would then be
lost.

Since a galvanometer input is
used, a low-impedance input offers
no difficulties. So, too, this ex-
tremely high-gain mechanical input
stage does away with input tube
selection and fastidious care of op-
erating conditions.

Considering the overall circuit,
the gain of a feedback amplifier may
be written as'

E out 1

Ew 4= 1- ug
where A = gain of feedback ampli-
fier, u = forward gain without feed-
back and £ = feedback fraction.

This can be rewritten as

-1 1
B 1=1/uB M
Thus as long as the quantity uB
is large, A is practically equal to
—1/B, and the gain is almost inde-
pendent of changes in p.
The actuil reduction in gain
variation as a result of change in

A =
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1+ may be computed as follows:

E = E;

g -,
1— ug
differentiating with respect to u

35 _ 1= uB+ uB
T~ wep

ou
1= uBEnl- uB + uB
u (1 = uB)?
P — E—O
T u(l—up
OFE, 1 ou
b il ey @

Thus, the variations in gain as a
result of changes in circuit are re-
duced by a ratio of 1/(1—puB).

The extremely high initial gain
of this electromechanical d-¢c ampli-
fier permits of large feedback factor
uB to reduce drift, while resultant
gain which has been shown to be
virtually equal to 1/8 is still, for
many purposes, quite satisfactory.

Faster Action

The feedback to the galvanometer
is also advantageous from another
point of view. The time response
of the galvanometer is greatly im-
proved; that is, the natural un-
damped period of such a mechanical
system is reduced to a fraction of
its original value.?

It can be shown that feedback in
the galvanometer is given by,

C =1 + pB)C
where C = stiffness of suspension
and ¢’ = stiffness with feedback.
Since the unclamped period of the
galvanometer is given by,

K

r=2x T

where r = period and K = moment
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of inertia then the period with feed-
back becomes,

- reyE 2y E
r=2 ‘l"/c; 2% “BC

Thus, feedback has reduced the
period by a factor of 1\/;/._/3.

Temperature Compensation

When the amplifier is used with
a current input, change in resist-
ance of the input coil with tempera-
ture is of no consequence. However,
for a voltage input there is one
other major advantage to be con-
sidered; that is the input circuit
can be completely compensated for
copper temperature error. This
eliminates necessity for insulating
the input circuit or for adding large
zero temperature coefficient resis-
tors in the input circuit.

The method of temperature com-
pensation can be explained with
reference to Fig. 1B. Both coils
on the galvanometer movement are
copper and, therefore, for any tem-
perature change undergo the same
percentage change of resistance.

PANCAKE
OSCILLATOR
091L

_ —~ ALUMINUM
-7 TUNING FLAG

= - ~-FEEDBACK

LEAF SPRING
BEARING - -~

_ALNICO v
HOUSING

INPUT AND -- —~
FEEDBACK COILS

FIG. 3—Construction details of the gal-

vanometer-type movement. The input and

feedback coils are wound one- above the
other
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Now when pB is much greater than
unity and the gain, A, is equal to
1/B, the feedback current is directly
proportional to output voltage. A
zero temperature coefficient re-
sistor, 7., i8 placed across the feed-
back coil, r, to divide the feedback
current; and this division of cur-
rent varies as tlie resistance of the
copper feedback coil changes.

On the input side, B, is placed in
series with E,, the copper input coil,
and changes in the resistance of
R, result in changes of input cur-
rent. It can be shown that with
change in resistance of the two
copper coils, the percentage change
of current through the input coil
is exactly equal to the percentage
change of current in the feedback
coil if R,/R: = 7./r.. Thus loss of
input sensitivity is balanced by a
decrease in B, the feedback frac-
tion, and the gain remains constant
as the temperature changes. Since
the ratio 7./, can be made as small
as the feedback power available will
allow, the ratio, B./R., which also
represents loss of gain as a result
of compensation, can be kept cor-
respondingly small.

In general, two convenient possi-
bilities for the circuit of the am-
plifier have been tested. They are
shown schematically in Fig. 2. In
Fig. 2A, the r-f oscillator output
is rectified to provide d-c output
and feedback current. In Fig. 2B,
the change in the d-¢ impedance of
the oscillator tube with strength
of oscillation is employed to un-
balance a bridge. It is worthy of
note that frequency variation is
not considered in either of these
methods and that one need not be
concerned with exact frequency sta-
bilization. Only the magnitude of
the r-f signal is significant.

this bench
d-¢ omplifier contains «

FIG. 4—Four inches long,

model of the

miniature tube inside the chassis for ap-
plications where space is limited
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The argument might be raised
that this amplifier would only be
useful in the laboratory, since a
galvanometer is too fragile an in-
strument and is subject to accelera-
tions and vibration. However, this
application lends itself to o revamp-
ing of galvanometer design to give
a very rugged structure.

Figure 3 shows a sketch of such
a galvanometer. Since only a few
thousandths motion is required of
the flag moving between the oscil-
lator coils, this design becomes
feasible. Some advantages are im-
mediately obvious. With the mov-
ing coil suspended in this manner,
all coil turns are at right angles to
the radial field and, therefore, use-
ful.

In conventional galvanometer de-
sign, the portions of every turn
that lie parallel to the magnetic
field are wasted. So, too, a cy-
lindrical coil is easier to wind than
a conventional galvanometer coil,
and the structure lends itself to the
addition of the extra feedback coil
without difficulty.

As a result of the small motion
required, short frictionless leaf
spring bearings may be used, mak-
ing a more easily assembled move-
ment. Having the coil at the end
of the beam provides a torque-input
current ratio that is higher than
that usually attainable, but which
would be detrimental were it not
for the feedback used. The long
natural period of the beam is re-
duced by feedback as has been
shown.

Thus, combining the advantages
of a high torque to current input
ratio, rugged shockworthy con-
struction, simplicity of assembly,
and a fast time response as a result
of feedback, the galvanometer is
suitable for use as the input stage
of a high-gain, stable field model
d-c amplifier.

Practical Instrument

To answer a demand for an am-
plifier for aircraft purposes, the
Microsen d-¢ amplifier pictured in
Fig. 4 was developed. The unit
shown is a bench model, flight
models being shock-mounted and
weather-sealed.

This instrument is exemplary of
the general principles discussed,
and its specific characteristics will
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FIG. 5—Frequency characteristics of the
electromechanical system with and with-
out feedback

be considered in more detail. The
design throughout was influenced
by the stringent specifications of
aircraft apparatus. It occupies less
than 40 cubic inches, weighs ap-
proximately 2 pounds, requires less
than 5 watts power and is mechan-
ically constructed to insure its
ability to withstand Leavy vibra-
tional and acceleration loading.

The circuit of Fig. 2A was used
in this instance, and the feedback
fraction chosen was 0.001, giving
a gain of 1,000. Its specific use is
to provide a voltage output of &
volts for a thermocouple input of
5 millivolts. It is powered by an
unregulated d-c supply of nominal
200-volt value. With line voltage
variation from 100 to 200 volts, out-
put drifts only 0.5 percent.

Feedback has greatly improved
the time response as is witnessed
by the frequency characteristics
with and without feedback shown
in Fig. 5. The gain remains con-
stant as long as uf is much greater
than unity. At higher frequencies
8 becomes smaller as g is reduced.

If it were desirable to extend the
frequency characteristic and still
retain the same gain, a stage of d-c
amplification might be added, thus
increasing p@ without increasing
B, the reciprocal of the latter still
determining the gain value. Of
course, the gain is not limited to
1,000. Stable gains as high as 50,-
000 can be provided if the applica-
tion demands.

REFERENCES

(1) Hendrik W. Bode, Network Analysis
and Feedback Amplifler Design, D. Van
Nostrand Co. 1945.

(2) Lawson: Analysis of D, C. Galva-
nometer Amplifier, Electronic Engineering,
p 114-116, 17, Aug. 1944.



(a)

fo AND f,

FIG. 1—Phase method of obtaining frequency drift sense

FIG. 2—Resonator-detector output

Simplified Microwave AFC

Part I

ITH the rapidly spreading

interest in microwave relay
systems, there appears a need for a
relatively simple means of keeping
a microwave oscillator within the
required frequency tolerances. Ac-
curately controlled temperature and
voltages at the tube can be used
with good success, but this requires
complicated and bulky equipment.

Techniques using automatic fre-
quency control (afc) of the micro-
wave oscillator have also been de-
veloped, and many of these operate
exceptionally well. Some of them
have sufficient bandwidth and sta-
bility characteristics to provide a
frequency correction to the oscilla-
tor of better than several parts per
million over reasonable periods of
time.

The afc system to be described
is not as precise as the best that can
be built, neither is it as complicated
as a precision unit. Instead it is
relatively simple, compact, easy to
adjust, and can operate with either
tunable klystrons or tunable mag-
netrons,

Most of the relay systems on mi-
crowave channels are rather wide
band, in the order of 2 me or more.

* The equipment described was developed
while the author was with Sperry Gyro-
scope Co.
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Consequently, if the transmitter
carrier is held to within about =
200 kc of the assigned frequency,
it will remain well within the chan-
nel limits. A simplified motor-
operated afc system will serve.

In all automatic frequency con-
trol systems, the frequency of the
controlled oscillator is compared
with a known reference frequency,
and any discrepancy between the
two, as indicated by the detection
circuit, is used to apply a correction
to the afc oscillator. One method
uses a cavity resonator as the refer-
ence frequency standard. The reso-
nator is used in such a way as to
obtain a sensing or directioning of
the oscillator drifts for applying
the proper corrections. This cor-
rection may be accomplished by
coupling the resonator to a wave-
guide bridge circuit.t

The type of sensing used in the
system to be described is somewhat
novel because it applies a sensing
modulation to the reference reso-
nator itself. This sensing modula-
tion provides a means of detecting
the magnitude and direction of fre-
quency shift of the oscillator. The
signal carrying this information is
used to shift the oscillator back to
the correct frequency setting.
Either mechanical or electronic
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means can be used to tune the tube,
or both can be used in combination.
Several useful afc systems are
discussed : motor afe system alone;
motor and reflector afec system
combination; pushbutton scanning
means for such systems; automatic
scanning means. Their discussion
is preceded by an analysis of cer-
tain basic operating principles.

Method of Sensing

If the resonant frequency of an
excited resonator is moved back
and forth at a given rate, the re-
sulting signal from a crystal detec-
tor coupled to the cavity is in phase
with the signal producing the res-
onant frequency shift when the car-
rier is effectively detuned to one
side of resonance, and 180 degrees
out of phase when it is detuned to
the other side of resonance. As far
as the crystal detector is concerned,
variation of the cavity resonant fre-

quency is equivalent to frequency

modulation of the carrier generator.
When the carrier is exactly in tune
with the resonator, the detector
output is entirely the second har-
monic of the sweep rate, with no
fundamental component present.
Figures 1 and 2 illustrate these
basic sensing functions graphically.
Figure 2 shows that increasing the
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FIG. 3—A basic motor-operated automatic frequency conirol

FIG. 4—A basic electronic automatic frequency control

Combinations of motor and electronic afc action for microwave oscillators are discussed.
Methods of automatic and manual correction scanning complete the design considera-
tions for a 3,000-mc radio-relay svstem that remains within 200 ke of assigned frequency

eon Manufacturing Co.

B y F. A ] E NK s RaythWaltham, Mass.*

carrier detuning will enhance the
voltage of the fundamental fre-
quency-modulating frequency ob-
tained from the crystal detector
until the detuning has gone about
one-quarter of the resonator band-
width, at which point the voltage
of the fundamental begins to drop
off, although remaining in the same
phase. The output signal from the
detector crystal is a reversing-phase
variable-magnitude voltage of the
same frequency as that used to
modulate the resonator.

Figure 2 is correct for small fre-
quency deviations of the resonator
frequency, a condition which is em-
ployed in the present afe system.
Wider deviations move the funda-
mental peaks out to about the half-
power points on the resonance
curve. The slope of the fundamen-
tal curve at or near resonance is
called the conversion factor or sen-
sitivity of the resonator-detector
unit, dE./df, and is stated in volts
per cycle for a given radio-fre-
quency power into the resonator and
a given frequency deviation.

To prevent modulation of the
cavity from reacting on the oscilla-
tor, careful adjustment of the coup-
ling between the two is necessary.
It is desirable to use only a small
amount of power in the resonator,
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as this aids in meeting the decoup-
ling requirement by allowing loose
coupling and avoids absorbing too
much energy from the oscillator.

Basic Motor AFC

To illustrate each functional sec-
tion of the complete afc system, the
two methods of control will be dis-
cussed separately. Figure 3 shows
a block diagram of the essential ele-
ments of the motor afe without
antihunt. Since the resonator-
detector output is a reversing-phase
variable-magnitude voltage of the
fundamental sweep frequency, it is
suitable for operating a two-phase
motor. If one winding is excited
with a constant voltage of fixed
phase, and the other, called the con-
trol winding, is excited by a vari-
able-magnitude voltage of either 0
or 180-deg phase relationship with
respect to the first winding, the
direction of rotation of the motor
will depend upon whether 0-deg or
180-deg phase voltage is in the con-
trol winding. The speed at which
the motor runs is dependent upon
the amplitude of the voltage in the
control winding, with zero voltage
producing no rotation, even though
full voltage is maintained on the
first or reference phase winding.
The motor, in essence, becomes a
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phase detector in this type of afc
system.

From the diagram of Fig. 3, it
is seen that the resonator-detector
signal is amplified and applied di-
rectly to the control winding of the
motor. The fixed phase winding
derives its excitation from the same
source that is used to produce the
resonator frequency deviations for
the sensing operations.

Since the two-phase motor is a
mechanical device, it is subject to
certain evils, namely bearing fric-
tion, inertia, and unbalance. In a
good motor the rotor will be bal-
anced rather carefully, and static
inertia troubles will not begin to
appear until the static friction in
the bearings has been virtually
eliminated. Owing to this friction,

a finite signal voltage E. at the

motor winding is needed to over-
come these forces and produce rota-
tion. Usually the rotational friction
is lower than the static friction, and
consequently it is not the important
factor in the problem.

Assuming then that the system
is exactly in tune, no fundamental
voltage will appear at the motor
winding. As the oscillator begins
to drift, the error signal on the
motor winding has to reach a value
of E. volts before motor-operated
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afc action takes place. Therefore,
the unavoidable frequency error
owing to friction is the frequency
drift required to produce E, volts
at the motor.

Referring again to Fig. 8, the
terms used to describe the action
around the feedback loop may be
summarized and defined. E,, is the
motor voltage required to overcome
static friction; dE,/df is the reso-
nator-detector voltage frequency
sensitivity, near resonance; A4, is
the gain of the motor amplifier sec-
tion; Af is the frequency deviation
error without afe.

To cause afc action to take place
the error signal must equal E,,, and
that quantity may be evaluated by

En = Am (dEc/df) Af (1)
Solving for the frequency error pro-
duced' by the motor afc because of
frictional forces gives

Afn =(En/Am) (df/dE.) 2

The error shown in Eq. 2 is the
long-time error encountered in the
motor-operated type of afc system
(assuming negligible resonator and
modulator drift), since the motor
will drive until the error voltage on
its winding has reached some value
less than E,. Driving toward the
correct frequency, the inertia of the
mechanical system will carry the
tuning well into the region where
the error signal is less than E,,. The
fact that rotational frictional at
slow speeds is less than static fric-
tion emphasizes this condition.

It may happen that the mechani-
cal inertia of the gear train actually
carries the tuning through the cor-

greater than E,. This new error
signal drives the system in the
other direction and the overrun may
then be encountered a second time.
This can result in hunting, where
the motor oscillates the tuning back
and forth around the correct fre-
quency setting.

The problem of eliminating hunt-
ing will be taken up in a later sec-
tion. The correction response time
of the motor afc is usually slow due
to the mass and drag of the me-
chanical linkages.

Basic Electronic AFC

Using electronic afe, for example
by varying the reflector voltage of
a reflex klystron, a residual error
signal is required to produce a cor-
rection voltage with which the afc
must operate. This is unlike the
motor-operated afe in which the
error signal would go to zero if no
static frictional forces existed.
Figure 4 shows a block diagram of
an electronic afc section. The es-
sential difference between this and
the previous case is the replacement
of the motor by a phase-detector
whose output is coupled directly
into the reflector circuit of a kly-
stron. Since the reflector is fre-
quency-voltage sensitive, the control
loop is complete to provide afc
action.

As such an electronic afc system
does not have any mechanical cir-
cuits, it can be treated in the usual
feedback manner. The terms used
around the feedback loop in Fig, 4
are defined as follows:

df/dE, = klystron reflector frequency—
voltage sensitivity

dE./df = resonator-detector voltage-fre-
quency sensitivity near reson-
ance (as before)

A, = gain of reflector amplifier
section

Af = frequency deviation error with-
out afc

B, = feedback gain around loop, ex-
cluding amplifier 4,

The residual error in the electronie
afe is the frequency error drift di-
vided by the total loop gain

Af Af
Afy = loop gain ~  A,B, @)
AB, = 4, (G. dd—éd—d’}’“— @)
Substituting Eq. 4 in Eq. 3

Af
Af, =

df dE, (5)

A g, —dar

The residual error signal can be
‘ade smaller by increasing the gain
around the feedback loop (A.B,).

Combination Motor and Electronic AFC

The motor and electronic afc sys-
tems have one interesting thing in
common; neither afc system can
produce complete error correction.
The motor system is afflicted with
frictional troubles, and the elec-
tronic system requires some error
signal to produce afc action. Oper-
ating in combination, however, the
electronic afc has to handle all
transient errors greater than the
maximum frequency error allowed
by the motor friction given by Eq.
2. Its long-time error signal will
be less than this amount. Conse-
quently, the resulting long-time
error of the combined systems is
given by substituting Eq. 2 into

(& = conversion gain of phase de- |
rect value and to a reverse voltage 4 tector Eq.5
NO FEEDBACK
| ' o
RESONANCE CURVE e

5 TSN

8 /7 N _LOW GAN

g8

@ \,

B “EXCESSIVE FEECBACK

AMPLIFIER
SATURATION..
e MEDIUM GAIN
FIG. 5—Motor tuning time plotted against
corrective feedback _HIGH GAIN
’/ \\
. g f—
FIG. 6—The hold-in characteristic versus ,l L Bfs MOTOR ERROR
motor-amplifier gain indicates how well
motor error can be compensated
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Microwave section of signal generator.

A _ (4f/dEe) (En/A)
Mnr = £ B~ = GiAE) @EJd) O

= (i5) (5) ()

Several things are gained when
the electronic afec system is com-
bined with the motor-operated afe.
First, the response of the electronic
system is faster than its mechanical
counterpart. This feature relieves
the motor of trying to respond to
transients which it can not handle.
Second, the quicker action of the
electronic system acts as an anti-
hunt circuit for the motor afe. If
the motor inertia carries the cor-
rective tuning past the center fre-
quency, the electronic afc corrects
this situation by electronic tuning,
thus wiping out or materially reduc-
ing (by an amount equal to
— Af/A.B,) the reverse error signal
which the motor winding would
have otherwise seen. Action such
as this removes any tendency to
hunt or oscillate about the center
frequency, and gives a smoothly
damped motor operation. Third,
when the combined system is in
tune, the output from the phase
detector is zero.

This last condition is most im-
portant in transmitters whose mod-
ulation characteristics are critical
as to distortion, and the oscillator
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must be operated at the center of a
mode as dictated by the reflector
characteristics. Consider a step-
function frequency disturbance. The
action of the electronic afc causes
it to make its best possible corree-
tion as given by Eq. 5. During this
time the motor has also begun to
operate, to wipe out the error volt-
age on its winding. As the system
approaches the correct mechanical
tuning of the klystron, the error
voltage is reduced. When the cor-
rection is complete, the output of
the phase detector goes essentially
to zero, thereby putting no addi-
tional voltage from electronic afc
actior. onto the already existing re-
flector potential. In this way, the
best modulation characteristics are
maintained, even under rather
severe afe hold-in conditions.

Mector Circuit Antihunt Control

When the motor-operated afc is
considered alone, some means of
reducing the tendency to oscillate
about the center-frequency must be
introduced. One of the most satis-
factory methods is to couple an eddy
current generator to the motor
shaft, and excite one of its fields at
the motor frequency. The ampli-
tude of the resulting voltage in its
output winding will be proportional
to the speed of the motor, and its
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Resonator and speaker- unit modulator are shown beneath the gear mechanism at right.
Tuning motor with cam is above chassis at left

phase will be either 0 or 180 deg
with respect to the exciting voltage,
depending upon the direction of ro-
tation. No slip rings are needed so
no additional friction forces are
incurred.

The eddy-current generator sig-
nal is introduced into the motor
control circuit in such a way that
its phase is in opposition to that
of the error signal. When a fre-
quency disturbance occurs, the
motor operates to reduce the error
as usual, but some signal of opposite
phase proportional to the motor
speed is supplied by the generator
to reduce the apparent error signal.
Such a reduction in error voltage
slows down the motor, which pro-
cedure in turn reduces the injected
antihunt voltage.

Should the inertia of the me-
chanical system carry the correction
too far, and cross the center fre-
quency, the error signal will change
phase. This condition puts both
error and antihunt signals in phase,
and the sum of the two act to brake
and reverse the direction of rota-
tion. Once this reversal is accom-
plished they are again out of phase,
because the phase of the generator
voltage depends upon the direction
of shaft rotation only, and the anti-
hunt signal is again tending to slow
down the motor. One important
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FIG. 7—Block diagram of a motor afc system connected for antihunting

point should be noted; the antihunt
signal becomes less and less as the
motor slows down when approach-
ing the correct tuning, and it is
zero when the motor arrives at a
dead stop. In this latter eondition
the system has its greatest sensi-
tivity.

The amplitude of the antihunt
signal plays a large part in deter-
mining the characteristics of the
motor afc system. In Fig. 5 is
shown a series of curves for differ-
ent amounts of speed feedback
voltage. It is possible to go from
the case of oscillation with no anti-
hunt voltage through a gradual ap-
proach to the condition with no
overshoot, and beyond to a point
using excessive antihunt signal. The
proper adjustment is somewhere be-
tween the two extremes, depending
upon the operating requirements
of the individual equipment.

Hold-in Tightness

From Eq. 2 it is apparent that
the motor error caused by static
friction varies inversely as the gain
of the motor amplifier, A,.. Figure
6 illustrates a family of curves
which show inecreasing tightness of
afc control (that is, less frequency
error) with increasing amplifier
gain. The section near the center,
before overloading occurs, is most
interesting. As the gain increases,
the motor-error width decreases ac-
cordingly.

The ability of the system to re-
spond to transient disturbances is
dependent upon the electronic afe.
Assuming that a 400-cps motor is
used, and the same sensing fre-
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quency is used for both motor and
electronic afe, it is apparent that
the error information is arriving
into the system at only a 400-cps
rate. This relatively slow rate of
gathering information puts a defi-
nite limit upon the transient re-
sponse of the electronic afe. If at
least 20 complete information cycles
are needed for reproducing error
data of a transient pulse, then the
transient response that can be
handled by such a system is in the
order of 0.1 second, or longer.

The difficulty in filtering out 400
cps from the output of the phase
detector to prevent 400-cps fre-
quency modulation of the klystron
necessitated a brute-force filter,
which would preclude attempting
to raise the transient response when
using such a low sensing frequency.
It is entirely possible to use two
sensing frequencies to overcome
this trouble, such as 400 cps for
motor control and 50 ke to 100 ke
for electronic control, with good
transient response.

Motor AFC with Antihunt Generator

The simplest form of afe system
that has been discussed is one using
just motor control, with antihunt
signals supplied by an eddy-current
generator. A block diagram of this
arrangement is shown in Fig. 7.
The performance to be expected
from this cireuit is given by Eq. 2,
and the response to transients is
relatively poor. However, such an
afc is characterized by extreme
simplicity, low power drain, com-
pact size, and a wide tuning range.

The mechanical details are most
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FIG. 8—Block diagram of

important, such as good linkages
between the motor shaft and the
tuning member, stable frequency-
temperature characteristics of the
reference resonator, and stable
resonator-modulator characteristics.
Some means of reducing the second
harmonic voltage of the sensing
frequency is necessary to prevent
overheating the motor winding with
a signal that contributes no rota-
tional torque.

A slightly different type of motor-
operated afc is possible by coupling
the motor to a potentiometer which
in turn varies the reflector voltage
of the reflex klystron. No mechani-
cal work is done on the Klystron,
consequently less torque is needed
from the motor. The frequency con-
trol range of this system is limited,
however, to the electrical tuning of
the reflector circuit. Unlike the
electronic afe, no sensing voltage
has to be filtered from the reflector
circuit.

Motor-Electronic System

The combination of motor and
electronic afe systems gives more
flexibility of operation. Figure 8
shows a block diagram of this com-
bination system. Note that the
antihunt signals for the motor are
now amplified in a separate stage
and fed into the signal amplifier at
a point beyond where the phase de-
tector signals are picked off. The
change in antihunt injection is
necessary to prevent the generator
voltage from getting into the phase
detector circuit.

Several points of caution are
necessary to observe if this com-
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bination afec is to function properly.
Referring again to Fig. 8, the phase
of the signal at the motor winding
should be either 0 or 180 deg with
respect to the voltage on its fixed
phase winding. The phase of the
amplified antihunt signal should be
180 deg with respect to the signal
voltage at the point of injection
into the motor amplifier chain.
Last, the phase of the signal voltage
at the secondary winding of the
pushpull transformer of the phase
detector should be either 0 or 180
deg with respect to the reference
voltage in the center leg of the
phase detector. Also, the frequency
response around the electronic afc
loop should drop to unity before the
phase shift has reached 180 deg,
otherwise the vreflector afe will
oscillate at the frequency where the
180-deg shift occurs.

Pushbutton Scanning

The two systems described above
will pull into frequency if the drift-
ing oscillator signal is within the
skirts of the reference resonator
response. However, the oscillator
may not be within this frequency
range, especially with a tunable
reference resonator as used in sig-
nal generator applications. To make
the motor tune the oscillator with-
out error signal from the resonator,
a switch or pushbutton arrange-
ment can be used to inject scanning
voltage into the motor amplifier and
to disconnect the motor antihunt
signals during the scanning opera-
tion.

The simplest method is to allow
the motor to drive always in the
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FIG. 9—Block diagram of an afc system with automatic scan

same direction during scanning.
If the resonator is tunable or chan-
nelled, a better method is to connect
a set of contacts to the frequency-
shifting mechanism which selects
the proper phase of the scanning
voltage for driving in the correct
direction. Such a scheme will be
described in more detail in a later
section.

Automatic Scanning

Certain applications require that
the afe system automatically search
and lock onto the signal if it should
not be within the pass-band limits
of the reference resonator. This
type of operation is relatively easy
to accomplish with the afc equip-
ment under discussion.

Figure 2 shows the output volt-
ages from the resonator-detector
within the resonant characteristics
of the cavity. Notice that the sec-
ond harmonic of the sensing modu-
lation frequency peaks at resonance,
while the fundamental goes to zero.
It is ebvious then that if both the
fundamental and second harmonic
frequencies are amplified and recti-
fied, a control bias can be developed
whenever the carrier lies within the
resonator limits. Should the car-
rier drop out of the pass band of
the resonator, no bias will be pro-
duced and scanning can be made
to commence. An automatic scan-
ning system is shown in block dia-
gram form in Fig. 9.

First, it is important that the
d-c bias developed by this rectified
sensing signal be sufficiently great
at resonance to cut off the control
or relay tube with a reasonable mar-
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gin of safety. Second, if this bias
is used to cut off a scanning tube
(instead of operate a relay tube)
it must be great enough to elimi-
nate completely all trace of scan-
ning voltage in its output circuit;
otherwise the afc system will re-
main slightly off to one side or the
other of resonance. During scan-
ning, some means to reduce or
eliminate the speed feedback volt-
age is required. If this reduction
is not effected the scanning will be
slow and jerky.

A more desirable method than
cutting off a vacuum tube is to use
the bias voltage to operate a relay
tube. The relay, when relaxed, al-
lows the generator feedback voltage
to be applied in the normal manner,
and when energized it injects scan-
ning voltage into the system instead
of antihunt voltage from the gen-
erator.

As mentioned earlier, the phase
of the scanning voltage can be sel-
ected automatically so that the
motor will drive in the shortest di-
rection to pick up the signal. A
pair of contacts operated by the
resonator tuning or channeling
mechanism though a clutch will
work satisfactorily for this phasing
operation.

The special components used in
a representative system and their
necessary physical properties will
be described in the second and con-
cluding part of this article, to ap-
pear in a forthcoming issue.

REFERENCE
(1) . V. Pound, Electronic Frequency

Stabilization of Microwave Oscillators, Rev.
sei. Instr., p 490, Nov. 1946.

125



By
WARREN H. BLISS

ROA Laboratories Division,

Radio Corporation of Amerioa, Princeton, N. J

FIG. 1—Start and stop input pulses limit

the duration of the high-frequency train of

cycles delivered by the shaper and driver

to the binary counter. Count attained when

the stop pulse occurs is marked on paper
by the recorder styluses
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UMEROUS RESEARCH projects,

and the field of nucleonics in
particular, require a practical
method of measuring very short
time intervals that occur at random.
Lengths of periodic or recurring in-
tervals can be observed by conven-
tional oscilloscope patterns, but
when it is desired to measure the
interval between a pair of closely
spaced pulses that may appear only
a few times in an hour, the tech-
nique is difficult. A common method
of measurement has been to use a
long-persistence cathode-ray trace
with rotary sweep and triggered
control. For measurements of the
order of a few microseconds, the
sweep speed must be so great that
the trace is dim and hard to photo-
graph or observe.

Gated Counter Technique

A better method has been found
by the application of -electronic
counter techniques. Currently avail-
able commercial counters do not
have as good resolution as desired
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for such measurements, and do not
record the result and repeat the op-
eration automatically. Consequent-
ly, a special development was un-
dertaken that resulted in the design
and construction of the Short Inter-
val Timer and Recorder (sometimes
called SITAR).

System Operation

The basic element of the interval
timer is a binary scaler or counter
chain connected through a gating
circuit to a 4-me driving source.
Pulses marking off the interval to
be measured are applied to a gate
or switching circuit which passes a
representative block of the high-
frequency cycles to the binary
chain, where they are counted and
registered. The result is then auto-
matically recorded as a dot pattern
across a strip of special paper and
the machine resets itself in readi-
ness for the next measurement.

The block diagram of Fig. 1 il-
lustrates the various elements of
the device with the necessary inter-
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connections. The components are
arranged physically in two groups
and are mounted accordingly on
two chassis units. The upper sec-
tion contains the 4-mc source, the
switching circuit, and the counter
chain. The lower section contains
the recorder, its control circuits,
and the reset circuit which re-
stores the upper section to its
standby condition after each meas-
urement,

The 4-me timing frequency is ob-
tained by doubling the output of a
2-mc crystal oscillator. A shaper
and driver stage, under control of
start and stop elements, transmit a
gated block of 4-mc pulses to the
counter. The initiating and termin-
ating pulses of the time interval to
be measured are applied to trigger
the start and stop circuits, respec-
tively.

The counter or scaling circuit
consists of six binary stages of the
usual locking-trigger type and has
a capacity of 64 counts (2°). Be-
cause the head or highest-speed
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Six styluses projecting from the raised recorder head electrically mark the count on
a 2.25-inch strip of Teledeltos paper. Strip is advanced in one-eighth inch sieps by
the ratchet wheel and magnet-actuated pawl on right of housing

stage operates at a 4-mc rate, the
time capacity of the chain is 16
microseconds and the definition is
+0.25 microsecond. Obviously the
capacity could be increased by add-
ing more stages. At the end of any
given count, the result is shown by
the positions in which the various
stages are left after receiving the
last input pulse. This information
is indicated directly by means of
neon lamps and is transmitted to
the recorder. A typical binary stage
as used in the SITAR is shown in
Fig. 2.

Inferval Recording

In the recorder and control sec-
tion the paper advance control is
triggered at the end of the count or
measurement and the recording
paper is moved ahead one space.
While the paper is in motion the
print control circuit produces a
trigger pulse to trip the stylus driv-
ers. The gas-tube stylus drivers re-
spond according to received infor-
mation from the counter and apply
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current through the apprcpriate
styluses to print the result as a row
of dots on the recording paper.

After each recorder operation,
the reset circuit is tripped. This
circuit supplies suitable reset
pulses to the start and stop tmbes
and the counter chain to restore
them to the zero or standby eondi-
tion. If an applied start pulse is not
followed within 16 microseconds by
a stop pulse, the equipment auto-
matically resets itself. An inter-
lock connection allows the stop cir-
cuit to be tripped only after the
start circuit has operated. Thus
the interval timer is protected
against false operation due to any
stray or unwanted pulses that may
be applied to it.

Figure 3 illustrates the nature of
the record and how it is read.

Timing Precision

The interval timer and recorder
has possible application in many
fields. The device offers a practical
means of making time interval
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measurements in which the interval
is very short and does not repeat.
Each pair of applied start-stop
pulses causes an independent meas-
urement to be made and recorded.
Due to the mechanical action of
moving the record paper, each meas-
urement requires approximately 0.5
second to complete. The time be-
tween measurements may be as long
as desired because the circuit will
remain in the standby condition in-
definitely.

The timer was designed and built
to meet a request from the Physics
Department of Princeton Univer-
sity. The machine is being success-
fully used there in current nuclear
research. It was originally equipped
to have a definition of =0.5 micro-
second but this was improved later
to ==0.25 microsecond. Use of tech-
niques and circuits more recently
developed would make it entirely
possible to construct a machine
having a timing frequency as high
as 10 me, giving a definition of
-+0.1 microsecond.
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Wiring is kept close to chassis to minimize stray fields

Producing Tube Curves

N EASY and common method of
A predicting performance of vac-
uum tubes is by using plate-current
versus plate-voltage characteristic
curves, commonly called plate char-
acteristic curves, and plate-current
versus grid-voltage or transfer
characteristic curves. From these
curves it is possible to determine,
among other things, plate resis-
tance of the tube, amplification
factor, transconductance, power
output, and percentage of harmonic
distortion introduced.

Desirability of More Curves

Useful as they may be, ordinarily
available curves are subject to limi-
tations. For instance, plate charac-
teristic curves such as are given in
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tube manuals and electronic books
are usually static curves and, for
pentodes, are given only for one
particular set of screen and sup-
pressor grid voltages. From the de-
signer’s standpoint, a set of char-
acteristic curves for each possible
combination of these voltages would
be very advantageous. With such
a set of curves, it would be easy to
select the optimum set of conditions
under which to operate the particu-
lar tube. In the design of audio
amplifiers, for example, it would
be a relatively simple problem to
select the set of operating condi-
tions under which a given output
could be obtained with minimum
distortion. In electronic control
systems, where the irregular por-
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tions of the characteristic curves
are utilized, a complete set of these
curves would enable the designer to
pick the operating conditions under
which these irregularities could be
used to greatest advantage.
Desirable as it would be, to in-
clude in tube manuals such a set of
curves is impractical, because of the
vast number that would be required.
The designer then has two choices.
He may be satisfied with one set of
static curves from which to make
his calculations or he may actually
plot, point by point, a set of curves
for each given set of conditions.
Such a process is long and laborious
and unless an excessive number of
readings are taken, small irregu-
larities, such as appear on 6L6
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curves, are

Automatic Curve Plotter

Instead of manually plotting such
curves, the circuit given here offers
a method of showing these char-
acteristic curves on the screen of a
cathode-ray tube.! By the use of a
few calibrated controls, it is pos-
sible to produce practically any com-
bination of operating conditions
and to observe the shape of the
curves under these conditions, as
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demonstrated by the accompanying
traces obtained with this equip-
ment. These curves offer a visual
indication of the changes in such
things as amplification and linear-
ity with changes in operating con-
ditions. Additional flexibility is
provided by controls on the front
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panel which vary the magnitude of
the grid bias steps as well as the
number of steps. Consequently, any
number of curves with any desired
spacing may be shown on the
sereen of the cathode-ray tube.

In addition to the plate charac-
teristic curves, this ecircuit (by
changing connections to the tube
under test) is capable of producing
a dynamic transfer characteristic
curve (grid-voltage versus plate-
current curve) on the screen of the
cathode-ray tube. As with the plate
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Family of plate curves for 6SK7

characteristic curves, the operating
conditions under which this trans-
fer characteristic curve is produced
may be varied, giving a visual indi-
cation of the corresponding changes
in the shape of the curve, Because
this is a dynamic curve, nonlinear-
ity of the curve itself indicates the
amount of distortion that will be
produced by the tube when oper-
ated under the given conditions.
This fact is utilized a great deal
in the design of audio amplifiers
even though the usual manner of
obtaining such a curve is to plot it
with values obtained from the
tube’s plate characteristic curves.
The technique has also been used
to measure tube -characteristics
under extreme conditions.?

The equipment is so constructed
that any type of tube can be tested.
Meters are built in to indicate the
various element voltages. A switch
located in the middle of the larger
panel has five positions and enables
the operator to show curves of (1)
plate current versus plate voltage,
(2) screen current versus plate
voltage, (3) plate current versus
control grid voltage, (4) screen
current versus control grid voltage,
and (5) output waveform of the
tube with an external signal ap-
plied to the grid.

Circuit Operation

The block diagram shows the
complete circuit, A 110-volt 400-cps
sinewave (readily available from
surplus aircraft dynamotors) is
fed into the primary of the trans-
former, producing sinewave volt-
ages across both secondary wind-
ings. The high frequency is used to
avoid flicker on the cathode-ray
tube, which would be noticeable at
60 cps. The 300-volt rms voltage
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Type 6SK7 connected as tetrode

across the upper winding is applied
to the tube under test and also pro-
vides the horizontal sweep for the
cathode-ray tube. Because the plate
current of the tube under test flows
through the small grounded re-
sistor connected to the upper wind-
ing, the voltage across this resistor,
when amplified and applied to the
vertical plates of the cathode-ray
oscilloscope, produces a vertical de-
flection proportional to the plate
current in the tube under test and
in synchronism with the corres-
ponding plate voltage independently
of waveshape. Thus the curve
traced on the screen of the oscil-
loscope will be a graph of plate cur-
rent versus plate voltage or a
plate characteristic curve.

The output voltage of the lower
transformer secondary winding is
first fed into a squaring (over-
driven) amplifier. (Coming from
the common source, this voltage is
in synchronism with that applied
to the tube under test.) This am-
plifier changes the sinewave input
into a squarewave and changes the
phase by 180 degrees. The resultant
squarewave is fed into the first
electronic switch, which in turn
applies voltage on alternate half-
cycles to the stepping circuit, the
switch being closed during positive
half-cycles of its squarewave input
and open during negative half-cy-
cles.

The stepping circuit is so ar-
ranged that each time voltage is ap-
plied, its output voltage will in-
crease by a predetermined amount.
Because the first electronic switch
applies voltage to the stepping cir-
cuit only on alternate half-cycles,
the output voltage will correspond-
ingly increase only on alternate
half-cycles. Consequently the volt-
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Plate characteristics of 6]5

age on the grid of the tube under
test, which is controlled by the step-
ping circuit, changes only during
the time that its plate voltage is
negative and consequently when it
is not conducting. The grid voltage
remains constant during the posi-
tive half-cycle of the applied sine-
wave (the time during which the
plate characteristic curve is traced
on the screen), but has a larger
negative value for each successive
positive half-cycle of plate voltage.
Thus each successive characteris-
tic curve traced on the screen of
the cathode-ray oscilloscope will be
for a larger value of grid bias, and
a complete family of curves is
traced.

This process continues until the
maximum desired value of grid bias
is reached. At this time, the sec-
ond electronic switch operates long
enough to reduce the stepping cir-
cuit output voltage to zero. The
stepping process is then repeated.

The output of the lower second-
ary is also fed into a 90-degree
phase-shifter (10X, =<R) and its
output in turn is applied to the un-
blanking pulse generator (squar-
ing amplifier). Its squarewave out-
put, applied to the control grid of
the cathode-ray tube, is used to in-
crease the beam intensity during
the time that the plate voltage of
the tube under test is increasing
and thus during the first quarter-
cycle of the applied sinewave, or
for the time that each plate charac-
teristic curve is being traced on the
screen of the oscilloscope.

Stepping Circuit

The second electronic switch,
which discharges the grid voltage
stepping circuit, is designed so that
it remains open until the voltage
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Type 6J7 with cathode degeneration

across it builds up to a predeter-
mined value, at which time it closes
and remains closed until the voltage
across it decreases nearly to zero.
As shown in the circuit diagram, in
which all elements are in their same
relative positions as in the block
diagram, this second electronic
switch ean be a one-shot multivi-
brator with the lefthand tube nor-
mally beyond cutoff. The first elec-
tronic switch is a gated pentode,
while the stepping circuit proper is
a variable capacitor having one
value of 0.01 microfarad.

During the positive half-cycle of
the applied sinewave, the first elec-
tronic switch is open (pentode cut
off) and the capacitor in its out-
put is charged through one half of
the duodiode to approximately the
d-c power supply voltage. The R-C
time constant of this circuit should
be a small fraction (1/20) of the
period of the base frequency to per-
mit full charging in the half-cycle.
During the negative half-cycle of
the input sinewave (squared be-
fore being applied to the switch)
this switch is closed and its output
capacitor discharges through the
other half of the duodiode, thereby
charging the grid voltage stepping
capacitor and making the grid of
the tube under test become more
negative with respect to ground.
The voltage step produced across
the stepping circuit depends on the
ratio of its capacitor to that in the
output of the first switch and the
plate d-c supply voltage (N=CFE.y/
C., where N is the voltage of each
step). The second electronic switch
is oren during this operation.

The charging of the stepping cir-
cuit canacitor continues every al-
ternate half-cyele, maintaining
the phase relation to the input sine-

ELECTRONICS — November, 1947

Nonlinear portion of 68L& curves

wave shown in the block diagram.
When the voltage across the step-
ping circuit reaches a sufficiently
high value, determined by the po-
tentiometer in the multivibrator
circuit, the lefthand triode of the
multivibrator conducts and the
stepping circuit discharges through
the diode in its cathode circuit.
Thus this diode is the second elec-
tronic switch and the multivibrator
is the switch control. After the
stepping circuit is substantially
discharged, the multivibrator re-
turns to normal.

Versatility of Application

The circuit can be built into a
compact unit and arranged so that
any ordinary type of tube can be
tested. A calibrated switch can be
provided for changing the magni-
tude of grid voltage steps and a
potentiometer for varying the num-
ber of steps. A small resistor with
a shorting switch, placed in the
cathode circuit of the tube under
test, enables the operator to show
the effect of cathode degeneration
on the tube characteristic. Sim-
ilarly, a switech in series with the
screen by-pass capacitor will per-
mit showing the effect of screen
degeneration. Another potentiom-
eter may be provided to vary the
screen grid voltage of tetrode and
pentode tubes.

Some interesting observations
may be made if a potentiometer is
connected between the screen grid
and ground with the suppressor
grid connected to the movable arm.
As the potential on the suppressor
grid is varied from a positive value
to zero, the characteristic curves
change from those of a tetrode to
those of a pentode. This effect is
shown in the accompanying pic-
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tures. There are many possibilities
for additional potentiometers and
switches which will make the cir-
cuit even more flexible.

One of the main applications of
this circuit, its use in the design of
electronic circuits, has already been
pointed out. This application offers
the designer a method of easily try-
ing all possible circuit combinations
in order to ascertain the best com-
bination for a particular case. It
also affords him a method for not-
ing the effects on the characteristic
curves of such things as feedback
and degeneration.

In addition, an opportunity is
provided for making a more detailed
study of any portion of the curves
by merely increasing the gain of
the amplifier in the cathode-ray
oscilloscope. Such an enlarged pic-
ture would be useful, for instance,
in the design of low-level audio
amplifiers. These amplifiers are
usually operated with such low plate
voltages that the portion of the
characteristic curves actually re-
quired for design purposes is either
not given or is too small to be of
any practical value.

This circuit can also be used to
obtain a full set of characteristic
curves and thus check the compar-
ative performance of new tubes
during manufacture. These curves
can be photographed and used for
further study. If small irregular-
ities appear on the curves, that por-
tion of the curves on which they
appear can be enlarged on the
sereen of the cathode -ray tube,
making it easier to determine their
exact nature.

Another application of this eir-
cuit is its use as a lecture-room or
laboratory demonstration appar-
atus. It provides a positive means
of demonstrating what happens to
a tube’s characteristic curves, and
consequently to its operating char-
acteristics, when element voltages
are varied, when degeneration is
used, and when various circuit
parameters are changed.
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VOLTMETER

Simple nomograph gives true voltage in high-impedance circuit when measurements are

made with two different voltage ranges of an ordinary low-sensitivity voltmeter. Under-

lying equations for voltmeter error are given, with examples of use

EASURING voltages across
high - impedance circuits
with voltmeters of sensitivities in
the order of 1,000 ohms per volt
will give readings that are appre-
ciably less than the true voltages.
The higher the input resistance
of a voltmeter, the lower will be
the required deflection current and
hence the smaller the error. With
voltmeters of 20,000 ohms per volt
sensitivity or greater, the error
is usually negligible.

There are many voltmeters in
use of the 1,000 and 5,000 ohms per
volt class, and frequently these are
the only instruments available when
it is desired to know the actual volt-
age across a circuit.

The purpose of this paper is to
provide an equation (suitable for
slide rule calculations) and a nomo-
graph (which only requires a
straightedge) that will quickly yield
the true voltage in a circuit after
two measurements are taken with a
voltmeter of low sensitivity. The
only requirement of the voltmeter
employed is that the internal re-
sistance of the meter be directly
proportional to the voltage range
selected. All of the commeon type of
current-operated voltmeters come
under this classification.

Rm
| ; E
En € L
°
Rng Ry R

METER

FIG. 1—Circuit of two-range volimeter

used as example
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The circuit shown in Fig. 1 rep-
resents a voltmeter with two ranges
connected to a simple network. In
practice, circuits are usually more
complex than this, but they can be
reduced to an equivalent circuit
similar to that in Fig, 1.

Let E = true voltage across R, with

voltmeter disconnected

Ey = voltage measured across R, on
highest meter range that will
give an accurate reading

E. = voltage measured across R, on
next lower range

E¢ = source of constant voltage

Ra = internal resistance of voltmeter
when measuring Ex

R = internal resistance of voltmeter
when measuring E..

S = ratio of two scales used;
S = Rg/R.

R. = resistance across which output
voltage is developed

Rn = series dropping resistance that
accounts for difference in E.,
Ey, and E.

Derivation of Equation
Simple circuit theory allows us.
to write
R

e R,
RuR,
Blea=xiic Rulm + RuRy + BBy
- R + R,
Bu =¥ Rr + Bn + (RmBn/Ru) M
E, =& R + R, @

Ry + Rn 4+ (RnRa/RL)
Substituting SR, for Ry in Eq. 1
and solving for E in both equations,
we have

Ry + R, + (RmRn/SRL)

E = E, ., + R (3)
_ Rm + Rn + (RmRu/I\?L)
E=E,. R+ I, )
Rearranging Eq. 8 and 4
. RnR.
(Rn+ Ra) (E— Ex) = Ey Sk, (3)
(Ro+ Bo) (B — B2) = B L2l )

Dividing Eq. 5 by Eq. 6
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SEL(E — Eu) = Ey (E— E.)

(S—1)Ex
S — (Es/Evr)

This equation is particularly suited
to slide rule calculations.

Example 1: A voltmeter, when
placed across two terminals, reads
105 volts on its 200-volt range, The
meter is switched to the 100-volt
range and reads 70 volts. Divide
105 by 70 and subtract the quotient
from the scale ratio of 2.0. This
gives us 0.5 for the denominator.
It should be noted at this time that
when the scale ratio is 2.0, the term
(S — 1) in the numerator equals
1.0. Now divide 105 volts by 0.5
and the result is the true voltage
of 210 volts.

Example 2: A voltmeter reads 50
volts on its 150-volt range. On the
60-volt scale it reads 40 wvolts.
E./E, = 50/40 = 1.25. Subtract
this from the scale ratio of 2.5 and
the denominator equals 1.25. Divide
this into E; (50 volts) and multiply
the quotient by (2.5 — 1) or 1.5.
The true voltage is 60 volts.

E =

Use of Nomograph

Although this equation is not
difficult to use when one has become
familiar with it, still it is less trou-
ble and quicker to lay a straight-
edge on a nomograph and read the
unknown value directly.

The nomograph presented in this
paper is divided diagonally into two
parts. Each half is used in the same
way. The graph was divided to fa-
cilitate reading the four scales for
S = b5, 2, 4, and 2.5. These values
of § were chosen after 26 volt-ohm-
milliammeters of 10 manufactur-
ers were examined for their most
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By R. E. LAFFERTY

Chief Engineer, WSLB and
Radio Instrument Laboratories
Nt. Lawrence Broadeasting Corp.
Ogydensburg, New York

popular switching ratios of both
d-¢ and a-c ranges. The favorites
are 5 and 2, with 4 and 2.5 used
least. The ratio of 10 was used so
seldom that it was not included in
this nomograph.

As in the case of the equation,
the best way to explain the use of
the nomograph is with example
aroblems. To compare the results
oi the equation with that of the
nomograph, use the same problems
as before.

Ezample 1: E, = 105 volts and
E, = 70 volts. Place a straightedge
between these values on the E, and
E,. scales for S = 2.0 and let it ex-
tend to the E scale. The straight-
edge will pass through 210 volts on
the E scale, which is the true volt-
age. Note: This lower right half of
the nomograph is also used when S
= 5. Since values here are beyond
range of nomograph, values on all
three scales were multiplied by 10.

Exaomple 2: E, = 50 volts and
E, -—= 40 volts. This solution re-
quires the use of the upper left half
of the nomograph since S = 2.5.
Using the scales for S = 2.5, with
all scale values multiplied by 10, the
true voltage is found to be 60 volts
on the E scale.

The equation and nomograph will
yield the true voltage only when the
measurements are taken across
linear circuits. Should lowering the
voltage, due to voltmeter loading,
change the network resistance, the
nomograph can not be used.

The question arises as to how well
the nomograph will apply to vac-
uum-tube circuits. Placing a cur-
rent-operated voltmeter between a
tube element and ground will lower
the voltage on that element. Experi-
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FIG. 2—Voltmeter loading nomograph. Take voltage readings on two ranges. divide
higher range scale by lower to get S (either 2, 2.5, 4. or 5 on standard volt-ohm-
milliemmeters), then place straightedge on measured values (E, and Ey) for § scale
in question and read true voltage on adjoining E scale. If range of any scale is
inadequate, multiply all scale values by 10, 100, or any other convenient factor

ment shows that when the tube is
operated with fixed bias the ele-
ment resistance changes consider-
ably with changes in element poten-
tial and the nomograph should not
be used.

When cathode bias is employed,
the reduction in voltage is accom-
panied by a proportional reduction
in current. Thus the resistance of
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the tube remains substantially con-
stant within the normal limits of
operating voltage for the tube. In
this instance the nomograph may be
used, but with reserve. The result-
ing error is usually less than 5 per-
cent but higher errors have been
encountered. However, the error
before using the nomograph was
in some cases as high as 60 percent.
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Design
of

This 2-inch long mercury line introduces about 40 microseconds delay

MERCURY DELAY LINES

Mercury is used to obtain millisecond delays for radar, computers, and memory
devices because it transmits compression waves relatively slowly, introduces neg-
ligible loss, and has an impedance comparable to that of crystal transducers.

Recirculation and temperature compensation techniques are presented

TORING information and timing
S events are two applications of
electronics that have recently be-
come important. Electronic timers
for providing oscilloscope and ra-
dar indicator sweeps, and image
storage tubes that retain patterns
for protracted periods are familiar
devices that perform these func-
tions. The mercury delay line is a
basic component that also performs
these and many related useful func-
tions.

The line consists of a column of
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mercury in a container. At one end
of the column is a quartz crystal
that is connected to the electrical
circuit of which the line is a part.
Electrical pulses from the circuit
vibrate the crystal sending ultra-
sonic wave trains down the mercury
column. The wave trains are re-
flected at the far end of the line
and return to the crystal where they
are converted into electrical pulses
and re-enter the circuit. A second
crystal can be used at the far end
of the line instead of the reflector,
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or multiple reflections can be used.
The mercury delay line can be used
in any circuit requiring delays of
hundreds of microseconds with rise
times in the order of 0.05 to 0.1
microseconds.

Before analysing the time delay
action of the mercury line, it is well
to review a few special examples of
its applications. Timing of sweeps
is one of the first uses to which the
mercury line was put. When a re-
peating time base, such as that
used for range measurement in ra-
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ting holders behind this pilot model of the 3.000-tube EDVAC automatic com-

puter. The final model will use mercury lines in glass tubing about 2-ft long, providing 384 microseconds delay

dar, is required, it can be generated
by triggering a sweep oscillator and
simultaneously applying the trig-
gering pulse to a mercury line. The
pulse traverses the line in a certain
fixed time and reappears to retrig-
ger the sweep gemerator, and is
again applied to the mercury line.
Because the mercury line always de-
lays the triggering pulse for the
same interval, the sweep repeats it-
self with extreme regularity. The
delay is proportionsl to the length
of the mercury line'
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Mercury lines are also used for
storage. A pulse fed into the line
or storage tank remains in it for
a predetermined period, dependent
on the length of the mercury col-
umn.

Inasmuch as this storage func-
tion is similar to the mental proc-
ess of remembering, it is referred
to, especially in connection with
automatic compulers, as memory.
In these computers the result of one
manipulation, forming a portion of
an extensive computation, is re-
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quired in a subsequent manipula-
tion. In such cases, the signal that
is to be re-used, usually a binary
pulse sequence, is fed to the mer-
cury memory tank. The line is made
of a length that will store or delay
the required amount of signal until
the time when it will be re-used in
the computation®

Data Storage in Digital Computers

Experience with large scale com-
puting machines indicates that the
most important problem to be
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solved in their design is that of pro-
viding high speed information stor-
age. Moreover, if a suitable low
cost memory can be developed, all
information, both numerical data
and routine intruction may be
stored in the same medium and,
indeed, in the same organ. If such
a memory were provided, the ques-
tion of how much problem and rou-
tine storage must be provided re-
duces to the question of how much
total storage is required. In addi-
tion, a single organ for all storage
opens the possibility for the ma-
chine to perform logical and arith-
metical operations on its own in-
struction, thus greatly increasing
its generality. The mercury line
provides such storage at a cost of
approximately ten cents per binary
digit.
Storing Pulse Chains

The system of storage used with
delay lines depends upon timed dis-
tribution of the electrical impulses
that represent the information,
called time division in communica-
tion circles. The coding of the
pulses in this application is of no
consequence except that it is as-
sumed that the presence or absence
of the pulse are the only indica-
tions possible in each time position.
Figure 1A shows a typical ‘“word”
of five pulses; T represents the
pulse spacing in time, and » the
pulse width.

With information in the form of
pulse chains, a possible method for
storing or remembering the data
is to insert the timed series of
pulses into a suitable delay medium
that requires a duration W for one
pulse to traverse its length. Thus
there is trapped in the delay at any
time W/T pulses. If the output of
the delay line is fed back to the
input, through suitable amplifiers
and pulse shaping circuits, as
shown in Fig. 1B, the data is
trapped and circulating, ready to be
called out when needed.

The primary design limitation of
the delay storage line is its high-
frequency response or rise time of
the circuits. For, clearly, the
higher the repetition rate of the
pulses, in other words the smaller
is T, the more information can be
stored in a given delay W. The next
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factor in importance is the amount
of loss in the delay medium itself,
for loss limits the length W that
can be employed. Along with thig
factor, consideration must be given
to overall physical size. Thirdly,
the delay must be fairly constant
with such factors as temperature,
pressure, and humidity. Fourthly,
it must be possible to properly ter-
minate the delay line to prevent re-
flections from bouncing back and
forth. Finally, it should be possible
to build the device relatively easily
and cheaply and yet have a rugged,
reliable piece of equipment. The
mecury line satisfactorily meets
all of these requirements.

Ultrasonic Delay Lines

Mercury is used as the transmis-
sion medium for several reasons.
Being a liquid it has a relatively low
acoustic velocity and also will trans-
mit only one mode of vibration,

f —»
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(A)

MERCURY LINE INTRODUCES DELAY W

RECIRCULA-|
TION GATE

DRIVER AMPLIFIER

GATE

READ IN INPUT CLEAR OUTPUT READ OUT

(B)

1,000 MICROSECOND DELAY LINE

1-MC FREQ DIV AMPLIFIER
OSCILLATOR 1000:1

REACTANCE
TUBE

OUTPUT 'TO MEMORY (€)

FIG. 1—For use with delay lines, informa-
tion is in the form of pulse chains (A).
These chains can be recirculated (B)
through gates and the line so as to be
stored as long as necessary. To compen-
sate for temperature effects on the mercury
lines, a timing oscillator (C) can be fre-
quency controlled by an auxiliary line, the
output being used to time pulses to the
bank of mercury memories
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namely compressional waves. More-
over, the acoustic impedanece of
mercury is high, of the same order
of magnitude as that of quartz and
other crystals suitable for use as
electromechanical transducers at
high frequencies, so that adequate
coupling can be obtained. Mercury
also has low attentuation per unit
length up to frequencies in the
order of ten megacycles.

Compressional acoustic velocity
in any medium is V=(E/p)* where
E' is Young’s modulus and o is den-
sity. For mercury at 20 C, the
velocity of the wave is 57,100 in.
per sec, corresponding to a time
delay of 17.52 microsec per in.
Acoustic impedance of any medium
is Z=,V, giving, for mercury at
20 C, 19,700 acoustic ohms per
square ecm. The attenuation of a
rectangular pulse of 0.25 to 0.5 mi-
crosec duration applied at the driv-
ing crystal is 1.9 db per ft. meas-
ured at 20 C. The attenuation for
sinewaves, including wall effects of
0.5 in. inside diameter tubing, is
0.012f* db per ft. where f i3 meas-
ured in megacycles. The tempera-
ture coefficient of time delay is
0.0003 microsec per microsec per
deg C.

A delay line designed from these
parameters and suitable for storing
40 pulses spaced one microsecond
apart was built in a 2-in. piece of
stainless steel tubing 0.5-in. inside
diameter. Knurled caps at each
end hold the end cell assemblies in
place. These end cells consist of
7.5-mc¢ X-cut circular quartz crys-
tals each soldered to ceramic end
pieces to which the leads are sol-
dered. The rise time on the line is
limited by the time thickness of the
crystal driver and is about 1/30
microsec.

There are two principal sources of
loss: a voltage loss of 400 resulting
from the limitations of the piezo-
electric effect, and a transmission
loss in the mercury, which is negli-
gible for this short line. Because
a gain of slightly over 400 is fairly
easily achieved even at these fre-
quencies by means of electron tube
amplifiers, the losses are not very
important.

Although the delay through mer-
cury depends on temperature, vari-
ations from that factor are very
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CINCH WAFER LOKTAL No. 6933 is made of laminated
bakelite with sturdy and positive grip contacts, 8 prongs
—brass solder coated center guide clip with locking
spring. Engineering data on this page for dimensions.
CINCH MOLDED LOKTAL Socket No. 6972 has steel
mounting saddle with solder coated brass contacts;molded
L4 from high dielectric black bakelite, and mounts in 1" chas-
sis hole. It has tinned steel center guide clip and saddle.

See engineering data on this page for dimensions.

A variety of CINCH LOKTAL Sockets are available,
including plain laminated, saddle laminated, molded
saddle and chassis clinch and ring mount. For samples

or further information, write
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FIG. 2—Waveshapes at critical points throughout the recirculation mercury memory
are shown at the right

small, one part in 8,000 per deg C.
The quartz crystal matches the im-
pedance of the mercury very
closely, giving a reflection coeffi-
cient of only 12 percent. The
quartz-ceramic match is practically
perfect, and in addition, the ceramic
end pieces are cut at an angle to
break up the back wave eliminating
its reflection. The construction of
the line is simple and straightfor-
ward, as this brief description indi-
cates.

Auxiliary Circuits

Figure 2 shows a complete unit
as set up in the laboratory. This
circuit held groups of pulses for
as long as three days, after which
the pulses were cleared out for con-
venience. The pulses applied to
the transmitter crystal (D) are
packets of 7.5-mc waves about 0.3
microsec long. These packets travel
down the line, are picked up by the
receiving crystal, and amplified.
The packets are then rectified by a
germanium crystal and the pulse
envelope again amplified to a level
sufficient to operate the recircula-
tion gate tube and the output gate
tube. The pulses then proceed
through an inverter tube to the
clocking or synchronizing gate tube.
Here coincidence with a standard
synchronizing pulse each microsec-
ond produces a standard pulse at a
fixed time that drives the 7.5-me os-
cillator or packet generator, start-
ing a new cycle. The clocking is
very important because it keeps
the pulses in step as well as pre-
‘venting degeneration of the pulses
over a number of circulations.
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The waveshapes at various points
throughout the experimental cir-
cuit are also shown in Fig. 2. A
group of three pulses is sent into
the tank (A). The standard clock
pulses (B) coincide with the three
stored pulses to produce pulses (C)
that drive the packet generator.
The output of the generator (D)
traverses the mercury line and is
amplified giving pulses (E) that
are rectified and re-enter the gating
circuit. The pulses are then ready
to be relocked (') or they can be
drawn out of the tank (G) as re-
membered data. (The time base of
the output pulses (G) is to a differ-
ent scale than the others so as to
show several groups of three pulses
spaced 40 microsec apart, illustrat-
ing the storage of several pulse
groups.)

Temperature Compensation

Because direct transmission
losses in the mercury column are
small, it would seem feasible to
extend the length of the line to
hold many more than 40 pulses. The
major practical limitation to this
extension is that of delay variations
with temperature. With a =0.1
microsec tolerance, a tank 1,000 mi-
crosec long would have to be kept
within ==0.3 C. To keep a group
of tanks at a temperature fixed
within these limits is a difficult,
though not impossible, job. .

If a tank is used to establish the
frequency of the pulses, in other
words—their spacing, it becomes
necessary only to keep all tanks at
the same temperature ==0.3 C. A
‘block diagram of an automatic fre-

www americanradiohistorv com

quency control unit for this purpose
is shown in Fig. 1C. A 1.0-mc os-
cillator is tuned by a reactance tube
whose control voltage is obtained
from the coincidence of a pulse
from a dividing counter. A single
pulse is delivered to the tank when
the counter starts counting the
pulses that are coming from the
oscillator.

For storing N pulses in a tank,
one uses a tank of NT length at a
given temperature and an N-stage
counter. In this case N is 1,000
and T is 1 microsec at 20 C. At the
end of 1,000 microsec the pulse
emerges from the tank and the
1,000th pulse leaves the counter.
These two pulses are fed to a coin-
cidence tube whose output voltage
is used to control the frequency of
the oscillator and hence the pulse
spacing is adjusted to keep 1,000
pulse spaces available in a similar
tank at similar temperature.

The temperature compensating
system has been set up in the lab-
oratory and has proved capable of
control over a temperature range of
45 C. All the tanks are kept within
=+0.83 C by mounting them all on
a thermally conductive base that
prevents sizable thermal potential
differences between them. Also,
care in placing the memory cabinet
will remove thermal sources and
sinks.

The mercury delay memory tank
appears to be such a promising de-
vice that plans at the Moore School
include a future large scale digital
computer using this memory means.
It is hoped that within a year such
a machine will be an actuality; a
machine that will have a high speed
memory equivalent of 1,000 ten-
digit numbers, computing speeds
somewhat faster than the ENIAC,
and employing only 8,000 tubes. The
mercury delay tank described in
this paper is the result of many
peoples’ efforts.  Among those
whose contributions are known to
the author are J. P, Eckert, Jr., J.
W. Mauchly, C. B. Sheppard, Joseph
Chedaker, and Herman Lukoff.
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Only Mallory Carbon
Controls Offer All This:

Low “Hop-Off” Resistance
Minimum Short-Out Resis-

Check ALL These Features:

.o e We DO ! Smooth-Operating Mallory

Alloy Contactor
High Humidity Resistance

4

OTH from the engineering and manufacturing standpoints, Low Noise Level
Mallory carbon controls are designed to give you more for Extremely Accurate Taper
g . - oth K Construction
your money-—more, actually, than you can get ro.m any ot e'r make. Non.Distorting, Non-Loosen-
Rigid factory check-ups make sure that you get it. They reject the ing Assembly Construction

Spring Pressure Terminals,
Smooth Bearing Surfaces,
Mallory Alloy Spring Con-
It’s a fact that no other carbon controls offer so many features—a tact Ems, S)t;]f-Iljubr%cating
Elements—all contributing
to longer life.

controls that don’t measure up—okay the ones that do.

fact, too, that none are subjected to more severe tests to make certain

."_

they reach you without impairment. Long life, low noise level, low

susceptibility to humidity exposure, are
just a few values you expect and get when (Gea.
variste w-1ons your carbon controls are made by Mallory. \

e e b

e Send for the booklet illustrated at left.

AI.LORY RESISTORS

(FIXED AND VARIABLE) |

Full data, including charts and
drawings, on the complete Mallory
line of carbon and wire-wound
variable resistors.

P. R. MALLORY & CO., Inc., INDIANAPOLLIS 6, INDIANA
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Electronically Controlled Permanent Wave Machine

By EUGENE W. NELSON
Detroit, Michigan

AN ELECTRONIC permanent wave
machine, known to the beauty cul-
ture trade as the Flash Wave, is
said to effect important economies

in the operation of beauty salons
and promises better service to the
customers of these shops. The ma-
chine and the permanent wave solu-
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Electrically controlled Flash Wave in use. The box on top of cabinet contains the elec-
tronic conirols of the machine made by Vernan Mig. Company, Johnstown, Pa.
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tion used with it for waving hair
are the products of seven years of
research and testing.

Sixty-cycle current from the line
is stepped down to 12 volts at about
35 amperes and is applied to the
lightweight insulated plastic “heat-
ers” in which are placed the pre-
pared curls of hair. Control of the
heating current is done by an elec-
tronic circuit which offers a com-
pletely automatic means of utilizing
the advantages of high heat with-
out the danger of over-processing
the hair as would be the case with-
out such controls. Its circuit is
shown in the diagram.

Steam-Heated Curl

The heaters used with the Flash
Wave machine are closed at each
end. Thus the steam which is in-
stantaneously generated by the in-
tense shot of heat acting on the
permanent wave solution with
which each curl of hair is treated
is retained (under negligible pres-
sure) around the curl.

Conventional permanent wave
machines apply heat much more
slowly than does the Flash Wave.
Thus, the steam inside the individ-
ual heater is generated more slowly
than in the electronically-controlled
machine and the moisture created
by vaporization of the wave lotion
is dissipated almost as rapidly as
it is formed. Consequently, the hair
may dry out and become brittle,
In addition, most of the heaters
used on conventional machines are
open at each end, instead of being
closed as in the Flash Wave. The
open ends help the drying process.

Application of Flash Wave heat
to the hair lasts from as little as
5 seconds to as much as 20 seconds.
Actual duration of the heat depends
upon condition of the hair. Nor-
mal hair requires a shot of heat
lasting from 7 to 10 seconds.

After the proper application time
has been determined by a test curl,
the electronic controls are set and
connection is made to each heater.
The machine is also equipped with
safety devices which prevent any
current from flowing unless all
parts of the apparatus are func-
tioning perfectly.

Reports from the field indicate
that six permanent waves can be
given in a single hour with this
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SOLUTION to the problem of mixing the outputs of up to nine

different sound channels while watching a slidefilm or motion
picture in a darkened projection room is pictured on this month’s
cover. Taken at Reeves Sound Laboratories, New York City, it
shows their new recording console that can accommodate up to four
persons without crowding, as required for introducing, combining,
and fading out narration, background music, and sound effects
smoothly at precisely correct instants during production of the final
sound track or master record.

For each channel there is a mixer control, linked to a numbered
tape indicator on the volume indicator panel so that the operator
can see at a glance the level settings of all channels and can set each
channel to the precise level called for on the cue sheet. Each channel
has twin equalizer controls to permit accentuation or attenuation .of
low and high audio frequencies separately. Switch-controlled twin
filters provide varying low and high-frequency cutoff over a wide
range as required for such unusual effects as simulating telephone
conversations or the tone of an old orthophonic phonograph. Selec-
tive volume compression controls operate on a split-channel basis
to permit nondiscriminative compression adjustments. Twin
master mixer potentiometers are provided for split-channel opera-
tion. Remote indicators for all mixer controls are illuminated from
the rear in such a way as to show red when the mixer is keyed off;
operation of the mixer kev changes the illumination from red to
white, and the white illumination increases in intensity as the mixer
control is advanced.

One of the two volume indicators is a conventional illuminated-
scale high-speed type reading in vu, while the other is a unique
cathode-ray instrument that shows on its screen a duplicate of the
actual sound track as it is being recorded. Distortion and track
modulation are thus indicated to the operators at all times.

All static sound channel units are remotely located. Elimination.
of preamplifiers in this way insures prevention of objectionable
microphonic noise during recording.

An illuminated footage counter on the panel furnishes an exact
check on film position and length, allowing the mixer operator to
record vital timing cues on his mixing script. Side panels for the
film editor and director have similar footage counters. Fluorescent
strip lamps on the console provide ample illumination of controls
when the room is darkened for projection.
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Block diagram of the electronically con-
trolled permanent wave machine

electronically-controlled  machine.
In addition, there is dlmost no
heat dissipated to either customer
or operator; heaters can be re-
moved immediately after applica-
tion of heat with no time wasted
in cooling before removal; and op-
eration requires no special training
on the part of an operator who is
already experienced in standard
techniques of giving permanent
waves.

Tracking the Permeability-
Tuned Circuits
By A. W. SivoN

Aggistant Professor of Applied Mechanies
Washington Unirersity
St. Lowis 5, Mo,

IN A previous article®® the author
has given simple formulas for the
calculation of the padder and trim-
mer coils required to reduce to a
minimum the mistracking between
the oscillator and r-f sections of
permeability - tuned  superhetero-
dyne receivers. By the application
of these formulas, the maximum de-
viation due to mistracking between
sections can be reduced usually to
less than 1 db.

There is another cause of mis-
tracking, namely, the reactance cou-
pled into the r-f section by the an-
tenna circuit. While the effect of
this reactance is not serious in the
case of a rod or wire antenna, it
becomes quite marked for the now
widely used loop antenna, due to
the higher degree of coupling used.
However, the reasoning which un-
derlies the deduction of the above
mentioned formulas also suggests
how the effect of the antenna cir-
cuit can be neutralized.

The basic principle of the perme-
ability-tuned circuit is that the
inductance of the respective ganged

(continued on p [56)
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... for noise measurements and analysis
. . . for acoustic testing and inspection

These sturdy, portable units give you a simple, reliable means
1o measure the magnitude and general frequency composition
of noise, where a detailed analysis of the noise into specific fre-
quency components is not required.

The RA-361 (batlery operated) and RA-362 (a-c line oper-
ated) each consists of a sound level meter unit and a filter set.
The filter set permits you to select any one of 13 high pass or
13 low pass filters at approximately octave spacing, or the
octave bands between the high and low pass sections.

A Western Electric 633A non-directional moving coil micro-
phone is provided. You may also order an RA-355 vibration
pick-up for measurement of vibrations not accompanied by
noise.

Because of their filter sets, Western Electric INoise Analyzers
are ideal for many production testing applications where sound
level meters alone are of little value. For full information, call
your Graybar Representative, or send the coupon.
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Electron Linear Accelerator Demonsirated

A 3-ft long waveguide lined with gold-plated disks, which retards 4.cm microwaves
to a velocity equal to that of the injected electrons, accelerates electrons to within
99 percent of the free-space speed of electromagnetic waves, giving the electrons an

apparent mass 2,000 times their rest mass and an energy of 1.5 mev. The electrons,
traveling with the wave, are accelerated by its potential gradient. The accelerator,
described by Dr. Williami W. Hansen (left) at the IRE west coast convention, is to be
extended to 20 ft in the basement of the Microwave Laboratory at Stanford University.
This size presents no problem in shielding against radioactivity, and will provide
experience for building the final 100 to 200-ft model that will develop 1.000 mev
electrons. The accelerator will make available artificial cosmic rays corresponding
to fairly energetic natural rays, and thus simplify investigations now conducted in
flying laboratories. The accelerator is excited for a millionth of a second every six-
tieth of a second from a one-megawatt magnetron, It is hoped that the final model
can use 1,000 megawatts. This accelerator is simpler and cheaper than a synchrotron,
and, using light-weight electrons instead of heavy protons as in cyclotrons, can pro-
duce higher-velocity particles, with which much information about the constitution of
the electron can be gained. Dr. E. L. Ginzton, of the physics department faculty, and
postgraduate students in physics, William Kennedy (center) and Richard Post (operat-
ing controls), are assisting in the development that is being sponsored by the Office of
Naval Research

144

www americanradiohistorv com

Culturing Crystals

Pilot production paved the way for quan-
tity culturing of synthetic piezoelectric
crystals

PIEZOELECTRIC CRYSTALS, artificially
cultured by Western Electric Co.
using techniques developed by Bell
Telephone Labs. will replace about
90 percent of the natural quartz in
the telephone system in a few years.
The artificial ecrystals, ethylene
diamine tartrate, although differing
chemically from natural quartz, are
piezoelectric and so are cut into
plates and gold coated to form crys-
tal filters. (Synthetic piezoelectric
crystals for sonar, developed during
the war to meet the tremendous
need for transducers, were ammo-
nium dihydrogen phosphate.) In
commercial production, the artifi-
cial crystals weigh about a pound,
are six inches long, and two by three
inches in cross section. Seeds of
crystals, about a third of an inch
across, are first grown by evapora-
tion of a saturated solution of the
chemical. The seeds are then con-
stantly slowly washed by a super-
saturated solution, the temperature
being kept within a tenth of a de-
gree. With this production tech-
nique a crop of crystals can be har-
vested every three months.

Improvements in Small
Tubes

COMPACT, mechanically dependable
electronic equipment requires small
tubes of exceptional characteristics.
Recent developments have produced
smaller and less microphonic tubes.
For example, the Victoreen Instru-
ment Co. has changed the construe-
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Shown above is an interior view cf the 202-B Signal Generator RF

the mounting base of this RF unit resulting in a compact and highly
rigid structure. Girder type conderser frame construction, multiple
rotor shaft grounding contacts, and welded inferstage shield plates
are but a few of the many design features of this unit which give
added circuit stability.

Designed to meet the exacting requirements set forth by leading FM and television
engineers throughout the country, the 202-B FM Signal Generator has found widespread

acceptance as the essential laboratory

research work.

Frequency coverage from 54 to 216 megacycles
is provided in two ranges, 54 fo 108 megacycles
and 108 to 216 megacycles. A front panel modu-
lation meter having two deviation scales, 0-80
kilocycles and 0-240 kilocycles, permits accurate
modulation seftings to be made.

Although fuadamentally an FM instrument, am-
plitude modulction from zero to 50%, with meter
calibrations at 30% and 50%, has been incor-
porated. This AM feature offers increased versa-
tility and provides a means by which simultaneous
frequency and amplitude modulafion may be
obfained through the use of an exiernal avudio
oscillator.

The internal AF oscillator has eight modulation
fiequencies ranging from 50 cycles to 15 kilocycles,
any one of which may be conveniently selected by
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instrument for receiver development and

a rofary type switch for either amplitude or fre-
quency modulation.

The calibrated piston type attenvator has a
voltage range of from 0.1 microvolt fo 0.2 volt and
is standardized by means of a front panel output
monitor meter.

The output impedance of the instrument, at the
terminals of the R.F. output cable, is 26.5 ohms.

AVAILABLE AS AN ACCESSORY

is the 203-B Univerter, a unity gain frequency con-
verter which, in combination with the 202-B instru-
ment, provides the additional coverage of commonly
vsed intermediate and radio frequencies.
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FIG. 1—Triode in T-3 bulb compares in size to cigarette; diode in T-1 bulb is
approximately the same diameter as a wooden maich; triode at center in T-2 bulb

tion of their VX-41 subminiature
electrometer tube (ELECTRONICS, p
106 March 1947) so that it is less
microphonic and thus more widely
applicable than heretofore. This
tube, requiring 12.5 milliwatts of
heating power, has a grid current of
less than 10 ampere and a grid
input resistance greater than 10%
ohms and yet is sufficiently stable
to be used in d-c amplifiers and port-
able equipment.

Where power drain is not limited
but space is, indirectly heated sub-
miniature tubes (ELECTRONICS, p
154 May 1946) can be used. These
tubes, using the button stem, are
being made by Sylvania Electric
Products in a variety of types in the
T-3 bulb, some types in a T-2 bulb,
and a diode in a T-1 bulb (SN-946)
having the characteristics of half a
6AL5 is under development (avail-
able under allocation). Figure 1
shows the relative sizes of these
tubes.

Although these tubes represent
the smallest size available in any
quantity, the Tube Laboratory of
the National Bureau of Standards
has developed an even smaller ex-
perimental microtube shown in Fig.
2. This tube, scaled down from a
conventional subminiature type by
successive simplifications, is a devel-
opment of the basic and applied re-
search program on vacuum tubes
undertaken by the Laboratory in
collaboration with industry. In such
electronic devices as automatic com-
puters where thousands of tubes are
used, such tubes will represent a
great saving in space.
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One of the limitations to uniform-
ity, life, and cheapness of tubes is
the unpredicability of electron emis-
sion from cathodes and other ele-
ments within the tube envelope. Al-
though the exact mechanism of
cathode emission of electrons is not
understood, it is recognized that
such impurities in the base nickel as
iron, carbon, silicon, and manganese
affect the emission. The matter is
so. important that the American
Sociely for Testing Materials has
created a special committee with
industry wide representation to
study the problem.

To obtain quantitative data on
the effect of any one impurity, tube
manufacturers are applying stasti-
cal techniques to large samplings of
their outputs. The NBS Tube Lab-
oratory, on the other hand, is
attacking the problem in the labora-
tory by controlled syntheses. Impur-
ities, singly or in combinations, are
deposited directly on the base nickel
in measured quantities, thus isolat-
ing the variables for investigation.

Preliminary studies are encour-
aging, but not conclusive thus far.
Other research at the Tube Lab. is
directed toward preventing gas
cleanup in high-current industrial
relay and rectifier tubes. Appar-
ently the major part of the cleanup
in low pressure (3 to 10 microns)
gas tubes is caused by ions reaching
the anode at sufficiently high veloc-
ities to penetrate into the material.
The gas can be driven from the
anode by heating it.

Microphonic disturbances are an-
other limitation to the operation of

WWW.americanradiohistorv.com

FIG. 2—Diode microtube illustrates extreme
reduction in size possible for tubes

FIG. 3—Sources of microphonics are de-
tected by vibrating tube and observing
motion of internal parts

electron tubes, as previously men-
tioned. Mechanical studies made at
the Tube Laboratory by vibrating
tubes at various frequencies with a
dynamic driver and optically ob-
serving the motion under strobo-
scopic light as shown in Fig. 3, are
indicating how microphonics can
be minimized. Two chief sources of
microphoniecs are insecure crimping
and welding of internal parts and
vibration of the individual turns of
the grid helix.

Whereas in amplifier tubes micro-
phonic effects arise chiefly from a
variation of the tube amplification
factor as the relative grid-filament
and plate-filament spacing changes,
the microphonic effects in electro-
meter tubes, which are used in cir-
cuits in which the resistance from
grid to filament is virtually infinite,
arise also from the change in grid
voltage accompanying variations of
interelectrode capacitance produced
by vibration. The effect of this

{continued on p 182}
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Lord P!
Mount ngs Protect
Ready-Powe- Con-
trol Cab set from
Destructive Yiaration.

These faur Losd Blote Form Mountings cam-
p etely isolate Tee sensitive control cabinet and
voltage segslator From engine vibration .. .
o contributing #a:®r in mointaining the h gh
quality lighting and motor efficiency charac-
teristic of Reaid~ -Pewer engine generotors.

LORD CDMPLETE VIBFA-
TION COfTROL SYSTEMS
FOR EMGINE GENERATQRS
IMPROVE PERFORMANCE

® |nstrumet Panel Mountings
® Engine Wountings
® Flywhzel Drive Couplings

Gleogly

LORD throughout

WWwW americanradiohistorv com

Better Voltage Control—Llonger Life For Voltage Regulator
Assured by Isolating Vibration with Lord Mountings

The voltage regulator is the heart of an engine-
generator set . . . it automatically eliminates extreme
voltage fluctuations—maintains high quality lighting
and motor efficiency.

To insure such service— plus long trouble-free life
—The Ready-Power Co. of Detroit, Michigan protects
this vital unit from destructive vibration with a Lord Vi-
bration Control System. And vibration control pays off
... in greater customer satisfaction—increased sales.

The entire voltage control cabinet is isolated from
engine vibration by four Lord Plate Form Mountings in
this engine generator. Simple, inexpensive—yet highly
engineered —these bonded-rubber, shear-type mountings
prevent the inaccuracies and failure which vibration could
cause. To customers, that means lasting dependability.

Whether you manufacture engine generators or
any other product, you can increasg your sales by elimi-
nating costly, destructive vibration. It will pay you to
consult Lord . . . make us your headquarters for product
improvement through Lord Vibration Control Systems.



NEW PRODUCTS

Edited by A. A. McKENZIE

New equipment, components, packaged units,

allied products; new tubes.

Catalogs and manu-

facturers’ publications reviewed.

Packaged Tower (1)

RosTAN CorPp., 202 East 44th St
New York 17, N. Y. The Trig tower
is a selfsupporting triangular tap-
ered structure fabricated from

61ST aluminum alloy. Delivered
knockeddown, it can be erected by
one man. It is designed for low
cost developments in the f-m, a-m,
and television broadcast fields.

(2)

GENERAL RADIO Co0., 275 Massachu-
setts Ave., Cambridge 39, Mass. The
type 1500-A counting rate meter in-
dicates directly in counts per min-
ute the rate at which nuclear
transformations occur in radioac-
tive materials. Counting rate is
shown on a panel meter, the range
of operation being from § to 20,000
counts a minute. An adjustable and
regulated high-voltage supply from

Counting-Rate Meter

148

400 to 2,000 volts and a quenching
circuit permit either selfquenching
or nonquenching Geiger tubes to be
used. Accuracy is plus or minus 3
percent of full scale on all five
ranges.

Mercury Contact Relays  (3)

GRAYBAR ELECTRIC C0., 420 Lexing-
ton Ave., New York 17, N. Y. West-

USING THE NUMBERS

Readers desiring further details
concerning any item listed in the New
Products department can obtain the
information by using the cards fur-
nished as a stiff, colored insert else-
where in this department.

Place the number (appearing to
the right of the heading} of one
item in which you are interested in a
circle and then fill out the balance
of the card according to directions
appearing on the colored sheet. Un-
numbered items listed at the end
should be procured direct from the
manufacturer or publisher upon pay-
ment of the fee noted.

www americanradiohistorv com

ern Electric type 275 and 276 relays
use a mercury-wetted contact in a
hermetically sealed envelope. The
units have standard octal bases and
provide almost instantaneous break
of contacts with high current-hand-
ling capacity. Useful in computers,
sorting machines, servomechanisms,
or high-speed keying systems, the
relays are described in bulletin
T2398.

(4)

ASKANIA REGULATOR Co., 240 East
Ontario St., Chicago 11, Ill. A re-
mote control and positioning unit
for valves, dampers, and other
mechanical mechanisms consists of
a transmitter, vacuum-tube ampli-

Electronic Servo

fier, and a receiver. Signal lamps or
other audible or visual monitoring
indicators can be provided. A ten-
page booklet, no. 138, is available.

F-M Amplifier (5)

ALTEC SERVICE CORP., 250 West
57th St., New York 19, N. Y. Type
A-323B amplifier designed for oper-
ation with f-m tuners and a good
loudspeaker has built-in equaliza-
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VERSATILITY in e

Design - Development - Production
of LF, HF and UHF Equipment

“For fxample...
THE ELECTROMYOGRAPH

A Lavoie test instrument designed
for the Medical profession. Ampli-
fies minute potentials of the order
of microvolts generated by
muscles—to the extent that these
potentials may be measured and

lyzed. Includ librati gy" e s B e aue aw
analyzed. Includes calibration @.."Q o, 0 .«f\@ ;3. r‘;‘ p:,

circuits to facilitate the taking of
accurate data.

LAVOIE LABORA.TORIES are well prepared with

trained personnel and special equipment to handle every phase
of design, develpment and manufacture of LF, HF and UHF equip-
ment. As SPECIALISTS, you are assured of precision work based
on correct methods and technique developed through years of
practical experience.

FREQUENCY STANDARDS ¢ FREQUENCY METERS e RECEIVERS
TRANSMITTERS e ANTENNAS and MOUNTS

C Detailed information and estimates of LAVOIE service O
are available promptly without cost or obligation.

Sevwoio Soboralorios.

RADIO ENGINEERS AND MANUFACTURERS
MORGANVILLE, N. J.

Specialists in the Development and Manvufacture of LF and HF Equipment
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tion to allow direct operation from
the variable reluctance or Pickering
pickups. A treble tone control for
use with shellac pressings is pro-
vided. There are two inputs, one
for phonograph pickup and the
other for radio. The amplifier is
rated at 15 watts and has a fre-
quency response within 1 db from 35
to 12,000 cycles. Response is essen-
tially flat from 20 to 20,000 cycles.

(6)

RADAR ENGINEERS, Arcade Building,
Seattle 1, Wash. The type PG-5
pulse generator covers a range of
pulse widths from 0.1 to 2.0 micro-
seconds with rise and fall times of
0.05 microsecond. A positive input

Pulse Generator

trigger of from 10 to 20 volts is
required for each output pulse, the
latter being variable in amplitude
from minus 20 to plus 20 volts. The
unit consumes 40 watts at 115 volts,
60 cycles.

Crystal Units (7

‘CLARK CRYSTAL Co., 2 Farm Road,
Marlboro, Mass. A new line of res-
onator and oscillator crystal units
is announced for the frequency
range 50 ke to 54 me.

Input Transformer (8)

J. W. Newton Co, INc, 234
Seventh Ave., New York 11, N. Y.
The transformer illustrated con-
sists of two coils so wound on a
specially shaped core that the unit
forms its own shield in almost any
position. The four windings can be

150

connected to give primary imped-
ances of 500, 150, or 50 ohms. The
coils can also be used in a pushpull
circuit. The unit is flat within plus
or minus 1 db up to 25,000 cycles.
Further characteristics can be ob-
tained from the manufacturer.

)

BARKER AND WILLIAMSON, INC,, 237
Fairfield Ave., Upper Darby, Pa.
Type JCX variable capacitors em-
ploy opposed stator sections and
butterfly rotors that can be
grounded at the center of the r-f

Butterfly Capacitors

voltage point with respect to sta-
tors. The capacitors will handle
plate potentials up to 1,500 volts.

Taxi Radio (10)

MoBILE COMMUNICATIONS Co., 202
East Fourth St., Long Beach 2,
Calif. Complete main and mobile

f-m vhf stations are available for
taxicab two-way communications.
The Taxi-Talkie system employs a
lockout mechanism designed to

www americanradiohistorv com

speed dispatching and yet insure a
minimum of confusion among a
large number of mobile units. Lit
erature is available.

(11)

CONNECTICUT HARD RUBBER Co., 407
East St., New Haven 9, Conn. Cohr-
lastic is a Silicone rubber coated
asbestos paper with high heat re-
sistance that is available in rolls 12
inches wide. It withstands temper-
atures in the range of 500 F to mi-
nus 70F. It has a dielectric
strength of 400 volts per mil (9,600
volts for the present standard sheet
that is 0.024 inch). The material
is corona resistant, will not carbon
track and has good surface resistiv-
ity. Being more resilient than un-
treated asbestos paper, it is suitable
for gasket or washer stock in -ap-
plications in which compression
aids sealing or holding.

Silicone-Ashestos Paper

All-Welded Solenoid (12)

GENERAL ELECTRIC Co0., Schenectady
5, N. Y., announces a small all-
welded solenoid designed for use
where powerful pull is needed in a
small space. It develops a maximum
pull of 0.26 1b in a half-inch stroke
and operates on 110 volts, 60 cycles.

Frame and bracket as well as frame
laminations are all welded together.
Eddy current losses are thus re-
duced.

Photoelectric Relay (13)

GENERAL ELECTRIC CO., Schenectady
5, N. Y. The new photoelectric re-
lay and light source can operate at

{continued on p 210)

November, 1947 — ELECTRONICS



Oil Burner Coil Production

' Q’Eﬁ?w 2y |

==

’. : -
s .ﬁ;- P
AL
L i y

Transformer coils are wound, 14 at once on the

same niachine, at speeds up to 2500 rpm . .. on the
No. 104 Universal Coil Winding Machines used by
a company famous in the field of clectronies.

No attention is required from the operator other
than to load and unload. Paper of various types and
thicknesses. one or two-ply, is inserted automatically

..length of insert increased automatically ...spindle

stopped at completion of coil automatically.

OTHER FEATURES

® Adjustable traverse mechanisin-— icire layer length

adjustable without removing cams.
® Slow start — avoids wire brecwkage.

® Rapid transfer — using secondary arbor.

e [slectric stop motion available to detect wire breaks

and stop machine.

Write for Bulletin 104. Universal Winding Company, P. O. Box 1605, Providence 1, R. I.

FOR WINDING COILS
ACCURATELY . . .

USE UNIVERSAL

IN QUANTITY
AUTOMATICALLY
WINDING MACHINES

ELECTRONICS — November, 1947
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NEWS OF THE INDUSTRY

Edited by JOHN MARKUS

Program of Rochester Fall Meeting; network f-m

and television

broadecasting;

pilotless ocean

flight; x-ray conference; personnel items

Radio for Play Directors

To TEST the usefulness of radio for
communication between a tele-
vision control room und stage di-
rectors in the studio, National
Broadcasting Co. was granted FCC
authorization for an experimental
class 2 station. Since the proposed
radio system will be entirely within
a shielded television studio, it is
not expected to cause outside inter-
ference. The frequency used will
be in the Industrial, Scientific,
Medical band which is available for
assignment to low-power conveni-
ence radio communication.

Stage directors will be equipped

with lightweight battery-operated
receivers for receiving the instrue-
tions from the control booth. Here-
tofore this communication has been
available only through use of head-
sets and long connecting cords
plugged into various outlets about
the stage.

Microwave Television Relay

ESTABLISHMENT of a permanent
microwave relay system between
New York and Schenectady for a
more complete programming of
television station WRGB paves the

MEETINGS

Nov. 3-5: National Electronics Con-

ference, Edgewater Beach Hotel.
Chicago. See p 240, Oct. issue for
program.

Nov. 3-7: AIEE Midwest General

Meeting, Chicago, IlL

Nov. 7-8: Conference on X-ray and
Electron Diffraction, Mellon Insti-
tute of Industrial Research, Pitts-
burgh, Pa. Program on p 254.

Nov. 17-19: Rochester Fall Meeting,
Sheraton llotel, Rochester, N. Y.;
technical papers and exhibits. Pro-
gram on p 154

MarcH 22-25; IRE Convention and
Radio Engineering Show, Hotel
Commodore and Grand Central Pal-
ace, New York City.

i

way for larger audiences and more
economical use of video facilities.

In a preview of the system, which
was scheduled for regular opera-
tion beginning Sept. 29, engineers
and the press were shown Sche-
nectady broadcasts of programs
picked up in New York from
WNBT and WABD that were indis-

RMA Board of Directors for 1947-1948

E. &, Nigholse Ernest Searing Roy H Manson

%
b

Joseph Gerl

#H.C. Mattes

H. ) Hottman David Wald
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4. ). Kahe'
Vice President
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President

W, 3. Barkley
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ice Pressdont:

Vice President .

Bond Geddes
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lightweight ¢ compact - built-in power-unit

ol

aDIO

TRANSMITTER
v.H.F. —RECEIVER
Employing
MINIATURE COMPONENTS

and

MINIATURE TECHNIQUE

Z STR 9. A miniaturised low power-high

performance transmltter/recelver deS|gned
to reduce operating to ‘switch-and-talk.’

WEIGHT : 221Ib.
TOTAL INPUT: 180 watts at 26 volts.

FREQUENCIES : 4 spot frequencies, remotely
selected, in the band 15-145 Mc/s.

SERVICE : Telephony.
Srandard Telephones and Cables Limired + TELECOMMUNICATION

ENGINEERS . OAKLEIGH Rﬂ_\‘m@@ N

ELECTRONICS — November, 1947
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Plug-in Construction Eliminates

Under-Chassis Parts

in

New Superhet Receiver

HOTOGRAPHS here show how Cosmo Electronic

Corp., New York City, achieves complete plug-
in construction (except for the gang tuning capaci-
tor) in their five-tube universal a-c¢/d-¢ superhetero-
dyne radio receiver. I’romotion will feature ease of
servicing; any plug-in unit, including loudspeaker
unit which screws to chassis but has plug-in connec-
tions, is to be available from dealers at price of $1.85.

Each plug-in can is a different color, and purchaser
of receiver gets instruction book telling how to fig-
ure out which can needs replacement when set goes
bad. Filtering unit, most likely to fail, is red, and
audio can is brown. Same plug-in technique is con-
templated for use with Franklin Airloop Corpora-
tion’s stamped wiring, described in June 1947 ELEC-
TRONICS, p 82. One can has nine small parts inside.

tinguishable in clarity from a lo-
cally produced show.

Three unattended relay stations
are required to establish line-of-
sight paths shown on the map.
Each receiver is in operation at all
times. When the New York relay
transmitter is turned on, its re-
ceived signal operates the Mt. Bea-
con transmitter, which then ener-
gizes the rest of the chain in like
manner. Although the Helderberg
relay is only about 1.5 miles from
the WRGB transmitter, the video
and audio signals are sent to the
studio control room to facilitate
switching between local and remote

New York microwave relay transmitter (in

the box) and beam antenna. Each relay

receiver and transmitter is similar in ap-
pearance

|\ INDICATES DOUBLE WAVE
'/ BOTH PICTURE AND VOICE

HEIGHTS ARE SEA LEVEL
TO CENTER OF ANTENNA

)53 MILES ———__ )

ROUND T0p

HE{ pg
Rg,
1350 FT 1800 £r.OERG ReLay,

129 MILES -~

TROY » ALBANY = SCHENECTADY ~
AND AREA SERVED BY WRGS

New York-Schenectady television relay using frequencies between 1,800 and 2,000 mc.
The New York receiving point can pick up Washington, Philadelphia., or New York
station programs, which are then relayed and rebroadcast from Schenectady
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programs. The main transmitter
is fed by a microwave studio-trans-
mitter link.

Frequencies employed are in the
band between 1,800 and 2,000 mc
so that directional antenna gains of
1,400 are possible using 6-foot dish
reflectors with a beam width of
only 6 degrees. Relay transmitter
power is about 10 watts.

Although the present 125-foot
towers are provided with large
rooms at the top for further ex-
perimentation, General Electric en-
gineers point out that the essential
relay receiving and transmitting
equipment occupies a small fraction
of the space. If suitable tower sites
can be reasonably procured this
system should compete favorably
with other means of establishing
television networks.

Rochester Fall Meeting

THE PROGRAM of the Rochester Fall
Meeting of members of the RMA
Engineering Department and the
Institute of Radio Engineers at the
Sheraton Hotel, Rochester, N. Y.,

{Continued on p 246)
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FROM MILLIWATTS TO KILOWATTS

The FIRST NAME in

Selenium Rectifiers

THE THINGS YOU WANT most in a rectifier —
lasting performance and dependability — can
neither he seen nor accurately measured. But
they can be identified . by the familiar “FTR”
trademark. Why? Because Federal was the first
manufacturer of Selenium Rectifiers in this
country—because Federal has pioneered every
major advance in their design and construction
— and because, for over 9 years, Federal Sel-
enium Rectifiers have continued to set the
industry’s standards for performance, economy,
and long service life.

research and engineering organization, of which the Federal

KEEPING FEDERAL YEARS AHEAD...is IT&T’s world-wide
Telecommunication Laboratories. Nutley, N. J,, is a unit,

ELECTRONICS — November, 1947
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In Canada:
Export Distributors :

YOUR ASSURANCE OF TIME-TESTED PERFORMANCE

Whether your product uses DC by the milliam-
pere —or by hundreds of amperes— there’s a
Federal Selenium Rectifier that’s right for the
job. For example: The '‘postage-stamp size’
rectifier shown above delivers 5 milliamperes at
2,000 volts DC. .. while the large 48-plate three-
phase stack furnishes up to 200 amperes at 30
volts DC, or 25 amperes at 240 volts DC. Both
have one thing in common — the traditional
Federal quality and dependability. Write today
for information on the rectifier for your power-
conversion requirements. Dept. F413.

Federal Téleplione and Kadio (orporation

SELENIUM and INTELIN DIVISION, 1000 Passaic Ave., East Newark, New Jersey

federal Electric Manufacturing Company, Lid., Montreal, P. Q.
International Standard Electric Corp. 67 Broad St., N. Y,
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See SCOVILL!

T fitlis?

MBLIES

FOR SEMS WASHER GCREW ASSE

Washer permanently fastened on, yet
free to rotate. Easier, faster driving.
No fumbled, lost or forgotten washers.
Matching finish on both parts. Easier
ordering and balanced inventories.

The latest type recessed-head screw.
Screw locks on driver. Can‘t fall off.
No screw-driver slippage. Easy to as-
semble. Exceptional driver life. Ordi-

CESSED HEAD SCREWS

FOR PHILLIPS RE

Increase assembly speed up to 50%!
Cut down injuries to workers with no
burrs, no skids. Reduce production costs.
Reduce rejects! improve product ap-
pearance! Go modern with Phillips!

Scovill is expert in cold-forging unusual
special fastenings, such as the one
shown. Scovill designing ability, engi-
neering skill, men and machines save

money for customers. Consult Scovill!

nary screw-driver may also be used.

Look at the fastenings you're now using—and see if they're
the best for the job. Get better results—at less cost—with

modern fastenings. If you use fastenings in large quantities, !
it will pay you to find out what Scovill can do for you. Fill
out and mail the coupon below—now!

MAIL COUPON TODAYS

e ——— - ;s ‘
’ o ING COMPAN
UFACTUR - o
! ovu‘b\ﬁéNSCREW PRODUCTS pv e ‘|
ATER
WATERV“.\.E A8, CO'N . ‘ |
\ease supply moreé inform fer Assemb“e’
i her Scre
Pt X v;;sR:cessed Head Screws

QUALITY FASTENERS
FOR
QUANTITY CUSTOMERS
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TUBES AT WORK
(continued frem p [42)
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Method of neutralizing effect of loop an-
tenna reactance on tracking of permea-
bility-tuned receiver

coils be identical in every position,
that is, at every frequency. The
effect of the coupled reactance is to
upset this condition. Hence a sim-
ple solution suggests itself, namely,
to couple into the oscillator section
a dummy coil of the same induc-
tance as that of the loop antenna.
The reactance coupled into both sec-
tions is then the same at every fre-
quency and mistracking does not
result. A typical circuit is shown.
Here L,, L, represent identical coils
and cores, L. L, identical primaries
wound over them, and L, the
dummy coil simulating the effect

of the loop L.

(1) ELecTroNICS, 19, p 138. Sept. 1946.
(2) Radio, 30, p 20, Nov. 1946.

Automatic Audio Phase
Reverser

By ArviN H. SmiTH

Technical Supervisor

Radio Station KSJC

Siouw City, Iowa

IT 1s a well known fact that the
waveform of most speech and sonie
music is not symmetrical. When
such a nonsymmetrical signal modu-
lates an a-m transmitter, it is pos-
sible for the modulation envelope
to undergo excursions below the
unmodulated level that are greater
than the envelope excursions above
this level. Such a condition is re-
ferred to as negative modulation.
Most broadcast transmitters can ac-
commodate positive modulation
peaks in excess of 100 percent, but
in no case can the negative modula-
tion peaks exceed 100 percent, or
serious distortion and interference
to other radio services will result.
Moreover, most detector distortion
in modern broadcast receivers oc-
curs on the negative portion of the
detection curve. Thus, if a nonsym-
metrical modulating signal can be
made to produce more positive than
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/ﬁ ,

St (P/Iamﬁ/ ¢em’w

CONTACT THESE

REPRESENTATIVES

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

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

FRANK W, YARLINE & €O.
20 No. Wacker Drive
Chicago 6, il
Tel: State 0347
.

HARRIS-HANSON (€O.
427 No. Euclid Ave.
$t. Louis 8, Mo,
Tel: Forest 5841
-

ENGINEERING SALES €O.
124 No. Montgomery St.
Trenton 8, N. J.
Tel: Trenton 9885
°

HOLLIDAY-HATHAWAY
SALES €O,

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

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

STANDARD PARTS &
EQUIPMENT CORP,
904 North Main
Fort Warth, Texas

Phone 2-4459

MOTORS FOR

SOUND RECORDING

MUST HAVE

LOW NOISE LEVEL
MINIMUM VIBRATION
CONSTANT SPEED

\——Y——/

EASTERN AIR DEVICES
SYNCHRONOUS SOUND RECORDER MOTORS

Give Smooth, Flawless Performance

ON ANY TYPE OF DISC, WIRE, TAPE
or FILM RECORDER

1. NO NOISE ~ HYSTERESIS TYPE
2. NO VIBRATION
3. HUNT i “wow" ELIMINATED

These Motors Now in Production

TYPE H.P. SPEED
LH7Z31NCJ 1/50 1800 R.P.M.
LH73QcCJ 1/100 1800 R.P.M.

WRITE FOR SAMPLES

Similar Motors are Available For:
CAMERAS ¢ PROJECTORS ¢ FACSIMILE

EASTERN AIR DEVICES, INC.

585 DEAN STREET ° BROOKLYN 17, N. Y.

N\

=4
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MODEL P-52HF

TRU SONIC

FOR

BROADCAST MONITORING

lllustrated on the right is the complete
fulfillment of the broadcasters require-
ments for adequate monitoring of the
extended range FM signal. Features of
the P-52HF Tru-Sonic separate 2-way
speaker system include low 800 cycle
crossover to relieve the low frequency
driver cone of high frequencies—é cubic
foot phase-inverted reflex cabinet for
adequate bass support—120°x 40°
high frequency dispersing horns—over
6 pounds of Alnico 5 magnet for high
flux density in the gaps—efficiency over
50% —high frequency attenuation con-
trol to balance room acoustics—least
inter-modulation, and fewest transients
of any comparable speaker.

Shown in the Model 52U utility cabi-
net. Available also in exquisite furni-
ture of period design in either bleached
blond or mahogany, with components
totally enclosed.

Model P-52HF with 2x6 horn, as shown,
$345.00 list. With 2x5 horn, $332.50
list. With 2x4 horn, $320.00 list.

o
-
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P-52A Coaxial 2-Way System
For Home Reception

The Model P-52A Coaxial 2-way speaker system
embodies the same fine engineering and con-
struction exemplified in the P-52HF Separa‘e
2.way system shown above, plus the added fea-
ture of space saving design. 1200 cycle cross-
over — 80°x 40° dispersion through 8 cellular
horns—heavy, 6 pound Alnico 5 magnet for high-
flux density—16 ohm, 20 watt input—15" cone
diameter. Price $205.00 list.

Normal trade discounts prevail. Write for 16 page
bulletin describing Tru-Sonic speaker systems.

STEPHENS

MANUFACTURING COMPANY

10416 National Blvd.

Speaker Systems for
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Los Angeles 34, Calif.

Theatre and Home
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TUBES AT WORK (continued)

negative modulation peaks, the cov-
erage of a radio station mayv be in-
creased, and, at the same time,
overall distortion can be reduced.

The purpose of this a-f phase re-
verser is to adjust automatically the
polarity of the audio input signal
to the transmitter to produce the
desired modulation polarity. This
device is particularly useful when
the modulating signal is of local
studio origin; after an audio signal
has passed through a number of re-
peater amplifiers, as in the case of
a network program, phase and am-
plitude distortion cause the lack of
waveform symmetry to be less pro-
nounced.

Cireuit Operation

The circuit of the automatic
phase reverser is shown schemati-
cally in the accompanying illustra-
tion. Buasically, the device consists
of a two-stage bridging audio ampli-
fier using 6C5 tubes, a balanced
rectifier, consisting of a 6H6 with
one cathode grounded, and an R-C
delay network, the output of which
is connected to the control grid of
a 2050 thyratron. The firing of this
thyratron actuates a polarity-
switching relay.

A dpdt sense switch is connected
in the input of the phase reverser
unit. This switch is used to preset
the phase reverser so that on modu-
lation peaks, the transmitter will
be modulated more positively than
negatively. Once the proper switch
position is selected, no further ad-
justment is required and the opera-
tion of the device is entirelv auto-
matic.

Conventional audio amplifiers are
used and are designed to produce
minimum distortion, since the wave-
form of the incoming audio signal
must be preserved as nearly as pos-
sible. The 6H6 balanced rectifier
operates in such a manner that for
low audio input voltages, the poten-
tials across the two halves of the
output load are approximately
equal. Under this condition, the
net voltage across the R-C delay
network is nearly zero.

On input voltage peaks, the recti-
fication efficiency increases, and the
diode having the higher input volt-
age peak develops the larger voltage
across its load. As a result, a volt-
age is impressed across the input

November, 1947 — ELECTRONICS



* Parts Shown thru Courtesy
of International Business Machines Corp.

PRODUCT DEVELOPMENT » MOLD DESIGN * MOLD CONSTRUCTION » PLUNGER MOLDIN
Sronches: NEW YORK, 1790 Broodwoy * CHICAGO, 549 W. Randolph $t. » DETROIT, 550 Maccabees Bldg. » CLEVELAND, 4614 Prospect Av. » BRIDGEPORT, 21 Stcle Street

- on transfer sup-
ctroni 4 ces which make up the
: | specding-up present-day accurate
accounting practices and eficient b sine: i v .

Compactness in assembly is always e Ars “requirement in this type of unit. Only a care-
fully engineered transfer molding procedure could meet the rigid specifications of the appli-
cation and accomplish so much while occupying so little space . . . forty separate terminal
contacts in an area less than two inches square for the 12 position shown above {other
parts proportionately less).

Manufacturers in all fields have learned to m on Consolidated for the production of im-
portant, functional plastics parts. Material
development, precision mold construction
and final processing at our "under-one-
roof" plant add up to and dovetail into a
complete and eminently satisfactory custom
molding service. We will be glad to bring
the advantages of our full facillties and
plastics know-how to your next

product application.
Inquiries invited!

4 POSITION

G » TRANSFER MOLDING ¢ INJECTION MOLDING » COMPRESSION MOLDING

ELECTRONICS — November, 1947
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AKRA-OHM PRECISION
RESISTORS

14 Standard Types. 50 available
special designs.

HIGH-YOLTAGE TEST EQUIPMENT
1.5 to 200 KY

BRIDGES
Wheatstene, Kelvin-Wheatstone,
Percent Limit and Fault Location

Types

DECADE BOXES
1 to 7 dial types,
0.1 to 11, 111, 110 ohms

YOLTAGE DIVIDERS
(DECADE POTENTIOMETERS)
Voltage ratios 0.0001 to 1.0

ATTENUATORS & CONTROLS FOR
COMMUNICATION EQUIPMENT
LOW RESISTANCE TEST SETS

From 200 micré-ohms to 100 ohms

Shallcross Switches offer a broad
assortment of finely made, low con-
tact resistance rotary selector switch
types for exacting applications. Nu-
merous standard types in single and
multi-section units up to 180 contacts
can readily and economically be

adapted to specific requirements.

Write for Switch Bulletin C-1 and C-2

>

TUBES AT WORK {continued)
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Automatic phase reversal of an audio
signal is done by this circuit

of the delay network having a po-
larity that is determined by the
predominance of negative or posi-
tive peaks at the rectifier input.
Plate voltage for the 2050
thyratron is supplied by one-half
of the high-voltage winding of the
power-supply transformer through
the winding of the polarity-switch-
ing relay. The thyratron normally
conducts on every positive half-
cycle of its plate voltage. When-
ever the net voltage from the bal-
anced rectifier is such that the grid
voltage of the thyratron is approxi-
mately 3 volts negative, the thyra-
tron ceases to fire and the relay
switches to its unenergized posi-

SHALLCROSS MANUFACTURING COMPANY
DEPT. E-117  COLLINGDALE, PA,

tion, reversing the polarity of the

160 November, 1947 — ELECTRONICS
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Here’s wonderful news! A wide variety of standard
ratings of Westinghouse panel instruments .
now available for immediate delivery . . . all you
need when you want them!

There’s a complete selection . . . 214", 315"
and 414" sizes . . . rectangular and round cases,
both with flush or projection-type mountings . . .
for d-c, power frequency, audio frequency and
radio frequency measurements.

Westinghouse panel instruments meet the
highest standards of performance in every field
of application. They have been proved in every
industry and military requirement—on land, sea
and in the air. You don’t need to experiment.

@ V‘»éstinghouse

PLANTS IN 25 CITIES ... OFFICES EVERYWHERE

MILLUAMPERES

MCLY Comnigan

The chassis design of Westinghouse instru-
ments permits the final assembly of stocked and
pretested subassemblies . . .
quirements without delay. Every instrument is
“accuracy checked” the day of shipment.

Whether you need thousands of electrical in-
struments or just one, Westinghouse has the
production facilities and a nationwide service
organization to follow through. Consult a West-

to meet your re-

inghouse instrument specialist. Call your nearest
Westinghouse office or write Westinghouse Elec-
tric Corp., P. O. Box 868, Pittsburgh 30, Pa.

Send for the Westinghouse Instrument Booklet,

B-3013-El1. J-40359

INSTRUMENTS

Butt oo Lacting Fopbomance

www americanradiohistorv com
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COSTS
F"T’

How to cut Costs
without cutting corners

DURING the past few months Paul and Beekman, Inc. has supplied
manufacturers with millions of parts for roller skates, radios, vending
machines, lawn mowers. (And many, many other products.)

Advantages to the ultimate producers of these commodities are:
They get their parts precision-made, on-schedule, at lowest possible
cost. They get their parts without investment in new machinery, new
buildings, new personnel.

Paul and Beekman, Inc. has the plant, the machines, the skilled
men and the organized planning. We make all types of pressed metal
parts and products from steel, bronze, copper, brass or aluminum. If
desired, we design and make the dies. If specifications call for welding,
assembling or electroplating, so much the better . . . we do that, too.

Perhaps that kind of start-to-finish service can help you remain
competitive, in the face of rising costs. A letter to us, stating your needs,
will put our engineers to work on your problem, immediately.

www americanradiohietory com

TUBES AT WORK (continued}

audio signal delivered to the trans-
mitter.

A two-section R-C delay network
is connected to the grid of the
thyratron. This delay network aids
in preventing chattering of the re-
lay and delays switching until sev-
eral peaks of the same polarity have
occurred. Two 10,000-ohm resistors
across the relay contacts act to re-
duce key clicks in switching; relay
contacts should be set as close as
possible for the same reason. The
combination of the 12-uf capacitor
in series with the 800-ohm resistor
also acts to prevent relay chatter-
ing.

Control of Switching Time

A 6H6 clipper tube prevents the
delay-network  capacitors from
charging negatively to such a de-
gree that the switching action of
the thyratron can not follow rapidly
the peak polarity changes of the
audio signal. The grid circuit of
the thyratron performs this func-
tion for positive capacitor charges.
Adjustment of the audio input to
the balanced rectifier also affects
the time required for switching.

The value of the resistor in series
with the plate of the 2050 depends
upon the characteristics of the par-
ticular relay used. This resistor
should have as high a value as will
give good switching action. A de-
sired switching delay can be ob-
tained by changing the values of
the cireuit constants in the R-C de-
lay network. The only limitation is
that the resistance in series with
the 2050 grid must be at least 300,-
000 ohms.

The automatic phase reverser
neither adds to the distortion nor
increases the noise level of the audio
circuit with which it is connected.
This condition results from the faect
that the audio circuit has only a
dpdt relay added to it. This device
has proved to be very useful in sev-
eral months of service at KSJC.

Dust Precipitators for
Air Conditioning

No LONGER must spectators at Mad-
ison Square Garden see sporting
events and spectacles through a dis-
comforting haze of tobacco smoke
and dust. In conjunction with the
air conditioning system recently in-

November, 1947 — ELECTRONICS



'Sfudying-,the output of pulsed oscillatqrs?

THE SYLVANIA SPECTRUM ANALYZER

provides a convenient means of studying the
energy spectrum of microwave generators oper-
ating as pulsed oscillators or modulated CW
oscillators. The output of magnetron, klystron,
rocket and similar UHF and SHF tubes can be
readily investigated,

Essentially. the Sylvania Spectrum Analyzer
consists of a sharply tuned superheterodvne re-
ceiver with a cathode ray oscilloscope indicator.
The instrument incorporates a sawtooth gen-
erator, which performs the two functions of
frequency-modulating the local oscillator and of
providing the horizontal sweep for the oscillo-
scope. Thus automatic synchronization is
assured at all times.

An input probe is provided for insertion into
cavities or wave-guides.

The energy emitted by the oscillator at varr-
ous frequencies is displayed on the cathode ray
tube as a pattern of vertical lines. The envelope
of the pattern represents the spectral
distribution.

~ The Spectrum Analyzer illustrated —the
TSX-4SE—is designed for the 9,300 Mc region.
A second model—the TSS-4SE—is available
for the 3,000 Mc region, and a third model —
the TSK-2SE —is available for the 24,000 Mc

region.

TYPICAL APPLICATIONS OF
THE SPECTRUM ANALYZER

Some of the possible uses include:

Viewing the output of a radar system, to
make sure that the output energy is not being
wasted by being distributed over a wider fre-
quency band than the radar receiver can ac-
commodate.

Determining the frequency of a pulsed
oscillator.

Adjusting the local oscillator frequency of a
radar receiver to space it properly with respect
to transmitter frequency.

Checking of pulling or shifting in {requency
of the pulsed oscillator of a radar transmitter,
by observing the spectrum while the antenna is
in motion.

Measurement of standing wave ratios by us-
ing the Spectrum Analyzer in conjunction with
a slotted section.

WRITE FOR DETAILED SPECIFICATIONS

'SYLVANIA® ELECTRIC

Electronics Division . . .'500 Fifth Avenue, New York 18. N. Y..
MAKERS OF ELECTRONIC-DEVICES: RADIO TUBES; CATHCDE RAY TUBES: FLUORESCENT LAMPS. FIXTURES, WIRING DEVICES: ELECTRIC LIGHT BULBS-

ELECTRONICS — November, 1947




(conﬁnued)
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{ TUBES AT WORK

Lo NEEDLE TALK
CARTRIDGE

INVADES

Lo PRICE FIELD

_.‘Qsa

Exclusive |
New Type ‘
LT
Cartridge
Introduced
by Astatic

FIG. 1—Airborne particles receive a posi-
tive charge as they pass through this
fonizer unit

stalled in the Garden, one of the
largest indoor installations in the
world of electrostatic precipitators
| has been made.
‘ The air conditioning system in
‘ the Garden comprises eight indi-
vidual systems, each handling 67,-
500 cu ft per min, or a total of

Wéme high sensitivity, excellent reproduction,

164

low needle noise or needle talk, and low needle pres-
sure are required . . .
factor . . . Astatic earnestly recommends this new Model
"LT" Crystal Cartridge.

and cost economy is an important

In the reproduction of high frequencies, this cartridge is
noticeably free from disagreeable and annoying surface
noise or needle talk . . . thereby providing increased tonal

clarity and beauty for greater phonograph enjoyment.

The Type "T” Needle employed in the "LT” Cartridge is
replaceable and is furnished with an “Electro Formed”
precious metal playing tip. Matched to the Cartridge, to
give permanent Needle performance, this new Type “T”
Needle is the only one that can be used, thus assuring
constancy of the quality of reproduction regardless of the
number of times the Needle may be replaced. Special

literature is available.

CORPORATION

CONNEAUT. OHIO

IN CANADA CANADIAN ASTAKC LED, TORONTO ONTARIO

Astatic Crystal Devices Manulactured
under Brush Development Co. patents.

wWWw americanradiohistorv com

|

540,000 cu ft per min. The precipi-
tator installation also comprises
eight units, each having thirty cells
and ionizers. The cross-section area
of each bank of precipitators is 13
by 15 feet. These are installed in
the duct work between the dehu-
midifiers and the fan in such a man-

FIG 2—Positively charged parhcles are
deposited on these negative collector plates

November, 1547 — ELECTRONICS
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non-corrosive ERSIN FLUX.

Ersin Multicore Solder was the first. solder in the
world to be made with THREE cores—and it is the

only solder in the world made with extra-active

No other solder

offers you the same advantages of speed, efficiency,

and economy per joint.

THE ADVANTAGES OFf THREE CORE>
{ The three core construction of

Multicore

gives High

pracision productisn.

solder

rapid  melting.

walls provide
Flux continuity

Speed

Thinner

extra

eliminates waste of solderlengths
without “ux,

ERSIN

THE ADVANTAGES OF QUALITY

Only the purest tin and lead are
used in the manufacture of. Ersin’

Multicore Solder. Multicore is made
‘as standard in gauges between 10 and
21 SW.G. (.128 to 028 in., 3.25} to .71} -

mm.} and in five sgahdérd an;lmony-.
froe alioys. Other-alloys and gasiges
can be supplied to special order.

MULTICORE

JSA, engulies to

BRITISH INDUSTRIES GORP.. 315, Broadway, New York 7, N.Y.

THE ADVANTAGES OF ERSIN FLUX
Ersin Flux, contained in the three
co-es of Multicore Solcer, is a high
grade rosin, subjected to a complex

chamical process whidh increases
its fuxing action without impair«
ing the well-known nanscorrosive
properties of the original rosim.

THREE

SNLOOR BADIOLECTRIC LTD., 455 Craig. Street, Whest, Montreal

Ecguiries regarding other territpries tu

ERSIN FLUX

Canagian soquiries 4o

MULTICORE SOLDERS LTD,, Mellier House, Albemarie Street, London, W S England

Tet. » REGent 141f. Cables : Dustickon, Piccy, London

wWwWw_americanradiohistorv com
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ONAN Electric Plant
Assures Station WIN
Uninterrupted Power” »

Fully Housed
Electric Plants

T10KW-35KW

Storms, floods or mechanical breakdowns may interrupt main-
line power, but radio station WING of Dayton, Ohio, stays on
the air. Its dependable Onan Standby Electric Plant is always
ready to take over the power load in event of power failure,
supplying electricity for broadcasting and other essential uses.
WING’s 35,000-watt Onan plant, Model 35JT is built for
full-capacity service, powered by a heavy-duty, six-cylinder
water-cooled gasoline engine. This complete unit is equipped
with built-in engine-instrament and A.C. meter panel. Stream.
lined, compact steel housing protects plant and accessories.
Low in first cost, the Onan plant operates economically and
requires a minimum of maintenance during idle periods.

PLANT STARTS AUTOMATICALLY
WHEN POWER FAILS

Within seconds after a break in mainline power,
the Onan Line Transfer Control staris the standby
plant and switches its power onto the electrical
system. When service is restored, the control auto-
matically stops the plant. The built-in rectifier, a
sEecial feature of Onan controls, keeps batteries
charged at all times.

ONAN ELECTRIC PLANTS ore avoilable in many sizes and models—m
A.C.: 35010 35,000 Wotts in oll standard voltoges ond frequencies.
D.C.: 600 to 15,000 Wotts, 115 and 230 Volts. Battery Chargers:
500 to 6,000 Worts, 6, 12, 32 and 115 Volts.

D. W. ONAN & SONS INC.

3566 Royalston Ave., Minneapolis 5, Minn.

ONAN STANDBY POWER

www americanradiohistorv com

TUBES AT WORK

(continued)
F}
B
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FIG. 3-—High-voltage power supply for the
precipitator units

ner that all of the air supplied to
the Garden passes through the elec-
tronic filters.

In the electrostatic precipitators
installed by Raytheon Manufactur-
ing Co., all airborne particles are
taken through an electrostatic field.
These particles become positively
charged and are precipitated onto
negative collector plates. In this
manner, 85 percent of all particles
as small as 4 x 10 inch, a size that
includes smoke particles, are ef-
fectively removed.

Figure 1 shows the ionizer sec-
tion of one precipitator unit. A col-
lector unit is shown in Fig. 2, and
the high-voltage power supply in
Fig. 3.

Five smaller electrostatic precipi-
tator installations are now being
placed in operation in the air con-
ditioning system of the New York
Stock Exchange. Two of them have
been in operation since last Novem-
ber. These installations handle 54,-
000, 27,000, 22,500, 18,000 and 15,-
000 cu ft per min; all are equipped
with precipitators primarily to re-
move coal dust and other types of
dust usually prevalent in the down-
town area of New York.

Spectrophotometer for FBI

BY USING a recording spectropho-
tometer, the Federal Bureau of In-
vestigation Laboratory in Washing-
ton, D. C. can trace cars used by
hit-and-run drivers.

According to D. J. Parsons of the
Laboratory, in a General Electric
Science Forum talk, the clue most
helpful to the investigators is in-
formation as to the kind of car in-
volved.

Frequently the clothing of the
victim struck down on the highway
will be examined, and minute specks

or smears of paint from the auto-
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Do your junction boxes

look like 777/5..

Junction box overstuffed with wire
splices wrapped with rubber tape and
an outside wrap of friction tape. When
these bulky splices are jammed in you
really have an overstuffed junction box.

or like 7H/S 2

This junction box has the same num-
ber of splices, but they are wrapped
with No. 33 "SCOTCH" Electrical Tape
with Vinyl Plastic Backing. The thinness
of the tape makes the difference in the
bulk of the wrapped splices.

If your junction boxes are overstuffed
with splices wrapped with rubber tape
and friction tape switch to

#0. 33
COTCH z:c#+*"

BRAND

WITH VINYL PLASTIC BACKING Vo

.....

For Superior Dielectric and Mechanical Protection

With an overall thickness of .007" No. 33 *SCOTCH"”
Electrical Tape with Vinyl Plastic Backing has a dielectric
strength of 8000 volts. OTHER ADVANTAGES —high stretch,
flexibility and resistance to flame, water, oils, acid, alkalis.

wosKk
pots ™ e 4 O
A, TULLA o100
b 1 e

(g s /

A T g7 NCH F/

8 [ e et R 4
.l 'l

Write for a free sample to try in your own work.
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Precision-made gears . . . small and medium sizes . . . in standard
and special tooth forms, from any kind of material, made to
your exact specifications, Tolerances within .0005".

Beaver gears are used in well-known makes of modern products
such as automobiles, radios, automatic tuning devices, phono-
graphs, clocks, timing mechanisms, motion picture projectors,
chronometers, gauges, optical equipment, instruments, machine
tools, and many others.

Beaver engineers will design or redesign gears to meet perform.-
anceand costrequirements. Sendusyour blueprints for estimate.

SPURS @ HELICALS ® STRAIGHT BEVELS ® SPROCKETS
RACKS ¢ WORMS © WORM GEARS

THREAD GRINDING e COMPLETE GEAR TRAINS

Write Today for this

FREE BULLETIN

Describes Beaver Gear’s facil-
ities and methods; also includes

table

1021

of gear tooth parts.

PARMELE STREET,

ROCKFORD, ILLINOIS

WWW americanradiohistorv com

TUBES AT WORK (continued)

mobile are found and removed.
The ability of the questioned mate-
rial to absorb or reflect the various
colors and hues of the visible spec-
trum is determined. The instru-
ment most useful in this procedure
is the recording spectrophotometer.

The results of the analysis are
searched in the National Automo-
tive Paint Fjle which contains the
standard samples of paints and fin-
ishes used by the various automo-
bile manufacturers and the make of
the car is determined.

Instruments Speed Oil
Refining

THE MOST advanced techniques of
electronics, pneumatics, and pyrom-
etry are being incorporated in
modern oil refineries to obtain prac-
tical operation of the huge refining
units being built for continuous,
mass processing of tens to hundreds
of thousands of barrels of crude oil
daily. Instrumentation is also
achieving the lower costs that go
with mass production in refineries.

An instrument nerve system
measures and automatically regu-
lates the pulses of speed, volume,
pressure and heat in every refinery
pipe and tower and enables the
handling of massive forces and
volumes, which man could not other-
wise control with the necessary pre-
cision.

Large control rooms now built
into each major unit are connected
to as many as 500 instruments and
control points throughout the
unit as in the case of the Gulf 0il
Corp. new fluid catalytic cracking
installation at Philadelphia.

Varying reactions of the process
are conveyed from the outside in-
struments into the control house
where recording and adjustment of
the wvariations is effected under
the eye of the chief operator, either
automatically by the instruments,
by manual instrument control, or
by communication with workers
manning the installation. Pneu-
matic lines both bring in the in-
strument responses and activate
process adjustments and form an
elaborate air pressure transmission
system developed to eliminate haz-
ard of fire or explosion from elec-
tric wiring.

Low-voltage electronic amplifiers
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THE NEW FENWAL
APPLIANCE THERMOSWITCH*
CONTROL

SafesAccurate s Long-Lasting
Temperature Control For All
Types of Electrical Appliances

The unique and rugged design of the new

Fenwal Appliance THERMOSWITCH Control

provides a heat control unit that will withstand
shock, vibration, tampering and other opera-
tional hazards that lower product life...and
influence buying attitudes. 1

Note these outstanding features:

® Torque applied to terminal binding posts will not
shift contact support members.

® Adjusting screw will not drift under normal vibra-
tion. %

# The mounting bracket provides for side or bottom
mounting, or a cross-mounting bracket is available
for special applications.

® One-piece, welded case and cover assures rugged,
tamper-proof unit ... stable temperature settings.

TWO DISTINCTLY DIFFERENT MODELS FOR HIGH
AND LOW TEMPERATURE RANGES

The Appliance THERMOSWITCH Control is avail-
able in models especially designed for both high and
low temperature ranges. The high temperature model
provides control over the wide range of 175°F.~600°F.
The low temperature model provides extremely ecriti-
cal control for low temperature applications through-
out its range of 50°F.-250°F. Each model assures the
highest degree of efficiency and dependability; both
ineorporate the outstanding Fenwal characteristics.

SPECIFICATIONS
Overall cose dimension: 14" high x 84" wide 214" long.
Maximum Lood Roting: 1200 wotts on 110 volt 60 cycles.
TEMPERATURE RANGE:

50° F. to 250° F. {Series 30003)
175° F. to 600° F. (Series 30002)

R —

*T. M. Reg. U. S. Pat. Off,

ELECTRONICS — November, 1947

FENWAL INCORPORATED

43 PLEASANT STREET, ASHLAND, MASSACHUSETTS

1. Expanding stainless steel 5. Ceramic Insulating But-
case. tons.

2. Fine silver contacts. 6. Precision Ceramic Loca-

tor.
. i Mem-
3 E:;fact Supporting Mem 7. Stop Collar.

4. Low expansion metal 8. Adjusting Screw.

bridge. 9. Terminal Binding Posts.

RUGGED © COMPACT @ LIGHTWEIGHT
/ 'MM:

FOR FOOL-PROOF PERFORMANCE

There is a Fenwal THERMOSWITCH Control to
meet the requirements of most temperature control
applications. Write for complete information.

169
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TUBES AT WORK {continued)

are used to record temperatures
where high speed recording is es-
sential. Absolute safety is provided
by automatic pre-alarms, alarms,
and shut-offs that signal the oper-
ators when any part of the compli-
cated processing system is failing
to operate according to set condi-
tions. If corrections are not made,
the warning device automatically
shuts off the affected installations
before a danger point is reached.

Scores of electronic, pyrometric, and pneu-

matic instruments are mounted on the four

walls of this air-pressurized control room

to direct 500 control points in the giant new

catalytic refining unit built by Gulf at
Philadelphia

In the early days of the oil refin-
ing industry, instruments had to
be read and the process adjusted
at points located about the stills.
This made impossible the coordi-
nated picture needed for large op-
erations and the stills sometimes
could not be kept operating up to
100 hours. Today, giant, precision-
directed units can run from six
months to as long as a year in some
cases without interruption, turning
out a greater volume of gasolines
and lubricants than ever before.

Devices which have effected the
change from small batch operation
to mass production include level
controllers to chart and manipulate
the level of fluid in towers and
stills; flow, temperature, and pres-
sure indicators, recorders and con-
trollers; interconnected controls
where valves are operated by differ-
ent instruments in response to vary-
ing conditions; and special scan-
ning graphic pyrometers, which

November, 1947 — ELECTRONICS



Sheet Metal Products - such as:

INSTRUMENT PANELS, RADIO COMMUNICA.-
TION CASES and ENCLOSURES, OSCILLATOR
BOXES, CHASSIS and CABINET ASSEMBLIES,
RACKS and SPARE PARTS BOXES, WATER-
PROOF CABINETS and BOXES, METAL STAMP-
INGS, FORMING and WELDING of FERROUS
and NON-FERROUS METALS.

We specialize in ELECTRONIC, RADIO, TELE-
VISION and COMMUNICATION METAL PROD-
UCTS. "Whistler and Wiedermaan Setups' used

for economic and speedy production.

We can assure you of excellent workmanship and
prompt deliveries. Send us your blueprints and

specifications. We shall quote you immediately.

% QOur additional facilities enable us to

S solicit your inquiries regarding SCREW

| assenas

a" ad! peees: MACHINE ITEMS and GENERAL
' MACHINE SHOP PRODUCTS,

S. WALTER Co.

PRECISION SHEET METAL PRODUCTS
144 . 146 CENTRE STREET BROOKLYN 31, NEW YORK
Telephone MAip 4.7395
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Sound trucks with magnetic wire recorder-reproducers mean
better announcements with less personnel! Here's a field
that will net some aggressive engineer a neat piece of the
profits in magnetic recording. Why don't you investigate?
Look to the leader—Brush—for the finest in magnetic wire
recording components!

BRUSH PLATED WIRE

Constant plating thickness assures uniform signal.

Correct balance of magnetic properties assures good frequency response
and high level.

Excellent surface finish assures low noise and minimum wear,

Corrosion resistant.

Easy to handle—ductile—can be knotted.

BRUSH WIRE RECORDING HEADS

Of principal interest are their excellent electrical characteristics, extreme
simplicity of design to avoid trouble, and the “hum-bucking” characteristics,
which reduce the effect of extranecus magnetic fields. When required, the
head cartridge alone (pole piece and coil unit) may be supplied for in-
corporation into manufacturers’ own head structure.

Write today—

THE ¢ m Perkins Avonve * Clovolabaiia, *6&!{0.“
& T MEGHRTIC RECORDING.DIV, v, ACOBSTIC PRODUCTS OIS

DEVELOPMENT COMPANY

WWW.americanradiohistorv.com

TUBES AT WORK (continued)

show a pattern of temperature at
a glance.

Technical Data on
Electronic Micrometer

CIrcuIT diagram and construction
details of the electronic micrometer
first described in this department
(ELECTRONICS, July, 1947) have
now been made available by the Na-
tional Bureau of Standards. This
device utilizes the variation in mu-
tual inductance between two coils in
a pickup assembly when the latter
is displaced from a fixed metallic
surface, to obtain a linear thick-
ness-measuring characteristic.

Such a micrometer, designed to
measure insulation thickness, is
shown in Fig. 1. The instrument
has two full-scale ranges: O to 0.005
inch, and 0 to 0.05 inch. Accuracy
is better than 0.00005 inch on the
low range and 0.0005 inch on the
high scale. With suitable meter
multiplier resistances, displace-
ments in the order of 10 inch have
been measured, although this is by
no means the limit of sensitivity of
this method of measurement.

Probe Coil Assembly

Experimental investigation was
made of the effect of probe coil
geometry on the linearity of the dis-
placement characteristic. For a
fixed primary and movable second-
ary coil having the same diameter,
it was found that the mutual induet-
ance increased linearly as displace-
ment values changed from zero to

» oy

Y

|
|
{
|

FIG. 1—Electronic micrometer measures

change in coupling between probe coils

caused by displacement of probe from
metallic reference surface

November, 1947 — ELECTRONICS



LINKING FUNCTION

i €e-
pendable components havs adaptchA

Engineers and Designers who'in

Selenium Rectifiers into their circuits.
They are specifying SCA products, and are
submitting their rectifier problems to us.

Our greatly expanded plant facilities, plus
the recognized dependability of SCA prod-
ucts, make it possible for us to offer the
most complete line of Selenium Rectifiers
and self-generating Photoelectric Cells.

\
1} SELENIUM CORPORATION OF AMERICA

Affiliate of i 1CKERS Incorporated

2160 EAST IMPERIAL HIGHWAY ¢ EL SEGUNDO, CALIFORNIA
" EXPORT: Frozor & Monsen, L1d., 301 Clor St., Sen Francisco 11, Colif.
Conoda: Powerironic Equipment Ltd., 494 King S1., E. Toronto 2, Concda

7.3
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MEASUREMENTS

174

RADIO’S NEWEST

MULTI-PURPOSE

INSTRUMENT

MEASUREMENTS
Model 59

MEGACYCLE METER

The Model 59 consists of a compact oscil-
lator connected by a flexible cord to ifs
power supply. The instrument is a variable
frequency oscillator, an absorption wave-

meter, an oscillating detector and
a tuned absorption circuit detec-
tor. The engineer, technician, serv-
ice man or amateur will find
the Model 59 a most ver-
satile instrument suitable

for many applications.

SPECIFICATIONS:
FREQUENCY:
2.2 Mc. to 400 Mc.; seven
plug-in coils.
MODULATION:
CW or 120 cycles; or ex-
ternal.
DIMENSIONS:
Power Unit, 54" wide;
6%’ high; 72" deep.
Oscillator Unit, 3%* di-
ameter; 2" deep.
POWER SUPPLY:
110-120 volts, 50-60
cycles: 20 watts.

5, 4 . .
>
\ R CURRE N B

i

—

~

r—

MODEL 59 APPLICATIONS:

¢ For the determination of the resonant frequency of
tuned circuits, antennas, transmission lines, by- pass
condensers, chokes or any resonant circuit.

* For measuring capacitance, inductance, Q, mutual

S OF
NUFACTURER !
L inductance.

ndard signal Generators
Pulse Generators
FM Signal generators
ve Generators
vacuum Tube Vu\tmet'e::
UHF Radio Noise & Fie
strength Meters
Capacity Br\ﬂge:
ohm Meter )
Phas:A gsquence ndicators

t
cion and FM Tes!
Te\eV\sa ipment

Stal
* For preliminary tracking and alignment of receivers.

* As an auxiliary signal generator; modulated or
uvnmodulated.

square Wa

e For antenna tuning and transmitter neutralizing,
power off.

» Forlocating parasiticcircuits and spurious resonances.

¢ As a low sensitivity receiver for signal tracing.

Descriptive Circular on Request

CORPORATION

NEW JERSEY

BOONTON

www americanradiohistorv com

TUBES AT WORK {continued)
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FIG. 2—Cross section of probe coil form

about 5 percent of the coil diameter.

The most advantageous mechan-
ical design for the probe coil assem-
bly necessitated the use of fixed
windings on a- single form. With
this restriction on mechanical de-
sign, it was found that the optimum
displacement-measuring character-
istic was obtained by making the
windings concentric and coplanar,
with the diameter of one winding 70
percent of that of the other. The
primary exciting coil consists of 8
turns of No. 26 enamelled copper
wire; the secondary coil has 55
turns of No. 38 enamelled wire. The
high-current exciting coil is wound
with the larger diameter because of
its greater heat-dissipating area.
A cross section of the coil assembly
is shown in Fig. 2.

The transfer characteristics of
the probe coil system can be repre-
sented by a single mutual induct-
ance if resonance effects are
avoided. Non-resonant operation is
desirable for precision applications
because of its independence of oper-
ating frequency and lower coil
losses. Operation at frequencies
below resonance may not be satis-
factory because harmonics of the
exciting frequency may be accentu-
ated, possibly causing distortion of
the linear relation of output voltage
with displacement. To keep the
resonant frequency as high as pos-
sible, the rectifier is mounted di-
rectly on the probe coil form. A
simple low-pass filter, consisting of
a series resistor and the shunt
capacitance of the diode rectifier,
has been found to reduce the reso-
nance rise to negligible proportions.

Oscillator and Control Circuits

The primary winding of the
probe assembly is driven by a 3-mc
oscillator shown schematically in
Fig. 3. A feedback network con-
trols the oscillator screen voltage so

November, 1947 — ELECTRONICS



YOU GET QUALITY PLUS ENGINEERING SERVICE WITH G-E PERMANENT MAGNETS

General Electric’s new

ductile permanent magnet
materials are finding wide-
spread application in in-

dustry. Here's the story
on the CUNIFE “‘ion trap’’
for the ten-inch G-E cath-
ode ray tube,

PK’OB[EW 2

- DESIGN 6'0/7#?/1/46’/?275 ;m?
”/a/r TRAP  OF CH7%

.0[ -/?47 /' <

The Magnets that Keep Electrons on the Beam

Two ring-shaped G-E permanent magnets made
of ductile CUNIFE are now used on cathode-ray
tubes to help eliminate the troublesome ion spot on
the direct view television screen. When mounted in
the correct position on the tube neck surrounding
the electron gun, these CUNIFE rings supply the
magnetic field which deflects the electrons out of
the ion-electron stream. The deflected electrons
are thus rapidly returned to their original course
while the massive ions are “trapped’ and do not
strike the tube screen.

In addition to ductile CUNIFE permanent mag-
nets, General Electric also offers ductile CUNICO
and SILMANAL which greatly extend magnet de-
sign possibilities. Other G-E permanent magnet
materials include many grades of CAST and SIN-

PERMAMNENT
MAGNETS

GENERAL {3 ELECTRIC

ELECTRONICS — November, 1947

TERED ALNICO and lightweight VECTOLITE.

Let us help you with your magnet application
problems. General Eleciric engineers, backed by
years of research and magnet design experience,
are always at your service. Merailurgy Division,
Chemical Department, General Electric Company,
Pitisfield, Mass.

ANINOUNCING ... a NEW standard lime of G-E ALNKO
permarent magaet HOLDING ASSEMBLIES. There are
huadre ds of places im the factary, store, home and work-
shep wiere these power?ul magretic d 2vices can be used
to advantcg=s. Far somplete de-usds, send for our new
bulletin.

i METALLURGY DIVISICM. Sec. FA-T1 —
1 CHEMICAL DEPABTMENT ?
GENERAL ELECTRIC COMPANT

I PITTSFIELD, MASS.
i Fleas2 serd me
[1~G-E Parmcnent Mag et Ho'dnc Assembles * \
{ ] *CG-E Permanend Mag-=t:"’

: NAME e TITLE.
| COMPANY
ADDRESS

! CITY. e

CD47-JAT

WWW.americanradiohistorv.com
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TiH8.2 mc.

B

THE

HUNY CORP.
il CARLISLE
PENNA,
CR-7

HUNT Crystals
Accuracy and dependabjlilfy'—as/wﬁ as light weight and compactness
—are “musts” when it comes lo,é;ystal units for aircraft communica-
tions ... that’s why so many cofmmercial airlines throughout the world
are equipped with high stab}'h’ty.‘ reliable Hunt Crystals.
/

AERONAUTICAL RADIQ{ INCORPORATED, develops and coordinates
radio communications’ for major airlines all over the country. Close
cooperation belweeé'——kkﬂf;ﬁd Hunt engineers brought about the

development of specially désigned CR-7 Hunt Crystal Units with a
tolerance of £005% over & temperature run from -55°C to -90°C.
/

In the air or on the grdund, wherever your sets operate... Hunt Crystal

/
Units assure better résults. For the crystals you need, call orwrite us today.
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TUBES AT WORK {continued)

$IGHAL
)
PROBE|  RZCTIFIER

1

CATHODE = 0000
FOLLOWER , OSCILLATOR | |50uuf

5
“10.0015

-IEFERENCE
RECTIFIER

FIG. 3—Changes in probe coil coupling
produce variations in rectified output of
secondary winding. These are measured
by microammeter to give readings of thick-
ness. Reference rectifier, d-c amplifier, and
cathode follower form feedback network
controlling oscillator screen voltage to give
practically constant output

that the oscillator serves as a con-
stant-current source. Since the in-
strument monitors current in the
secondary winding of the probe
rather than the voltage across this
winding, changes in lead length and
in copper resistance have no effect
upon the scale factor of the output
of the probe.

To supply as much power as pos-
sible to the exciting coil, and to re-
duce the number of tuned elements,
the exciting winding forms part of
the oscillator plate tank inductance.
The remaining inductance is ob-
tained from the plate winding of the
oscillator feedback transformer.
This transformer is wound on a
3-inch form and consists of a 5-turn
grid winding of No. 24 enamelled
copper wire over a 50-turn plate
winding of No. 30 enamelled ssc
wire.

The combination of exciting coil,
primary winding of the current
transformer, and tank -capacitor,
form a parallel-resonant circuit.
This design requires the oscillator
tube itself to furnish only a small
fraction of the current in the probe
exciting coil.

Voltage from the secondary of the
current transformer is rectified,
compared to the d-c potential across
a voltage regulator and fed to the
d-c amplifier. Through a cathode
follower, this amplifier controls the
screen voltage of the oscillator tube.
This regulator feedback circuit has
a loop gain of the order of 100, so

Hovember, 1947 — ELECTRONICS



MAGNETS

PERMANENT

adAjalel)

We make no end products. We have no allied branches.
These two facts are important to our customers. They can
discuss their problems and product designs freely with us,
knowing that their confidence will be respected. Thus your
problem becomes our problem, and our advantage of 37
years of permanent magnet designing becomes your ad-
vantage.

This is only one of the many reasons why The Indiana

*

PRODUCERS OF

®
e

ELECTRONICS — November, 1947

© 1947. The Indiana
Steel Products Co.

THE INDIANA STEEL PRODUCTS COMPANY

""PACKAGED ENERGY'™
6 NORTH MICHIGAN AVENUE . CHICAGO 2,
SPECIALISTS IN PERMANENT MAGNETS SINCE 1910

@) I T BETTER

Mot ors

 Magnetic Separgpops

M"Qhe?oi

Steel Products Company is headquarters for Permanent
Magnect research, why more than 25,000 individual appli-
cations have been developed by our engineers, why we are
the world’s largest producer of permanent magnets which
utilize every conceivable permanent magnet material.
You are invited to consult with our ¢ngineers on any
magnet problem. We assure you your confidence will be

fully respected.

*

VALPARAISO, INDIANA
PLANTS{CHAUNCEY, WESTCHESTER
COUNTY, N. Y.

L.

177
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MICROPHONES LICENSED UNDER U.S. PATENTS OF THE AMERICAN TELEPHONE AND TELEGRAPH COMPANY, AND WEST-
ERN ELECTRIC COMPANY, INCORPORATED. CRYSTALS LICENSED UNDER PATENTS OF THE BRUSH DEVELOPMENT CO,

178

® When you sclect a TURNER Microphone for better
performance you automatically choose the leader in style
and dependability. The accurate pickup, smooth response,
and enduring reliability of TURNER design and con-
struction is recognized the world over. Where perform-
ance counts most youll Turn to TURNER.

THE MODEL 22—This handsome streamlined unit gives
“smooth-as-silk” performance. Adds distinction to any
installation. Ideal for both voice and music pickups.
Widely used for all-around recording, public address,
call system, and communications work. 90° tilting head
permits semi- or non-directional operation. Available in
a choice of high quality crystal or dynamic circuits.
Complete with 7 ft. removable cable set. Ask your dealer.

WRITE FOR COMPLETE MICROPHONE CATALOG

‘ TURNER

THE TURNER COMPANY

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

WWW.americanradiohistorv.com

TUBES AT WORK (continued)

that the oscillator output is held
quite constant regardless of tube,
line-voltage or other variations.

The output circuit for the second-
ary probe coil consists of a diode
peak rectifier and a d-c voltmeter,
Cancellation of initial coupling is
accomplished by adjusting the zero
set control which inserts a bucking
voltage in series with the rectified
probe input.

Any pentode or beam power tube
is suitable as an oscillator. A 2516
using a 115-volt plate supply is ade-
quate for driving one micrometer at
50-volt-amperes. A single 807 is ca-
pable of supplying 1,000 volt-am-
peres, more than enough for four
micrometers.

Micrometer Performance

The metal used as a reference
surface has some influence upon the
performance of the micrometer.
While there is still a significant
change in mutual inductance when
magnetic materials are used, a rela-
tively large initial coupling and a
loss in scale factor are manifested.
Ferromagnetic materials have ap-
preciable permeability effects at ra-
dio frequencies so that there is an
opposing effect added to the reduc-
tion in coupling caused by eddy cur-
rents. As the frequency is increased,
the performance with ferromag-
netic materials tends to improve,
but nonmagnetic metals are still
preferable.

Very little difference in perform-
ance can be observed between sur-
faces of various nonmagnetic con-
ducting materials. Brass works
equally well as silver, for example.
At a frequency of 3 me, it has been
found that the metal need be only
about 0.0001 inch thick; what lies
beneath this layer does not matter.
Thus, a convenient way to make
measurements with magnetic mate-
rials is to plate them with a layer
of copper or silver, for instance, to
a thickness of 0.001 inch.

If the diameter of the metal plate
is greater than 13 times that of the
larger probe coil, there appears to
be little further effect due to the
size of the plate. For most applica-
tions, it is suggested that the plate
be no smaller than the coil. A hole
in the center of the plate is not par-

| ticularly detrimental to perform-

ance in those cases where lightness
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Now Available---

A Line of PLASTICON™ GLASSMIKE
RF Transmitting Capacitors

Superior tfo mica capacitors because:

® Greater safety factor
(3500 VDC Operating; 7500 VDC Test)

® Lower RF losses
(See current rating below)

More conveniently mounted
Less chassis space
Smaller overall volume

Impervious to moisture
. (The GLASSMIKE construction is 100%
{actual size) sealed)

Silicone-fluid filled

The above advantages are possible by the use of the
Type L film dielectric which has lower losses than mica.

TYPE LS6 — PLASTICON™ GLASSMIKES
3500 VDC Operating — 7500 VDC Test

—— e

I Cat No. Cap. Dimensions Current RatE\g in RF Amperei 1 List—]
| M. OD  Length 100Ke 300Ke 1Mc | 3Mc | Price
i_LSGséo; ... 00005 | 19/32"x1 3 16" 02 05 16 4T !j1§o
ILSG101 ... .. .0001 19/32x1-3/16" .03 09 31 94 | 150 |
ILSGa51 . . . 00025 | 19/32'x1 316" .05 25 5 992 | 150
LSGS01. .. 0005 | 19/32x1316° a5 5 16 30 | 150 |
LSG102......| 001 | 19/32'x1 9/16° 31 94 25 45 |_1_.7~o_
LSGeo . 002 | 3/4" x1916° 62 | 19 4.5 10 | 245
LSG502. . ‘4'| 005 | 3/4" x1-3 4 1.6 3.1 6.0 70 | 350
LSG602. .. | .006 | 99/32'x1 916" 1.9 3.5 6.2 7.0 3.75 '
LSG103. ... | .01 29/32°x1 3 4 | 3.4 5.0 7.0 7.0 | 495

:C : *PLASTICONS—Plastic Film Dielectric Capacitors

‘ondenser Products Company

1375 NORTH BRANCH STREET - CHICAGO 22, ILLINOIS

ELECTRONICS — November, 1947 179
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Typical of ADC design is this
(type 215A) input transformer
taken at random from stock and
submittedtothetestshownbelow.
The circuit diagram is included
toallowyouto runyourowncom-
parative performance tests.

FREQUENCY RESPONSE
600 OHMS
‘3 |»“—T@‘—

VW
= 2 \
| §- 50,000 OHM TERMINATION

s o

Ay

ooy Bl
LUy,
SOy

= |

215A input Transformer
® Response == 14 db 50 to 10,000 ¢ps.
® Ratio 600 to 50,000 ohms,

® Maximum opérating level + 26 vu,
e Case, 14A (2”"x2%4"x3" high).

1 00 1000 0 10,000 20000
‘_h—- = o -
.- } 0 - PENTODE|
e -t - 1 AJ’ )
> I5F RIGH LEVEL OF oW [LENEL 'r:%un!!i i — N B i
o~ et == T —
2- y 3 m 8-
s~[: owiLefel ‘
+- —{ L —_1
1 _ S (5 5 RO T D (S 0 i O |

—_— — 1
RESPONSE = 2154 FREQUENCY IN CYGCLES PER SECOND

Low frequency response—(referred to 1000 cps) (High level 4 26 vu,
Low level —15 vu.):

Secondary unterminated, 30 cps, — 2.0 db at low levels.

Secondary terminated, 30 cps, — 0.7 db at low levels.
High frequency response—(referred to 1,000 cps):

Operating into triodes—unterminated, up to 15,000 cps, + 1 db.

Operating into pentodes—unterminated, up to 15,000 cps, = 3 db.

Operating into triodes or pentodes—terminated, up to 20,000 cps, 3 0.5
All response characteristics are well within catalog claims except the one
high frequency condition. Since some difference in response will result in
pentode on triode grids (due to reflected capacitance) it was thought most
desirable in designing this transformer, to flatten the triode response, per-
mitting the pentode response to rise. This rise is often desirable to correct
for other elements, but if not desired, is readily removed by simple termina-
tion, providing versatile usage.

Under an ideal condition, response flat within /4db from 30 to 20,000
cps is obtainable, but since this is not typical of all applications a rating
on this basis would be misleading.

MANUFACTURERS, JOBBERS:
Write today for catalog 46N of ADC electronic components or for
information on units engineered to your requirements.

Lludio Levelgpment Co.

2833-13th Avenve So., Minneapolis, Minn.

. IDEVELOPMENT
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TUBES AT WORK (continued)

of the metal plate or vane is im-
portant.

If the surface of the metal is
curved, the indicated reading is
relative to some average displace-
t ment. The initial mutual induct-
| ance is larger, so that more buckout
voltage is required, but incremental
readings are very nearly the same
as for a flat plate. There is no
necessity {o shape the end of the
probe form to match the surface,
as would be the case with capacitive
micrometers. The useful linear
range is reduced, however, because
the effective surface of the metal is
at a greater distance from the end
[ of the coil form.

Some measurements have been
’made with the micrometer to ex-
amine the effect of placing materi-
als of various dielectric constants
between the probe and the metal.
This is the usual way of measuring
insulation thickness. It was found
that any error resulting from the
dielectric constant is so small as to
be within the accuracy of the in-
strument.

The electronic micrometer 1vas
developed in connection with proj-
ects for the Navy Department, Bu-
reau of Ships, by M. L. Greenough
and W. E. Williams of the Elec-
tronic Instrumentation Laboratory
of the Bureau of Standards. A pat-
ent application has been taken out
in the name of the United States
Government and will be made avail-
able to industry without charge.

SPEED COP AGAIN

Close-up view of the electronic portion of

the speed cop for clocking motorists
(ELECTRONICS, July 1947, p. 148). The
transmitter is at right with its antenna:
the receiver is at left. An insulating panel
protects the antennas from damage

November, 1947 — ELECTRONICS



Chovice

Series R Stepper
Three basic types of A.C.

Series A-300 Relay
Designed for low loss

and D. C. operation: con-
tinuous rotation, add and
subtract, electricalreset.
First two types have 40
active positions, electri-
cal reset has 36 contacts.
All three types follow 10
pulses per second with.
in rated voltage range.

T-110 Time Delay

Provides delayed opera-
tion from 10 to 60 seconds
using a resistonce wound
bi-metal strip. In radio it
prevents damoge to recti-
fiers ond iube filoments by
retarding plate current until
tubes are suﬁ\cnen'lyhec'ed

Used widely in industry
to change circuits after a
predetermined interval.

Series 595 D. C. Relay'

Midget telephone type
unusual for amount of
power provided. Size
only 1716 x 1 3/8"

. Three outstanding
fea'ures— frictionless
pwo'—proper copper-
iron balance—capacity
to carry up to B single

Series 600 Relay

Small, compact, Iow~
cost. Size: 2 1/8" x
11/2" x 1 1/8”
Contact combina-
tions up to 4 P.D.T.
Power consumption,
6 V. A. Max. cap., 8
amps, 3 v. to 230 v.
A.C.,or3v. 10110
v. D.C. Coil and

Series 220 A.C. Relay

Capable of breaking
currents up to 20 omps
6t 230v.,60¢c, A.C.,
non-inductive load.
Bakelite contact block
tests 1500 v. break-
down to ground.

Series 100 A, C. Relay

Used successfully in
automatic home
washing machines.
It is incorporated in
many new house-
hold appliances now
on drafting boards.

antenna change-over,
Straight line position
of screw terminals and
contact spnngs main-
tains equal spacing thru

relay from transmis-
sion line to transmitter.
Reduces impedance
mismatch to minimum,

Series 12 A, C. Solenoid

For intermittent and
continuous duty. Rated
at 6 v. to 230 v., 60 c.,
A. C. Stroke ranges from
1/8" up to 7/8". Series
6 D.C.rated 6v. 10230
v.5troke 1/8" up to 2",

5/16" dual contacts.
mlnlmlle orcmg

contact ossemblies
interchangeable.

pole, single throw
contact combinations.

Faced with responsibilities for the design and successful performance of their companies’ products,
American design engineers are eagerly turning to Guardian Electric first for relays and complete
control assemblies. They find at Guardian a vast wealth of application and performance data,
an expert engineering staff with more than a decade of specialized experience solving the
most complex and widely diversified control problems. Such experience offers design engineers
an extra bonus value thru practical suggestions and valuable specific recommendations given
without cost or any obligation. Should your design call for a "special” control,
probably built the self-same principle you seek into one of its large line of basic type vunits.

Guardian has

When such a basic type unit becomes the special” you need thru slight variations, the savings
in time and money are substantial, you circumvent die costs and beat delivery schedules in the
bargain! Should special engineering be required, our staff is at your disposal. Write — call on
Guardian for these excellent controls designed by Guardian engineers for engineers. Expert
advice is yours for the asking to help you design better products thru improved techniques

GUARDIAN \(J/ELECTRIC

1625-M W. WALNUT STREET CHICAGO 12, ILLINOIS

A COMPLETE LIKE OF RELAYS SERVING AMERICAN IIDUS'IV

which are now so vital to meet competition,

ELECTRONICS — November, 1947

www americanradiohistorv com




i s g

Built by
skilled
union

craftsmen
and fully
licensed
under U. S.
patents of
The
. American
Telephone &

Telegraph Co.

and
The
Western
Electric Co.
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Designed and Fabricated
by the Manufacturers of High Quality
Sound and Recording Equipment for
the Motion Picture
Industry

The NEW COMMERCIAL
Studio Quality
AMPLIFIERS

by Bardwell & McAlister, Inc.

The advanced functional design of Bardwell & McAlister's
New 12 and 25 watt Commercial Amplifiers is based on
-the long experience of our electronic engineers in the
design and manufacture of Audio Equipment for the
Motion Picture Industry, where quality is a requisite.

This new line of Commercial Amplifiers answers the
great demand of Sound Engineers for commercial ampli-
fiers embodying the proven principles of “custom-built”
design so successful in Hollywood Studio Sound Equip-
ment . .. The RESULT—high fidelity reproduction at any
setting of volume controls up to full rated output; less
than 4% distortion; versatility of application. These Ampli-
fiers have an ease of operation and long life found only in
Bardwell & McAlister Studio Quality Amplification Systems.

® Designers and Manufacturers of Custom - Built
Broadcast Speech Equipment, School Sound Systems
und Recording Equipment. Estimates gladly given.

DEALER INQUIRIES INVITED.

ELECTRONIC DIVISION

BARDWELL & McALISTER, INC.

HOLLYWOOD, CALIFORNIA

WWW.americanradiohistorv.com

ELECTRON ART
(continued from page 146)

IONIZATION
CHAMBER

CKS70AX

15V

50,000

1.5V

v | = 22,5v

- _ +
=iy

—lik—

8D,

<

50,000

CK570AX

wA:20pA,
APPROXIMATE
RESISTANCE :
3,000 OHMS

FIG. 4—Radioactivity meter uses nonmicro-
phonic subminiature electrometer tube

capacitance variation can be mini-
mized by connecting the tube di-
rectly across a large fixed capaci-
tance, if rapid changes are not to
be measured.

In portable equipment, the sub-
miniature, battery operated (hear-
ing aid) tubes have been used. Be-
cause such equipment is subject to
severe vibration, microphonies in
these tubes are particularly trouble-
some. However the nonmicro-
phonic subminiature CK570AX elec-
trometer triode (developed by the
Special Tube Section of Raytheon
Mfg. Co. for the U. S. Atomic
Energy Commission in cooperation
with their Argonne National Lab.
and now commercially available)
measures currents as low as 10™
ampere (0.01 micromicroampere)
without developing objectionable
microphonies in its output when vi-
brated. Filament heating power is
12.5 milliwatts. This tube was de-
signed for use in the recently de-
classified Zeus circuit shown in Fig.
4. The ionization chamber has a
one-litre capacity, a 0.25 volt input
across the grid resistor giving full
meter deflection. The circuit consti-
tutes a simple, portable, inexpensive
meter for health surveys to protect
personnel working with radioactive
materials or x-rays.

Magnetron as D-C Amplifier

CONTROL of one current by another
can be effected with a -classical
magnetron. (As originally used,
“magnetron” meant a magnetically
controlled diode, not an oscillator de-
pending on the reaction of an alter-
nating potential field on electrons
moving in a static magnetic field.
This abstract concerns the magneti-
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FOR WIDE ADAPTABILITY

These Amrecon multiple purpose relays are de-
signed for either A.C. or D.C. operation. Each is
available in a variety of contact combinations

and capacities. Most units are available in light

and heavy duty contacts nominally rated from 5
to 15 amps, 115 volts A.C., noninductive. Others
are rated as high as 50 amps, at 115 volts A.C.,
noninductive. The relays illustrated are but a few
of our many types.

We are especially well equipped to assist you
in your engineering problems and can supply
special units to meet your most exacting relay
requirements.

Your inquiry will receive prompt and courteous
attention.
Write for our 4-page illustrated bulletin

ENGINEERING "KNOW-HOwW”

OFFICES IN -PRINCIPAL CITIES

American Relay & Controls, Inc.

2555 DIVERSEY AVE. « CHICAGO 47, ILL.

WWW.americanradiohistorv.com

ELECTRON ART {continued)
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-

CATHODE “ANODE == CONTRIL SOQLENQID

o IDEAL MAGNETRON
1 (FIXED V)

) »
|
ACTUAL MAGNETRON 'l |

L -

o . H—

At the top is the basic magnetron connec-
tion; current in the solenoid produces a
magnetic flux H. Below is the magnetron
characteristic for a fixed anode-cathode
potential, decreasing that potential moves
the cutolf to the left, decreasing the
heater current lowers the saturation cur-
rent available at low magnetic flux

cally controlled diode.) The advan-
tage of the magnetron over a grid
controlled tube is that the control-
ling circuit can be at a radically
different potential with respect to
ground than the controlled cirenit.
Thus, in a particular x-ray appli-
cation, the solenoid that was wound
about the diode for control was at
ground potential while the anode-
cathode circuit of the diode was
about 100 kv above ground in the
target circuit of the x-ray tube.
Furthermore, variations in sole-
noid-ground potential, except as
they might affect the solenoid cur-
rent, do not affect the output cir-
cuit, thus the magnetron is ideally
suited to direct-current amplifica-
tion.

Magnetic Sensitivity

The analogous paramaters ampli-
fication factor and internal resis-
tance of a triode are magnetic sen-
sitivity uw = (ov,/0H), and inter-
nal resistance R, = 1/(2i/oV,)p.
In an ideal magnetron, current flows
for a fixed value of anode-cathode
voltage V, until a critical magnetic
field Hy is reached at which point
the current abruptly drops from its
saturation value to zero. However,
in an actual magnetron, because of
asymmetry in its radial and axial
geometry and other variations espe-
cially edge effects of the electrodes,
the discontinuity of current is less
abrupt, being as shown in the ac-
companying drawing. For not too
small values of V, and H, the mag-
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VARIAC VOLTAGE
CONTROLS

THE Type V-5 VARIAC is the most popular of a number
of different models. For over- and under-voltage testing,
compensation for varying line voltages, and general a-c power,
heat, speed and light control, its rating of 862 volt-amperes
seems to cover a majority of applications.

We have been concentrating our VARIAC production facilities
on this model and are gradually getting out of the woods.

The Type V-5, like others in the new ‘V' series, is a
decided improvement over its predecessors. Lighter in weight
by 25%, with new unit brush construction which cannot cause
damage to the winding if the brush wears down, having a heavy-

duty lines switch, equipped with a polarity indicator in the con-
venience 'load’ outlet, provided with a new molded terminal
plate for either screw or solder connections, and furnished with
a newly designed knob and dial with big calibration figures for
reading at a distance, these new VARIACS are more convenient
to use . . . more efficient in operation . . . last longer.

The VARIAC is the ideal a-c voltage control. It has the con-
venience of the rheostat with the efficiency of the transformer;
unlike a rheostat it provides control voltages 17 per cent higher
than the line voltage . . . and these voltages are continuously
adjustable from ZERO.

SPECIFICATIONSt 115 VOLT—TYPE V-5 230-VOLT—TYPE V-5H
LOAD RATING (KVA) 862 .575
Input Voltage 115 230 or 115
Qutput Voltage, ZERO to 135 or 115 270 or 230
Rated Current (Amps.) 5 2 or 1
Max. Current (Amps.) 7.5 2.5
PRICE—Unmounted (1) TYPE V-5 $18.50 TYPE V-5H $21.00
PRICE—Cased (2 TYPE V-5M 20.50 TYPE V-5HM™ 23.00
PRICE—Mounted (3) TYPE V-5MT  25.00 TYPE V-5HMTY 27.50

(1) At left in illustration

(2) Center of illustration

(3) At right of illustration

1+ All datalfor 60-cycle operation

The 230-voltYmodels (V-5H)I are
similar in cxternal appearance and
size to the corresponding 115-volt
(V-5) units shown in the illustration

* Reg. U. S. Pat. Off. YARIACS are patented under U. S. Paf. No. 2,009,013 and British Pat. No. 439,567. The VARIAC—ond original continuously-
«adjusted #ransformer—is manufactured ond sold exciusively by General Radio Company or its authorized agents.

ORDER NOW!

GENERAL RADIO COMPAN

90 West St., New York 6

920 S. Michigan Ave., Chicago 5

Prompt shipment probably can be made on all

models of the Type V-5.

Cambridge 39
Massachusetts

950 N. Highland Ave., Los Angeles 38
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WEBSTER ELECTRIC

Tells Consumers About Cartridges

Creates trade-acceptance
for nationally known
~ trade-name
\ 4 ,

RECORDED MUSIC
R

is no hetter then

the cariridge the! AS ADVERTISED IN
Dltilrlhwl # sc'urdcy Evening POS"

When you use parts that have a nationally
known trade-name you aid the sale of prod-
ucts. With this purpose in mind the Webster
Electric Company have advertised their

ace with's

'\/“Vebster Electric

cnn o o vbeme | your requirements ... correct weight,
response, voltage output and other require-
et vohume from your ments. They are of balanced construction
o Seaion o Fah that produce maximum output at designated
jaotaybuiy tracking pressures with minimum distortion

and minimum mechanical reproduction. All
models offer exceptionally uniform response
over the desired range of frequencies.

morpase
1 yous codio-phonaprorh:

idae cartridges in the Saturday kivening Post . . .

Cartridg e making consumers conscious of the impor-
A 7 tance of this small part.

PO Y The Webster Electric Cartridge is available

iy mowony vl 1y som rastore o0 AL with a wide range of characteristics to meet

made by We
your make of
ualites of your rec .
Remember, the quality and conduion of you
tdge drectty determune your enjoymen o ¥
It recordungs— w0 have vour radia o1 mune Jert
F s mew Webater Flectnc Cartndgs tomors,
re coet 18 small, the resulting watisti

ords.

Webster Electric Cartridges are carefully

designed and manufactured under highest

quality standards. They have been on the

market for years, and during this time have

proved their value for long life and top
\ performance.

Sond for this bookiot ¢ " "

B Lufe for your

(tive boolct, “Lenger 2

T e b, A Y

" ment [rom your s pluable cocos
e, e e

batan sned 1907
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WEBSTER M ELECTRIC

Spvems © P
o 12

Com
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In addition to cartridges, Webster Electric
Company manufactures complete tone arm
assemblies of improved design, in a wide
selection of models.

WEBSTER ELECTRIC
CARTRIDGES

ELECTRIC

RACINE WISCONSIN

E I;EE‘LRIC
Established 1809
Export Dept. 13 E. 40th Slrse!, New York (16), N. Y. Cable Address "ARLAB' New York City

“"Where Quality is a Responsibilhy and Fair Dealing an Obligation”
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ELECTRON ART (continued)

netic sensitivity can be taken as the
slope of the magnetic characteristic
curve, or as p = 2(r,/6.74)°Hx =
(r./8.837)V,? in which r, is the ef-
fective anode radius (its geometric
radius if the cathode is of negligi-
ble radius and the tube is axially
symmetrical).

If a grid is placed close to the
anode and at cathode potential, the
sensitivity of the magnetron will be
increased because the magnetic field
will then have an opportunity to de-
flect the electrons in a weak elec-
tric field over most of their path.
If the amplification factor of the
grid is G, the sensitivity of the grid
magnetron is p = 2G(r./6.74)°H.
The anode potential will have to be
higher for the tube to conduct a
reasonable current, but this is usu-
ally no drawback considering the
enhanced sensitivity (A Magne-
tron for D. C. Voltage Amplifica-
tion, H. B. G. Casimer, Philips
Technical Review, p 361, Dec.
1946).

Measuring Distance
Precisely

RELATIVE PHASE RELATIONSHIP be-
tween continuous-wave radio sig-
nals is used (as in an interferom-
eter) to measure distance to
accuracies within several inches
per mile with the Raydist (radio
distance) developed by Charles E.
Hastings. Using a heterodyne sys-
tem, circuit errors are canceled
thus producing high precision. The
equipment can be used in survey-
ing, indicating positions of air-
planes and their true ground
speeds, plotting the trajectory of
missiles, or maritime navigation.
The equipment is light enough to
be readily transportable.

Hyperbolic Coordinates

As used in most applications, the
equipment is arranged as in Fig.
1. The mobile transmitter is car-
ried by the vehicle whose position is
to be measured. The system as
shown provides one set of hyper-
bolic interference lines in space.
Motion along the pattern is de-
tected by the differences in phase
at two a-m receivers. Operation is
at 12,862.5 ke so that each half
wavelength is 38.225 feet. The beat
frequency developed at an a-m re-
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FRODUCTION FURNACES — MELTING AND CASTING

High Vacuur Metallurgy is not nzw as labo-
ratory technique. It /s new as a practical indus-

trial cperaticn.

For the first dne, National Research Corpora-
tioa cffers its services to design ard build, to
your requirements, furnaces which operate in
the micron pressure range. Pressures run as low

at 10 mm. Hg. absolute.

Six years' experience in the engineering and
construction of High Vacuum metallurgical
equipment is at your disposal. Write National
Research Corporation.

B METAL DISTILLATION
THERMAL REDUCTION

MELTING and CASTING

HEAT TRZATING —
DEGASSING FURMACE

VACUUM ENGINEERING DIVISION,
Write to { National Research Corporation,
Cambridge 42, Massachusetts

HIGH VACUUM FOR INDUSTRY

ACU
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TETER TOWER

3
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Teterbore — busiest liti''s control
tower in the country! More than
112,000 landings and takeoffs
from Janvary 1 to July 31,1947,
all handled by Rodio Receptor
communications equipment,

Now—more traffic for the smaller airport withRadio Receptor’s low-cost ' packaged
radio stations!"” Compact, easily installed, need little maintenance.

Teterboro’s experience proves that reliable ground-to-air communications is a
“'must”’ for successful and profitable airport operation.

Teter Tower has them coming in fast and in all sizes, but the tower picks them out
of the air cleanly, whether it be a multi-engined cargo plane or a smaller local
plane; and leads them to the ground with @ minimum of jomming.

Not only at Teterboro, but at nearly every major airport in the country and at many
airlines, such as La Guardia field, Washington National Airport, American Over-
seas Airlines and others, you will find Radio Receptor high and low frequency
communications equipment, beacons, ranges, and other navigational aids for
ground-to-air traffic control.

Let us help you plan your airport traffic control system today. Write today for full
information on “'Packaged’” VHF and LF Radio Stations, LF, HF and VHF Receivers
and transmitters. Address Dept. C-1

VHF Receiver VHF Transmitier
“*Package’’ ‘'Package’’
Type RV 1 B Type TV 50 A

Communications Division

RADIO RECEPTOR COMPANY. INC.

Since 1922 in Radio and Electronics
251 WEST 19th STREEY ° NEW YORK 11, N. Y.

WWW.americanradiohistorv.com

| ELECTRON ART {continued)
|
|
REFERENCE| . ___ __ __ - a-m
| o RECEIVER
NO.2
MITTER —
| i !
| MOBIbE .T !
A—
I ™= Trans- [ f—y—
| | MITTER F-M
RELAY
‘ | | TRANS-
i | I MITTER
| [ )
[
\ B ¥
A-M AMPLIFIER N 1 F-M
RECEIVER|—31 anD |je— ReLay
NO,I INDICATOR] Eeceuvea

FIG. 1-—Airline distance is measured with
| this setup
ceiver is relayed by f-m radio or
land line to the amplifier-indicator.
Such an arrangement of equip-
ment as described above indicates
range from a reference point. If
position is to be indicated, an addi-
tional a-m receiver is added and the
beat frequency developed by it used
| with the beat frequency from either
of the other two receivers to obtain
an additional coordinate thus giv-
ing a fix.

Phase Integration

The beat frequency developed at
| each a-m receiver as a consequence
of its receiving signals from two
’ transmitters, the fixed reference
one and the mobile one, is fed as a
phase shift through the amplifier
shown in Fig. 2 to a counting syn-
chro. As the received phases
change, the synchro rotor revolves
Idriving the distance counter. Be-
cause the frequency of the beat is
proportional to the speed of the
mobile transmitter, true ground
speed of an aireraft can be indi-
cated by feeding the beat frequency
to a direct-reading frequency meter
calibrated in units of speed.
That only the frequency of the

FIG. 2—Two-channel amplifier drives dis-
tance indicator
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New and Usefol
Design Data on 2328ic
Stupukoff Kovar-Glass Terminal

G

Stupakoff
Ceramic and Manufacturing Co.

Latrobe, Pa.

Cable Address **STUPAKOFF, LATROBE, P&:™
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Complete dimensions, capacities and rat-
ings for more than one hundred and sixty
different standard Stupakoff Kovar-Glass
Terminals are included in Bulletin 447,
pages of which are reproduced above. In
addition to these, Stupakoff is prepared to
make special designs when required. The
illustrations at the left show a few of the
varieties of terminals listed in this bulle-
tin. If you use—o=r expect to use—metal-
glass terminals, you should have a copy

of this informative data book. Send today
—it's free!

ATTACH THIS COUPON TD YOUR BUSINESS LETTERHEAD
ano SEND TODAY
STUPAKOFF CERAMIC & MFG. CO.

Please send a copy of Bulletin 447 to:

NAME_

COMPANY____

ADDRESS

ary.

—_ __STATE
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Operates as voltage relay, current relay or
time delay switch.

Suitable for A.C. or D.C.

Control circuit current 25-80 milliamps.
Load current up to 30 amps at 440 volts.
Silent.

Non-inductive control circuit—hence control
circuit contacts don't deteriorate.

Non-arcing, therefore no deterioration of
load contacts.

IMMEDIATE DELIVERY

Thousands of Sunvic Hotwire Vacuum Switches have
been in use for many years throughout the world.
Please write for Catalogue VS. 10.

SUNVIC CONTROLS LTD.
10, ESSEX STREET, STRAND,
LONDON, W. €. 2. ENGLAND

TAS/SC 191.
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ELECTRON ART {continued)

mobile transmitter determines the
accuracy of the system can be seen
from the following considerations.
The mobile transmitter frequency
f is heterodyned by a reference
transmitter operating on a slightly
higher frequency (f 4 Af). The
first receiver, which the mobile
transmitter is approaching, re-
ceives the signal from the mobile
transmitter at a slightly higher
frequency as a result of Doppler
effect, but receives the signal from
the fixed transmitter without modi-
fication. This receiver beats these
two frequencies giving a frequency
fuu=(f + Af) — (f + fV/CO)

=f 4+ Af — f — fV/C

=Af — fV/C
where C is the velocity of propaga-
tion of the radio signals, and V is
the velocity of the mobile transmit-
ter toward the first receiver. Simi-
larly, the frequency developed by
the receiver from which the mobile
transmitter is receding is

fre = Af 4+ fV/C

These two heterodyne signals are
mixed giving a beat frequency

fB = fm | fnz = 2fV/C
Thus all but the mobile transmitter
frequency, the velocity of propaga-
tion, and the desired speed (inte-
grated into distance) cancel out.

Because the system compares

heats produced at two different
points from the same two frequen-
cies, it is free from drifts in the
receiving equipment. Use of a
transmitter in an airplane or other
vehicle whose position is to be indi-
cated increases the efficiency of the
system over that of radar methods
depending on reflections from pas-
sive targets, and is more accurate
than methods relying on transpond-
ers. In applications, the indicator
can be at any position, such as with
the mobile transmitter on the air-
plane, the two receivers being at
airports between which the plane
flies and the reference transmitter
between them. The system is espe-
cially useful in measuring velocity
of propagation of radio waves.

Vertical Position Indicator

GAS-FILLED Y-type position convec-
tron tube develops an unbalance
voltage proportional to the sine of
the angle of rotation from the ver-
tical. Thus the tube is a useful

November, 1947 — ELECTRONICS



TABLE |

] . k Overall  Overall  Tinned Copper
N:arge nav:"ﬂfs'" ﬂe;;s“ta::e Length  Diameter  Wire Leads
L d g Inches  Inches  Length Diameter

‘ » A . : 997-A ) 10 Ohms — 4.7 Megoh 2l / g 0.016"
“Globar” Type “A” Ceramic Resistors /s m e C

“e o 763-A 1 10 Ohms — 15 Megoh 5 / 11, 0.032"
by "CARBORUNDUM?” are fired at tem- 6 Ya i egenms L Va2 72
: : 9.A ) 0 Ohms — 15 Megoh 3 L Yo" 0.032”
peratures up to 2500°F. in electrically & /2 10 Ohms gt B 4 &
] - hms — 15 Megoh 13 ! %" 0.032"
heated furnaces under carefully controlled el B G . A A &
- L = h t/ 15, 1" 0.040"
conditons. 7924 3 10 Ohms — 150000 Ohms 17 She 1V 0
774-A 5 10 Ohms— 220000 Ohms 25 1542 115"  0.040”
They are conservatively rated and possess. % AV o lhes £ 10 and & Z0ionty.
a high degree of Permanence of Character-
istics. They will not exhibit a permanent TABLE I
change of characteristics after moderate
temporary overloads. . X Resistance in Ohms Length in
. n'al'“"h'" in Per Inch of Length Inches RATING
They have a small negative temperature fches i e e
coefficient of resistance ranging from 0.08
. ! 10 250000 2 8 :
per cent per degree C. for low resistance e £ or iy ous BE
% 7 250000 2 10 Rating is based
values up to 0.12 per cent per degree on one watt per
. o 34 3 100000 3 18 sq. in. of external
Centigrade, for resistance values up to 0.1 e p
miegohm ! 2 50000 4 18 afing surface.

Type “A” resistors in R.M.A. values are
calibrated by the comparison method on

the voltages specified in Joint Army and  Resistors listed in Table I can be
supplied with metallized ends of

Navy speciﬁcation JAN-R-ll. Type A" brass, copper, nickel, tinned brass H.‘ [“

resistors can be manufactured in any size o7 1ned cpper, also with sinned
copper wire (No. 14 B.S.G.) leads

and resistance range listed in the accom-  upprovimarely six inches long.
a " - y ee 415
panying tables. The Carborundum Com- Rebon ifrapemm To/e e

= ) Resistors limited to + 10% and -y -
pany, Globar Division, Niagara Falls, N.Y. & 209 oniy. W

GLOBAR =

PR g

Ceramic Resistors

sy CARBORUNDUM

TRADE MARK

“Carborundum’ and “Globar” are registered trademarks which indicate manufactire by The Carborundum Company
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MX Rim Drive Constant Speed
Electric Phonograph Motor

\ mov NG o PANS 1

5 NO mt\mh

5,/%0?_%? FEATURES

FOR SMOOTH PERFORMANCE

You’ll gain highly pleased customers
when you equip your phonographs with
Smooth Power MX Motors. That’s be-
cause of finer performance given by:

1. AMPLE POWER AT CONSTANT SPEED . . .
nates instantaneous speed variations.

2. SUPERIOR IDLER ARRANGEMENT . . . permits idler
pulley to move smoothly and quietly in any horizontal
direction with no vertical wobble.

3. LOW RUMBLE LEVEL . . . obtained by scientific noise
elimination, accurate balancing and adequate cush-
ioning.

4. ANTI-FRICTION BEARING CONSTRUCTION . . .
precision-cast bearing brackets maintain accurate
centering of shaft in bearing and rotor in field.

5. NO EXTERNAL MOVING PARTS . . . internal fan
provides adequate cooling, simplifies shipping and
installation.
Plan now to give your customers that
smoother, finer performance that’s a
“natural’” with Smooth Power Motors.
Send for details on the complete
Smooth Power line of phonomvtors,
recorders and combination record-chang-
er recorders. They’ll make friends for
your products.

GI-RM4 Rim Drive, Heavy Duty

Electric Recording Motor elimi-

GI-RC130 Combination R=cord-
Changer Recorder

GI-R90 Dual Speed, Home
Recording and Phonograph
Assembly

me GENERAL

INDUSTRIES co.

DEPT. ME . ELYRIA, OHIO

192

WWW.americanradiohistorv.com

ELECTRON ART (continued)

-cAP
~NICKEL
FILAMENT
~GAS (ARGON)
-GLASS
ENVELOPE

--SPRING
SUSPENSION
CENTER-TAP

4
PLANE OF
/

SENSITIVITY,

UNBALANCE OUTPUT

200 OHMS

Convectron vertical position sensing tube

made by Eclipse-Pioneer Div. of Bendix

changes resistance of its two arms when
displaced in the plane through its legs

sensing element in positioning ser-
vomechanisms. It is simpler to
mount than mechanical indicators,
has no moving parts, and directly
gives an electrical output.

Operating Characteristics

The tube and bridge circuit in
which it can be used are shown in
the diagram. The filament is
heated by either alternating or di-
rect current. It looses heat chiefly
by gas convection. Because the
gas convection currents rise ver-
tically passing the filament at an
angle dependent on the tube’s ori-
entation, the cooling of the two legs
of the filament is different for dif-
ferent angular positions in the
plane thvough the tube. The fila-
ment is made of nickel so that its
resistance changes appreciably with
temperature, thus, in a bridge cir-
cuit, these resistance changes upset
the balance when the tube is dis-
placed from its normal position.

Convection currents in the tube
are caused by differences in mass
between heated and cooled portions
of the gas. As a vertical position
indicator, these differences of mass
react with the force of gravity to
produce convection flow. However,
if the tube is accelerating (linearly
or rotationally), there is an accele-
ration force against which the dif-
ferences of mass react to produce
convection currents. Under this
condition the tube will indicate dis-
placement from the vector sum of
the gravitational and accelerational
forces. The Convectron can, conse-
quently, be used as an accelerometer
(but is insensitive during free
fall).

In operation the filament is
heated to an average of about 400
C. If a d-c source is used for the
bridge, the unbalance output re-
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You can say that convincicgly about On the industrial levzl, excellent optical

Methacrylate from Plax — literally, too.
Its unblemished crystal clearness makes it
a top material for costume jewelry —
fountain pen stocks — furniture — and
many other products where jewel-like eye
appeal is desired. It is also a scintillating

display material.

and other characteristics have prompted its
use in sight gauges, in chemical pipe and
equipment. A versatile plastic. easily heat-
formed into many different shapes, Metha-
crylate is a material well worth investiga-
tion — and Plax is probably the best source

of help you can find.

CHART ON "HOW TO USE PLASTICS"

Now available for the asking is a table of
properties for six materials available from
Plax in various forms and formulae. This has
been incorporated in the Plax catalog, which
also contains helpful information on the pri- 1
mary uses of each material. ; S -

A copy will be sent promptly upon receipt of 2 ' : ‘\
your request. "'\“‘\“\‘\‘\‘\’ ;

Between the resources of Shaw Insulator
Company, lrvington 11, N. J,, and Plax Cos-
poration, Hartford 5, Conn., you can find help
on virtually every material and method in
plastits today.

133 WALNUT STREET + HARTFGRD 5, CONNECTICUT
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HATHAWAY
for EVERY purpose

$8-B General Purpose, 12 to
24 elements, for laboratory or field
use, quick-change transmission for
wide range of record speeds, auto-
matic titing and numbering, auto-
matic record-length control, tuning
fork time marker, galvanometer
attenuators, governor motor.

{Bulletin SP165}

58‘( General Purpose, 24 to 36

elements, otherwise same as type S8-B. (
{Bulletin SP165)

SB-D General Purpose, 12 to 24 ele-
ments, similar to type S8-B except without
automatic controls. (Bulletin SP175)

$12-A Small Portable, Gen-
eral Purpose, the smallest com-
plete 12-element oscillograph.

(Bulletin SP167)

56’A Geophysical, 12 elements.
56'3 Geophysical. 24 elements.

§$14-A Student's Oscillograph,
6 to 12 elements, ultra-simple, low

in cost. (Bulletin SP183)
515-A Portable Self-Powered, 6 ele-
ments, for use where very small size is
essential and power is not available.
(Bulletin SP193)
S(16'A Cathode Ray. 6 elements.
very high frequency response and writing
speed, record speed to 6000 inches per
- second. (Bulletin SP194)

RS9-A Automatic Oscillograph. 12
elements, for switchboard or portable use,
for automatic recording of faults or staged
system testing, high-speed starting.
{Bulletin SP196)
WHATEVER YOUR REQUIREMENTS MAY
BE THERE IS A
HATHAWAY OSCILLOGRAPH FOR YOU

WRITE FOR
TECHNICAL BULLETIN

A ,‘/(’"‘

INSTRUMENT COMPANY

1X15 50. CLARKSON STREET « DENVER 10. COLORADO
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ELECTRON ART {continued)

verses polarity as the tube moves
through its null position; if an a-c
source is used, the output reverses
phase. The tube thus senses direc-
tion as well as degree of displace-
ment. Time constant of the tube
is about 0.1 sec, and the displace-
ment signal is about 50 millivolts
per degree at null. Resistance is
a function of operating voltage

Supply Emf Current Resistance

in volts in ma in ohms
0 0 50
b 56 89
10 74 183
15 80 188

the tube being most sensitive with
a supply of about 10 volts, at which
voltage it draws less than a watt.
With ap a-c supply the noise level
is between 1 and 5 millivolts, and
is less for d-c supply. Using a d-¢
supply, displacements as small as
one second of rotation can be de-
tected. For such extreme sensi-
tivity the null i3 affected by ambi-
ent temperature and supply volt-
age; random air currents striking
the tube affect ambient tempera-
ture.

Statistical Methods Simplify
Evaluation of Data

INTERPRETATION of many forms of
data can best be done statistically.
Although the usual approach to a
series of measurements is to deter-
mine a simple mathematical equa-
tion that describes them (and can
be considered an expression of the
natural law governing the phenom-
ena under study), it is frequently
more realistic to approach the meas-
urements from a statistical basis,
recognizing the fact that there is a
spread in the measurements for any
one condition. (Quantum mechan-
ics on which modern physics is
based is predicated on this statisti-
cal approach.) How such a statis-
tical analysis can be made is
illustrated by the recently developed
method of predicting sunspot activ-
ity in connection with forecasting
radio propagation by the National
Bureau of Standards, and by the
technique of determining the speci-
fications for and the evaluation of
the terrain clearance indicator for
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“WE DO FIND THAT WE HAVE
REDUCED OUR ASSEMBLY COST
APPROXIMATELY 36% ON THIS
UNIT SINCE BEGINNING TO USE
THE TINNERMAN SPEED NUT”

This is a direct quotation from a letter from A. S. Webeck, Works
Manager of the Victor Animatograph Corporation, Davenport,
fowa, makers of 16 MM sound motion picture equipment.

[] ——
Former ossembly method was —
extremely difficult because of limited
confines of this one-piece case.

SPEED NUTS always effect substantial savings in assembly
cost, but here is a case of unusually high savings.

Victor Animatograph Corporation accepted our sugges-
tions on the assembly of their amplifier unit. They discarded
their time-consuming practice of assembling a myriad of
small parts in a crowded case. Now the amplifier is assem-

fastened together with SPEED NUTS to complete the unit.

Assembler training time is cut from two months to a few
hours. Assembly time is slashed, employee morale improv-
ed, and with three assembly lines instead of one, the risk of

complete production stoppage due to shortage of one or
two parts is avoided.

Let us demonstrate what SPEED NUTS can accomplish in
improving the assembly of your product.

TINNERMAN PRODUCTS,

INC.

1
i
l
I
I
bled in three easy-to-get-at sections that are quickly |
|
|
|
I
!

Now three sections are easily as-
sembled separately, and quickly
fastened together with SPEED NUTS
into completed unit.

in Canada: Wallace Barnes Co,, Ltd., Hamilton, Ontario

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

2106 FULTON ROAD ¢ CLEVELAND 13, OHIO

PATENTED * Trade Mark Reg. U, S Pat. OH.

MORE THAN 4000 SHAPES AND SIZES

ry A 8§ T £ S T T H I N @ - N F A $S T EN I N G S
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Haunted by supply problems ?

Don't let low stocks or distant supply points scare you! With
Air Express cutting delivery time down to a matter of hours, you
can get what’s needed from anywhere in a rush. Just remember
to specify Air Express. Your shipment flies to you at speeds up
to 5 miles a minute. Air Express goes on all flights of all Sched-
uled Airlines — that means the fastest possible service.

Use Air Express regularly. You’'ll find there’s real profit for
vou in such speedy service. And rates are low. Frequent flights
to and from points overseas can simplify your foreign shipping
problems, too. Investigate.

Specify Air Express-its Good Business

® Low rates—special pick-up and delivery in principal U.S. towns and
cities at no extra cost. e Moves on all flights of all Scheduled Airlines.

® Air-rail between 22,000 off-airline oflices.
e Direct air service to and from scores of foreign countries.

Just phone your local Air Express Division, Railway Express Agency,
for fust shipping action . .. Write today for Schedule of Domestic and
International Rates. Address Air Express, 230 Park Ave., New York 17.
Or ask for it at any Airline or Railway Express Office. Air Express
Division, Railway Express Agency, representing the Scheduled Air?ines
of the United States.

ELECTRON ART {continued)

anticollosion aireraft flying devel-
oped by Hughes Aircraft Co.

Predicting Sunspot Activity

Solar activity, which greatly af-
fects radio communication, is evi-
denced by sunspots. The number
and activity of the sunspots varies
greatly over an 11-year period, indi-
cating local variations in sun’s
temperature, and hence the relative
intensity of radiation from the sun
that in turn determines the condi-
tion of the earth’s ionsphere. Basic
information on sunspot numbers is
obtained from the Zurich Obsera-
tory in Switzerland, which has made
continuous records of solar activity
since 1849, and from other observ-
ers. Sunspot number is obtained by
counting the number of sunspot
groups, multiplving by ten, and
adding to the result the number of
individual sunspots in each group.

| This statistical convention is the

worldwide standard method of re-
cording such data.

Whereas previous methods of pre-
diction depended on harmonic analy-
sis, assumption that cycles repeat
after a number of years. and vari-
ous empirical relationships between
heights of maxima and rates of rise,
the statistical method advanced by
A. G. McNish and Virginia Lincoln
of the National Bureau of Stand-
ards assumes that, in a time series
exhibiting cyclical tendencies, a first
approximation to a future value is
the mean of all past values at the
same stage of the cycle. and that
this first approximation can be im-
proved by adding to the mean a cor-
rection proportional to the depar-
ture of earlier values of the same
cycle from their respective means.
The second assumption is justified
by the observed tendency in sunspot
numbers from annual deviations
from the mean to have the same
sign and similar magnitudes in con-

160
120

80
40

ofllu.l 71843.6711896.371267.3 1878.8 11089.311901.8 11313419236 *1933.8

ANNUAL SUNSPOT NUMBERS

8or—T1 T ||

Fastest delivery — at low rates

Machine parts (75 lbs.) in Chicago were o
needed by a bottling works in Dallas fast.
Picked up 10 AMthe 6th, delivered same day
at 5:05 PM. 795 miles, Air Express charge
only $18.42. Other weights, any distance,
similarly inexpensive and fass.

AL _Lab
-4OF—|———1~ 1-4_-' -
-80 1 t 1 i i

DEVIATION FROM MEAN CYCLE

FIG. 1—Sunspots from 1834 to 1344
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MANAGERENT

. on the desks of the engineers and executives throughout
industry — those all-important men whose decisions and plans i
are the final factors in the purchase of electronic components,
"packaged’’ equipment, or allied products.

These men have learned to rely on, and use the Buyers’ Guide Q”"foﬂ[fﬂf
for information on product sources and technical data on those ”51175
products. A handy desk package for the time-pressed designers ycrg
—the only directory of its kind — containing accurate information
on all products concerned with their work. When they look up a
needed component or product and find one with correct char-
acteristics — a sale has been made.

As a matter of fact, that is your Point of Sale. Once a product ‘ THE MEN YOU MUST REACH...

has been designed into the pilot model the time for selling, 9 If you are going to sell your product, the best
times out of 10, is passed. It is either too late or too difficult to time to reagh them is when their product is on the
change or fit in a substitute. Don't overlook this year round draftiyg fablsand sempmnedtivest ang Ijeseqiun

- C ot ment is being designed in. That's the pbint of sale
salesman — be sure to include it in your 1948 advertising budget. —and it's the time they're using the Buyers’ Guide.

BUYERS’ GUIDE

330 WEST 42nd ST, NEW YORK 18, N. Y. o PUBLISHED YEARLY ¢ IN JUNE ¢ A McGRAW-HILL PUBLICATION
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MUSICAL Masterpiece?. ..
We really don’t know.. but we do know
what makes a RECORDING Masterpiece.

To manufacture a few good discs is easy. To
manufacture a million good discs takes skill.
Soundcraft recording lacquer embodies extra
quality to do just that job. Soundcraft protects
this extra quality with safeguards and controls

so that you get standardized discs.

Over a million Soundecraft discs have now been
delivered to broadcasting chains, individual
stations, motion picture studios, sound studios,
phonograph record companies, educational
institutions and home recordists. This cross
section of the industry, moreover, demands
Soundcraft discs day after day. And the most criti-
cal users are the most insistent upon Soundcraft.

€ .7Ae zgp‘oaJcadler, j‘e ./414(/1“’10"

o000 I 16 L7

j ® f]Ae p&yéafé ¢ j‘e ‘maedfro ’

VAN [ 2R F L/ YA

REEVES SOUNDCRAFT ‘CORPORATION

NEW YORK 22, N.Y.

0. EAST 52 STREET
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ELECTRON ART (continued)

secutive years. Figure 1 shows, at
the top, the sunspot numbers re-
corded in the past, and, at the bot-
tom, the deviation from the cyclic
mean. The prediction formula for
the future is of the form

R/ =R, +k, AR, .+ k. .AR,,+

where R,” is the predicted value in a
particular cycle, R, is the mean of
all corresponding values in preced-
ing cycles, A R,”_, is the deviation of
the particular R,, for this cycle
from the mean of all R,., values
from previous cycles, and the k
values are proportionality con-
stants.

Probability of Aireraft Collision

Airplane collisions with moun-
tains have always constituted one
of the spectacular hazards of air-
line operation. Statistical studies
of terrain contours in the vicinity
of principal airways over mountain-
ous territory, and of CAA and CBA
terrain collision reports from 1933
to 1946, have revealed two signifi-
cant facts. Most accidents took
place within 500 feet of the summit
of the obstacle. Secondly, the pro-
files are such that if planes ap-
proaching peaks are given warning
of terrain clearance of 2,000 feet
(by a radio altimeter for example),
the pilot could rise clear of the
mountain by a routine evasive action
of continuing in a straight course
but climbing 900 feet in the first
mile after clearance warning and
continuing to climb at 500 feet a
mile until the plane had climbed
2,000 feet or enough higher so that
the warning signal disappears. This
maneuver is readily executed at sus-
tained power by most transports.
Figure 2 shows a typical profile and
how the evasive maneuver would
avoid a collision. From these pro-
files it was found that pilots would
be warned of flying too low on a
weighted average of 7.5 miles from
the peak, and in extreme cases only
within 3 miles or as far away as 30
miles. The collision records (and
normal expectations) indicate that
pilots are more often flying close to
the peak altitude than well below it.
However, planes might attack at
any altitude. Therefore, a weight-
ing (that is conservative, judged by
actual records) was assigned each
500-foot altitude interval ; assuming
that, of all the planes that might
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from mine to consumer
[ Ga

“It is interesting to note,” writes Dan Halpin, RCA
Victor Television Sales Manager, that this new kind
of transmission line (ATV*), now widely used in tele-
vision transmission between the antenna on a cus-
tomer’s roof and a receiver installed in the home, is
identical with the line developed for wartime radar
use, and which had to stand severe temperature
changes and unusual climatic conditions.

“It is many times more efficient than any prewar
line and is playing a large part in the success we are
enjoying with RCA Victor television. By the end of
this year television should serve approximately 359
of our nation’'s wired homes.”

The well balanced design of conductors and diclec-
tric in Anaconda Type ATV lead-in lines fulfills the
exacting requirements of wide-band reception. For
FM and television reception, these lead-in lines mini-

ANM%N DA

ELECTRONICS — November, 1947

mize the effects of attenuation and impedance mis-
match—providing maximum freedom from distortion.

No wonder manufacturers are enthusiastic about
ATYV! Television buyers expect a lot and ATV helps
to deliver. L1405

Anaconda offers to the industry a wide selection of Tyvpe
ATV lead-in lines for 73, 125, 150 and 300 ohms imped-
ance unshielded and 150 ohms shielded —each designed for
a particular application. Anaconda also manufactures a
complete line of coaxial cables. For characteristics of these
products, write to Anaconda Wire and Cable Company. 25
Broadway, New York 4, New York.

ANACONDA WIRE AND CABLE COMPANY

*An Anaconda Trade-Mark

WWW._americanradiohistorv.com
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CoiL

FULTERS

for every application

Our toroid filters have become a by-word in every
phase of electronics where only the best results are
acceptable. Toroidal coils wound on MdLYBDENUfA
PERMALLOY DUST CORES are the primary basis
for our success in producing filters vnexcelled in per-

formance.

Radio control—miniaturizing

—_Aircraft, Nuclear research.

Multi channel filters for car-

rier modulation.

Tone keying filters — wave
shaping filters — discrimina-

tors — delay networks.

Line filters—slope equalizers

loading circuits.

We would be pleased to submit
quotations for special filters.

Write for our catalogue.

Rurmell & @a.

TOROIDAL COILS

Although the demand ] for our
toroidel coils has been increasing

rapidly, we are maintaining our
d delivery schedules, ) A
S 9°°., ble types are: DESIGNERS AND MANUFACTURERS
== YPRANGE OF ELECTRONIC PROCUCTS
Sl S 45 WARBURTON AVE.
TC- cy.—
YC-3  10KC—100KC YONKERS 2, N.Y.

Coils are available in inductances
from 1 MHY to 12 HYS,
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ELECTRONIC ART (contirued)
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FIG. 2—Typical terrain profile

crash into a mountain side, five
would be in the 500-foot level just
below the peak, four in the next
lower level, and so on with one plane
each in all the very low levels. On
this basis a 1,000-foot terrain clear-
ance warning would avert 82 per-
cent of all hypothetical crashes, and
a 2,000-foot warning would avert 96
percent of them. In the east, where
mountainous terrain is less rugged,
a 500-foot warning would be suffic-
ient to avert most accidents. On
this basis a simple terrain clearance
radar with a 2,000-foot and a 500-
foot range that has been recently
publicised was adopted for com-
mercial use.

In the case of sunspot prediction,
the analysis assures that, although
the forecast will not be exactly cor-
rect, it will indicate the most likely
condition. In providing anticollis-
ion radar, it would be difficult to
determine the required range and
predict the probable reliability of
any specified radar without resort-
ing to statistical analysis. Many
engineering problems involving
gross phenomena (sunspots and the
like) or many variables and proba-
bilities (terrain clearance) can be
best solved by such statistical ap-
proaches as these.

Myographs
By W. E. GILsoN

Department of Medical Electronics

J. A. E. EYSTER
Department of Physiology
The Univergity of Wisconsin Medical School
adison, Wis.

IN STUDYING the sequence of heart
action of the dog and the turtle,
particular interest was centered on
the fractionate contraction oececur-
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A TELEPHONE RECEIVER is a complex system of clectrical
and mechanical clements. Its coils, magnets, diaphragm and
cap react on cach other as they convert the electrical waves
of your voice to sound waves. What is the best size for the
holes in the ear cap? Will 1/1000th inch greater thickness
help a receiver diaphragm to carry your telcphone voice
more clearly? Onc way to find out is to build numerous
experimental receivers and test them.

But Bell Laboratorics have found a shorter way. They
built an all-clcctrical replica, an “cquivalent circuit” in
which clectrical resistance stands for air friction in the cap

YOUR TELEPHONE TRANSMITTER AND RECEIVER,
voice gateways to the telephone plant, are so essen-
tial to satisfactory service that they have been
under study in Bell laboratories for seven decades,

holes; capacitance corresponds inverscly to the stiffness of
the diaphragm. Over-all performance of this circuit can be
quickly measurcd and design changes cconomically explored.
Later, a modcl can be built for final check.

The “equivalent circuit” was pioncered by Bell Tcle-
phone Laboratories 25 years ago. It is a useful tool in many
Laboratorics dcvelopments—saving time, saving the cost of
machine-tooled modcls, cncouraging experimentation. It
is onc more cxample of the way Bell scicntists get down
to fundzmentals as tcleplione progress continues—and ser-
vice keeps on improving for all subscribers.

BELL TELEPHONE LABORATORIES

EXPLORING AND INVENTING, DEVISING AND PERFECTING, FOR CONTINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE

www americanradiohistorv com
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of 3000 revolutlom per mmute or mmé . >
when a cast 1s executed. These gears must also . 1
withstand the strain of haunling in a fighting fish of
unpredictable size and strength, thus rendering a dual
purpose: speed and velvely smoothness in one

direction —strength and durability iu the other. 1

Instrnments and machines have individual gear

problems. For over a quarter of a century, Quaker E
City Gear Works has solved thousands of them

and produced millions of geavs of

every description up to 60" in dianeter

for manufacturers in many diversified industries.

Aircraft controls, deutal drills, electric clocks,

gauges, indicators, heat controls, machine tools,

radar, radios, washing machines and motion picture
projectors are but a {ew of the many conveniences i
of modern progress which depend upon the

heartheat of Quaker City Gears. Your gear problem

is our business, our large productive

capacily is al your service.

YOUR INQUIRIES WILL RECEIVE PROMPT ATTENTION

‘l h h t 1 t hl‘( (4] 1an [ ‘(lnul'l(,
eart O e lo rsma (/ 8
e h (

f many
is but one ©
illustrated above ers and
;eel ttrams developed by our engine
ear

lant.
r fully equtpped P__MF_L,

uaker Clty Gear Works

N C ORPORATEHD

1910 N. Front Street, Philadelphia 22, Pa.‘j
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ELECTRON ART {continued]

FIG. 1—Variable-inductance myograph has
supporting columns made of 5-cm lengths
of soda straw. Points are usually so spaced
on specimens that coi's are 2 to 3 mm apart

ring at the onset of a complete con-
traction cycle. To observe this ef-
fect, it was necessary to construct
a myograph, an instrument to
measure displacement or velocity of
muscular contraction.

It was assumed that the onset of
contraction was signalled by the
coming together of two closely
spaced points on the surface of the
heart. Consequently, the basic myo-
graph element was a light frame,
rather like a drafting divider,
whose points rested on the surface
of the heurt and were drawn to-
gether as fractionate contraction
occurred.

Overcoming Inadequacies

To record precisely the onset of
contraction with the least possible
time lag, the myograph had to have
small inertia. In addition, the in-
strument had to rest lightly on the
heart and be capable of being actu-
ated by a very small force. Several
myographs were constructed which
proved less satisfactory than the
variable-inductance unit finally de-
veloped.

The first unit constructed was
based on a capacitance principle.
Two insulated plates, forming a
variable capacitance, were mounted
on the arms of the myograph so that
the capacitance increased when the
points came together. This capaci-
tor was connected across the tank
circuit of a variable-frequency os-
cillator, working at approximately
456 kc. The output of the oscilla-
tor was detected after passing

November, 1947 — ELECTRONICS



a

To meet requirements for weight- and space-saving rectifica-
tion in small radios, General Electric engineers have developed
this tiny selenium rectifier. Less than one inch square, its use
has resulted in important manufacturing economies, without
loss of efficiency.

This two-ton copper-oxide rectifier is one of the largest ever
made. Designed and engineered by General Electric, the
ten-foot-tall unit is rated at 80 kw. It will be used in an
electrochemical process, to supply constant unvarying flow of
electricity over a wide range of load.

... Specify General Electric and Get
the Right Rectifier for Your Designs

Mite or Mammoth? Your needs probably fit somewhere in
between. But the important point is that we have a lot of
experience with a/l kinds and all 1ypes of rectifiers.

This means that when you come to us with a problem
involving rectification, we probably have already tackled a
eimilar problem for some other manufacturer — and have
come up with a successful solution.

Even if your application is entirely new, our engineers
have a background of experience that is invaluable in select-

ing the type and the design of rectifier that will give you the

utmost in operating economy and output efficiency.

Because we make all three of the most commonly used
types of rectifiers, you can be sure of unbiased recommenda-
tions for the one that is best suited to your application.

Call on us for counsel when your next project is in the
planning stage. There is no obligation. Just ask a General
Electric representative to call, or write to Section A72-1131,
Appliance and Merchandise Department, General Electric
Company, Bridgeport 2, Connecricut.

GENERAL @ ELECTRIC

ELECTRONICS — November, 1947
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Custom-Engineered Transformers?

MORE THAN 30,000 DIFFERENT DESIGNS of
transformers have been engineered and built by the
Transformer Department of Raytheon. The units
illustrated are a small selection from the range of
types and capacities produced.

All transformers for the famous SG and SO Radar
equipment . . . employed under a variety of service
conditions in all parts of the world . . . were designed
and built by Raytheon. Many thousands of other
transformers have also been designed and built to
government specifications for military service.

Raytheon employs a large engineering staff,
maintains a model shop for producing sample units,
and is building custom-engineered magnetic com-
ponents to meet the specific service requirements of
large and small manufacturers of electrical and elec-
tronic apparatus.

Your inquiry is invited. Detailed informa-
tion on your requirements will receive the
prompt attention of our transformer engi-
neers. Address Dept. 4750-A

Evceltorstce in Edectiorscs
RAYTHEON MANUFACTURING COMPANY
COMMERCIAL PRODUCTS DIVISION
WALTHAM 54, MASSACHUSETTS
Industrial and Commercial Electronic Equipment,
Broadcast Equipment, Tubes and Accessories
Sales Offices: Atlanta, Boston, Chicago,

Cleveland, New York
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ELECTRON ART {continued)

through 4 456 ke i-f transformer.
The frequency of the oscillator was
set so that it came in the middle of
the sloping side of the response
characteristic of the transformer.
Thus the d-c output of the detector
was a direct function of the capaci-
tance of the myograph. An alter-
native method used the same myo-
graph in a bridge circuit.

Curves were obtained with this
myograph measuring fractionate
c<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>