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INEERING

Since its inception, the designs of the UTC Engineering

Department have set the standard for the transformer field.

Hum Balanced Coll Structure: Used by UTC in
practically all high fidelity designs. . . . Hum
balanced transformers are now accepted as
standard practice in the transformer field.

Ultra-Compact Audio Unlts: A complete series of
light weight audio and power components
for aircraft and portable applications. Ultra-
Compact Audio units are hum balanced . . .
weigh approximately six ounces high
fidelity response,

Ouncer Audio Units: Extremely compact audio
units for portable opplication were a prob-
lem until the development of the UTC Ouncer
series. Fifteen types for practically all applica-
tions . . . range 40 to 15,000 cycles.

Plug-In Audio Units: These units are a modifi-
cation of our Quncer series, incorporating a
simple octal base structure. Fifteen standard
items cover all applications.

Light Weight Aircraft Filters: RRF-5 Radio Range
Filters and other special filters for light weight
applications embody unique size and weight
saving features. A typical unit, made by an-
other source with 32 Ib. weight, weighed 13,
Ibs. after UTC design.

Toroidal Wound High Q Coils: UTC type HQA
and HQB Coils afford a maximum in Q . . .

stability . . . and dependability with a mini
mum of hum pickup. Standardized types avail-
able for all audio requirements.

Sub-Audio and Supersonic Transformers: Embody
new design and constructional principles, for
special frequency ranges. Y2 to 60 cycles for
geophysical, brain wave applications . . . 8
to 50,000 cycles for laboratory service, 200 to
200,000 cycles for supersonic applications.
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Audio Units: Flat
from 30 to 20,000
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cycles . . . A goal
for others to shoot
at,
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Tri-Alloy Shielding: The combination of Llinear
Standard frequency response and internal tri-
alloy magnetic shielding is a difficult one to
approach. Used by G. E.,, RCA, Western Elec-
Westinghouse, M G M, Walt Disney,

tric,
NBC, etc.

Universal Equalizers: The UTC Universal Equai-
izers, Attenuators, and Sound Effects Filters fili
a specific need of the broadcast and record-
ing fleld. Almost any type of audio equipment
can be equalized to high fidelity standards.
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Sub-Ouncer Units: A series of %4 ounce minia-
ture units with non-corrosive—long life con-
struction for hearing aid, miniature radio, and
similar applications. Five types cover practi-
cally all miniature requirements,

Hermetic Seal Pioneering: Realizing the essen-
tiality of hermetic sealing for many applica-
tions, UTC pioneered a large number of the
terminals and structures for hermetic trans-
formers . . . now available for commercial use.

Standardized Filters: UTC type HPI, LPI, and
BPl {low pass, high pass, and band pass)
Filters are standardized to effect minimum
cost and good delivery time. Available for
frequencies throughout the entire audio range.

New Items: The UTC Research Llaboratory is
developing new items and improving standard
designs in 1946. While some of these develop-

ments will be described in our advertisements,
many are applied to customers' problems.

MAY WE COOPERATE WITH YOU ON YOUR PROBLEM?
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LONG LIFE

The superior moisture seal afforded by the molded
phenolic case guarantees that these oil-impregnated
capacitors will withstand the rigors of sea shipment
and tropical service.

SMALL SIZE

Conforming to AWS dimension standards, the
cases are 13/16" x 13/16" x 19/64" (CN35) and
11/16" x 29/64" x 7/32" (CN20).

CLOSE STACKING

The flat, rectangular form permits side-by-side
mounting in minimum sub-chassis space.

SELF SUPPORTING

Light in weight — and with solid, #18 wire leads
— these capacitors are satisfactorily mounted by
their connecting leads only. ‘

ALL POPULAR RATINGS

Capacitances from 100 to 50,000 mmfd.; Working
voltages from 200 to 1600 V.D.C.

IMMEDIATE AVAILABILITY

Large-scale production facilities — for winding,
oil-impregnating, assembling, molding and testing
— assure continuous delivery of these dependable
capacitors.

LOW COST

Comparing favorably in cost with the paper tubu-
lars they supersede, these non-inductive capacitors
offer more service per penny? ‘

July 1946 — ELECTRONICS
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partners In

| ...Xt

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

«..the world’s
safest frains

ELECTRONICS — July 1946

®Many brilliant projects have been started with a K & E Slide Rule and the back

of an old envelope. But between a new concepticn and its practical execution
of the vital links are always the engineer and the draftsman. For through their
techniques they construct the project on paper with unmistakable clarity and
precision. In this their drafting instruments and equipment become part of their
own hand and brain, and their partners in creating.

For 78 years Keuffel & Esser Co. Slide Rules, drafting equipment and materials
have been partners in creating the greatness of America, in making possible
our nationwide railway system, giant airports, fine radios for nearly every home

. 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 “engineering
partners''?

In slide rules especially, you will find K & E precision invalvable. For it not

only brings you a slide rule that is a joy to
[ use, but it adds to your confidence in making
c reqtl n g every calculation. You will find Don Herold’s
booklet, "How To Choose A Slide Rule”,
amusing and very helpful. Write on your
letterhead to Keuffel & Esser Co., Hoboken, N. J.

.. the greatast
airports

KEUFFEL & ESSER CO.

EBT. 1867
NEW YORK - HOBOKEN, N. J.

CHICAGO « ST. LOUIS » DETROIT « SAN FRANCISCO
LOS ANGELES - MONTREAL
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Ithough Micro Switch products are favorably known
A and widely used throughout industry, not all engi-
neers are familiar with these three basic facts: (1) That
switches bearing the familiar trademark “Micro Switch”
lead the snap-action field in the precise accuracy of their
performance; (2) that Micro Switch products are avail-
able in types of construction not ordinarily associated

<

Only those who have need for
superlative Snap-Action will want

this NEW Super-Precise Switch

This new switch, while similar
in appearance with the fa-
miliar basic Micro Switch, in-
volves new features of con-
struction and possesses cer-
tain operating characteristics
which make it the most pre-

cise snap-action switch ever offered for use where extremely
precise operation is essential. It operates repeatedly at precisely
the same point with a maximum variation of =0.0001" over
100,000 operations!

This accurate repeatability of
operation at a precise point is
due to special construction
which involves three specific
features. The stainless steel
plunger pin, instead of being
guided by a hole in the plastlc
cover, moves in a canefully fitted bronze guide imbedded in
the cover. The pin and the guide are carefully ground to close
tolerances assuring absolutgl{ straight travel of the actuating
plunger. Note illustration.

The second factor in its [N
precise operation is the
specially hardened sur-
face of the plunger pin
which exerts pressure
only on the raised “‘pimple” in the tension member of the
Micro Switch spring. With this combination, no deviation at
the point of pressure is possible.

The third factor in the superlative
performance of this new switch is
the special construction which elim-
inates effect of temperatures wichin
a normal range of 60° to 100° F.

with the conventional small, plastic enclosed type of
snap-action switch; (3) that Micro Switch possesses
a degree of know-how which has established its leader-
ship in the field.

The new, super-precise switch—Catalog No. BZ-R19—
as described below, is the most recent example of Micro
Switch precision construction and performance.

FLd
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While you can employ this switch in building your own gages, we
wish to point out that accurate gaging will be attained only as the
other parts of the gage embody the sume precision as the switch
itself. The above illustration shows how four of these new switches
are used in a specially built gage used by Micro Switch to insure
close tolerances in the manufacture of this new switch, as well as
other Micro Switch products.

MICRO SWITCH FOOT CONTADL
CE-ENERGIZES SOLENOID YO
RELEASE PLUNGER

GAUGING

AND

SORTING

MICROMETER %N

PLUNGE
BY GRMWITY WHEN SOLENOD.
IS O€-ENEAGIZED

This is an example of how two of these new switches and one die
cast enclosed type switch, in combination with a solenoid and micro-
meter knob, are used by one manufacturer in the gaging and sorting
of mica. Micro Switch products, plus the extreme care used by the
manufacturer in building the other parts, resulted in a reliable time
and money saving tool.




To MICRO SWITCH

for this Super-Precision

f[‘he Micro Switch snap-action principle lends it-
self to so many types of construction, such varied
means of actuation, and so many different applica-
tions that space permits neither a description nor
illustration of all of them. However, on this page,
we show a few which may suggest a solution of
some problem now confronting you .. . The few ex-

MICRO SWITCH Snap-Action

can be furnished in many types

of construction and with wvaried
means of actuation

Micro Switch snap-action can be worked into so many
versatile constructions and actuations that it can be used
for a-thousand-and-one uses. It is not limited by shape,
size, or actuation; as a result, engineering ingeruity has
already adapred it to meet a wide range of mechanical
and electrical problems.

Listed are a few uses where Micro Switch snzp-action

controls the mechanics of the following operations:

@ packaging products @ controlling electroaic tubes

@ bottling fluids @ clectrical control for gages
@ recording aircraft flights e position indicator

e money changing o float alarms
@ dispensing drinks @ temperature controls
® heating water @ counting mechanisms

@ steering ships @ automatic weighing

If you have similar operations or are interested in how the
above operations were accomplished, feel free to write

Micro Switch, Freeport, Illinois, for complete information.

This Trade Mark (#% is a sign
of genuine precision Snap-Action
Switches made by...

@ 1946, First Industrial Corporation

pAnCaL SWITCH

FREEPORT, ILLINOIS, U.S.A.

Sales Offices in Principal Cities

= R
P ¥,

amples shown on this page are typical of how some
engineers have utilized the Micro Switch snap-action
principle of precision switching by the use of special
constructions suggested and designed by Micro
Switch engineers to solve a specific problem. Study
these examples; compare them with your own prob-
lems, and ask for Micro Switch cooperation.

Switches shown here were specially
made to meet specific problems for
volume applications

K
i
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Inco-porated in this construction
is the Micro Switch snap-action
principle with a push button
actuator for panel mounting.

Here is an example of what
Micro Switch engineers can ac-
complish by adopting the Micro
Switch snap-action principle to
a thermostatic switch.

This Dual Switch Assembly incor-
porates the Micro Switch snap-
action principle, and has been
used for valve positioning indi-
cators in marine work.

Micro Switch en-
gineers have
' taken the Micro
Switch snap-ac-
tion principle
and incorporat-
ed it into a ther-
mal disconnect.

Micro Switch engineers in in-
corporating the Micro Switch
principle into this housing call
it the "nut" switch because of
its construction.

Here Micro Switch snap-action
principle was vused in a group of
small switches around a rotating
cam to control movements neces-
sary to change from one aircraft
gasoline tank to another.

WHY NOT DISCUSS YCUR SWITCH PROBLEMS
WITH MICRO SWITCH?

WwwWw americanradiohistorvy com A <
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3:n RADAR PLUMBING

1

. of manufacturing skill and

here is no substitute for 35 years

experience when it
! comes to building
3 cm. RADAR |
plumbing equipment.
Write for full information
about our engineering and

production facilities in this new field,

o A THE HAMMARLUND MFG. CO., INC., 460 W. 3474 ST., NEW YORK 1, N.V.
ESTABLISHED 1916 MANUFACTURERS OF PRECISION COMMUNICATIONS EQUIPMENT
6 July 1946 — ELECTRONICS
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POWER TUBES IN ALL THEIR APPLICY

AMPEREX ELECTRONIC CORPORATION

25 WASHINGTON STREET, BROOKLYN 1, N:. Y., CABLES: “ARLAB"
In Conoda and Newfoundlond: ROGERS MAJESTIC LIMITED, 622 Fleet Street West, Taoronta 2B, Conade

ELECTRONICS — July 1946
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. Very high leakage Resistance.

. Fine Power-Factor.
. Range from 20 MMFD to .25 MFD.

. Types P4N, P5N for 100% humidity oper- HEARING
ation. AIDS
Types P4, P5 for 85% humidity operation.

Samples and price list on request
)

1IND ‘

FEATURES
L AUTO RADIOS

Bakelite Besinold Ends. Lead wire cannot
pull out, even under hot conditions.

Non-Inductive.
Excellent Temperature Coefficient.

From 150 volis to 600 volts.

SN

CARRYING
RADIODS

July 1946 — ELECTRONICS
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Some examples of what can be done
with Whistler Adjustable Dies. Work
in practically any type press.

Re-use same

WHISTLER
ADJUSTABLE DIES
in unlimited

combinations

To Pierce Holes of any
diameter from 135" up.

2_ To Perforate Special
Shapes.

3 To Notch Corners.

Make up your die sets from Whistler units
taken from stock. Save production time and
reduce product costs.

Whistler notching dies, group dies
and standard units are especially
adaptable to combined use in the
same set-up. Continued re-use in a
variety of arrangements quickly
writes off original investment. Rea-
son enough for their expanding pop-
ularity with hundreds of America’s
best known manufacturers.

Now available from stock in a range
of diameters up to 3", shipment can
be made the same day your order is

5 e

WRITE FOR YOUR WHISTLER
CATALOGS. Know the pro-

duction advantages of
Whistler Adjustable Dies.

752-756 MILITARY ROAD

ELECTRONICS — July 1946
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received. Special sizes, shapes, notch-
ing and group dies are made 10
order in a few days.

You get production economy plus
precision perforating in practically
any press with these Whistler dies.
Set-ups are easy and fast. No special
tools required. Heavy ducy series
easily pierces 14" steel. All parts inter-
changeable. Tolerances maintained
to .0002". There are many other ad-
vantages. Get in touch with Whistler.

S. B. WHISTLER & SONS, Inc.

BUFFALO 17, NEW YORK



¢ DEJUR Precision Poten-
tiometers give you the com-
bination of accuracy and
ruggedness that assures
long-life dependability.
These instruments . . .
which are used in large
quantities for radar work. ..
are manufactured to toler-
ances as close as .1% in line-
arity. Regular production
runs guaranteed to within
.3%. Special “Paliney” con-
tacts can demonstrate abil-

DeJur

ity to take over one million
revolutions without physi-
cal or electrical deteriora-
tion.

Join some of the greatest
electrical and electronic
equipment manufacturers
in the world by ordering
DEJUR Potentiometers
from the nearby table.
Prompt delivery.
DeJur-Amsco Corporation,
45-12 Northern Boulevard,
Long Island City 1, N. Y.

WwWWwW americanradiohistorv
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RANEE. OHMS ROTATION i
MOOEL NO_| WATTS | MINIMUM-MAXIMUM | MECHANICAL | ELECTRICAL
241 50 | 1-— 20,000 300° 270°
245 25 | 1 — 20,000 300° 270°
260 6 | 20— 100,000 | 324° 300°_ |
260T | 6 | 20— 50,000 | 324° |300° |
[ 261 | 6 | 20— 100,000 320° | 300
271 11| 100 — 200,000 324° 300°
275 It | 100 — 200,000 324° | 300°
275T | 11 | 200 — 100,000 324° [ 300°
281 4 | 1-—100000 [ 320° 300°
291 | 6 | 1 50000 | 258 258°
292 | 6 | 1— 50000 | 258° 258° |
296 | 8 5 — 50,000 | 248° | 248°
501 | 25 | 100 500,000 | 326° | 316°

Products
Their Mechanical Perfection Protects W Their Electrical Performance

July 1946 — ELECTRONICS
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The most signiticant postwar loud speakér’ development. yet annoanced:
is the new Jensen family of Type H Articulatéd Coaxial Speakete, Tha
latest member is Model HNP.51, an all #t#r205 design —in whick/ low-
frequency and high-frequency speakers are employed coaxially in an
articulated assembly. The 15-inch 1{ cone acts as an extension o the
h-f speaker horn. The two loud speakers are electrically and acoustically
coordinated into a system achieving brilliant and natural response thwough
the entire useful frequency range (lI-f performance depends upcn the
baffle or enclosure used). Frequency-dividing network has variable control .
in range above 4.000 cycles. TYPE H SPECIFICATIONS

HNP-51 is recommended for FM receivers, high juality phoncgraph
reproduction, television, review rooms, monitoring and home and >ublic

MODEL HNP-51 «15-inch) witt MUNICES in both &

entertainment generally. and h-f units, Pcwer ~ating, 25 watt: maximum ir

Coaxial Models HNP-50 and HNF-50 (for manufacturers) and ENP.51
(for general use), are now nearing quantity production. All Type ] Jensen
Coaxials (3 models) are now in production. Write for complete infornation. MODEL HNF-50 €15-iach) AINCBS dasign h-f unit
ﬁe'l_d coil in |-f umit; o herwize same as HNP-51. Lis:

speech and music systems. Inpul iwpedaace, 5000hms
List price approximately $125

price approximatdly $115.

COMPLETE REPRODUCERS. Model HNPR-ST Speaker is
offered in 7 cabinat models-to fcrm comclete reproduc-
ers. Model “CR" Reproducer employs banutiful Jensea
Imperial Walnut cabinet. Model ‘‘RA Reproduce-
employs attractivaly finished gea=ral wfility cabinzt

ensen

SPEAKERS
WITH

.Al”lﬂﬂ 5 ceserecsiee

JENSEN RADIO MANUFACTURING CO., 6625 S. Laramie Ave., Chicago 38, INi.
In Canada: Copper Wire Products, Ltd., 137 Oxford Street. Guelph, Ontario

.?/wa'a/ésds € @e.uyn ard u///uul/}lrdue a/’ Fere slcoteslic € y(u/'/unew/

ELECTRONICS — July 1946 1}
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FOR INDUCTION HEATING COILS

REVEHR

E DRYSEA

Revere Dryseal Copper Tube is ideal
for fabricating coils for induction
heating applications. It is pure copper,
seamless, high in both electrical and
heat conductivity. Temper, dead soft,

so it can be easily formed into a coil

by hand or machine. Sizes from V3"
to 3", with .035" wall. Supplied
in standard 50-foot coils, dehydrated
and sealed at both ends. Sold by
Revere Distributors in all parts of
the country.

g e

R e

COPPER AND BRASS INCORPORATED

Founded by Paul Revere in 1801
230 Park Avenue, New York 17, N. Y.
Mills: Baltimore, Md., Chicage. 111; Detroit, Mich.; New Bedford, Mass.; Rome, N. Y,
Sales Offices in Principal Cities, Distrsbutors Everywbhere.

Listen to Exploring the Unknown on the Mutual Network every Sunday evening, 9 to 9:30 p.m., EDST.

PR E—————— ri o s e o e A et e M - T

July 1946 — ELECTRONICS
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Undesired
Thermionic Emissions

Bleeding
Static Charges

High-Temperature
Dry-Film Lubrication

“Painted”
Shielding Layers

Assembly
Lubrication

The five birds in this gallery are only a few from To help you select the right ""shootin’ iron’’ for

the flock you can bring down with “dag” col- your maintenance and production targets,
loidal graphite dispersions. ACHESON research men and engineers have pre-
pared the free bulletins listed below. Check the
ones covering your problems, and mail the

form parting interfaces, and conduct heat and coupon to Us.

ssdag” colloidal graphite is used to lubricate,

electricity. It is resistant to high temperatures,
chemically inert, slippery, soft and capable of
permanent adsorption on metal surfaces. In
water, oils, alcohols, volatile hydrocarbons and aeG s oatorr. |

special carriers it can be put to work wherever

these liquids will penetrate.

ACHESON COLLOIDS CORPORATION, Port Huron, Michigan

‘_———-—-———._.——_————_—.—_.—————_———_—————————_—_-

| This new literature on “‘dag’ colloidal graphite is ACHESON COLLOIDS CORPORATION Jiteoa.Gal
yours for the asking: PORT HURON, MICHIGAN DEPT. GG-5

i |'4_6_‘0 ] A data and reference booklet regarding **dag ™ D Please 'send me without obligation, o copy of each of the bulletins checked:

colloidal graphite dispersions and their applica-
tions. 16 pages profusely illustrated.

—-421 ‘ Facts about ‘‘dag™ ¢<6||oidu| Ngr;‘:ghiie D NANE - — _—
=234 for ASSEMBLING AN RUNNI -IN
- La21 ENGINES AND MACHINERY. POSITION. - -
} 2 3 Facts about **dag?* colloidal graphite FIRM_
3 COHOL as a PARTING COMPOUND. Ol
TARATILITY & WEEFUIBRLE } DD . -
Facts about **dag®’ coiloidal graphite -
l 423 l as a HIGH TEMPERATURE LUBRICANT. ZONE No STATE

OUR PRESENT OIL SUPPLIER 1S

Facts about ‘‘dag’® colloidal gra-
431 | phite for INAPREGNATION AND SUR- ]
FACE COATINGS.

l Facts about **dag? colloidal hite i {Lubricant ining ‘*dag? colloidal hite are
graphite in the FIELD ubricants containing ag” colloidal grap
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Gritliant Reproduction ...
low Cost... Qurckly Set Up

R 2

ON LOCATION—The microwave transmitter re-
lays the signals picked up by field cameras to the
studio—recently used with excellent results to
transmit scenes of the U.N. Conference at Hunter
College to Radio City.

THE RELAY TRANSMITTER consists of a parabolic
antenna with hook-shaped wave guide, an easily
removed transmitter built into the waterproof
cylindrical housing at the back of the reflector,
and the small, suitcase-type transmitter control.

July 1946 — ELECTRONICS
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A radio link between remote pickup and

studio or between studio and transmitter

AVAILABLE SOON

ERE'S another real help to practical, low-cost tele-

vision programming even in small towns and cities
—a highly directional, wide-band relay link for trans-
mitting pictures of local events to the studio or for relay-
ing programs from studio to transmitter.

Under normal conditions, you can use this equipment
within a 15-mile radius with an excellent signal-to-noise
ratio assured over the entire range. Fully developed, it is
now #n production for early delivery.

To assure flexibility of operation, the equipment used
in the field has been made relatively light in weight, and
can be disassembled into easily portable units. Field
setup is merely a matter of connecting the various units
together by means of single plug-in cables and making
the necessary adjustments.

The parabolic transmitting and receiving antennas are
so mounted that they can be easily moved with a microm-
eter screw adjustment +15 degrees in both horizontal
and vertical directions. Proper alignment is made by
scanning for maximum signal strength.

This is time-tested equipment—backed by RCA’s ex-
tensive research, engineering, and manufacturing pro-
gram on microwave relay systems for telegraph and
other services.

Write today for complete details. Radio Corporation
of America, Dept. 30-G, Television Equipment Section,
Camden, New Jersey.

ELECTRONICS — July 1946
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THE VIDEO SIGNAL is picked up by the parabolic an-

tenna and the several receiver stages mounted in a water-

proof housing at the back. The signal is delivered by

coaxial line to the remaining receiver and control stages
shown below.

THE RELAY RECEIVER consists of the re-
ceiver unit itself, which is mounted on the
rear of a parabolic reflector (and is similar
in appearance to the transmitter unit) plus
the receiver control unit shown above.The
parabolic and receiver can be mounted on
a permanent structure as shown at the top
of this page or on a tripod similar to that
used with the transmitter. The control unit
isassembled ona bathtub-type chassis (top)
which can be mounted on a standard rack
or in a portable carrying case (bottom).

TELEVISION BROADCAST EQUIPMENT

RADIO CORPORATION of AMERICA

ENGINEERING PRODUCTS DEPARTMENT, CAMDEN. N.J.

www americanradiohistorv com



PLANT 1

ADMINISTRATION BUILDING

Jack & Heintz builds for the Future

These are the eight modern buildings of Jack & Heintz Precision Industries, Inc.
But the important part of Jack & Heintz can’t be shown in any picture—
it is the engineering precision, the manufacturing skill that enabled these
eight plants to turn out millions of precision products at production-line
speed and economy. These same qualities are evident today in Jack
& Heintz motors, magnetos, bearings, starters, generators and
gauges. And they will mark the new products this com-
pany will soon announce. Jack & Heintz Precision

Industries, Inc., Cleveland 1, Ohio

18 July 1946 — ELECTRONICS
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PLANT 7

1 PLANT 4

PLANT 2

R[EI;IDN INDUSTRIES. INC

&—/ & 7%/{755
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PERMANENT MAGNETS MAY DO IT BETTER

Permanent Magnets Help Guide Science and Industry

Permanent magnets play a vital role in modern manu-
facturing methods, scientific research, testing and
measurements, industrial and domestic controls, sig-
nals and alarms.

Ammeters, Wattmeters, Voltmeters, Magnetic
Gauges, Thermostats, Pressure Controls, Polarized
Relays and Fluxmeters—these are but a few of the
many—all of which rely upon the “Packaged Energy”
of the magnet in their function.

Permanent Magnerts aid physicists, chemists and
engineers in the laboratory, plant and

uring mechanical conditions such as the measurement
of speed in Tuchometers and Speedometers, and to in-
dicate relative positions, as in Gaxges.

Permanent Magnets help guide men, methods and
machines employed by modern science and industry,
with split-second charting, controlling, and recording
of speed, accuracy, precision and efficiency.

Actually millions of magnets serve you daily, each
doing some job or process better. They range in size
from the tiny, feather-weight magnet in the hearing

aid to the powerful, heavy radar mag-

field. Theyaid the Pyrometerin measuring
extreme temperatures of molten metal;
in recording the intense heat in ovens,
linotypes, die castings; and in the exact-
ing heat controls in electrical, rubber,
paper and plastic manufacturing. The
Galvanometer using permanent magnets
is a basic tool in the measurement of
electricity. It is used in connection with
other devices such as the Potentiometer.

which

This Alnico Magnet
isthe generator rotor
supplies the
operating power for
the proximity fuse.

net. Perhaps permanent magnets can
do some job or process better for you in
your industry. You are invited to consult
our engineers on any problem of magnet
application,

The Indiana Steel Products Company
has made magnets for more than 24,000
applications. It is the world’s largest
sole producer of “Packaged Energy.
For complete information, please write
for free “Permanent Magnet Manual”.

PermanentMagnets also serveinmeas-

Producers of "PACKAGED ENERGY"

**x THE INDIANA STEEL

© NORTH MICHIGAN AVENUE, CHICAGO-2, ILLINOIS

20
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PRODUCTS COMPANY * * *

SPECIALISTS IN PERMANENT MAGNETS SINCE 1910
© 1946—The Iadiana Steel Products Company
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Making gears from 12 to 96 D. P. and finer has been a specialty of
ours for over twenty-five years. All our taleats and facilities have con-
centrated upon doing this ONE JOB! The degree of success we've
achieved in doing this job better and to the greater advantage of our
customers is best evidenced by the fact that G.S. has become the
“World’s Largest Exclusive Manufacturer of Fractional Horsepower
Gears”! You are invited to join the large number of critical buyers
who depend upon us for small gears of finest quality . . uniformly
cut with extreme precision to the most exacting specifications,

@EAR Specialties

=3 WORLD'S LARGEST EXCLUSIVE MANUFACTURERS OF FRACTIONAL HORSEPOWER CEARS {2

_ELECTRONICS — July 1946 21
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LOOK for the Stackpole Min-
ute Man . .. your guarantee

of expertly enginoered

’ molded materials.

<IN
-

Specialists for over a third of
a century in MOLDED CARBON,
GRAPHITE, METAL POWDERS, and

MOLDED COMPOSITION MATERIALS.
STACKPOLE CARBON CO., ST. MARYS, PA.

o 0w
i

i

BRUSHES AND CONTACTS

(All carbon, graphite, metal, precious metal, and composition types)

SINTERED ALNICO i1 PUMP and FLUID DRIVE SEALS IRON CORES 3
COIL FORMS CARBON PIPE BRAZING TIPS
WELDING CARBONS CHEMICAL CARBONS CARBON RHEOSTAT PILES .
CARBON DISCS FLASHLIGHT BATTERY CARBONS POWER TUBE ANODES %
i ELECTROLYTIC ANODES FIXED & VARIABLE RESISTORS, etc., etc. .

Data on any Lyfe on nequest

: :
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RA TURE

You can’t have close control.of temperature if the controlling thermo-
stat has a large operating temperature differential. Fenwal THERMO-
SWITCH Controls have an inherent minimal temperature differential  §
which reduces temperature overshoot and undershoot effects. This
small temperature differential can be increased to suit your require-
ments by proper THERMOSWITCH Control application.

Chart shows the small operating temperature differential of the Fen- |
wal THERMOSWITCH Control compared to Type 1 and Type 2 ther-
mostats. The force exerted by the expansion and con-

traction of the temperature sensitive brass shell is
transmitted directly through the two anchored ends
of the contact support members causing a positive
make or break of the electrical contacts resulting in
accurate temperature control.

Compact and easily installed, Fenwal THERMO-
SWITCH Controls have proven themselves in thou-
sands of applications under all conditions. Investigate
the advantages of THERMOSWITCH Controls as
applied to your heat control problem. Send for your copy of the
Thermotechnics Booklet which includes the “Fourteen Facts in
Fenwal’s Favor.”

FENWAL

-:13#4 of the "Fourteen Facts in Fenwal's Favor™.

FENWAL INCORPORATED

43 PLEASANT STREET
ASHLAND MASSACHUSETTS

THERMOTECHNICS FOR COMPLETE TEMPERATURE REGULATION

ELECTRONICS — July 1946 23
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BRENTWOOD, N. Y.

Tﬁ_'i = Key Station of MACKAY
*1 RADIO & TEL. CO., INC.

gy ¥

|

is “‘alive’’ with

AMERTRAN
TRANSFORMERS

LIVE in every respect! Brentwood, one of the
busiest of commercial radio stations, handles
large volumes of traffic over a complex array of
transmitters and frequencies. Station equipment is
kept excited for long periods of continuous duty.

There are literally dozens of AmerTran Trans-
formers, Retard Coils, and Reactors, indoors and
out, feeding controlled voltages to various trans-
mitter units in this station. Some of these, in the
rectifier circuits of a 132 KW transmitter, are
shown here.

AmerTran voltage-regulating fransformers—132 KW
mercury vapor rectifier. Filament Transformers visihle
at left.

The 1.64 KW Filament Transformers, at left, have
been on the job for 15 consecutive years. This is the
kind of consistent performance engineered into
every AmerTran.

AmerTran Transformers are *‘built-in”* components
in the best-known communications and industrial-
electronic assemblies now in operation. They are
designed by authorities in electronic energy trans-
formation, and are built in a plant devoted exclu-
sively to the production of transformers and allied
Closeup view of AmerTran Dr‘y Type Filament Trans- products. You may feel free to use the entire
flgimers. Rojed 1.64 KW, 460=32/16 V. facilities of the AmerTran organization.

AMERICAN TRANSFORMER COMPANY
178 EMMET ST, NEWARK 5, N. J.

-
We'll be glad to send you a copy of the
new Bulletin "G", showing the wide
scope of AmerTran Products.

Pioneer Manufacturers of Transformers, Reactors and M
Rectifiers for Electronics and Power Tronsmission

Group of AmerTran Plate Transformers, outdoor in-
staliation. Supply 132 KW Transmitter. 18.600 V.

secondaries. MANUFACTURING SINCE 1901 AT NEWARK. N J
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G-E AUTOMATIC VOLTAGE STABILIZERS

Less than = 19 variation on all applications!

4

4

4
4

Practically instantaneous voltage correction!
No moving parts; no adjustments!

Will operate continuously at open or short
circuit without excessive damage!

This General Electric voltage stabilizer is excellent for
use where it is necessary to keep a-c outpur volrage right
where it belongs. It provides a constant, precise output
of 115 volts from any a-c source that may vary from 95
to 130 volts.

The G-E voltage stabilizer protects costly laboratory
and other equipment from sudden over-voltages, speeds
production (}ine testing. It gives longer life to testing
apparatus, radio transmitting tubes, x-ray filament

ELECTRONICS — July 1946

Taon. the Kuob anl 5ol e Uoltage.

For giving the right voltage when you
want it, this variable-voltage autotrans-
former is an asset to any laboratory or
shop bench. By merely turning the con-

'GENERAL @ ELECTRIC

circuits, motion-picture equipmenr. Here are some of its
more outstanding characteristics which qualify it as a
precision voltage stabilizer:

©® Maintains voltage regulation for fixed loads to within
=1 per cent. Maintains regulation to within 2 per

cent on heavy variations occurring between no load
and full load.

® Automatic action eliminates moving parts, adjust-
ments, €tc.

® [nstantancous action provides voltage correction in
less than three cycles time.

® Limits current at short circuit to approximately 180
per cent of full load.

® Low harmonic content, negligible variation over wide
load range.

For complete details on this stabilizer’s unusual pos-
sibilities, write for Bulletin GEA-3634, Apparatus Depr.,
General Electric Company, Schenectady 5, N.'Y.

trol knob, you can have any voltage from
zero to 135 volts from a 115-volt a-c in-
put, zero to 270 volts on a 220-volt a-c
input. For complete description, ask for
Bulletin GEA-3635A.

404 HO- 5205

25
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The present "'field day' for salesmen
will not long last. When production comes nearer to catching
up with demand, critical Buyers will sit in the driver's seat.
Scarcity over, Quality and Price will be the determining factors.
Then, the movement of your product to market will be con-
trolled, not so much by salesmen as by your design and
engineering staffs. .
But . . . you say . . . ‘we're short-handed . . . they have
more work than they can do now''.
So, we offer, for your use, the Atlas staff of 400 skilled
Engineers, Designers of Products, of Special Automatic Ma-
chinery, and Toolmakers unsurpassed in their specialized fields.
In addition, every conceivable operation is handled in Atlas’
fully equipped machine sections . . . with precise inspection
instruments ready to prove all required qualities and accuracies.
You may obtain these services, partially or completely . . .
for a single tooling job or an entire production line .. . in full
" cooperation with your own staff . . . or as our own independent
. program.
Write or telegraph for immediate action . . . or, if you
prefer, send for the Atlas brochure A Load Off Your Shoulders
onto Ours’'.

ATLAS METAL STAMPING COMPANY
ATLAS TOOL & DESIGNING COMPANY
CASTOR AND KENSINGTON AVES., - PHILADELPHIA 24, PA.

i
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INSIST ON PROC

Do you do soldering, brazing, surface-hardening, anneal-
ing or other heat-treating operatiens? Or do you use heat
to treat non-metallic substances such as plastics, ply-
wood. rubber, etc.?

\ -
S
S
[

It is quite possible that you can use electronic heating
apparatus for these operations, profitably replacing older
and slower heating methods. The savings-and increased
efficiency are decidedly worthwhile. The speed-up in pro-
duction is as great as 7009, in some instances. Work
that formerly took minutes or hours now requires only
SECONDS.

Investigate the possibilities of high frequency heating
for your production. But be sure and get plenty of sound
experienced advice before you buy. Don’t just buy a
“machine.” Let our engineers prove to you by actual dem-
onstration under your own conditions, how Scientific
Electric equipment fits your exact needs. Remember, there
is no such thing as an all-purpose electronic heater. Each
individual operation and each factory production set-up
requires a specific type of installation, with the proper
combination of frequency and power output. Consult us
without obligation. We will engineer the right installa-
tion to your particular requirement. Buy nothing till
we’ve PROVED IT BY TRIAL for you.

[ 4
Scientific Electric Electronic Heaters
#. are made in the following range of power;
3—5—7%—8—10—12%—15—18—25—

40—60-—80—100—250 KW — and range

of trequency up to 300 Megacycles depend-
_ e e
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/?W ANNOUNCES

JUST OFF
THE PRESS!

The most complete, most carefully-
indexed, most usable and informa-
tive catalog of war surplus electronic
equipment yet offered! Describes
more than 5000 items, with specifi-
cations and PRICES. . ..

’ I3

SEND FOR
€ATALOG

TODAY!

28 Suly 1946 — ELECTRONICS
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..-A READY SUPPLY
OF ELECTRONIC EQUIPMENT and COMPONENT PARTS

available for immediate delivery

to wholesalers, retailers and manufacturers

Here is merchandise you need. Electronic
merchandise you can sell at a profit, with
or without further processing. And there’s
pleaty of it! Enough to “plug the gap”
until your normal sources of supply can

replenish vour shelves and stockrooms.

If's Army and Navy gear—now being returned to the
regular channels of trade by the War Assets Administra-
tor. Acting as agent, Raytheon has a plentiful supply for
you —together with a carefully indexed, easy-to-choose-
from catalog that's literally bursting with news about the
kind of goods you want, need, and can obtain right away.
Send for this catalog—it means business for you. Good

business, ready business, profitable business.

Most of the equipment is in the communications field
— but there are large supplies of components too, electri-

cal and electronic parts that you and your customers can

N

@@MNM‘““T

ZANNNIM)

(
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Excellorce in Elecliondcs
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find immediate use for. It’s all in the cata-
log —carefully described —priced —easy to
find and easy to order. And of course it'sall
top-quality equipment, made to Govern-
ment specifications by America’s finest

electronic manufacturers.

You’ll be missing a bet if you don’t take immediate ad-
vantage of this opportunity to sell merchandise at a pro it.
The market is hungry for this equipment. The business is
there. Get your share of it.

Sending for the Raytheon catalog is the first step. Do
that at once. Then get in touch with Raytheon for tech-
nical advice and merchandising plans for speedy action.

RAYTHEON MANUFACTURING COMPANY

Acting as Agent of the
War Assets Administrator under Contract No. S1A-3-46

60 East 42nd Street, New York
West Coast Office: 2802 N. Figueroa St., Los Angeles 31, Cal.

e

RAYTHEON\MANUFACTURING COMPANY —
60 East 42nd Street, New York 17, N. Y. st =

GENTLEMEN: Send your new Catalog of salable and immediately- =
available items of war surplus electronic equipment to —
—
NI o & =y i e (e B SR et e S =
=
RN el B AT ek v Sl . . e =3
—
Sr0607 AT = s S 5 NN e 7 5t o —
—
City ...................................................... Slgrerams . s =X e
-~
..'.L
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WESTON @ ‘MODEL 799 i

INSULATION
TESTER

ON 17.99)_‘ .' l
|

ULATION TESTER

Vi

end rated- I1sulction tester . . . range

to 10,00¢ megohms =y easily ecd scale . . . test potential

]

less than 50 volts d-c. tde-l fos test.ng electrical components, d

E:'. % H ) i _ W5l 1 . . 5
. devices, matericls, and new and e>istiny Installations. Details

- from the WESTF&_Q representat ve necfyou} or write for bulietin.
’§ .'—g - i 2 : éz; ? w.E . S : ‘,.;.‘. = -

eStON HLzomans

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

Albany-Atfanta - Boston - Buffalo- Chicago- Cincinnati- Cleveland - Dallas - Denver - Detroit - lacksonville-Knoxville-Los Angeles-Meriden-Minneapolis- Newark -New
Orleans-NewYork-Philadelphia-Phoenix-Pittsburgh-Rochester-SanFrancisco-Seattle-St. Louis-Syracuse-InCanada, MorthernElectricCo. , Ltd. ,Powerlite Devices, Ltd.
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WHEN specifications
call for close tolerances and perfect
pattern reproduction, electroforming
is the answer. Quantity production
of intricate precision parts is row
possible through Bone Engineering
Corporation’s electroforming process.
Fabrication of metal* parts by electro-
forming ensures rigid control of the
physical properties of the metal and
eliminates stresses which occur during

other methods of manufacture.
RADAR WAVE GUIDES...produced by
Bone Engineering Corporation, manufacturers

Metals include: nickel, copper; of Radar and Electronics equipment.

iron, silver and various alloys.

ENGINEERING CORPORATION

(et
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Ceramic Trimmers

Division of GLOBE-UNION INC., Milwaukee Bulletin 695

ﬂ:} Voria[ble Resistors T e ’
{ . Bulletin 697 ubuiar Cerami Selector Switches
PRODUCERS \ Capacitors . Bulletin 722

Ceramic High Voltage Capatitors Bulletins 630 and 586
Bulletin 814

July 1946 — ELECTRONICS
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Western Electric

25B speech input console

It’s got sparkling eye-appeal —that’s the first thing
» you’ll like about this new audio unit designed by Bell
Laboratories. When you see how completely it opens
up for inspection and maintenance—almost as easily
as turning the pages of a book—you’ll like that too.
And when you study the list of operating advantages
it gives you at moderate cost, you'll agree it really is
a honey! Ask your nearest Graybar Broadcast Equip-
ment Representative for all the the facts about this

pacesetting 25B.

Neat modern styling.

Complete unit design—including table
and NEW plug-in cables.

Uniform, noise-free, distortionless oper-
ation over a 15,000 cycle range.

8 low level microphone channels and 3
line_level channels. Any 4 microphone
channels and three line level channels—
7 in all — can be used simultaneously.

2 high quality main amplifier channels
that handle 2 programs simultaneously —
plus separate monitorand cueing channel.

7 remote line input circuits—3 normalled

through for program transmission or send-
ing or receiving cue. 3

All controls arranged and coordinated for
maximum operating flexibility and con-
venience.

Compact—only 36" high, 55%" wide, 28%"
deep.

Designed for maximum ease of installa-
tion—junction boxes supplied.

Completely wired for easy plug-in con-
nection.

All parts readily accessible for inspection
and maintenance.

ELECTRONICS — July 1946
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Stact with the RIGHT RESISTORS

Plans for new products and the modernization of
existing ones are on every drafting board. In the
electrical and electronic industries manufacturers
are indeed entering a competition of design. You

and every other manufacturer are studying avail-

The new Word leonard Hand Book “RESISTORS” gives a
complete resume of available types. It discusses the ad-
vantages of each, gives resistance values, and shows ter-
minals, mountings and enclosures. Send for a copy today.

able components. When selecting resistors, give
consideration to the developments that have been
made to meet the severe conditions of the past
several years. A resistor that better meets your

requirements will add to the utility of your product.

WARD LEONARD

RELAYS - RESISTORS « RHEOSTATS

Electric control devices since 1892

WARD LEONARD ELECTRIC COMPANY °* S°oUTH STREET . MOUNT VERNON, N. Y.

M

OFFICES IN PRINCIPAL CITIES

July 1946 — ELECTRONICS
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!
_PRODUCTS
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HIGH speed machine-winding
of electric motor armatures necessarily
exposes magnet wire to some rugged
treatment. Insulating film must be tfough,
yet pliable. Copper must have the prop-
er degree of anneal to “stay put” and
insure uniformly filled slots and com-
pact end-loops.

The all-around (in the groove and out)
“windability’’ of ESSEX EXTRA TEST
MAGNET WIRE in this and other ex-
acting applications cannot be excelled.

ESSEX WIRE CORPORATION

FORT WAYNE 6, INDIANA

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

Warehouses* and Sales Offices: *Atlanta, Georgia; *Boston, Mass.;

*Chicago, 11l.; *Minneapolis, Minn.; Dayton, Ohio; *Detroit, Mich.;

Kansas City, Mo.; *Newark, N.]; Philadelphia, Pa.; *St. Louis, Mo.;

Cleveland, Ohio; Milwaukee, Wisconsin; San Francisco, California;
*Los Angeles, Califernia.

www americanradiohistorv com
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X‘TH ERM0T6RBOL operates on

A.C. or D.C. . . . 12, 24 and 32
volts, at 12 watts.

Crystal holder cavity temperature .
adjustable to your requirements . . . is
normally set to 75 degrees Centigrade,
at our factory.

X-Thermotrol is made almost entirely of
aluminum and weighs only 4 ounces.
Case has lustrous finish. Over-all dimen-
sions: O.D. 1.301”, height above chassis
234", over-all height 314".

Oven houses two type CR-7 hermetically
sealed crystals which may be pressure, or
plated mount. Plug-in construction per-
mits instant change of either heater ele-
ment or crystal units. Entire unit is
mounted on octa! base.

Write for complete details about ‘this
new, unusually efficient unit.

Keeps Frequency Stable
and Dependable..under all
Temperature Conditions

Applicable to fixed, mobile or airborne equip-
ment requiring close frequency tolerance. Light
weight and small dimensions . . . X-Thermotrol
is especially desirable for aviation, police, rail-
way and marine communications.

Constant temperature maintains exact tolerances
resulting in stabilized frequency . . . Crystal
holders are held steady against extreme vibrations,

holders,

about
needs.

GASKET ENGINEERING CO., INC.

Manvufacturers of Crystal Holders for the Radio Industry

2444 Charlotte St.

Kansas City 8, Mo.

July 1946 — ELECTRONICS
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4 m.c. to 8 m.c.
crystals can be
placed in these

We also de-
velop labora-
tory models for
special type
equipment,
Consult us



ceee PUNCTURE-PROOF, FOR LONG, UNIFORM
PE RFO RMA N c E e “Fail-proof” is a reasonable and honest description of the Lapp Gas-

filled Condenser. It has no fixed or solid dielectric to deteriorate or puncture, and
should out-last any clectronic circuit of which it is a part. Also, it offers correspond-
ingly lower loss and economy of power. Not needing to ““warm up,” it provides constant
capacitance under temperature variation. Variable, adjustable, and fixed capacitance
units are available. Fixed condensers have been made with capacitance up t0 60,000 mmf.,
variable and adjustable units up to 16,000 mmf. Current ratings range up to 500 amperes
R. M. S., and voltage ratings up to 60 Kv peak. Above, Unit No. 25,934, rated at 200
amperes, 6500 volts, capacitance continuously variable from 1300 m mf. to 1100 mmf.

Lapp Insulator Co., Inc., Le Roy, N. Y.

INSULATOR CO., INC.

LEROY, N. Y.

ELECTRONICS — July 1946 A3
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Tolerances

SIIVERED- MICA

jese AFIRC
fions which re
b Althoneh A
4 staandard g
Aecl Tow-1oss

Ayt
silver coating AN

110

(T i
[SARN!

n Capacitance

to Plus [ Minus 1% ..-

are Ae ;S"gne 2 ¢
and extrd
n extel
Sk elite \
silvey

L CUPACItoOrs
- My values
AR, simmalar
> jed b
edral
v fired at_i
13 but ;?et%
T Lyumidity

€1

- L eSS A CcaY
e This syl e N . P
ire. i respect to Ty AP TeR0T
fry Wit )\Gwn‘-l\““ D wteynaly
WA X "“‘x u{\\’""“‘”'““‘d >
d and wa ] AR average
<« hhav .
i O1Y. ] ACILOTS e Ve
A Sl oz SEP WS i A B vl LOWY Ya\ o
& \‘\Vﬁ““( Ly vty < T Lirme p
eroY 2 Aerres e SRk VRN Y nigher
02 %a V¢ Wy ne N ):(,(’(\ u\\'-'\\‘\d‘t\ imn !

nd pra¢ te

Yy ikt LOOO VO
as

H Bl

'@ Aerovox silvered-mica capacitors are de-
signed for the most critical applications
requiring precise capacitance values and
extreme stability. Although otherwise simi-
lar in external construction and dimensions
fo the smaller molded bakelite units, they
are encased in molded XM low-loss red bakelite for
immediate silvered-mica identification.

A silver coating is applied to the mica and fired at
elevated temperatures. This insures not only a posi-
tive bond but permanent stability of the capacitance

Tleanl oy

d P s
Guse AN circuil

with respect to time, temperature and hu-
midity. Units are heat-treated and wax-
impregnated externally for ultimate protec-
tion against moisture penetration.

Ideal for use in circuits where capaci-
tance must remain constant under all oper-
ating conditions. These capacitors are specifically de-
signed for use in push-button tuning, oscillator pad-
ding circuits, fixed tuned circuits, and as capacitance
standards, efc., where accuracy and stability are prime
considerations.

& Write for literature...

'Xvé-iage positive temperature
coefficient of only .003% per
degree C.—a remarkably low
value.

Excellent retrace characteris-
tics; practically no capaci-
tance drift with time; excep-
tionally high Q.

Available in three types, 1000
v.D.C.test: Type 1469,.000005
to .0005 mid.; Type 1479 (il-
lustrated), .0001 to .001 mid.:
Type 1464, .00075 to .0025
mid., and .001 mid. in 600 v.
D.C. test.

Standard tolerance plus

minus 5%. Also available
with tolerances of plus/minus
3%.,2% and 1%.

Minimum tolerance for capac-
itances up to and including
10 mmf. (.00001 mid.) plus/
minus %2 mmf. Minimum tol-
erance available for all other

capacitances, plus/minus 1%
or plus/minus 1 mmf., which-
ever is greater,

Literature
on request . . .

FOR RADIO-ELECTRONIC AND
INDUSTRIAL APPLICATIONS

EROVOX

SALES DFFICES IN ALL PRINCIPAL CiTiEs « Export: 13 E. 40th ST, New Yorx 16, K. V. 7

Cable: “ARLAB o In Canada: AEROVOX CANADA LTD., HAMiLToN, OKE

capacitors
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OUTSTANDING

You'll save time and money if a standard plug and jack,
terminal, or connector will meet your requirements. Here
at JOHNSON you'll find a complete line including prac-
tical and economical "Banana Spring', and “Spring
Sleeve" type plugs and jacks. These are outstanding con-
nectors which have recently been joined by well regarded
multiple cable connectors, tip plugs and jacks—former
Mallory-Yaxley products now manufactured and sold by

JOHNSON. For a large and proven line of standards
from which to choose look to JOHNSON.

i your requirements necessitate a special part or modifi-
cation of a standard, you will be well accommodated.
Many of the parts illustrated are "modified standards",

others are completely special. It isn't so difficult here,
for the complete plant facilities at JOHNSON reduce to
a minimum reliance upon outside aid and the associated
expense and delay. JOHNSON is especially well equip-
ped to furnish complete assemblies of plugs and jacks,
using any insulating material, and in combination with
other metal parts.

JOHNSON

a famous name in Radio

E.F. JOHNSON COMPANY « WASECA « MINNESOTA

ELECTRONICS — July 1946
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i 6 P-K SCREW

S DRIVEN
simultaneously to assemble case
- IN ONE OPERATION

=

'fhe Brush Development Company avoids e)‘:'-.

Six No. 4 x 33” P-K
Type “U” Drive Screws
are used to fasten to-
gether the molded Plas-
kon case, diaphragm, and
grille. To speed assem-
bly, and to insure uni-
form pressure for closure
on each screw, this
ingenious two pillar die
set was designed. The
“swing gate’” simplifies
loading and unloading,
promotes safety.

P-K TYPE *u”
DRIVE SCREW

PLASTIC
OLAPHRAGM

HEX
HEAD

TYPE
g

TYPE
A

PARKER-KALON |

A FASTENING FOR

40

pense of brass inserts and troublesome tapping
in blind holes — speeds assembly of Husharone { &
‘miniature speakers for hospital use.

PR, u-:_“ i o

g "‘. 4 £ d

B Lo '_' _é?s\\

£ 5 h\ F
¥ = ! 3} TYPE

LA R 13 oo

B % :33.,
{ i) " =
et hah

Recognizing the -bvious cost
advantages of P-K Tvpe “U” Drive
Screws over inserts or tepping for
machine serews, Tte Brush De-
velopment Co. engireers came up
with anidea for sim altaneous driv-
ing that multiplied tin ¢ saving.
It also met tricky requirements for
uniform holding pressure 1o in-
sure a lasting, licuid-peoof seal
that would permtt sterilization.
They report “no failures due to
leakage or loose screws”,

This application is one of thou-
sands in which Ameriza’s best

As the die closes, a pilot
pin in the top shoe brings
the matrix in location
for accurate register of
driving punches. Each of
the punches is preloaded
to over 580 1bs. pressure,
requiring a total load of
about 134 tons. Driving
pressure is uniform on
each screw, avoiding
residual strains, but
assuring a watertight
closure.

assembly engineers have used the
P-K “short cut” fastening method
losaveup t2 50% in fastening time
and labor, and reduce spoilage. It’s
plain common sense to find out if
vour assembly is one of the 7 out
of 10 in which P.KX Serews can be
used to similar advantage.

A P-K Assembly Engineer will
call at your request. Or. mail
assembly details for recommenda-
tions. It’s a sensible first step to-
ward making the savings vou've
been missing. Parker-Kalon Corp.,

200 Varick St., New York 14.

Sold Only Through Accredited Distributors

wwWwW americanradiohistorv com

SELF-TAPPING SCREWS
AND PLASTIC ASSEMBLY

o4 ')E\i .

F 2
TYPE TYPE "Z" TYPE A"
g PHILLIPS PHILLIPS

July 1946 — ELECTRONICS




When you bring us your sheet metal fabrication
;problems, you hire 20 years of specialized experience
in serving the highly individual needs of manufac-
turers of elect: cal, radio, electronic and mechanical
apparatus. Dur long history in this exacting specialty
is one of intirmte knowledge, and assures post-war
permanence.

At yosr service are our 65,000 square feet of floor
space . . . hundreds of skilled craftsmen ... large

stores of stack dies to save you money. Try us for
chassis, paneks, cabinets, racks, housings.

ANY SIZE... ANY METAL...
ANY GAUGE ... ANY FINISH

P ey o st e ey

ELECTRONICS — July 1946 4]
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THORDARSON
MEISSNER
RADIART

THORDARSON

TRANSFORMERS

® for all requirements. .. communications, sound
amplifier, industrial, experimental and amateur.

TRU-FIDELITY AMPLIFIERS

® Advanced tone compensation, conservative rat-

ings, multiple input channels, low hum level, etc.

MEISSNER |

COMPONENTS

® Standard, plastic and Ferrocart transformers; an-

tenna, R.F. and oscillator coils; accessories.

SERVICE INSTRUMENTS

® Meissner Analyst...a complete servicing instrument;
Signal Calibrator.., self-contained and portable. j

RADIART

VIBRATORS {
® Exactduplicate vibrators, individually engineered, |
...long life, low noise level, minimum interference.

RUST-PROOF AERIALS

® A complete line, newly designed to fit all cars. .. |
cowl, hood and under hood types. Many exclusive
features.

P

RUs!

ELECTRONIC DISTRIBUTOR AND INDUSTRIAL SALES DEPARTMENT OF

MAGUIRE INDUSTRIES, INCORPORATED

936 NORTH MICHIGAN AVENUE, CHICAGO 11, ILLINOIS
CABLE ADDRESS “MAGINDUS"

42 duly 1946 — ELECTRONICS
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argest MYCALEX______
Part
Ever Molded

This cross section of a MYCALEX-to-metal molded component part was made for one
of the country’s leading manufacturers, and is the result of close cooperation between
the customer’s and our own engineering staffs. It exemplifies @ new development in
the molding of MYCALEX 410 with metal to form a hermetic seal.

The objective was to take advantage of the low loss factor and other desirable
properties of MYCALEX 410 to produce a rugged bushing assembly in a single
molding operation.

A difficulty was presented by the extremely long und’ branched path which the
MYCALEX 410 had to follow. Total charge of MYCALEX 410 was 7 pounds, while the
metal weighed 6 pounds to make a total weight of 13 pounds.

The MYCALEX and metal were sealed into one closely-bonded integral part, held
o extremely close dimensional tolerances.

For more than 27 years MYCALEX has met and surpassed the most exacting needs
engineers have been able to devise from year to year. MYCALEX 410, together with
our highly perfected methods of molding it, is the greatest advancement in this high
frequency low loss insulafion to date.

Our technical staff is at your service. What is your problem in fow loss insulation?

TRADE MARK REG. V. B. PAY. OFT.

MYCALEX CORPORATION OF AMERICA

“Owners of ‘"MYCALEX' Patents”
Plant and General Offices, CLIFTON, N. J Executive Offices, 30 ROCKEFELLER PLAZA, NEW YORK 20, N.¥Y

ELECTRONICS — July 1946 43
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 DEPENDABLE PERFORMANCE

T Al

201 RANDOLPH AVENUE *

Edvaon
Rotary Magnet
MAGNETO

. Edison-Sp]itdorrs
answer to the need for
‘a_completely depend-
able magneto at a
really popular price . . .
or tractors, farm, in-
dustrial and marine
engines,

NATVAR

VARNISHED

SILK

is used in the vacuum
impregnated high ten-
sion coil.

Edison—Sp]itdorf RM I\/Tagnetos are eslab]ishing enviable per-
formance records in equipment where, (]ay in and day oul, they
are exposed to grit, oil, heat and weather. These magnetos are
giving uninterrupted service without pampering, because seventy
years of world-lamous scientific experience and ingenuity are
built into each one.

This means sound design, painstaking skill, and superior material.
Natvar varnished silk is used in the high tension coil because its
uniform]y high dielectric makes it the hest material available for
the job.

It your requirements call for insulating malerials of good p]]ysical
and electrical performance c]raracteristics—plus exceptional uni-
formity—p]us prompt delivery—plus service, it will pay you lo
get in touch with your Natvar wholesaler or with us direct. Write,
wire or p]lone.

THE N

TELEPHONE CABLE ADDRESS
RAHWAY 7-2171 NATVAR: RAHWAY, N. J.

WWW americanradiohistorv com

NAL VARNISHED P

® Varnished cambric — straight cut and bias
® Varnished table tape

® Varnished canvas

® Varnished duck

® Varnished silk

® Varnished special rayon

® Varnished Fiberglas cloth

® Varnished papers

® Varnished tubings and sleevings

® Varnished identification markers

® Lacquered tubings and sleevings

® Extruded vinyl tubing

® Extruded vinyl identification markers

Write for Cumlog No. 20

WOODBRIDGE NEW JERSEY

7-NVP-1
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ANSWERING THE IIEMAN ron_ SO'"emmg Be". rn

better portable playback —compact, easy to carry, simple to set up.
The remarkably clear, wide range of reproduction—far superior
to what is ordinarily expected of a portable playback—makes it a favorite
with broadcasting stations and advertising agencies who demand top
performance in demonstrating recorded programs to prospective clients.
Model L plays 6 to 16" records, 78 or 33%3 R.P.M., on a 12" rim
driven turntable. Standard equipment includes high quality 16" pickup
on a swivel mounting which folds into a case when not in use, four
stage amplifier, 8” loudspeaker with 20" extension cable, and a Presto
Transcriptone semi-permanent playing needle. For use
on 110 volts AC only.
The complete equipment, in an attractive

grey carrying case, weighs only 46 Ibs.

RECORDING CORPORATION
242 West 55th S5treet, New York 19, N. Y.
WALTER P. DOWNS, LTD., in Canada

WORLD’S LARGEST MANUFACTURER OF INSTANTANEOUS SOUND RECORDIMG EQUIPMENT

ELECTRONICS — Jaly 1946 45
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As a built-in component of the newly designed
2 KVA POWERSTAT variable transformers*, the
fuse in the outpue¢ brush contact lead offers
economies in set-up time and replacement costs.
Needless to say — replacing fuses is decidedly less
expensive than replacing POWERSTATS. But. .

instrument protection is not the only new feature

of the fused POWERSTATS. User protection is POWERSTAT 4
e R T,

also incorporated. A totally enclosed aluminum
terminal box houses all “hot” connections. With
the input cord-plug and output receptacle
combination, anyone can operate a POWERSTAT

without danger of personal injury.

To suit each require-
ment, the output re.
ceptacle is available in
a variety of types. It
can be supplied to accommodate 2 two or three wire — straight
blude or twist-lock type plug. Connection of the load is a simple
matter. There is no bother of clip-leads or direct wiring.

OUTPUT
RECEPTACLE

Although the fuse has been so selected that the FUSE
maximum rated current can be drawn at any dial ‘ PROTECTION
position, it opens the circuit immediately when this
value is exceeded. Burned-out coils and ruined brush contacts from overloading are a virtual im-
possibility. Situated in the recessed bottom portion of the durable cast-aluminum terminal box, the
cartridge type fuse can be removed with very little effort. It is protected by a cast-aluminum section
which is held in place by screw-connection.

INPUT CORD
Logically, the input cord and plug is a duplication of the output receptacle 2 or 3 wire AND PcI.U G
— straight blade or twist-lock arrangement. In the 3 wire system the 3rd wire is . .
solidly grounded to the POWERSTAT frame. By plugging the cord into a convenicnt outlet, the POWERSTAT is ready for use.

* Write factory for further details on either terminal stud or fused type POWERSTATS.

Send for Bulletins LE

THE SUPERIOR ELECTRIC COMPANY

707 LAUREL STREET, . . . BRISTOL, CONNECTICUT

44 July 1946 — ELECTRONICS,
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Put a Jear-Prooi

"
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5
&

ent E5, Minnesota Mining and Manufagturing Company,

Wiite today, to departm:
on "SCOTCH" Electrical’ Tapes.

for a copy of our newly revised free book

SCOTCH Zctricel/ TAPES

BRAND

INING & JFG. CO. St Paul 6,-Minn:

Made in. U.S.A. by EfINNESOTA
COM'ANV—
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MAKING Tupgs |5 EASY.-

DISTILLATION
TANK

Distilled

water

MIXING
HEATER TANK
TANK ? Sodium co.rbonoie
Distilled solution
water

FLOW
MIXING . et ]
s dium carbonate
‘Barivm-calciym-stron- Sodi e
tium mitrate solution

PRECIPITATION
TANK

Barium-calcium-
strontiuvm carbonate

VACUUM
FILTER
Washed and
filtered C°rb9’n°

I — 5

te

Lacque binder

quer bi [

! milled with ccrbonc?e ! 4
3

CATHODE
COATING
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L
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y
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First floor of Hytron chemical precipitation system. Note the
flow meter, precipitation tanks, and ceramic vacuum filters,
Spotless cleanliness is vital to avoid contamination of carbonates
precipitated for cathode coatings.

A6 HYTRON «wow-How works For vou .

’I‘HIS photograph and flow chart may look strange in

an advertisement on radio tubes. Chemistry and
metallurgy, however, are a vital part of Hytron engi-
neering. The picture illustrates the first of three floors
used by Hytron’s chemical system which precipitates
the carbonates for cathode coatings.

Prewar, Hytron purchased such carbonates—as
did most other tube manufacturers. Wartime mass
production demanded much better quality control
than suppliers offered. By doing the job itself,
Hytron gained extra know-how which serves you in
peacetime.

For these carbonates, absolute control is required of
formulation, crystal size and shape, density, purity, and

viscosity. Most cathode coatings are prepared from
carbonates compounded of barium, calcium, and stron-
tium. The percentage of each of these elements affects
the performance of different types of tubes. Crystal
size and shape, density, freedom from impurities, all
determine the degree of electronic emission. Variations
in viscosity must be minimized to assure uniform appli-
cation of coating on the cathode.

There is still much “black magic” in obtaining proper
cathode emission. But Hytron makes easier the prob-
lems involved by accurate chemical and metallurgical
controls. No research is too tough or too unrelated,
if it leads to know-how which will give better perform-
ance of the Hytron tubes you buy.

OLDEST MANUFACTURER SPECIALIZING IN RADIO RECEIVING TUBES

MAIN OFFICE: SALEM, MASSACHUSETTS

48
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PROCRAM Lo MED wigh
MONITOR: B

...Complete in One Puackage!

The light weight, small size, a-c or battery operated Collins 12Z remote
amplifier is a modern contribution to the furtherance of high quality
remote broadcasts. Its frequency response of 30-12,000 cps==1.0 db and
noise level of more than 55 db below program level are in keeping with
high fidelity AM and FM standards.

The 12Z features excellent performance, program protection, and con-
venience. Stabilized feedback maintains program quality over a wide
variation of operating conditions. The self-contained batteries are con-
nected automatically should the a-c power source fail. If the program
line should fail, a twist of a knob connects a second line. The four micro-
phone input channels have individual attenuator controls, in addition to
the master control. The large, illuminated VU meter reads output level
or operating voltages. ‘

Complete in one package, the equipment weighs only ‘40 pounds and
can be carried readily by one person. Transportation and set-up prob-
lems are reduced to a minimum. Maintenance is greatly simplified
through advanced chassis design. Write us for full information.

Collins Radio Company, Cedar Rapids, lowa
11 W. 42nd St., New York 18, N. Y. . 458 S. Spring St., Los Angeles 13, Cal.

FOR BROADCAST QUALITY, IT'S...

ELECTRONICS — July 1946
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For Better Remote Broadcasis. . .

Consiruction is
compact and clean

Specifications:

Mixing channels: four
Gain: approximately 90 db
Frequency response: 30-12,000 cps=1.0 db

Noise level: more than 55 db below program
level

Distortion: less than 1% from 50-7500 cps

Input impedance: 30/50 ohms. 200/250
ohms on special order

Output impedance: 600 ohms (150 ohms
available)

Power output: 50 milliwatts (+17 dbm)

Power source: 115 volts a-c, or self-contained
batteries

Batteries: standard types, easily obtained
Weight: 40 lbs. complete
Size:'1414" w, 1114" h, 814" d

p—
’—,
e e |
e
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things” to say in the quality of your produgt. Y an't rodhctiorr facilities that C-D can. These are things that
boast about cutting costs .. . if it means cutting quality.  can’t be imitated or copied. These are things that don’t
And still you've got to get the “most” for the “least.” show up on cost sheets at all, but add 'up-big' in product

That's why, when it comes to capacitors, you do better  dependability. They are available to any manufacturer

at Cornell-Dubilier. Others can offer capacitors that  who brings his capacitor problems.to Cornell-Dubilier.

CORNELL-DUBILIER

—-\-——-—-——-—————_———————-—_——————_——-—_

L———ﬂ--.

CAPACITORS
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PIONEERS

jn froo/ucing

MODEL No. 750
THlS tuner is designed to cover the broadcast band

in receivers employing a single tuned circuit before
the converter. Permeability tuning provides greater
frequency stability and precise tracking, which is
obtained without the use of additional padders.

Rotation of 180 degrees allows standard dial and
stringing. Shaft may be brought out front or back;
clockwise or counterclockwise rotation obtainable.

Write for Bulletin

 Aladdin Radio Industries

INCORPORATED

Licensee of Johnson Laboratories

501 West 35th Street
Chicago 16, lll.

ELECTRONICS — July 1946
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4 LORD

SHEAR TYPE

Bonded Reublber
MOUNTINGS

e e e i,

ISUI.ATED IN A LITTLE WORLD. ALL ITS OWN

METER INSTALLED
WITH MOUNTING

AN accurate meter is a sensitive mechanism,
and a sensitive mechanism is also a deljcate mechanism.

It can’t stand the buffetings of vibration, and continue
its normal functioning. Yet some of the most impor- In a generation of pioneering vi-

tant services that meters render must be rendered in bration control we have solved thou-
. . . sands of vibrati robl ich
the midst of chaotic disturbances. N oo liich

. have come to us. The problem which is
The Lord Meter Mount creates a new environ- .
] new to you may be old to us, with the
ment, an environment of peace and quiet in the midst data in our files and the product in our

of turbulent vibration, for the sensitive and delicate line to meet it. If it's a new problem
- 0 »

instrument, a little world of its own that is limited by remember that every problem was new
the soft circular cushion of rubber that surrounds it. when we started. We'll find a solu-
It goes on quietly registering speed, or altitude, or tion, and if necessary we’ll make a new
temperature, or amperes, with self-possessed efficiency. product to put it into effect.

e
: I Taxes BONDED RUBBER 7w Skear T0 ABSORE VIBRATION

Every genuine Lord Mounting

carrict the mame “LoR5" - LORD MANUFACTURING COMPANY

mb. in th b i
embossed in the rubber or in ERIE, PENNSYLVANIA

raised letters on the forgings.

Wwrserersred

Originators of Shear Type Bonded Rubber M untings
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Du

SPECIFICATIONS

Vertical-direct 3
eg. 70 uut: Hori-
ut, amp. 5

DANCE:
amp. } m
15 meg. 80 »

INPUT IMPE
meg. 60 nui:
zontal-direc
meg 30 uub

NGE: Sine wave re:
spoase (al full gain) uniform within
+21% from 20 to 50.000 c.p.8- down
Jess than 50% 100,000 c.p-s.

FREQUENCY RA

Amplitiers
direct

DE’LECTION SENSITIVITY:
at full gain 0.65 r.m.s. volt /in.
+18 r.m.S. volis/in.

LINEAR TIME BASE: Variable from 8 to
30,000 c.p.S. Synchronizaﬁon from ver-
tical amplifier or-external signal.

UppPLY: 115 volts, 50 to 60
Powerconsumpﬁon app. 50

POWER S
cycles a.c.
watls.

JuBES: Al tubes, including 5BP1-A

CRT, included.

PHYSICAL: Green wrinkle-finish steel
cabinet with plastic carrying handle.
Modern en {ront panel,
white characters. black knobs. Height
14" ; width g%’ ; depth 19%"". Weight
35 1bs.

Mont proudly presents the

NEW Type 274

CATHODE-.RAY "O'S_CIIIOGRA_PH'

*,’ Provis;j

sit on for ;
Y modulaior, T inten.

n modern
et and Pan

des;j
elegn =2

. time.

G

=4
[,u:ﬂoﬂl“u '"'.-‘

| gamgféuty you want in a

gen -
eral-purpose oscillograph

®» It'shere—Du ;

? s jsrfw Du Mont's new Type 274 Oscillograph

ik ar answer to a long-standing need for
strument for routine laboratory and pro

d - -
h:chon testing, and for radio servic-

g—atalow priceofonly . . . . $995°
Send for descriptive literature!

© at T LABORATY
LEN 8. DU MONT LABORATORIES, INGs
3

e, P e et
7 z A
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SOUND EQUIPMENT —precisionized—mechanically and ciectronically—for finer performance

To keep the original

Today, the human ear should not be
able to distinguish a recorded program
from an original ‘live’ studio perform-
ance.

Why? Because all tell-tale rumble,
noise and ‘WOWS’ have been elimi-
nated from transcription turntable
performance.
 How? By the advanced design and
solid construction of the new Unit 524
Fairchild Transcription Turntable.

We’ve removed its attractive access
panel so that you can study it carefully.
Let’s start with its construction: The
synchronous motor and drive are

—

sound alive!

spring-mounted and precision-aligned
in a single heavy casting at the bottom
of the cabinet to reduce rumble, The
hollow vertical drive shaft is equipped
with mechanical filters and a special
rubber coupling to reduce the trans-
mission of vibration. And the turntable,
with its sturdy shaft, is mounted in a
heavily-webbed aluminum panel at the
top of the cabinet to further reduce
vertical vibration.

What about ‘WOW’? That’s reduced
to a minimum at either 33.3 or 78 rpm
by the famed Fairchild direct-from-
the-center, two-speed drive. Evenness

Unit 524
Transcriptior
Turntable

of speed is assured by a carefully cal-
culated loading of the drive mechanism
that keeps the motor pulling constantly,
by precision control of all alignments
that might cause intermittent grab and
release.

The Unit 524 Fairchild Transcrip-
tion Turntable is of broadcast height.
It is available with or without the Unit
542 Fairchild Lateral Dynamic Pickup,
illustrated below. Arrange to hear it.
Listen to it critically. Then let it keep
your original sound alive! Address:
88-06 Van Wyck Boulevard, Jamaica 1,
New York.

SOUND
EQUIPMEN

CAMERA AND INSTRUMENT CORPORATION

FOR IMPROVED
PERFORMANCE

Earlier FAIRCHILD portable models
and many other types of recorder-play-
backs will give vastly improved per-
formance if equipped with an adapter
and an improved Fairchild Pickup and
Cutterhead.

Write for complete information.

UNIT 541
MAGNETIC CUTTERHEAD

UNIT 542
LATERAL DYNAMIC PICKUP

54 July 1946 — ELECTRONICS
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SLOWER SPEEDS * LOWER CURRENT COSTS
QUIETER OPERATION ¢ SMALLER SIZE

Here are four big advantages built into the
new Alliance Powr-Pakt fan motors. Results
are longer life — less repair — smoother
performance. This new Alliance shaded
pole fan motor reflects advanced engi-
neering! Mass-produced at low cost! Write.

\“ MOTORS IN MIND

ALLIANCE MANUFACTURING COMPANY ° ALLIANCE, OHIO

ALLIANCE TOOL AND MOTOR LTD, TORONTO 14, CANADA

WHEN YOU DESIGN — KEEP

ELECTRONICS — July 1946 53
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TWO GREAT NEW LABORATORY INSTRUMENTS

e BROWNING

o MODEL RH-10
STANDARD

FREQUENCY

CALIBRATOR

Full, accurate use of station WWYV, the world's sons to be made in three general categories:
finest primary frequency and time standard, is ob- I. Precision radio frequency standards measure-
tained from the Browning Model RH-10 Standard ments. .
. . 2. Precision audio frequency standards measure.
Frequency Calibrator. The standard Browning RH- ments
10 is pre-tuned for S_G"fi 10 megacycles [P B 3. Precision time and pulse standards for physical
ond reception, at sensitivities better than /3 micro- measurements.
volt on either band. A dual filter system provides The Browning RH-10 consists of a high Q an-
selection of either the 440 or 4000 cycle modula- tenna transformer, a sharply tuned R-F amplifier,
tion of WWYV for use as a primary frequency converter, oscillator, two IF stages, detector,
standard. selective amplifier output stages and a cathode ray
. zero beat indicator. Although normally supplied
Checking equipment against station WWY, at for 5 and 10 megacycles per second operation,
accuracies up to one part in five million, the any two combinations of 2.5, 5, 10, or I5 mega-
Browning Frequency Calibrator enables compari- cycles may be had on special order.

WRITE FOR DESCRIPTIVE LITERATURE

BROWNING |
OSCILLOSCOPE

Designed for observing phenomena requiring
extended range amplifiers and a wide variety of
time bases, the Browning Model OL-15 Oscillo-
scope incorporates improvements that make it use-
ful in numerous applications where ordinary oscillo-
scopes are inadequate.

For instance, the Browning OL-15 is particularly
adaptable to television, radar and facsimile work,
as well as with radio-frequency equipment where
it is desirable to know actual r.f. waveform com.
position. The low repetition sweep gives visual
observation when recurring phenomena of a few
sweeps per second are encountered.

Suitable time base facilities for studying signaf§
with a constant time difference, or those with an
inconstant time separation between consecutive
phenomena, are provided by the Browning OL-15.
In general, the improved design and “superior
construction of the Browning OL-15 make it a
highly flexible instrument for use in all laboratory
work, production testing, or research applications.

WRITE FOR DESCRIPTIVE LITERATURE
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BROWNING §$-4
FREQUENCY METER

Especially designed for testing transmitters of
marine, police, fire and other special service radio
operators, the completely new Browning S5-4
Frequency Meter includes many refinements per-
fected during our war experience building high-
precision radar test equipment.

A vernier, added to the laboratory-type dial,
permits reading accuracy to one part in one
thousand. The telescoping whip antenna forms a
convenient carrying handle, while big, easy-to-
grasp knobs allow cold weather adjusiment while
wearing gloves.

Using 110-115 volt A.C. or D.C. current, the
crystal-controlled  Browning  Frequency  Meter
checks both AM and FM equipment. The S-4 is
custom built and hand calibrated for checking
frequencies in any five bands from 1.5 to 100 Mc.,
with an accuracy of - .0025% which exceeds the
FCC requirements.

WRITE FOR DESCRIPTIVE LITERATURE

BROWNING MODEL GA-10
f FREQUENCY METER
CALIBRATOR and
BROWNING MODEL PF-10
POWER SUPPLY

Precise checking of switchboard -type, direct-
reading and 60 cycle frequency meters, and the
measuring of line voltage frequency from 56 to
84 cycles, is readily accomplished with the Brown-
ing GA-10 Frequency Meter Calibrater. It is also
especially useful in setting filters requiring ac-
q curate adjustment.

Featuring complete electronic voltage regula-
tion, and built-in crystal standard for checking
various points of the calibration, the Browning
GA-10 has an accuracy of == .05% over its
ehtire range. The Calibrator and Power Supply
are packaged in separate steel carrying cases for
case of portability.

For adjusting or checking equipment with dif-
ferent frequencies, such as sharply peaked filters,
the Browning GA-10 is available on special order
to cover a narrow range of any audic frequencies.

WRITE FOR DESCRIPTIVE LITERATURE

BROWNIN LABORATORIES, INC.
iy ) WINCHESTER, MASS.
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@ PRECISION MADE TO YOUR BLUE PRINT FROM THE

ALSIMAG COMPOSITION HAVING EXACTLY THE PHYSICAL

CHARACTERISTICS REQUIRED FOR YOUR APPLICATION

e CHART OF PHYSICAL CHARACTERISTICS FREE ON REQUEST

A e p
**E@;‘\w&‘

AMERICAN LAVA CORPORATION

CHATTANOOGA 5; TENNESSEE
43RP YEAR OF CERAMIC LEADERSHIP




This insulating block, made of canvas-base laminated, grade
"'C"* Dilecto, is ueed in electrical switch boxes for signal equip-
ment. To meet service requirements it must be structurally
strong—and retain its electrical insulating properties under the
extremes of temperature and moisture. It also must be easy to

machine to meet volume production schedules and be dimen-

sionally stable to facilitate installation.

For Real Engineering Help
On Non-Metallics
Look to Continental-Diamond First

If it's a question of building better insulation char-
acteristics into your product to improve its overall
performance, bring your problem to C-D technicians.

Here is a helpful, cooperative service that begins
with a study of the job you want your product to do.
It is that job which determines the exact C-D in-
sulation material in one of the many types and grades
or combination that best meets your particular in-
sulation requirements.

A suggestion or two simplitying the design may be
made also—possibly a method of fabrication provid-
ing a short cut to faster, more economical produc-
tion and assembly of parts.

Take advantage of this seasoned C-D engineering
help which avoids costly mistakes, wasted effort and
product failure that go hand-in-hand with “second
guessing.”” Phone, wire or write our

SEE\OUR
CATALOG IN
SWEET'S

|

nearest office and a C-D technician will
be on his way to you.

UL

C-D PRODUCTS

L THEPLASTICS |

DILECTO—ThermoseHinq Laminates.

CELORON—A Molded Phenolic.

DILECTENE—A Pure Resin Plastic Especially Suited to
U-H-F Insulation.

HAVEG—Plastic Chemical Equipment, Pipe, Valves
and Fittings.

L THE NON.METALLICS |

DIAMOND Vulcanized FIBRE.
VULCOID—Resin Impregnated Vulcanized Fibre.
MICABOND—Built-Up Mica Electrical Insulation.

STANDARD & SPECIAL FORMS

Available in Standard Sheets, Rods and Tubes; and
Parts Fabricated, Formed or Molded to Specifications.

DESCRIPTIVE LITERATURE

Bulletin GF gives Comprehensive Data on all C.D
Products. Individual Catalogs are also available.

BRANCH OFFICES: NEW YORK 17 -« CLEVELAND 14 + CHICAGO 11 . SPARTANBURG, S. C. « SALES OFFICES IN PRINCIPAL CITIES
WEST COAST REPRESENTATIVES: MARWOOD LTD., SAN FRANCISCO 3 « IN CANADA: DIAMOND STATE FIBRE CO. OF CANADA, LTD., TORONTO 8

GMM'W/rlmend FIBRE COMPANSY

Established 1895.. Manufacturers of Lamincted Plastics since 1911—NEWARK 16 » DELAWARE
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LABORATORY INSTRUMENTS FOR SPEED AND ACCURACY 1‘

VACUUM TUBE
VOLTMETER

20 cps to 700 Mc
1.3 mmfd input capacity

...the instrument you have been waiting for!

-hp- Model 410A |

Far surpassing any comparable instrument, this new -hp- Model
410A High Frequency Vacuum Tube Voltmeter measures voltage
over a wider frequency range, and at a higher unput impedance
than any previously available instrument.

The extremely high input impedance for ac measurements
makes possible the testing of video and VHF amplifier circuits
without disturbing the circuit under test. The 410A for the first
time Lprovides an instrument which will give accurate voltage

measurement from audio frequency up through the micro wave

regions.
SPECI ¥ ; ~ 1 a
CHISF MG FA T JmONN S The -hp- Model 410A is the instrument the whole electsonic
I Ao ) industry has been Jooking for. Your early inquiry will be' best
Six ranges, full scale readings 1, 3, 10, . :
30, 100, and 300 volts. ‘ assurance of prompt delivery. Write today for more compiefe
Input impedance, 6 megohms in parallel : ian — Bl . v %
Ty information — prices — delivery dates,
Frequency response, 20 cps to 700 mc
= 1 db. i
dc Measurements ; 7
Seven ranges, full scale readings 1, 3,
10, 30, 100, 300, and 1090 volts, The wide range of 410A is made
Input impedance, 100 megohms, all POSS%ble by a special probe em-
ranges. ploying a diode developed by
. Eimac specifically for Hewlett-
Resistance Measurements Packard. The probe has an input
Seven ranges, mid scale readings 10, capacity of 1.3 micro-micro-
100, 1000, 10,000, 100,000 ohms, 1 farads, and the input resistance
megohm and 10 megohms. Accuracy: is 6 megohms.
* 3%

HEWLETT-PACKARD COMPANY

BOX 1159A STATION A, PALO ALTO, CALIFORNIA, U.S. A.
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Technician
testing ten-
sile strength
of American
Phillips Screws.

\

i

TESTING

*'\ Re-Testing--

. and Testing again

«o.that’s how the
“"INFORMATION CENTER”

determines the *right
AMERICAN PHILLIPS SCREW for your job

The *right American Phillips Screw for your job is more than just a #ype of screw.
| It’s the predetermined combination of type, size, metal, head, and finish which best
meets tests approximating the requirements dictated by your assembly methods,
and by the service conditions your product has to meet.

Here in American’s Engineering Research Laboratory is all the equipment and
experience to pre-design any screws you need for any job. Here engineers and
trained technicians work with the most modern machines for testing physical

| strengths, and resistance to heat, corrosion, electrolysis, wear and vibration.
./ Here are optical comparators, measuring machines, and also special equipment

L}

i

designed and developed right in the laboratory.

This is the “Information Center” on any fastening problem. And from it you
will get engineered, metallurgical advantages over and above the basic advan-

. tages of American Phillips Screws ... . ease and speed of handling . . . self-

o CANT SLP OUT . . ]
DRIVER (AR‘éJRECESS aligned power driving . . . protection against burred heads and slashed

-WINGED
4 w(;f PHILLIPS TAPE

work-surfaces. So write today, free of obligation, to:

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

G é ; g g él
' v J = ALL TYPES

ALL METALS: Steel,

o 9 5 Brass, Commercial

y S RS ~ Bronze, Stainless

: b Steel, Aluminum,

/ /)/Iy Monel, Everdur (sili-

o con bronze)
SOLD THROUGH INDUSTRIAL SUPPLY DISTRIBUTORS i
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All the advantages of high starting
torque without unduly high starting currents
—and no brushes or commutators.
Amazing breakaway power for short duty cycles.

OR
Lower starting torques and consequent high-efficiency
full load performance for continuous

duty operation.

Submit your equipment requirements fo us.

EASTERN AIR DEVICES, INC.

585 DEAN STREET o BROOKLYN 17, N. Y.
An Affiliate of THE FRED GOAT CO., INC, Est. 1893

ELECTRONICS — Juiy 1946
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PRECISION MEASURING
INSTRUMENTS FOR

DEVELOPMENT, ENGINEERING,

AND PRODUCTION LINE USE

Since 1934 Boonton Radio Corporation
has been designing and manufacturing
essential measuring instruments for the
engineer. Constructed of finest quality
parts, assembled, and tested to exacting
standards by skilled craftsmen, these in-
struments have become indispensable to
manufacturers, research laboratories,
educational institutions, and to the whole
radio and electronics industry.

Q-METER TYPE 160-A

FREQUENCY RANGE: 50 kc to 75 me (=1%,

50 k:—50 me; =3%, 50 mc—75 me). May
be extended down to 1 kc with external
accesseory oscillator.
Q-METER RANGE OF Q MEASUREMENTS, COILS: 50—625.
TYPE 170-A

FREQUENCY RANGE:
30 mc to 200 mc {=19).
RANGE OF Q MEASURE-
MENT: 80—1200.
ACCURACY OF Q MEASUREMENT: In gen-
eral, =109,. -
RANGE OF Q TUNING CAPACITOR: 11—
60 mmf. (£19% or =0.5 mm¥., whichever
is greater).

ACCURACY OF Q MEASUREMENT: In general,
=59,

RANGE OF Q TUNING CAPACITOR: Main Sec-
tion, 30—450 mmf. (= 1% or =1 mmf.,
whichever is greater). Vernier Section, plus 3,
zero, minus 3 mmf. (=0.1 mmf).

e —

Write for caotalog C-1
ond supplement

QX-CHECKER TYPE 110-A

FREQUENCY RANGE: 100 ke to 25 mc using
accessory plug-in inductors. A calibration
sheet is supplied with each inductor, accu-
rate to within =30},

RANGE OF COIL CHECKS: Inductors having
values between 10 microhenries and 10 millihenries may
be checked against a standard to an accuracy of about
+0.2% provided the Q of the inductor is 100 or greater.

CAPACITANCE RANGE: Capacitance values between aboul
2—1000 mmf. may be checked against standard by direct
substitution, with an accuracy of a few tenths of one mm¥.,
provided Q of capacitors is high.

FREQUENCY MODULATED SIGNAL GENERATOR

BEAT FREQUENCY GENERATOR
TYPE 140-A

FREQUENCY RANGE: 20 cycles to 5 megacycles intwo ranges:
LOW RANGE: 20 to 30,000 cycles. HIGH RANGE: 30 kilo-
cycles to 5 megacycles. Accuracy =2 cycles up lo 100
cycles, =29 above 100 cycles.

OUTPUT POWER: One watt, available from a variety of
output impedances.

ATTENUATOR: 5 steps; X1.0, X0.1, X.01, X.001, X.0001.

DISTORTION: 5% or less.

DESIGNERS AND MANUFACTURERS OF
THE “Q" METER ... QX-CHECKER

BEAT FREQUENCY GENERATOR

§ B AND OYHER DIRECY READING TEST INSTRUMENTS
o N BOONTON, NEW JERSEY, U.S.A.
o4
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Seamless and Lockseam Cathode Sleeves for
radio tubes are of prime importance to rela-
tively few companies—those who manufacture
the tubes themselves. However, the statements which follow affect the
radio industry in general.

Over the years, The Electronics Division of Superior Tube Company
has been a major producer of Nickel Cathode Sleeves. With the cooper-
ation of @ number of radio tube manufacturers, sleeve designs, produc-
tion tolerances, and metallurgical requirements have been standardized
to a degree which points the way for further directed effort along the
same lines.

This ““meeting of minds’' has given the industry something to hold
fast to: it has defined and clarified specifications; it has enabled price
reductions to be made; it has accelerated deliveries; it has simplified
assembly techniques. In addition, it has given the developmental lab-
oratories at Superior Tube Company, in conjunction with standards
committees, raw material suppliers, and radio tube manufacturers, the
opportunity to improve and predict the quality of cathode sleeves on a
mass-production basis.

The Electronics Division of Superior Tube Company foresees even
greater benefits to be derived from standardization in the future. The
experimental and manufacturing facilities of The Superior Electronics
Division are devoted exclusively to the production of still finer *electronic
grade” tubing, at still lower costs, for the ultimate benefit of every

member of the radio industry.
&
uB\NG
NAME 1N smatt T
B\GGER” g/’

SUPERIOR TUBE COMPANY
ELECTRONICS DIVISION

Post Office Draower 191 o Norristown, Poa.
Telephone. Norristown 2070

THE
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Microwaves make their journey from
apparatus to antenna not by wire,
cable, or coaxial — but by waveguide.

Long before the war, Bell Labora-
tories by theory and experiment had
proved that a metal tube could serve as
a pipe-line for the transmission of elec-
tric waves, even over great distances.

War came, ard with it the sudden
need for a conveyor of the powerful
microwave pulses of radar. The metal
waveguide was the answer. Simple,

EXPLORING AND INVENTING, DEVISING AND PERFECTING FOR CON-

TINUED [MPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE

66

~ X1 4 y
SiImy g
e ""g’rt

g S

rugged, containing no insulation, it
would operate unchanged in heat or
cold. In the radar shown above, which
kept track of enemy and friendly
planes, a waveguide conveyed micro-
wave pulses between reflector and the
radar apparatus in the pedestal. Bell
Laboratories' engineers freely shared
their waveguide discoveries with war
industry,

Now, by the use of special shapes
and strategic angles, by putting rods

www americanradiohistorv com

BELL TELEPHONE LABORATORIES

across the inside and varying the di-
ameter, waveguides can be made to
separate waves of different lengths.
They can slow up waves, hurry them
along, reflect them, or send them into
space and funnel them back. Bell Lab-
oratories are now developing wave-
guides to conduct microwave energy
in new radio relay systems, capable of
carrying hundreds of telephone conver-
sations simultaneously with television
and music programs.

July 1946 — ELECTRONICS
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“The congratulations of the Bureau of Ordnance are ex-
tended to every man and woman of Wilmotte Manufactur-
ing Company for outstanding performance in connection
with the research and developiuent of Fire Control Radar

Mark 29.” (Excerpt from leiter of citation.)

W ashington, D. C., June 6, 1946. Rear Admiral
Malcolm F. Schoeffel, U.S.N., Deputy Chief %
of Bureau of Ordnance, conferring Naval Ord-
nance Development Award upon Raymond M.
Wilmotte, President of Wilmotte Manufactur-
ing Company. Eighty-eight members of the

In the rapidly developing field of electronics, the

organization received the Award.

ORION L. AINSWOKTH
PHYLLIS ALDRICH
WILLIAM E. BADEN
CRISANTO F. BAUTISTA
LUCIEN R. BEAYERS
ROBERT H. BENNETT, JR.
ELEANOR A. BENSON
JOHN T. BEUCHERT
MILLARD A. BLACK, JR.
LLOYD I'. BRAWNER
GEORGE F. BUTTON
CLEMENS X. CASTLE
HARRY G. COLE
FINLEY L. COOKE
JAMES A. COX

ELIZA CRUMP
CONSTANTINE DACY
EUGENE DANIELEWICZ
WILLIARD H. DARST. JR.
BENJAMIN J. DAVIDSON
ANNE S. DENTON

J. F. DOBOSY

JOHN V. DUEFRANE

E. J. EDWARDS
ELMER J. EMEKSON
HAZEL C. ENGLISH

W. RICHARD ENGLISH
ROLAND A. EYLER
HAROLD E. FRALEY
JAMES R. FRALEY
ROLAND L. FRALEY
DWIGHT GARRISON
CASPER GEISINGER
DAVID HABER
DANIEL. P. HAGER
FELEANOR A. HAGERT
MAURINE A. HENNO
THOMAS J. HICKOK
HAROLD N. HODGES
WOODROW C. HOSIER
FRANK A. HOSS
LEROY R. HOWIE
DAVID JEFFERSON
RALPH S. JONES

PHILIP KAYE
MARGUERITE M. KENNEDY
JAMES H. KEPLER
DAVID M. KIMELMAN
KATHERINE E. KUGLER
CLARENCE E. LANGLEY
ROY M. LAWSON
THOMAS W. LEON
DANIEL P. LUTZ
KENNETH L. McELROY
EDWIN R. McENTEE
HENRY B. McENTEE
HENRY A. McGEE

JOHN McGINTY
FRANCES M. McKENNEY
HARLAN McLAUGHLIN
MORTON M. MASSEY
GEORGE MENHINICK
GEORGE D. MILLIGAN
MONROE E. MOON
JOHN J. MULLANE
HOWARD W. NIPLE
THOMAS OVERTON
GENEVIEVE PATTERSON
RUTH B. PETERSON
JOHN RANTALA
ARNOLD A. RASMUSSEN
FRED D. ROGERS
EBBIE ROLLISON
CLYDE K. ROSE

PETER RUBIN
ALEXANDER RUSSELL
WILLIAM H. SAMMONS
EUGENE L. SHROUT
VAN M. SMITH
SAMUEL J. SNYDER
ARINTHIA STERLING
CLIFFORD TORGERSON
ARMAND A. TOUCHSTONE
CLINTON F. WADFORD
LAWRENCE E. WALKER
GEORGE R. WALLSTEN
RAYMOND M, WILMOTTE
HENRY C. WONDERLY

Wilmotte organization offers to industry a complete
engineering service, including consultation, design, and

construction.

We are prepared to engineer the application of elec-
tronic devices to manufacturing processes and inspection

operations of all types.

We will design and construct integrated machines to
carry out a complete manufacturing process, using elec-

tronics for increasing the speed und accuracy of production.

We are prepared to manufacture electronic equipment
in accordance with your designs.

The resources of the organization include a complete
laboratory; electrical and mechanical drafting depart-
ment; machine shop with skilled personnel; a staff of
thirty-five electronic and mechanical engineers.

We will welcome inquiries and will gladly furnish fur-

ther details upon request.

W/

LABORATORIES —RAYMOND M.

ELECTRONICS — July 1946

WILMOTTE MANUFACTURING COMPANY

1713 KALORAMA ROAD, N. W.

WASHINGTON 9, D. C.

WILMOTTE INC., NEW YORK, 236 W. 5571H ST.—WASHINGTON, 1469 CHURCH ST., N. W
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CTUALLY she’s making a better product for the

same money or less. For Marion electrical prod-

ucts are standardizing on Corning metallized instru-

ment windows, soldered in place to form a permanent

hermetic seal. Today Marion instruments give longer-

lasting, trouble-free service because neither dust nor
moisture can get at them.

Corning metallizing is like no other method of joining
metal to glass. It resists a pull up to 2000 P.S.I.

ANODIZED

[ ==, " 5
(R AER R
KovaR
GLASS BEAD
(o) TERMINALS (o

o e RS
— comune Exploded view of Marion instrument, S
e /uul::slézb
e e

=8 s showing how it is sealed like a vacuum
= tube with Corning metallized window, m
soldered into place.

Corning metallized windows are avail-
able in almost any shape, size or glass
formula. Metallized tubes, bushings,
coil forms and headers also standard.

\

. ‘.
.
s

A R o sl = 2° S S

(Photograph courtesy Marion Electrical Instrument Co.)

Glass parts can be soldered into place for quicker
assembly. Frequently other parts can be eliminated.

Investigate Corning metallizing. It is doing a real job
in a dozen differént industries. Write for Bulletin. EL-
Z-10 for complete information. Or if you have a
problem you think Corning metallizing might solve,
one of our engineers will call at your convenience.
Electronic Sales Dept. E-7,Technical Products Division,
Corning Glass Works, Corning, N. Y.

e

HOW MUCH DOES (T COST?

5 Without knowing exactly
what you want, that's hard to
say. But this glass tube 14” in
diameter by 1!4” long with
‘ 14" metallized bands on each
end, in lots of 100,000 to
1,000,000, costs from 2¢ to 5¢
each, depending on the glass
and tolerances required.

Sales Offices in Corning, New York, Chicago and San Francisco.

means —
Research in Glass

C NINNH Electronic Gfassware

L ’ :
«PYREX”, «VYCOR” and «:CORNING” are registered trade-marks and indicate manufacture by Corning Glass Works, Corning, N. Y.

68
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Amphenol

provig@sthe link in TV

A complete range of electronic
components to serve the

entire range of frequencies
P, AR in use today.

LY e S,

® As the emphasis in communications development
shifts more and more to the higher frequencies —no-
tably FM and Television — the electrical circuits and
‘the component parts involved require ever greater
-accuracy in performance. Amphenol engineers have
always worked to help push forward the frontiers of
the science of electronics — the unrivalled production
facilities of Amphenol have supplied the quality com-
ponents required by new developments in this field.
® Among the newest Amphenol products that will be
-of interest to amateurs and to manufacturers of elec-

AMERICAN

tronic equipment are: electrically better Hi-Q tube
sockets, octal angle sockets for cathode ray and other
tubes — Twin-Lead parallel transmission line — sev-
eral FM receiving antennas — new cables, including
some special ones for Television color cameras and
lor Facsimile work. Write for complete information.

CHICAGO 50, ILLINOIS

In Canada « Amphenol Limited « Toronto

PHENOLIC CORPORATION

ELECTRONICS — July 1946 69
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BOY, OH, BOY! ;‘OOR 553554%»4"55
WHAT A WEIGHT |
CORONA OR OTHER

SAVER THIS
SHIELDING IS — DESTRUCTIVE EFFECTS.

AND HOW NEAT! -/

@

METAL CRYSTAL-
LIZATION AND
FAILURE IS EF-
FECTIVELY RE-
DUCED

EFFECTIVE-
LY SHIELDS ELEC-
TRICAL INTER-
FERENCE

THE INITIAL COST IS
BELOW THAT OF OR-
DINARY SHIELDING.

HERE VIBRA-
TION IS ISO-
LATED AND
CONTROLLED

NO MOISTURE
CAN GET INTO
THIS LEAD

"It seems obviows, and in Jact is true, that for the
same weight and type of metal a seamless tube bas
greater shielding effectiveness than an all-braid tube.”’
—A leading  Air Corps technician, Aircraft Radio
Laboratory, "in Aeronautical Engineering Review.

AIR-SHIELDS seamless tubular shielded leads incor-
porate 7 vitally important, exclusive features found in no
other shielding. With Air-Shields leads: 1) Ignition system
emanations are prevented from interfering with radio
communications and other electronic devices; 2) Moisture
cannot enter from outside or condensation occur within;
3) An Air-Shields installation weighs from 50 to 70 percent
Jess than flexible hose-type shielding, yet will stand up to
60 pounds of air pressure at the joints. This combination
of light weight and great fatigue strength saves hundreds of
dollars per pound every month in airplanes; 4) There is
no space for formation of corona and its destructive effects
on insulation of cable; 5) Vibration is isolated and con-
trolled; 6) Possibility of metal crystallization and failure is
effectively reduced; 7) In most cases the initial cost of Air-
Shields leads is below ordinary shielding.

New and improved construction methods, coupled with
Typical Air-Shields ingtallation hig,hly specialized engine?ring techqiques, make {\ir-_Shidds
on a light aircraft engine. shielded leads far superior to ordinary type shielding on

every point where weight and efficiency are of paramount
importance, while their neat appearance cannot be dupli-
cated by all-braid leads. 7
Air-Shields seamless tubular shielded leads meet the
need for truly effective lightweight shielding in airplane,
Send [or shis book. It tells you automobile, marine and stationary gas engines. If you have
e e ey a shielding problem, call on Air-Shields engineers for ex-

shielded leads are clearly su-
perior to ordinary shielding. pert help.

AIR-SHIELDS .%...

Manufacturers of seamless subular shielded leads, shielded spark plugs, ceramic

terminal contacts and components
)
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@ There’s no room for an oversize
relay in many modern streamlined
designs.

These Clare ““Custom-Built” Type
“K” d.c. Relays, one in a hermetically
sealed cover, are typical of the for-
ward-looking design to provide just
the relay you need for new applica-
tions, new products and new designs.

Packed into this tiny Type “K” are
characteristics which permit unusual
speed of operation and resistance to
vibration. In the sealed cover it defies
the most extreme conditions of dust,

- moisture, air pressure, and combusti-
ble gasses.

These Type “K” Relays are built for
applications where precise perform-
ance, long life and dependability are
prime requisites. Like all Clare

'CLARE RELAYS

" If Inches

.

. xb

e T

“Custom-Built” Relays they give the
user choice of a wide range of contact
ratings . . . five different contact forms
or any combination of them . . . either
flat or hemispherical contacts which
may be of rare metals or special alloys
... coil windings to match the circuit
and application.

Clare Sales Engineers are located in
principal cities to show how Clare
*custom-building” makes it possible
. . . with the utmost economy . . . to
secure just the relay you need. Look
for them in your classified telephone
directory.

Send for the informative new Clare
Engineering Data Book today. Ad-
dress: C. P. Clare & Co., 4719 West
Sunnyside Avenue, Chicago 30, Illi-
nois. Cable address: CLARELAY.

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

WWW americanradiohistorv com

and Ounces Count... *
. Draw to This Pair of Relays -

nl

G

e
300 Chuas N
¢.P. CLARE&CO.

Type “K” d.c. Relay. This relay is outstanding
for its speed of operation as well as for extremely
small size {1V2” x 1V4” x 13)¢"). Operating voltage
is up to 115 volts d.c.

Special Type "K' Hinge. Uniform armature
movement is assured by a hinge of “fatigueless”™
beryllium copper, heat treated and designed to
provide a wide margin of safety.

small Type "K” Coil. Type "K” coils may be
single or double wound. Screw holding coil in
heelpiece is equipped with split-type lock washer.
Coils may be supplisd impregnated.

With Mycalex Insulators. Type *K" Relays are
ovailable with spring insulators of Ys” Mycalex
for high frequency circuits. Each relay is given @
1000 voit a.c. insulation breakdown test.




The post-war K-TRAN is an outstanding develop-

ment in the standardization of I. F. transformer design.

Its ability to reproduce large transformer perform-
ance in a small space eliminates the need for large and

expensive stocks of many different numbers.

Data sheets on initial types will be ready shortly.

UTOMATIC

MANUFACTURING

MASS PRODUCTION COILS & MICA TRIMMER CONDENSERS
900 PASSAIC AVE. \/ EAST NEWARK, N. J.

e — — ——
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SILENT SENTINELS OF
CONTINUOUS RESEARCH

These bottles are but a small portion of the 4,632
which have passed through our laboratory. Each
represents a part of a continuous series of chemical
research—responsible for attaining and maintaining
the quality of Audiodiscs.

* * *
For the leadership of Audiodiscs is the result of
exhaustive experimental work, plus the most exact-
ing quality controls known to the recording industry.

* * *

Recently, to add still further to our research facili-
ties, we greatly expanded our laboratory. Today,
our research engineers are constantly exploring new
materials and methods, in order to further improve
recording fidelity and broaden the field of sound
reproduction.

Wﬁzm
I' IQ

Audiodiscs are manufactured in the U.S.A. under Exclusive Lizense from La Societé des Vernis Pyrolac—France.

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

——
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MICA CERAMIC

OCKETS and
INSULATORS

NOW AVAILABLE FOR THE FIRST TIME FOR CIVILIAN USE™

ETS-4 Standard

4 Prong Sockel EAT-75 5.7

Prong Acorn Socke!

EMFS-4HVH 4 Prong
Hich Veltage or High
Frequency Sockel

ET$-S Standard @

5 Prong Sockel

ETS-6 S!andard

ETS-7 Standard
6 Prong Socker

7 Prong Socket

=

BI-250H 21, ! ENB-750
Feed Through

4 Panel B
Insvlator o 4 Pl

High-Voltage Twin .
Bushing for Transformers

&
" EBIL17SH 1% Feod I § EBI-18 % " ESO-150 Stand-of
hrough Insulato Compact Feed insulator 1y,
e . Through Insulajor-

MADE EXCLUSIVELY BY
- [
70 CLIFTON BLVD,, CLIFTON, N. J. LE

CHICAGO 47; 1917 N. Springfield Ave., Tel. Albanv 4310
EXPORT OFFICE: 89 Broad Street, New York 4, Naw York
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“UJE couldn’t possibly use slotted screws in these door panels,” the
chief cabinet engineer at Servel, Inc. told the investigator. “We
know, from actual tests. In many places it would be impossible to guide
a slotted screw with the driver except at a snail’s pace, and our driver skid
damage would be terrific.”

TO GET THE COMPLETE FACTS on how this leading refrigerator manufacturer
enlists the many advantages of Phillips Screws, the investigator asked the
same questions you would ask — learned how they make big savings day
after day — the kind of savings you can’t afford to miss with today’s squeeze
on profits.

THIS REPORT, with others now ready, and more to come —comprise a
practical manual of modern assembly methods, never-before-printed
information, inside facts you’d pay good money to get, and you can have
them now, FREE!

T his investigator from James O. Peck Co., industrial
research authorities, is visiting represeniative plants
to get authentic facts for you on assembly. savings.

WA

INDEPENDENT INVESTIGATOR'S STUDY SHOWS

giss aach wnewics

o e e
AN CEAAN

S Xy o
>
)

s A
2

It

HIGHLIGHTS FROM THE SERVEL REPORT

“AN ASSEMBLER WOULD NEED THREE HANDS
to drive slotted screws under the rubber gasket

in fastening inner door panels and even then,
driver skid damage would be prohibitive. The
Phillips driver is self-centering — makes it
easy to guide the screw with one hand.

“IT COSTS MONEY to replace door panels punc-
tured by skidding drivers, figuring the cost of
a new panel. and time for taking out and
replacing up to 43 screws. Slips are no prob-
tem with Phillips Screws. This advantage

alone saves plenty in our big production.

“WE RAN A TEST six years ago on door assem-
bly to prove that Phillips Screws cost much
less to use than slotted. It was so convincing,
no one ever suggested using slotted screws
again in this application.’

GET THESE REPORTS . . . READ THE
COMPLETE FACTS . . . LEARN HOW
YOU, T0O, CAN CUT ASSEMBLY COSTS!

All types of products are covered — metal,
plastic, wood. The coupon will bring the
reports ready now and the rest as they are
issued. Fill it in and mail it, TODAY!

- - S e
— L EAN

qeport No- &

ASSEMBLY SAVXNGS“VS
WITH PHILLIPS SCRE'
Company

gavEL, INC.

Eranaville, Indisn®
Pprodusts

as RefrigeTstor®

Brepared by

-------..-.------l"

: PHILLIPS SCREW MERS., 5 :
PH Il P E P ¢/o Horton-Noyes i
1 2300 Industrial Trust Bidg., Providence, R. 1. ]
] ? [
. . M ° . o
Wood Screws « Machine Screws « Self-tapping Screws = Stove Bolts ¢ picase put me on the list to receive all reports on
1 Assembly Savings with Phillips Screws 1
American Screw C 665 Pawtucket Serew Co 1 1
T 0. . N
Atlantic Screw Works ;0//2 :‘o‘ﬁ'i'":';:‘r'::l":z'"“ o i Name 1
é:lnatsraBloézr?wScc;ew Co. 2 Russell Burdsall & 'Ward 1 e B
Chandler Preducts Corp. B_"" & Nut Co. | 1 ompany []
Continental Screw Co. Manufacturers Screw Products Seovill Manufacturing Co. ' 5
Corbin Screw Div. of Milford Rivet and Machine Co. ~ Shakeproof fnc. Address

American Hdwe. Corp. National Lock Co. The Southington Hardware Mfg. Co § []
The H. M. Harper Co. National Screw & Mfg.Co. The Steel Company of Canada. Ltd. g "
International Screw Co. New England Serew Co. Sterling Bott Co. ’ e ]

Lamson & Sessions Co. Parker-Kalon Corporation Wolverine Boit Company @ e m E @ W N E NN E N NN NWSE RN
ELECTRONICS — July 1946 75

wWWW americanradiohistorv com



76

Callite tube parts /.

/

make General Electronics’ power tubes extra rugged. ..

The DR575A is a heavy-duty, half-wave,
mercury vapor rectifier manufactured by
General Electronics, Inc. for use in in-
duction heating apparatus. Here these
tubes have proved their capacity to stand
up under gruelling conditions for thou-
sands of hours. Though rated at 15,000
volts inverse peak, they are tested at
25,000 volts—providing an overload fac-
tor in excess of 50%.

The rugged strength of the DR575A is
built-in with Callite thoriated tungsten

Tbe componen’s
25

Z g

OVER YEARS

PIONEERS

filament, “Kulgrid” leads and molybde-
num rods. These Callite components per-
mit higher operating temperatures with
increased emission efficiencies.

Callite thoriated tungsten filaments con-
tain the right proportions of tungsten
and thoria to give the required electronic
emission, plus the strength to withstand
severe thermal shock and vibration.
Callite’s "Kulgrid” * is a stranded com-
posite wire, having an inner core of
copper bonded to a nickel sleeve, which

wWwWwW americanradiohistorv com

IN TUNGSTEN

does not oxidize nor become brittle at
high temperatures. Callite’s high purity
molybdenum rod is known for its excel-
lent working properties and complete
freedom from oxidation.

If you are striving for new highs in
tube performance, investigate our spe-
cialized abilities and complete facilities
for all kinds of metallurgical compon-
ents. Callite Tungsten Corporation, 544
Thirty-ninth St., Union City, New Jet-
sey. Branch Offices: Chicago, Cleveland.

Hard glass leads, welds, tungsten
and molybdenum wire, rod and sheet,
formed parts and other components for
electron tubes and incandescent lamps.

METALLURGY.

July 1946 — ELECTRONICS

*Eulgrid is covered by U. S. and foreign patents.



A'new star on the lighting field horizon—the E W.
Wakefield Brass Co. fluorescent fixture of Plaskont

Siender, glistening and graceful, the Wakefield “"Star”
is another example of the practical advantages of
Plaskon plastics. The high light transmission and dif-
fusion requirements in reflectors is amply me: by
Plaskon transtascence. Plaskon is light in we ght,
strong and non-shattering. Its satiny surface resists
soiling, and can be quickly cleaned.

Plaskon plastics can be adapted towidely varied prod-
uct requirements. A full range of never-fading
colors is available. . . rich, handsome shades from jet
black to neutral white. .. that can be used efficiently
for both their practical and beautifying value. Moided
Plaskon is smooth and warm to the touch; is Lnaf-
fected by oils, fats or common organic solvents; and
will not rust, tarnish or corrode. It is completely
impervious to the action of alcohol, acetone and
other common organic solvents. Plaskon is odorless,
tasteless and inert.

Writé for interesting, illustrated free book that is
filled with ideas, suggestions, examples and details
of how Plaskon Molded Color can be adapted to
your mapufaciuring and sales plans.

@
‘ ‘%@

TRADE MARK REGISTERED

MOLDED COLOR

ELECTRONICS — July 1946
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“and we’ll safeguard the Electrical Circuits

with Permanently Insulated ROCKBESTOS

e,
bty b

because it withstands tough service conditions”

R
s tndine o

125 dif, 2
Jerent 4i4pp,
velo . €8, cubleg
ped for enduring o iy llﬂl;l(i‘)(fo/rgs de-
E Chbestos.

More and more product designers are msuring the de-
pendable operation of electronic devices and olher electrical
equipment with Rockbestos wires. cables and cords . . .
because their 7mpregnated asbestos insulation withstands
wire-destroying conditions and greatly reduces the possi-

RO
Tor e,z'c(ff:ms FIREWALL Wooxyp WIRE
MC appar; :

T ‘ Atus, airbon
gorouslxl:qucomm”“ Icationg ;&1131)1“1;01 oo and
« "'“a-m(otorm(l)é fl)r, coil, trunsfmf:é:: f]s 3
ature ey Derati
L A’""-'ge.lz""’t tolmifl g :ﬂ;’;(gj t?\mper_
16 AVWG in ‘5‘0330" Volt rating and I‘f,' o
dielectrin - V“lt_“lsuhted with 1 to
ashexst ox a,;(l)ec and ;"lpl'eguate(l }elltlgg
He ) Overe o €
ac wit .
paired gliss braig. g3l color-coded
cone 1pled, shielde and A twisted

ustructiong. "‘“lt"COHductor

bility of wire-failure. )
Inherently heatproofl and fireproof, permanenily insulated

age-resistant Rockbestos wires won’t bake brittle. ¢rack or
flow under high operating or ambienl temperatures . . .
and won’t support destructive wire-fires. They are also
highly resistant to oxidation, oil, grease and corrosive fumes
. . . remain flexible under extremes of heat and cold . . .
and size for size they give greater carrying capacily than
! wires having other types of insulation.
Give your product the edge of performance protection by
selecting your wire requirements from 125 standard Rock-
. everything from tiny multi-
. and

SRR

e iiddeig o

ROCKg,

or IOWE S‘T;fag:T::MENT CONTRoY v\v:i;‘\
and . Mmunjeat | :
Dr'egrlze;:(ll)erf:ti:"e contro] sysll:Z;:Fs Slé}nal
trouble-free ;§‘esfos msulation ~“§ m-
teets agaiyf ,“bc”'t;* and stee] "”'m:); lll“gs
Sizes N Hdt "aston during install; t[_nu_
conductors ‘v].”f’ 18 AW e i‘%( fon,
volt sery; 01257, 0257 o (7,0 SIS

Service) 031" of insulutior(l)r (for 115

i bestos constructions .
: conductor cables to molor lead or power cables

e e N—

ROCKBESTOS PRODUCTS CORPORATION
',\\"““' ’.”.rb
“ROCKBE§TOSF
The Wire with Permanent Insulation

all of them are permanently insulated against failure. Wrile
437 Nicoll St., New Haven 4, Conn.
NEW YORK BUFFALO CLEVELAND CHICAGO PITTSBURGH ST. LOUIS
July 1946 — ELECTRONICS

for recommendations or engineering assistance.
LOS ANGELES SEATTLE SAN FRANCISCO PORTLAND, ORE.
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Due to the high operating frequencies of FM,
many electrical and mechanical characteristics
not ordinarily considered in condensers, become
of paramount importance. The most important of
these is low inductance, both in leads and in the
basic construction of the condensers themselves.

The condensers illustrated on this page fulfill
this requirement through simplicity of design
and low internal inductance. For by-pass appli-
cations, Erie Stand-Off Ceramicons and Erie
Feed-Thru Ceramicons are most efficient for
carrying off R.F. current to ground. Heavy termi-
nals, with direct connection to ground, reduce
external and internal inductance to a minimum.
Available capacities, up to 1,000 MMF, are
usually sufficient to efficiently by-pass frequen-
cies of 80 MC or higher. Tubular Ceramicons,
shown at the top right, have the same internal
advantages as the Stand-Off and Feed-Thru type
Ceramicons, because of their simplicity of con-
struction, but are provided with regular pigtail
leads necessary for many installations where

o
S
S

CINCH-ERIE PLEXICON- TUBE SOCKETS

with: built-in By-Pass. Ceramicons

ERIE BUTTON

MICA CONDENSERS

some moderate lead inductance can be tolerated.

The Cinch-Erie Plexicon Tube Socket, shown
in the center photogragh, with built-in by-pass
Ceramicons, puts the condensers around the tube
pins—where they belong. Leads are practically
eliminated, and other components can be install-
ed closer to the socket, further increasing effi-
ciency. Any tube pin or groups of pins can be
by-passed with condensers having up to 1,000
MMF capacity.

Erie Button Mica Condensers were designed
specifically for high frequency work. Ribbon
type leads, plus circular design, gives extremely
short electrical path-to-ground through the entire
area of the condenser. These compact units are
available in a number of different mounting styles
and in capacity ranges up to .006 mid.

You can stake your reputation on these con-
densers for dependable use in tuned circuits, for
by-pass applications, or as coupling condensers,
in all FM applications. Write for complete details,
giving desired operating characteristics.

ELECTRONICS — July 1946
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To avoid damage

from Oxidation. ..

protect with NITROGEN

80

LINDE Nitrogen provides an ideal means of protection
against oxidation and corrosion by air. For packaging
dehydrated foods; for deaerating, processing, storing
and packaging fats and oils of all kinds; or for pro-
viding an inert atmosphere, free of impurities, for the
complete protection of practically any material sus-

ceptible to oxidation, use LiNDE Nitrogen.

LINDE Nitrogen is 99.79, pure, but is also available
bone dry and at higher purity for special applica-
tions. It is supplied as a compressed gas in cylinders
containing 244 cu. ft. each, or in bulk in tank-truck
and tank-car lots as a liquid which is converted into
gaseous nitrogen as required. LinpE Nitrogen in bulk
offers remarkable savings in cost and eliminates cyl-

inder handling.

Write or call the Linde office nearest you.

THE LINDE AIR ProbpucTts COMPANY

Unit of Union Carbide and Carbon Corporation

LCE]
30E.42nd St.,New York 17,N.Y. . Officcs in Other Principal Cities

The words “Linde" and “Prest-O-Lite™ are registered trade-marks.

HYDROGEN . NITROGEN - OXYGEN

ARGON . HELIUM . KRYPTON . NEON
XENON — j/)zeuO,é’te ACETYLENE

wWwWwW americanradiohistorv com

LINDE has offices in
Principal Cities

Eastern States
Baltimore, Md.
Boston, Mass.
Buffalo, N. Y.
Charleston, W. Va.
New York, N. Y.
Philadelphia, Pa.
Pittsburgh, Pa.

Central States
Chicago, IlI.
Cincinnati, Ohio
Cleveland, Ohio
Detroit, Mich.
Indianapolis, Ind.
Milwaukee, Wis.
Minneapolis, Minn.
St. Louis, Mo.

Southern States
Atlanta, Ga.
Biriningham, Ala.
Jacksonville, Fla.
Memphis, Tenn.
New Orleans, La.

Southwestern States
Dallas, Texas

Denver, Colo.
Houston, Texas
Kansas City, Mo,
Tulsa, Okla.

Western States
Butte, Mont.

El Paso, Texas

Los Angeles, Calif.
Phoenix, Ariz.
Portland, Ore.

Salt Lake City, Utah
San Francisco, Calif.
Seattle, Wash.
Spokane, Wash.

July 1946 — ELECTRONICS



Surer even than a pilot’s eyes

... the high-frequency cable

that makes RADAR /)ossz‘me-

is insulated with

Du Pont

POLYTHENE

CUT-BACK SECTION of a modern twin
coaxial cable for use in direction-finding
equipment at ultra-high frequencies (400
to 10,000 megacycles). JAN-C-17 designa-
tion RG-23/U; made by Anaconda Wire
& Cable Co. The insulation, about 140-150

INSULATION O

Radar and associated electronic develop-
ments, born in stress of war, have im-
portant peacetime uses immediately
ahead. Ships and planes which, without
radar, might be hopelessly lost in foul
weather or fog, may now soon be located
...come safely to harbor or airport...
thanks to one or several of the four main
types of radar.

In this important work Du Pont poly-
thene plays an indispensable part. For
radar devends on ultra-high frequencies

Du Pont manutfactures

polythene molding powder.
. SHEETS
Commercial extruders convert

polythene into the forms of

ELECTRONICS — July 1946

mils thick, is Du Pont polythene.

—anywhere from 2 to 10,000 mega-
cycles! The cables that carry these cur-
rents must have an insulating material
of low electrical losses—which at the
same time is flexible at low temperatures.
Du Pont polythene meets both  these
r(’quirements.

Other properties of Du Pont poly-
thene: outstanding chemical inertness,
light weight (specitic gravity 0.92), low
moisture permeability, flexibility in thin
sections, rigidity in thick. For com-

TUBES / RODS/ FILAMENTS %

WWW americanradiohistorv com

plete data sheet, write to E. 1. du Pont
de Nemours & Co. (Inc.), Plastics Dept.
Room157, Arlington, N.J.
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THE SYLVANIA LILATOMETER measures expansion and
contraction by the concentric quartz tube principle. ..

providing the extreme accuracy characteristic of this
method.

Simultaneously it antomatically records the measure-
ments . . . plotting them in the form of a complete
elongation-temperature curve for an entire 8-hour cycle.

No special attention is needed to operate this new
instrument. Simyly insert the specimen and start the
equipment. No lahorious, time- consuming plotting of
curves. The record is continnous. With indicating-tvpe
instruments, it is often difficult to take readings fast
enough to follow t-ue changes in length at eritical points.
The recording instrument overcomes this difficulty.

This Dilatomet>r is one of many electronic devices
pioneered by Sylvania Electric. Inquiries are invited.

SYLVANIA ¥ ELECTRIC

Electronics Division . . . 500 Fifth Avenue, New York 18, N. Y.
MAKERS OF ELECTRONIC DEVICES; RADIO TUBES; CATHODE RAY TUBES: FLUORESCENT LAMPS, FIXTURES, WIRING DEVICES; ELECTRIC LIGHT BULES

82 July 1946 — ELECTRONICS
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e« PIONEERS cor

ELECTRIC

SPRAGUE

AND

THEY INCLUDE:

*VITAMIN @ impregnated capacitors
for bigher voltages, higher tempera-
tures and higher insulation resistance.

&

*HYPASS 3-TERMINAL NETWORKS that
set new standards of performance in
solviag anti-resonant frequency prob-
lems at frequencies as high as 150
megacycles or more.

(]

GLASS-TO-METAL hermetically-sealed
capacitors fully proofed against leakage,
moisture, fungus, corrosion and shock.

ELECTRONIC

PROGRESS o

ENERGY STORAGE capacitors of greatly
increased capacity in smaller physical
sizes.

®
rMEGOMAX high-resistance, high-voit-
age resistors. Megohms of resistance
operated at thousands of volts.

@
SPRAGUE *XOOLGHM RESISTORS with

glazed ceramic coating and new type

end seals in one standard type for use
under any climatic condition.

@
Catalog of any type on request
*Trademarks Reg. U. S. Pat. Of.

SPRAGUE ELECTRIC CO., NORTH ADAMS, MASS.

ELECTRONICS — July 1946
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What can this NEW

Thermal Rel_ay
do for you?

FEATURES:

life ...
Hermetic sealed, contacts

Operates in any position,
at any altitude . . .

AC/DC Operation, both
heater and contacts operate
on AC or DC
interchangeably . .

OPERATING
CHARACTERISTICS :

€ CONTACT RATING —6 amps. at 450
volts AC or DC (maximum).

& HEATERINPUT—5 wattsnominal con-
tinuous excitation at up to 150 volts
AC/DC.

® DELAY PERIOD —5 seconds to 8 min-
i utes, preset at factory.

CONTACTS —s.p.s.t.; normally open
or normally closed.

© DIMENSIONS —1%" dia. x 3%"”
height (seated).

® AMBIENT RANGE—compensated for
operation from —65°C to -+ 100°C.

® WEIGHT—0.08 Ib. !

€ MOUNTING — Standard octal or 4- ’
pronged tube base.

SON

CONTROL

Here are its characteristics.
How can it fit your needs?

¢ Inexpensive, small and light,
. no moving parts, consistent long

totally enclosed and protected
. from dust, dirt and corrosion . .

In a thermal relay, an electrical heater, rather
than magnetic coil, is used to operate the con-
tacts. This results in certain useful characteristics
~inbuilt delay timing, insensitivity to transients,
a non-inductive device that operates from AC or
DC or interchangeably, and simple construction.

The design of the EDISON Model 501 Thermal
Relay adds certain important features to these
general advantages. Hermetic sealing in glass
protects all parts, guarantees consistent long life,
and makes operation independent of altirude.
Contacts operate noiselessly in an arc-quenching
atmosphere with consequent equal current ratings
on AC or DC. A compensating bi-metal assures uni-
form response time at all ambient temperatures. The
relay will operate in any position. A convenient tube-
base mounting is available. Sound thermodynamic
design assures consistent operation and permits a
wide range of characteristics.

Delay or timing is only one of the many uses of
this versatile new relay. Engineers are constantly
finding new applications for a device with its unusual
and useful characteristics —applications which sim-
plify and improve control circuits of many types.

For instance, it protects vacuum tubes by delay-
ing the application of plate current until cathodes
are hot. It will indicate or control over and under-
current, over and under-voltage. It carries heavy AC
and DC loads and prevents chatter when actuated by
delicate controls. It does dozens of other jobs better
and more cheaply than any other type of relay.

The services of Edison Engineers
are available to assist you in working out
any problem in connection with Edison in-
struments and controls. A letter giving as
much data as possible on the proposed use
will receive prompt attention. Instrument
Division, Thomas A. Edison, Incorporated,

11 Lakeside Avenue, West Orange, N. J.

L , |
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A HELPING HAND FOR...

VIBRATION DETECTION and ANALYSIS

%

THE |

MB ‘

MANUFACTURING COMPANY, INC. |
1
|

YVibration Division

'VIBRATION PICKUP

SENSITIVE TO LOW AMPLITUDE VIBRATIONS, and ex-
ceptionally durable under severe vibratory condi-
tions, this MB Pickup can be used on a wide range
of equipment . . . from small, high-speed rotary
motors, to massive, high-powered engines.

It has a high output signal level. With standard
equipment, accurate vibratory wave forms can be
seen, studied, and recorded.

The MB Pickup is usually operated as a seismic
instrument. A lightweight coil, free to move in a
powerful magnetic field, generates a voltage pro-
portional to vibratory velocity. Though the com-
plete unit weighs only 8% ounces, where this

Naimne

327 East Street, New Haven 11, Conn. |

I Company

Address

ELECTRONICS — July 1946

Please send descriptive folder on the Vibration Pickup.

weight would influence vibrations, provision can be
made for attaching the very light coil directly to
the tested structure.

Electrically damped, the MB Pickup maintains
its calibration under wide temperature ranges. It
can be used in horizontal or vertical planes with-
out affecting the calibration. Adjustment is simple,
quick.

Vibration reduction is an essential for product
improvement—for extending service life. And the
first step is accurate location and diagnosis. You'll
find the MB Pickup a big help. Write for 4-page
folder. It gives you complete details, specifications.

THE MB MANUFACTURING COMPANY, INC.
Vibration Division.
327 East Street, New Haven 11, Conn.

Position.
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NEW ¢

TRANSFORMERS

These new IF transformers are de-
signed to meet the highest standards
of performance in high frequency
FM and AM. All operate at 10.7
Mc., making them ideal for the new |
FM band. Iron core tuning is em-
ployed and the tuning does not af-
fect the bandwidth of 100 Ke. for the
IFN or 150 Kec. for the IFM.

i The discriminator output is linear |
éj‘ ¢ over the full 150 Ke. output and re-

mains symmetrical regardless of the

position of the tuning cores.
Insulation is polystyrene for low losses. Mechani-

cal construction is simple, compact and rugged. The [
transformer is 174 inches square and stands 3!/,
inches above the chassis. |

NATIONALCOMPANY, INC., MALDEN, MASS.
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There is a

DRIVER-HARR

NICHROME * & NICHROME ¥ for winding large
value résistors where space facrors call for com-
pactness in design without sacrificing dependa-
bility. Available in all shapes and sizes drawn
down to the extremely fine gauge of .001”
diameter—67 miles to the pound.

Also the time-tested standard alloys for all vit-
reous enamel resistor requirements due to the
complete absence of occluded gases. NICHROME
V is particularly recommended- when a more
constant resistance at variable temperatures is
specified.

In addition to
ufacture over

A

Y

hese we man-
80 different

IS ALLOY for Every
Hedrical Resistance Requirement

MANGANIN for precision bias, Wheatstone
Bridges,Decade Resistznce Boxes, Potentiometers
and National Bureau of Standards type resistance
standards which require fixed stzbility and con-
stant resistance under normally variable otperating
conditions and negligible thermal e.mf. against
copper.

ADVANCE* for winding precision resistors used
in electric meters and laboratory testing devices.
In finer sizes its negligible temperature co-efficient
of resistance {+.00002) combined with high re-

sistivity makes it the most desired zlloy for thisuse.

*Trade Mark Reg.
U.S. Par. Off.

BRANCHES.

HARRISON .

Chicago

Diviver-Harris

Detroit o

electrical hedt and corro-
sion-resistant plloys. If your
resistance requirements are
different tell us about them
and depend on it...Driver-
Harris will -develope the
glloy best suited to your
specifications.

Nichrome is r_'nadé only by

COMPANY

Cleveland o Los Angeles
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NOW IT’S [y
SPEED TOOL KITS

\\\:ifh interchangeable parts
\ Yep — they’re just onc more important addition to a long line of

NDY

\

"HOME" HIT

1946 “make-life-easiers” ... . like home freczers and sun-heated homes
and jet airplanes that make it possible to breakfast in New York and
lunch in San Francisco . . .

Of course, the “Hallowell” Speed Tool Kits may not be on a par
with sun-heated rooms or jet planes . . . but they will play an im-
portant role in the life of busy people; and, they’ll mean a lot, to
those who aren’t so busy, but who prefer things neat, tidy, compact

. and convenient,

There are seven different Kits: 2 sizes of the “Auto” Kit; 2 of the
“Socket Wrench” Kit and 2 of the “Socket Screw” Kit ... fora
greater range of tool sizes; and there is a “Home” Kit, All the Kits,
" ” cach one of which will fit in. the palm of your hand, contain a total

AUTO" RIT of 50 tools . . . Phillips, flat and hex screw drivers; clutch head bits;

K"h interchangeable parts .\ iocket wrenches; a gimlet, a reamer, a tack-lifter, and even a

bottle opener.

The tools are made of high-grade alloy stecl; the handles of dur-
"SOCKET WRENCH" KIT

able Celanese plastic. All but the “Home” Kit have a swivel bit-chuck
with interchangeable sockets

"SOCKET SCREW” HIT

with interchangeable bits

\j for better vacra.ge. And . .. each Kit will give long, hard
wear . . . because it is a “Standard” product, made to
“Standard” specifications. Write for our 8-page booklet
that fully describes these handy Tool Kits.

g Obtainable at Suppliers throughout the country. If your
) Supplier does not carry them, send his name to us, along

with yours, and you will be taken care of promptly.

3 Motded
M5 o telanese®
\ E..} “' Plastic Nandles
<2 NAY o
//“—/ Kits: Patents Pending OVER 43 YEARS IN BUSINESS : *Reg. U. S. Pat. Off,

JENKINTOWN, PENNA,, soxm * BRANCHES: BOSTON - CHICAGO - DETROIT - INDIANAPOLIS « ST. LOUIS * SAN FRANCISCO-
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OPA IS DYING—

... what next?

the OPA type is on the way out, if not by
legislative limitation then by administrative
collapse.

It is equally clear that we are by no means past
the danger of a swirling upsurge of prices.

Then does it follow that the passing of OPA
need be tantamount to a decision to let ’em rip?

It does not.

While the OPA machinery is grinding to a stop,
we can bring into play more fundamental meas-
ures to keep prices within safe limits—and to al-
low private management a wider area of freedom.
What this article proposes is a framework of con-
trol within which private business judgment can
operate. Therefore, this preamble speaks directly
to our friends in the business community.

Now is a time for unrelenting self-restraint by
business management. As price control disinte-
grates, business must scrupulously hold to prices
which, after covering costs, yield normal profit
margins. Business has everything to lose and
nothing to gain if its price policies emulate the
excessive wage demands made by some unions.

True leaders of business sense the danger. They
do not want to price themselves out of their
markets. They do not want the tag of price hogs.
They do not want a buyers’ strike. All manage-
ment must practice the self-restraint which char-
acterizes the wisest leaders among us.

IT IS NOW clear that direct price control of

What Wasn’t Done

Virtually all responsible economic analysts
agree that if direct price control is eliminated and
nothing else is done, prices will move upward.
The only serious disagreements are: How far?
And for how long?

Some careful and competent forecasters be-
lieve that, if all price control is lifted, the official
cost of living index will shoot up at least 25 per
cent within a year. Some of them think that wage
rates will chase right after prices, forcing new
price increases until the whole operation ends in
a dizzy crash.

Others agree that prices will go up all right,
but they think that increased production, made

, possible by disentanglement from OPA red tape,
will bring them down again fairly soon.

Recent developments seem to support those
forecasters who think that wage increases would

chase right after price increases and thus keep
“the inflationary spiral” spinning toward a
ghastly fall. Unions already agitate for a new
round of wage increases to offset price increases
which have occurred in the few months since the
last round of wage increases.

Therefore, the prudent course would have been
to clean up the OPA price control system, to keep
it in place for a limited period as a stop-gap, and,
meanwhile, to arrange to replace it with more
fundamental controls, PROVIDED the federal
government itself stopped promoting excessive
wage increases. The greatest single contribution
to the wrecking of the OPA has been the holes
driven in price ceilings by government-promoted
wage increases.

But now the stop-gap is being eliminated, and
the fundamental controls are not in place. Their
erection becomes urgent.

The Basic Task Now

The danger that prices and wages will get to
chasing each other around a ruinous spiral arises,
of course, from the accumulation during the war
of an enormous sum of money that could not be
spent because about 40 per cent of the nation’s
production was being devoted to war. Men were
paid wages and profits for making artillery shells.
The shells were exploded. The money remains. It
has piled up until the people’s backlog of cash
spending power, in one form or another, exceeds
$225 billions —three times the total in 1939.

More than that, banks hold $115 billions of gov-
ernment securities—a sixfold increase since 1939.
These securities can serve as the basis for an ex-
pansion of bank credit of many times their vol-
ume. A dollar of bank credit will, of course, buy
as much as a dollar of cash.

The first and basic task of preventing runaway
prices is: Get this huge accumulation of purchas-
ing power, actual and potential, under some kind
of effective control.

A second task is to see that no unnecessary ad-
ditions are made to the flood of purchasing power
overhanging the market. A third task is to get the
productive machinery of the country running at
top speed so that it can take up the accumulation
in an orderly way, not in a boom-bust sequence.
We shall talk here only about the first two of these
tasks.

wWwWwW americanradiohistorv com



Are there ways of getting at the root cause of
a disastrous wage-price spiral which are being
neglected? There are many of them. Attention
has been distracted from them by building up the
battle over OPA as the Armageddon of price
stabilization. It is important. But it is not Arma-
geddon. If everything that Mr. Bowles and his
associates want done by way of price control leg-
islation were done, the problem of price stabiliza-
tion would still remain unsolved in the continued
absence of a program to deal effectively with
root causes,

Basic Remedies

Here is a rough outline of the key elements of
a basic program.

1. Cut public expenditures to the bone and
let tax revenues accumulate as business vol-
ume increases—perhaps broadening the tax
base at the same time.

Now, if ever, is the time to run a surplus and to
use it to retire debt. Immediate upward pressure
on prices would thus be removed and the burden
of carrying debt when the going getstougher later
on would be relieved. A $10 billion surplus of fed-
eral, state and local revenues during the next year
might not be too much.

An increase in social security taxes, as the
House Ways and Means Committee proposes, of-
fers one of a number of good ways to increase
revenues. Deferring public works not immedi-
ately needed affords one of numerous ways by
which substantial cuts in expenditures can be
made.

2. Tighten the terms on which installment
credit is available for the purchase of houses,
automobiles, and other consumers’ goods.
Allowed to run a free course, expansion of

credit to buy houses and durable consumers’
goods might easily add $15 billion to consumer
purchasing power next year. No such injection of
credit is needed now. The more a man buys “on
time” the more cash he keeps to spend on some-
thing else. For most products the cash market
alone is more than big enough to keep producers
busy and customers healthy.

3. Restore to the Federal Reserve system
its lost control over the supply of credit by
limiting the opportunities for credit expan-
sion now afforded by huge bank holdings of
government securities.

The specific measures needed are highly tech-
nical, but are agreed upon by banking experts as
both feasible and fair. The important thing for the
public at large to do is to recognize that we are,
in effect, sitting on a powder keg with lighted
match in hand until the measures are taken.

4. Revive a vigorous campaign to sell gov-
ernment savings bonds and other govern-
ment securities to the public.

Sale of government savings bonds cuts down
current consumer spending. It also allows the
Treasury, if government spending is held down,
to retire government bonds which the banks hold.
Thus, it simplifies the problem of keeping bank
credit within safe bounds.

5. Prevent a speculative inventory boom
of the sort which preceded the post-World
War I business collapse in 1920-21.

This involves a continuation of the loose con-
trols of inventories now exercised by the govern-
ment. In more important degree it involves well
informed cooperation by bankers and business
men to keep inventories from being expanded
unnecessarily.

6. Maintain controls on exports in order
to keep within reasonable limits the impact
on our market of huge foreign demand.
Emergency foreign relief requirements must

be met. But foreign demand which is enormous
apart from relief requirements must be kept
under control until the danger of having it send
prices of export products soaring is past.

Breathing Space for Business

This program would deal with causes, not
symptoms. Hence, if promptly and efficiently in-
stalled, it would do a far better job of keeping the
general level of prices and wages within tolerable
limits than the OPA type of price control ever
could have done—even if OPA had not been so
often and so badly mismanaged. The program
would also do this without tying up American
business in a myriad of irritating and discourag-
ing individual regulations. It would establish
broad bounds within which business enterprise
would be free to be itself, not a branch of bureau-
cratic enterprise.

The program proposed here also has the major
virtue of flexibility. If prices start to reverse their
present upward course within another year, the
major parts of the program can be adjusted or
removed quickly.

It would be gratifying to suggest junking at
once all arrangements designed to place limits on
price movements, even broad limits of the sort
here suggested. But to do nothing while OPA falls
apart, would be to run the grave risk of a runaway
of prices and wages which, in the inevitable col-
lapse, would do irretrievable damage to the busi-
ness community and to the whole nation,

The risk is not worth taking.

President, McGraw-Hill Publishing Company, Inc.

THIS IS THE 49t OF A SERIES
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HIGH POWER
LOW PLATE VOLTAGE

The famous Eimac 75T is now available in bota high and
low amplification faczor types (75TH-7 5TL). These excep-
tronally flexible triodes provide a high power output at low
plate voltage, and require a minimum of driving power.
These Eimac 75T’s ar= suitable for use as oscillators, ampli-
fizrs,or modulators. Far example: a pairof 75TL’s in a class-C
a nplifier can easily be operated at 500 watts input with only
1500 volts on the plete. The required grid driving power
for the two tubes would be only 12 watts. Ina class-B modu-
lztor, two 75TL’s operated within 1500 plate velts will de-
lrver 280 watts of aud o power, sufficient to more than 1004
modulate the above —enticned RF amplifier.

The Eimac 152T has twice the power handling capacity
a1d twice the transconductance of the 75T, but /ess than twice
the already low grid-plate capacity. At 1500 plate volts, 500
watts input can be run to a single 152TL, ora full kilowatt
can be run to a pair >f 152TL’s in a class-C amplifier. For
ciass-B audio, a pair of 152TL’s will deliver 560 watts with
1500 plate volts. Eimac 152T’s are also available in high and
low amplification factor versions. Literature giving full
technical information on these triodes available now. Write
today, or contact your nearest Eimac representative.

Follow the leaders to

£ITEL-McCULLOUGH, INC., 1245E  San Mateo Ave., San Brune, Calif.

Plant llocated at San Bruno, California

Export Agents: Frazar and Harsen, 301 Clay Street, San Francisco 11, California, U.S.A.

EIMAC 757
POWER TRIODE

THE COUNTERSIGN CF

DEPENDABILITY IN ANY
ELECTRONIC ZQUIPMENT

EIMAC 7527
POWER TRIODE

CALL IN AN EIMAC REPRESENTATIVE FOR INFORMATION

ROYAL J. HIGGINS {W2AIO), 600 S.
Michigan Ave., Rocm 818, Chicago 5,
Illinois. Phone: Harrison 5948.

VERNER O. JENSEN, Verner O. Jensen
Company, 2616 Second Ave., Seattle 1,
Washington. Phone: Elliott 6871

M.B. PATTERSON (W5Cl) Patterson &
Company, 1124 lrwin Keasler Bldg.,
Dallas 1, Texas. Phone: Central 5764.

ADOLPH SCHWARTZ {W2CN), 220
Broadway, Room 2210, New York 7.
New York. Phone: Courtland 7.0011.
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HERB. B. BECKER {WéQD), 1406 So-
Grand Ave., Los Angeles 15, Californio.
Phone: Richmond ¢191.

TIM COAKLEY (WIKKP), 11 Beacon
St., Boston 8, Massachusetts. Phone:
Capital 0050.

RONALD C. BOWEN, 1886 So. Hum-
boldt St., Denver 10, Colorado. Phone:
Spruce 9468.

JAMES MILLAR ASSOCIATES, J. E.
Joyner, Jr. (W4TO) 1000 Peachtree St.,
N.E., Atlanta, Geargia.
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'I New end cap is made of
* plaatie. « \
2 Two brackets accommodate WY 5/
* all four cuse sizes of Mallory N/
ACMotorStarting Capacitors. . ”9
3 Bracket isinstalled by screws [
.

placed at any two points
within center slot.

Want more details? Write for
engineering data and specification
folder #716-C.

Moisture-Proof

...and That’s Not All!

EW Mallory products in recent times have met with more
whole-hearted enthusiasm than the Type “P” AC Motor

Starting Capacitor.

To begin with, the capacitor is enclosed in a plastic case—a positive
preventive of moisture absorption, the bane of the old-style card-
board insulated unit.

Next, it’s equipped with splash-proof end cap and with an ingenious
new type ol mounting bracket. Together, these two features elimi-
nate many extra parts and greatly simplify installation.

Finally, this Mallory Type “P” Capacitor is available in four
case sizes . . . is interchangeable with former aluminum units . . .
will fit any mounting hardware used for previous capacitors of
comparable size.

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

» WRECK ... Another disastrous train wreck brings
home the fact that our railroads are operating on 90
mile per hour schedules with 40 mile per hour com-
munications.

During the war the Congressional Limited between
Washington and New York was wrecked because a
station agent could not tell the engineer that e had a
dangerous hot box on one of the flyer’s cars. Communi-
cation between station and train could have averted
loss of life and equipment. In the newest smashup
one train stopped to investigate possible trouble and
was rammed because another speedster following
closely behind could not stop soon enough. Here, again,
communication could have avoided the inevitable
crash.

Radio hus demonstrated that it ean furnish success-
ful train-to-station and train-to-train communications.
There seems to be no logical reason why rolling stock,
passengers, cargo and train erews should not have the
henefit of the protection that radio now has to offer.

L 4

» INFORMATION PLEASE . .. Anyone who cares
to answer these questions for possible publication has
the floor. A young engineer posed them to the editorial
staff of ELECTRONICS recently and, like all engineers,
he thought that there should be yes-or-no answers.

1. Should an engineer work more than 40 hours per
week ?

9. Should he take an interest in and express his opin-
jons of the management and sales policies of the com-
pany he works for?

3. Would he be “stuck’ if he went to work for a com-
pany in a small town?

1. Are present salaries inflated?

Possible answers are as follows:

1. If an engineer really works for 40 hours a week,
he will not be much good for anything but shooting
snipe the rest of the week. Under the word “working”

TALK

is included the necessary study to keep up with his
profession, not only to solve the particular problem of
the moment but to have a smattering of the vast and
constantly increasing techniques allied with electron-
jes. If his management frowns on reading technical
books or magazines on the company’s time he has to
do his reading at home—but this reading must be done
or he will pay the penalty of having younger and bet-
ter educated men push him out of his job.

2 He should certainly have an interest in such
matters but he must remember that radio engineers
have not risen much higher in some management’s
opinions than such items as typewriters and comptom-
eters. Therefore he should go slow in expressing his
opinions. He should probably wait for an invitation,
which probably will never come.

3. There is an undeniable feeling that work in a
small eity gives one the feeling of being out of touch;
but it is also a fact that a lively discussion group of
fellow engineers, endeavoring collectively to under-
stand the current technical literature, can be much
more effective than mere listening to formal papers
delivered before technical societies. In other words,
an engineer can keep up to date no matter where he is.

4. Engineers are subject to the laws of supply and
demand. There are no protections to salaries as there
are to wages. Right now there is a dearth of good en-
gineers and salaries are high. No engineers were made
during the war; many good engincers were lost; 1t will
take the colleges quite some time to fill the void oc-
casioned by our wartime policies of drafting technical
men. Furthermore everything is inflated now; and
there is also a better appreciation of the value of
engineers and scientists among companies which em-
ploy them. In industries associated with electronics,
management is becoming conscious of the fact that
the entire structure is built upon technical knowledge.

But to continue to draw high salaries, the engineer
must be good'

WwWwWwW americanradiohistorv com



ALARM

By W. A. ANDERSON

Engineer, Broad Street Laboratories
NCA Laboratories
New York, N, v

Signal pips on a panoramie
by a 40-control complex wave
new signal or a shift in the fre-

signals triggers a thyratron

Final model of the wave generator, aiarm system, and scope built as a single unit,

ready for connecting to the output of any panoramic raceiver. By adjusting the

40 control knobs while watching the resultant pattern on the cathode-ray tube

screen. the output of the complex wave generator can be shaped to cancel exactly
any pattern appearing on the screen

HEN a band of frequencies in
the radio spectrum is to be
monitored with a panoramic re-
ceiver, it is often desirable to cancel
some or all of the signal pips appear-
ing on the cathode-ray tube screen
after they have been recognized,
reducing the trace on the screen to a
horizontal line so that arrival of a
new signal or a shift in the carrier
frequency of one of the original
signals will be instantly noted. A
further goal is means for setting off
an alarm automatically when a
frequency shift occurs or a new fre-
quency arrives, to arouse the oper-
ator or call him from other duties.
Such requirements exist in com-
mercial radio communications sta-
tions, where one operator may have
to watch several panoramic receivers
and be ready to open communication
with any of dozens of different sta-
tions that may call on as many

92

different frequencies. Similar re-
quirements exist in both military
and commercial radar und sonar
applications, where it is often desir-
able to cancel on the scope a known
signal pattern and the fixed reflec-
tions occurring therefrom so that
significant patterns due to target ob-
jects can be more readily observed.

All these requirements are met in
the complex-wave generator and
electronic alarm to be described. The
radar, sonar, or panoramic receiver
output is mixed with the output of
the complex-wave generator and the
resultant voltage fed to the deflection
plates of a cathode-ray tube for
visual observation of the cancelling
process, as indicated by the block
diagram in Fig. 1. The 40 individual
controls of the wave generator are
adjusted in sequence to make the
pattern on the c-r tube screen drop
down to zero step by step, as pulses

www americanradiohistorv com

of opposite polarity are introduced
to cancel each portion of the original
observed pattern. The resultant
trace is for all practical purposes a
horizontal line, so that new signals
or frequency shifts produce instantly
recognizable deviations. The alarm
indication is obtained by connecting
tne grid of a thyratron to each ver-
tical deflecting plate of the c-r tube,
so that a new or altered signal on
either plate triggers a thyratron and
operates a relay in its cathode civeuit.

Methed of Wave Synthesis Employed

In order for a scope pattern to be
cancelled, its corresponding voltage
(acting on the vertical deflecting
plates) must first be duplicated or
synthesized by a local generator.
The locally-generated voltage can
then be inverted in polarity and coni-
bined with the original voltage in a
linear mixer whose output is propor-
tional to the difference between the
two.

The voltage that produces a pat-
tern on a scope can be considered as
a repetitive complex wave because it
repeats its wave form at a rate equal
to the horizontal sweep rate. Such a
complex wave, no matter what its
shape, can be approximately dupli-
cated with a large number of rec-
tangular pulses whose individual
amplitudes can be controlled. The
more pulses employed, the closer be-
comes the approximation to 1ihe
original wave.

Using a Fourier schedule as a
guide, it was decided to utilize 40
rectangular pulses in the complex
wave generator, making the width
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SYSTEM
for Panoramic Receilvers

receiver screen are cancelled
generator, so that arrival of a
quency of one of the known
c¢ircuit that operates an alarm

of each equal to one-fortieth the total
width of the pattern on the scope.
This relatively small number of
pulses leaves an appreciable trian-
gular residual wherever the pattern
slopes steeply, but these irregular-
ities can be smoothed to some extent
by shunting the synthesized elec-
trical wave with an appropriate
capacitance.

An example of how the system
works in the case of a panoramic re-
ceiver pattern is shown in Fig. 2.
The original pattern that appears on
the panoramic receiver screen and
initially also on the c-r tube screen
of the alarm system is at A, repre-
senting pips corresponding to five
different carrier frequencies in the
spectrum portion being monitored.
Neglecting capacitance smoothing,
the approximation secured with the
40-control complex wave generator
is shown at B. The synthesized wave
is reversed in polarity as at C, then
combined with the original wave of
A to give on the c-r tube screen the
resultant pattern at D, in which all
parts of the original signal are below
the zero axis. It is now possible to
establish an alarm threshold for the
thyratrons, as represented by the
dot-dash horizontal line in D. If
two new signals come in, as repre-
sented by pattern E, these will com-
bine with the pattern of D to give
on the c-r tube screen the new pat-
tern shown at F, in which both
signals trip off the alarm.

The approximation obtained in
Fig. 2 achieves the desired results
of showing new signals clearly above
the zero axis and triggering the

ELECTRONICS — July 1946
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FIG. 1—Block diagram of system.

When properly adjusted. arrival of a new

signal at the panoramic receiver makes the alarm bell ring

-
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FIG. 2—Step-by-step illustration of how a panoramic receiver patlern is cancelled

by the 40-control wave generator. Note that a new signal triggers the alarm even

though it is directly on the frequency of a cancelled signal
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FIG. 3—Reproduction of patterns on screen
of c-r tube, illustrating how a shift in the
frequency of a signal is readily recognized

alarm, even though the synthesized
wave Is so crude that patterns are
obtained below the zero axis.

Advantages of the System

On and off keying of the original
signals does not interfere with can-
cellation or set off the alarm if the
alarm threshold is properly set while
all carriers are on. There is only a
downward displacement in the pat-
tern when a carrier goes off the air.

Similarly, fading of the original sig-
nals does not actuate the alarm.

A further advantage is that no
portion of the received frequency
spectrum is blocked off. For exam-
ple, if a known carrier is displaced
downward and an unknown carrier
of the same frequency starts up as
illustrated by the first new signal in
Fig. 2E, the two will add together
and give a received signal of ampli-
tude equal to the sum of the two sig-
nals. This peak amplitude will ex-
ceed the alarm threshold with respect
to the normal horizontal axis.

It is thus seen that the cancella-
tion and indicating system, when
used in conjunction with a pano-
ramic receiver or when constructed
as an integral part of a panoramic
receiver, provides completely auto-
matic operation after the existing
known signals have been cancelled
out. Several such receiver systems
could be monitored by one observer
without severe optical strain since
he would use the oscilloscope only
during the initial setting-up pro-
cedure and during those times when
the alarm indicated the appearance
of a new signal.

The frequencies of several trans-
mitters may be monitored simultan-
eously. If the frequency of one car-
rier varied it would be displaced on
the time axis of the panoramic scope
and rise out of its declivity, ringing
the alarm. This is illustrated by the

reproduction of actual patterns in
Fig. 3.

Pulse Generation

One pulse-generating proposal in-
volved using 40 trigger circuits so
arranged that each would trip im-
mediately following the preceding
one. The number of tube circuits in-
volved was considerable, however, so
this method was discarded in favor of
a commutator and brush assembly.

Preliminary tests of the commuta-
tor brush-arm assembly as a com-
plex-wave generator were carried out
using a 42-segment faceplate origi-
nally built for telegraph work. In the
initial setup, each of 40 of these
segments was connected to the mov-
able arm of one of 40 potentiometers.
The potentiometers in turn had their
respective high-impedance terminals
connected in parallel. The remaining
two segments were used to provide
external synchronizing pulses for a
standard oscilloscope. The angular
velocity of the rotating brush arm
in this case was approximately 15
rps, thus requiring very good low-
frequency response in the succeeding
amplifiers. This angular speed could
not be increased materially without
causing noticeable splits between the
rectangular pulses unless great care
was taken in the adjustment of the
brush position.

In its final design, the multi-seg-
ment commutator has two solid and

FIG. 4—Circuit diagram of cancellation and alarm system. Power packs (not shown) are of conventional design except for inclusion of
an electronic voltage-requlator in the low-voltage supply system. Values of components are in ohms and microfarads unless other-

wise indicated
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two segmented concentric rings, the
outside ring being divided into 84
equal segments. The first 80 are
paired by interconnecting diamet-
rically opposite segments to double
the fundamental output frequency.
Thus, the complex wave output made
up of 40 successive rectangular
pulses has a fundamental frequency
of 30 cps even though the brush
actually rotates at 15 rps. The an-
gular speed of the brush is derived
from an 1,800-rpm synchronous mo-
tor operating through a 2-to-1 step-
down gear train. The remaining four
segments are used for periodically
discharging a capacitor that pro-
duces the sawtooth voltage used for
horizontal sweep of the cathode-ray
tube and for synchronizing purposes.

Monitor Oscilloscope

The circuit diagram of the com-
plete cancellation and alarm system
is given in Fig. 4. The monitor os-
cilloscope follows conventional televi-
sion technique. All amplifiers have
been carefully compensated for low
frequencies to insure accurate repro-
duction of the complex wave. Tubes
permitting maximum circuit linear-
ity were selected and their character-
istics were further improved by ade-
quate use of degeneration.

The sawtooth voltage used for
horizontal oscilloscope deflection and
for sweeping the heterodyne oscil-
lator frequency of the panoramic re-
ceiver or other external equipment is
generated in a simple manner. Ca-
pacitor C, is charged from the 300-
volt supply through resistance R, and
periodically discharged through com-
mutator rings 2 and 4. The time dur-
ing which the brush is passing over
segments 41 and 42 is used for syn-
chronizing purposes, and appropri-
ate segments are located on com-
mutator ring 2 to achieve discharge
in the allotted time. Capacitor C,
cannot recharge until the start of
the first rectangular pulse. This is
necessary since if the capacitor were
permitted to recharge immediately,
a part of the synchronizing time
would appear on the oscilloscope
screen.

In a push-pull oscilloscope deflec-
tion arrangement, one of the deflec-
tion plates must go positive with re-
spect to the centering potential for
either an upward or a downward mo-
tion of the oscilloscope trace. Conse-
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quently, by coupling the grids of a
pair of thyratrons directly to the
vertical plates of the oscilloscope,
one thyratron can be biased to ignite
on an upward deflection of the elec-
tron beam and the other on a down-
ward deflection. The manual setting
of the alarm threshold or limit con-
trol determines the amount of de-
flection required to operate the
alarm.

The flow of cathode current that
is initiated when either one or both
of thyratrons V, and V., are ignited
energizes the relay. This relay can
be used to operate any type of alarm
desired. Since the grid of a thyra-
tron leses control after the tube is
conducting, the relay will remain in
its alarm position until an attendant
opens the alarm switch that inter-
rupts the flow of plate current
through that thyratron.

Two power supplies are used, a
300-volt regulated supply for the am-
plifier circuits and a low-current
1,200-volt supply for the cathode-ray
tube.

Coding-Signal Generator

The complex wave generator can
approximately duplicate any wave
shape having a fixed repetition per-
iod. It is therefore an ideal coding-
signal generator. In a practical ap-
plication, the 40 amplitude-control
potentiometers might be ten-step
voltage dividers numbered 1 to 10.
The code designation for a particular
wave would then consist of forty con-
secutive numbers indicating the in-
dividual settings of the 40 voltage
dividers. The total number of pos-
sible combinations is approximately
10*. The modulation signal superim-
posed on the coding signal would be
intelligible only to receiving stations
having the same wave generator,
with its 40 controls set to cancel ex-
actly the transmitted coding signal.

Electrical Network Analysis

A modification of the complex-
wave generator can serve as a teach-
ing aid for both steady-state and
transient analysis of electrical net-
works. Such a unit would include a
complex-wave generator, two oscillo-
scopes, and an assortment of ladder
networks. The wave generator can
furnish a large variety of wave forms
to the inputs of the several networks.
The input wave form can be observed

wwWwW americanradiohistorv com

APPLIED
VOLTAGE

OUTPUT
VOLTAGE

FIG. 5—Reproductions of patterns seen on

c-r tube screen when using the system to

determine the iransient response of an RC

network o an applied voltage consisting of
three rectangular pulses

on one of the oscilloscopes, and the
output response of the networks can
be studied individually on the second
oscilloscope by appropriate switch-
ing.

Consider a transient problem in
which we let the applied voltage con-
sist of three pulses, the last being
twice as long as the other two.
Mathematically, this problem is quite
involved, but the complex-wave gen-
erator quickly gives the solution as
in Fig. 5. The accuracy here is more
than adequate for demonstration
purposes.

Other applications include verify-
ing existing mathematical solutions
of network responses and deriving
approximate responses of complex
networks for which no exact solu-
tions have been obtained. The com-
plete system should prove particu-
larly useful for classroom instruction
especially when it is necessary to re-
duce instruction time to an absolute
minimum.

Work on this system was carried
out in RCA Laboratories, New York
City, as National Defense Research
Committee Project PDRC-713 under
the direction of Dr. H. H. Beverage,
Associate Research Director of the
Laboratories, with Navy interest and
consultation. Insofar as is known,
the equipment described was not used
in any specific military application.
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FIG. 1-—Simplified circuit of a hard-tube
modulator. The low-level trigger pulse is
amplified by the modulator tube, normally
biased below cutoff and either nonconduct-
ing or at voltage saturation to help square
up the pulse, then fed to the magnetron
through the coupling capacitor
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FIG. 2—Simplified circuit of a line modu-

lator. The hydrogen thyratron serves as a

shorting switch, closing for the duration
of each pulse

and devices developed as a re-
sult of the war effort have uappeared
hvdrogen thyratrons of special de-
sign for service in modulators, paui-
ticularly the pulse modulaiors of
microwave radar systems. In this
application these tubes attained a
position of considerable importance
and by the end of the war were being
specified for a majority of the pro-
Jected radar system designs. The
purpose of this paper is to oulline
briefly the development of two of the
most successful of these tubes, their
construction and characteristics, and
their application to line-type modu-
lators.

It is now well-known that radm
utilizes a repetitive series of verv
short pulses of uhf or microwave ra-
diation to scan the target area. Mod-
ulators are used to pulse or key the
transmitting oscillators to produce
these bursts of r-f power. The brief-
ness of each pulse—with durations
of the order

A\IONG THE MANY new techiiques
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of one microsecond—

New fast-deionizing 4C35 and 5C22 thyratrons permit

switching rates up to 5,000 per second for line modulator

circuit used in keying magnetrons. for pulsed communica-

tion systems, for replacing

gaps in spark-type electronie

heating units, and for high-speed welding

By HAROLD HEINS

Flectronics Division
Sylrania Llectric Products Ine.

Rogton,

poses special problems in the design
of these modulators.

Hard-Tube Modulator

Before the line modulator, particu-
larly as adapted to utilize hydrogen
thyratrons, achieved its prominence
in radar design, these problems were
met by the so-called hard-tube modu-
lator which employed vacuum tubes.
In this type of modulator, a basie de-
sign of which is shown in Fig. 1, the
pulse is formed at low levels to the
approximate shape desired and fed
to the keyer tube. The resulting am-
plified and flat-topped high-level
pulse is then fed to the magnetron
through a capacitor.

Although the hard-tube modulator
is capable of producing excellent
pulses—indeed, is the only type of
modulator which can be used for pro-
ducing the closelv-spaced coded
pulses of radar heacon systems—for
general search radar it has several
disadvantages: (1) The magnetron
coupling capacitor is heavy and bulky
(since it must have a large value of
capacitance to keep the top of the
pulse anfliciently flat) ; (2) The high
voltage and current ralings impose
harsh requirements on the kever
tubes; (3) Considerable voltage am-
plification is required to form the
low-level trigger pulses.

Line Modulator

The other general type of modu-
lator is the so-called line modulator,
to which the hydrogen thyratron is
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age,

Mass.

adapted so well, In this type, the
pulse is formed directly at high volt-
age levels as in Fig. 2. A small arti-
ficial transmission line, formed of
recurrent LC networks, charges up
between pulses to a very high volt-
Each time the recurrent elec-
troni¢c switch closes, the line vre-
leases the stored charge in a surg
through the load.

The special design of this line, or
pulse-forming network as it is called,
is such that this diseharge occurs in
the desired rectangular pulse shape.
The pulse shape and duration are de-
termined entirely by the network:
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FIG. 3—Construction of type 4C35 hydro-
gen thyratron
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Two typical hydrogen thyratrons

the switch merely initiates the dis-
charge. The switch must close al-
most instantaneously to achieve a
sharp leading edge on the pulse. Al-
though the switeh (unlike the keyer
tube of a hard-tube modulator) does
not have to open as rapidly, since
the pulse-forming network controls
the pulse behavior orce the discharge
is started, it must open quickly
enough to have no detrimental in-
fluence on the charging characteris-
tic or the start of the next pulse.

At the relatively high pulse recur-
rence frequencies in use (up to 4,000
pps), a rapid deionization time is
essential if the switch is to be some
sort of gas discharge tube. This type
of modulator offers many advantages
in regard to simplicity, compactness,
and reduction in weight.

Switches for Line Modulators

One of the first switches exten-
sively used in line modulators was
the modified rotary spark gap, resus-
citated from the early days of wire-
less. It was noisy and heavy, how-
ever, and troublesome as far as life
and mechanical maintenance prob-
lems were concerned. In addition, it
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.switch. Unfortunately,

had to be precision-built, and evi-
denced much time jitter (erratic
time variation between successive
pulses).

Another form of switch employed
was the enclosed fixed spark-gap.
These gaps were actually gaseous
diodes, being filled with gas at high
pressures. Several of these tubes
were connected in series to form the
they were
characterized by rather low effici-
ciencies owing to their high voltage
drops, by excessive trigger require-
ments, and by restricted voltage op-
erating ranges.

The disadvantages of these early
switches led Dr. Germeshausen of
MIT Radiation Laboratory to pro-
pose in 1942 the use of thyratrons of
special design, and to initiate a de-
velopment program on this project
at the Laboratory. Among the ad-
vantages which a suitable thyratron
would offer were light weight, com-
pactness, ruggedness, simplicity of
construction and servicing, stability,
flexibility of operation, low tube drop
and attendant high efficiency, low
¢grid driving power, low time jitter,
and successful operation over a wide
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range of ambient temperatures (with
proper gas fill).

Hydrogen Tube Chosen

The first four advantages are ob-
tained by the choice of a line modu-
lator, but are greatly enhanced by
the utilization of a thyratron. Pre-
liminary tests indicated that the
above list of advantages could be at-
tained with thyratrons containing
hydrogen, and several tube manufac-
turers were called upon to help com-
plete the development work. The
early designs finally crystallized into
the type 4C35, later standardized as
a JAN type, which operates at peak
currents up to 90 amperes with a
peak voltage rating of 8 kilovolts.

Shortly after this tube was in pro-
duction, Sylvania was given a con-
tract to develop a higher-power tube,
eventually standardized as the type
5C22. This tube is rated at a peak
voltage of 16 kilovolts, and at peak
currents up to 325 amperes.

Hydrogen was chosen for the gas
fill because of its high ion mobility
resulting from its light weight. This
factor furnishes the desirable fea-
ture of low deionization time, which
permits the rapid switching rates
that characterize these tubes. Mer-
cury, of course, was automatically
ruled out because of its low ion mo-
bility and temperature dependence.
In the beginning, helium was also
under consideration, for its long
mean-free-path would be conducive
to high plate voltage ratings. Tubes
made with it, however, tended to ex-
hibit cathode deterioration from ion
bombardment.

Characteristics of Tubes

The structure of the type 4C35
hydrogen thyratron is illustrated in
Fig. 3. The 5C22 is constructed in a
similar manner. The anode consists
of a circular metal disc fastened to a
metal rod, ending in the anode cap
at the top of the tube. The grid con-
sists of a cylindriecal can which com-
pletely surrounds both anode and
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Table I — Electrical Ratings of
4C35 and 5C22 Hydrogen

Thyratrons
Rating 1C35  5C22

Heater voltage, v 6.3 6.3
Heater current, amp 5.5-6.7 9.6-11.6
Heating time, sec 180 300
Peak anode voltage, kv 8.0 16.0
Peak anode current,

amp 90 325
Peak inverse anode

voltage, kv* 8.0 16.0
Average anode current,

ma 100 200

Pulse duration

(measured at 1/2

amplitude), u sec 6.0 6.0
Pulse repetition

frequency, pps** 4,000
Dutchycley = 0.001 0.001
Peak inverse grid

vollage, v 200 200
Ambient temperature — 50 to — 50 to

+90C 4+ 90C

* In pulsed operation, the peak inverse
anode voltuge during the first 25 micro-
seconds after the pulse shall not exceed 2.5
kv for the 4C35 or & kv for the 5C22.

** The maximum pulse repetition fre-
quency (fpr in pulses per second) will de-
pend on the peak forward anode voltage
(epy in volts) according to (eps?) X ([or)
— 2.6 X 1011 maximum. Tube may be ope-
rated in any position but should be clamped
by base only. No cooling stream of air
should be directly applied to the tube
envelope. Tube should be kept away from
strong fields which could lonize gas.

cathode. The latter is a cylindrical
structure concentric with the grid
can. It consists of an indirectly-
heated emitting surface, or cathode
proper, surrounded by cylindrical
heat shields.

It will be noted that the anode is
made closely-spaced from the grid.
The spacing is considerably less than
the mean-free-path of the hydrogen
at the operating temperature. This
feature is responsible for the high
operating and hold-off voltages. Par-
ticular attention was given to the
detailed design of the anode seal,
since combined temperature and volt-
age effects could cause cracks in the
seal. This would permit a discharge
directly from the anode to the grid
structure, with consequent loss of
control of the tube.

The actual control element of the
grid structure is the perforated disc
below the anode. A baffle is mounted
beneath this disc. For the final de-
sign an equipotential cathode with
radiation bafles was adopted in or-
der to avoid the difficulty with hot
spots which occurred in the original
directly-heated cathodes. A consider-
able increase in heating time results
with this type of cathode, but many
advantages accrue which overbalance
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the slight disadvantage of a longer
heating time.

The mechanism of firing seems to
be as follows: When the trigger
pulse is applied, grid current begins
to flow as a trigger voltage builds up.
When this current has reached the
required value, a plasma is estab-
lished in the grid-cathode region.
The electric field from the anode, be-
ing so intense, then causes a diffu-
sion of electrons over to the grid-
anode region. Almost immediately
a plasma is established in this re-
gion, followed by an arc from anode
to cathode.

A summary of the ratings on the
type 4C35 and 5C22 hydrogen thyra-
trons is given in Table I. Recent
tests indicate a life of nearly 2,000
hours for these tubes, and research
now under way on cathode tech-
niques may result in even better life
figures. The 5C22 has been operated
at repetition rates of 1,000 to 5,000
per second using 8 kilovolts and 75
amperes peak current, and the 4C35
has operated at frequencies over
100,000 cps at fairly low voltages and
currents. For comparison, radar
systems employ pulse recurrence fre-
quencies from 100 to 4,000 pulses per
second, pulse widths from 0.1 to 6.0
microseconds, peak thyratron anode
voltages from 1 to 30 kilovolts, and
peak powers from 5 to 3,000 Kkilo-
watts.

Hydrogen Thyratron Circuit

A practical circuit utilizing a hy-
drogen thyratron is shown in Fig. 4.
The load in this case happens to be a
pulse transformer and magnetron
oscillator. The step-up pulse trans-
former permits magnetrons to be op-
erated at higher voltages than the
maximum thyratron voltage ratings,

a fact that is aided by the high peak
current capabilities of the tubes, and
matches the magnetron impedance
to that of the pulse-forming network.
The pulse cable permits the oscillator
to be located in a position remote
from the modulator.

Since the anode of most mag-
netrons must be integrally connected
to the coaxial or waveguide output
transmission line, for safety reasons
the anode is maintained at ground
potential. This would require a fila-
ment transformer insulated for full
peak voltage. By utilizing a pulse
transformer with a bifilar secondary
winding, a magnetron filament trans-
former with low insulation require-
ments can be used.

The pulse-forming network con-
sists of a series of small LC sections
connected in tandem to form a recur-
rent-network artificial transmission
line open-circuited at the far end.
Although many networks may be
used to produce a wide variety of
pulse shapes, for radar purposes
from three to seven similar sections
are generally used. This network
charges up between pulses when the
thyratron is off, and discharges in a
rectangular pulse when it fires.

Network Discharging Action

If the network is charged to a volt-
age K, the short-circuit set up by the
firing of the thyratron suddenly
causes the voltage across the network
terminals to drop from E to +E/2
and causes a voltage —E/2 to appear
across the load. This sudden voltage
change at the network terminals
surges down the transmission line, is
reversed and reflected at the end, and
travels back to neutralize the voltage
at the network terminals, as shown
in the voltage profile along the pulse-
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FIG. 4—Practical line modulator circuit employing a hydrogen thyratron to drive a
magnetron oscillator
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forming network at various instants
of time (Fig. 5A). The terminal
voltage stays at E/2 while the volt-
age surge is traveling along the line,
as in Fig. 5B. Thus, there is pro-
duced the rectangular current pulse
of Fig. 5C, with a duration depend-
ing on the length of time it takes the
surge to travel down the line and
back. By varying the number of
sections or by changing the values of
L and C in a manner consistent with
other requirements, the pulse width
may be varied as desired.

The cancellation of voltage at the
terminals when the surge returns is
perfect if the load impedance is equal
to the characteristic impedance of
the line. If the match is not perfect.
there will be multiple reflections and
re-reflections in the line until the
surge energy has been completely
dissipated. The load voltages for
such cases are shown in Fig. 5D and
5E.

Network Charging Action

For the charging phase of the op-
eration of the line modulator, the net-
work inductances are so small com-
pared to the charging choke, which
is measured in henrys, that we may
neglect them. The equivalent circuit
is then as in Fig. 6A. In such a cir-
cuit, if we open switch S (no initial
inductance current), the voltage
across the switch will follow the well-
known behavior of Fig. 6B.

In the so-called resonance charg-
ing, the inductance is chosen to
resonate with the network capaci-
tance at a frequency one-half that of
the pulse recurrence frequency in
use. The voltage waveform across
the thyratron or switch S is then as
in Fig. 6C, a repetition of the portion

AB of the transient in Fig. 6B. This
portion is essentially one-half a pe-
riod of a sine wave.

In the so-called linear charging,
the inductance is greater than that
required for resonance at the fre-
quency in use, and the thyratron
voltage waveform approaches the
saw-tooth pattern of Fig. 6D as the
inductance is increased.

A third method of charging, the
so-called diode charging, utilizes a
small hold-off diode in conjunction
with an inductance less than that
required for charging at the fre-
quency in use, as in Fig. 6E. The
diode keeps the voltage from
dropping off after the peak has been
reached, giving the output voltage
waveform of Fig. 6F.

Design of Charging Choke

Since in practice a modulator is
frequently designed to operate at
several combinations of pulse repeti-
tion frequencies and pulse lengths, a
common arrangement is to employ a
choke which is resonant at the low-
est repetition frequency desired.
This will then provide linear charg-
ing at the higher frequencies. The
current through the charging choke
periodically reaches zero with reson-
ance and diode charging, but does
not with linear charging, where con-
stant current is approached. It
should be pointed out that the cur-
rent passing through chokes for
resonant and diode charging huas
very high a-c components, so that
these chokes differ markedly in de-
sign from the usual filter chokes,
which are designed for currents hav-
ing small a-¢ components superim-
posed on a large direct current.

Because of the electrical inertia of
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FIG. 5—Voltage and current waveforms in a line modulator circuit

ELECTRONICS — July 1946

wwWw americanradiohistory com

the inductance, the thyratron anode
voltage swings up above the power
supply voltage in the periodic tran-
sients described. The peak voltage
reached by the thyratron is approxi-
mately twice that of the power sup-
ply voltage. The actual voltage across
the load (into the pulse transformer,
if employed) is about one-half that
of the network peak voltage, and
about equal to that of the supply.

Magnetron Sparking

The information in Table 11 may
be of help in designing a radar line
modulator using a hydrogen thyra-
tron to drive a magnetron. When the
magnetron oscillator is employed as
the modulator load, the phenomenon
of magnetron sparking must be care-
fully considered. This sparking con-
sists of intermittent transient gase-
ous discharges due to gas liberated
in the tube from such sources as the
cathode or by field emission from the
metal parts. Most magnetrons spark
when first operated after an appreci-
able time of inoperation. This type
of sparking usually cleans up after
the first few minutes of operation. In
the case of high-powered magne-
trons, it occurs throughout life and,
if the sparking rate is not excessive,
does not cause any harm in the sys-
tem performance.

When a magnetron sparks, the im-
pedance match of the network and
load is destroyed, since the magne-
tron is practically a short circuit. The
network is left with a negative
charge, so that, depending on the
degree of mismatch, the succeeding
pulse can recharge the network to
3 or 4 times the normal peak thyra-
tron voltage. Thus, with high-power
magnetrons, and particularly with
long pulse widths (where the net-
work capacitance energy storage is
high), the modulator circuit com-
ponents must be protected. This pro-
tection is usually provided by a shunt
diode connected across the network
or across the thyratron, as in Fig.
7A and 7B. With a suitable diode, the
inverse voltage developed across the
network is rapidly discharged and
the peak network voltage held sub-
stantially constant on the succeeding
recharge cycle.

Deionization Time

At high repetition rates at or near
maximum peak currents, considera-
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tion must be given to the deioniza-
tion time when the tube shuts off.
If the anode voltage increases too
rapidly, the cathode-grid region may
not be sufficiently deionized before
the anode voltage attains a value
capable of reigniting the discharge.
Under extreme conditions, the tube
may fire itself at a rate sufficiently
high to overload the average current
capabilities of the power supply and
kick out the overload relay. Without
any additional techniques, resonance
charging would be the preferred type
of charging where rapid deionization
is a factor, because its waveform is
such as to keep the anode voltage
low immediately after the pulse.

Where deionization must be con-
sidered, however, it is customary to
introduce deliberately a slight mis-
match to the network to provide an
inverse anode voltage. By the time
that the anode voltage has then
reached the level where it might
reignite the discharge, deionization
is sufficiently complete to prevent
reignition. The inverse voltage may
also be produced by inserting an in-
ductance of the order of a few micro-
henrys in the anode lead of the thy-
ratron, The use of a negative grid
bias, by sweeping out the positive
ions remaining in the cathode-grid
space Immediately after a pulse
(either alone or together with the
aid of inverse voltage), is advantage-
ous at high repetition rates.

Trigger Voltage Requirements

Although most tubes will fire with
trigger voltage amplitudes and dura-
tions considerably lower than the
minimum specified, the specifications
were set conservatively to insure
satisfactory triggering under all con-
ditions. The specified JAN trigger is
shown in Fig. 8. Practically all tubes
will fire with a 100-volt, 2-micro-
second trigger, Some tubes, however,
require a trigger with a moderate
amplitude and length for initial
starting; after firing, the trigger
can be reduced to 50 volts amplitude
with satisfactory operation on most
tubes.

With the specified trigger the time
delay will vary from 0.5 to 0.9 micro-
second for all tubes on both the
4C35 and the 5C22. Time delay here
is the time from the start of the
trigger pulse to the firing of the
anode. It will vary greatly with

100

changes in trigger voltage amplitude
and rate of rise, whereas it is only
slightly affected by changes in anode
voltage or trigger output impedance.
Where time delay is important, it is
then possible by using a stiffer trig-
ger pulse to reduce both the time
delay and the spread in time delay
from tube to tube.

As an example, a trigger with an
amplitude of 200 volts, a rate of rise
of 800 volts per microsecond, and an
output impedance condition of 500
ohms will reduce the time delay to
0.2 to 0.6 microsecond. This stiffer
trigger will also reduce the time
jitter (variation of time delay from
pulse to pulse for & single tube under
given conditions). The maximum
time jitter with the minimum speci-
fied trigger is 0.04 microsecond, a
value that will be reduced to zbout
one-half as much with the recom-
mended stiffer trigger.

It has been found that using d-c
power on the heater will reduce the
jitter to a negligible amount regard-
less of the trigger pulse shape. This
indicates that the jitter is caused by
the effect of the magnetic field of the
heater coil on the grid current. The
time jitter in these tubes is so low as
to be negligible for ordinary pur-
poses, but it seems likely that a re-
verse coil type of heater, in which
the magnetic field is greatly neutral-
ized, would provide a jitter-free tube
for an a-c filament source if desired.
A comparison of a trigger pulse
shape meeting specifications and one

recommended for minimizing time
delay and jitter is shown in Fig. 8.

A capacitance is usually employed
for feeding the trigger to the grid,
with a resistance or inductance as
the grid-leak impedance element.
Under certain conditions, the anode
voltage may cause the grid to become
positive during some part of the
charging cycle, through the coupling
of the anode and grid circuits by the
grid-anode tube capacitance. Pre-
mature firing could occur. For this
reason, when a resistance is used it
should not exceed 20,000 ohms, and
the coupling capacitor should not be
less than 0.05 microfarad. It is gen-
erally desirable to use an inductance
since this will prevent the grid volt-
age from rising during the charging
cycle. A value of 5 to 25 millihenrys
will be found satisfactory. An in-
ductance is particularly preferable
when grid bias is used to aid deioni-
zation, and it should be kept as low
as possible consistent with maintain-
ing the trigger pulse shape dictated
by the minimum specifications or by
time delay considerations.

Trigger Generator Circuit

A simple and compact two-tube
trigger generator designed by R.
Fricks which meets all the require-
ments of the trigger specifications is
presented in Fig, 9. It was developed
for a short-range navigational radar
set and has proven to be quite stable
during power supply variations. Fre-
quency control may be obtained by
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Table II—Line Modulator Design

N

f»» DPulse repetition rate

t, Pulse width

ep, Peak thyratron forward anode voltage

e,z Peak thyratron inverse anode voltage
Average thyratron anode current

i, Peak thyratron anode current

Iy Average oscillator anode current

ix Peak oscillator anode current

C Network section capacitance

N Number of network sections

Cx Total network capacitance

I, Network section inductance

P, Peak load power

P, Average load power

7. Transformed load impedance

Zu Oscillator impedance

Zx Network characteristic impedance

en Oscillator efficiency

E: Peak load voltage

E « Peak oscillator voltage

P,, Oscillator peak r-f power

P,s Oscillator average r-f power

Eq4..D-C power supply voltage

L¢ Charging choke inductance

n  Pulse transformer_turns ratio

Zy = (L/C)V?
i, =2 N (LC)V2

€py Coy

i = =57 for load matched

to network

_em® forload

Y . -
P, = ZN+ZL) L™ 4Z, matched

ey’ to net: ork
P, = 4—Z—pr,- {, for match
P,p = Ppem I =1 i
Pou = P‘ em
E, = . fw 7 _Creufor load matched
L Zy + 21 .- 2 to'net work
Ey =nkE.
n’iu = ib
€py E 2 Ed-c
for = : 7 for resonance
w (LeGa)! charging
Le > ﬁ—fp%z—c—” for linear charging

varying the time constants of the
multivibrator coupling circuits.

During the establishment of a
plasma in the grid-anode region
when the tube starts to fire, the grid
potential is raised to a very high
voltage for a few hundredths of a
microsecond. The so-called grid
spike of Fig. 10A results. It does not
have much energy, but can radiate
noise and also interfere with the op-
eration of certain types of trigger
circuits.
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In some cases, it may be desirable
to attenuate the action of the spike
voltage on the trigger circuit. A low-
pass filter can be readily designed to
pass the grid voltage into the thyra-
tron to prevent the spike from
getting back into the generator.
When such a filter is used, com-
ponents rated at high voltage should
be specified because of the high
transient voltages involved. A t-r gas
switching tube can also be used, al-
though a gas diode with an ignition
potential of the order of 300 to 400
volts may be connected across the
thyratron grid and cathode. Typical
grid potential curves appear in Fig.
10A and 10B.

Tube Life

During the early period of the de-
velopment of the 4C35, the life was
found to decrease markedly with in-
crease in the rate of rise of the anode
current. It was found that this could
be overcome by improved processing
techniques, and it was then thought
that no limit on the rate of rise of
anode current was required. Subse-
quently, it became apparent on the
5C22, however, that the rate of rise
was important in connection with
tube dissipation.

During the ionizing time of the
tube, the anode potential is decreas-
ing at an extremely rapid yet finite
rate. If the anode current is per-
mitted to rise at a high rate during
this time, then the tube dissipation
will be increased. It has been con-
firmed that, at a constant duty cycle
(pulse recurrence frequency multi-
plied by pulse width), the average
dissipation is almost a linear func-
tion of the repetition rate; this is the
reason for the maximum rating of
eﬂll. X fPT'

In many cases, the ceiling on the
rate of rise may be set by the re-
quirement of satisfactory operation
of the oscillator, but in any event it
is wise to limit it to a value consist-
ent with satisfactory overall system
performance. At low repetition rates,
the tube dissipation will be low and,
since a portion of the dissipation
causes cathode heating, the pulse
cathode temperature may be lower
than normal. Under these conditions
(particularly at high peak currents),
a fast rate of rise may result in cath-
ode sparking in the thyratron. This
condition can be considerably aggra-
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FIG. 7—Two circuits for protecting a line
modulator against magnetron sparking
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STIFF TRIGGER FOR
MINIMIZING TIME
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’
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TRI§GER

) 1 2 5 o s
TIME IN MICROSECONDS

FIG. 8—Recommended open-circuit trigger
voltage shapes

FIG. 9—Compact trigger generator circuit
recommended for use with 4C35 and 5C22
hydrogen thyratrons

vated by the stray capacitance to
ground of any of the circuit compon-
ents connected to the anode. This ca-
pacitance is charged to full peak
anode voltage. When the tube fires,
this stray capacitance may discharge
through the thyratron and not
through the network load circuit.
The resultant spike on the leading
edge of the pulse causes the spark-
ing. An inductance of a few micro-
henrys in the anode lead will be use-
ful in limiting the rate of rise, and
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will not seriously distort the pulse
unless it is extremely short.

The heating time of the 4C35 and
8C22 are three and five minutes, re-
spectively, but the heating time may
be reduced by increasing the applied
heater voltage during the warm-up
period. After the heating period the
full anode voltage may be applied
abruptly.

Frequency Considerations

Because of the pulsing of the mag-
netron, it does not furnish r-f power
output at a single frequency, but
over a continuous spread of frequen-
cies closely spaced about a center
value as shown in Fig. 11. If this
spread is too great, much of the r-f
output energy radiated may be use-
less, because the narrow bandwidth
of the receiver limits the frequencies
it can detect,

One factor which can contribute to
such excessive broadening of the
spectrum is a poor voltage pulse
shape applied to the magnetron.
This results in both frequency and
amplitude modulation. The high
pushing figures (instantaneous rates
of change of radio frequency with re-
spect to magnetron plate current) of
some magnetrons place stringent re-
quirements on how uniform and con-
stant the top of the voltage pulse
should be throughout the duration of
the pulse. Although the static mag-
netron impedance is about 1,000
ohms, the low dynamic impedance
(50 to 100 ohms in some cases) em-

: ) GRID SPIKE

GRID VOLTAGE WiTH
ANODE VOLTAGE
APPLIED AND THE
TUBE FIRING

GRID HASH

GRID VOLTAGE

(a) TIME

~OPEN-CIRCUIT

TRIGGER VOLTAGE
‘GRID VOLTAGE
wIT

H HOT
CATHODE

GRID VOLTAGE

(8) TIME

FIG. 10—Typical grid potential waveforms
in trigger generator circuit
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phasizes any variation in this volt-
age, as illustrated in Fig. 12, and
greatly deteriorated spectra result.

Hydrogen thyratrons may be op-
erated successfully in parallel and
series to increase the peak network
voltage or peak current.

Industrial Appiications

In addition to the radar applica-
tions for which the hydrogen thy-
ratron was originally designed,
there are many places where the
light weight, simplicity, flexibil-
itv and ease of operation, high
voltage and current capabilities,
and the rapid switching perform-
ance of tubes of this type will be
of value. In pulsed communication
systems, in microwave local heating
of glass or plastie, and in dielectric
heating it has excellent possibilities.
The replacement of rotary spark
gaps in radar by thyratrons logically
suggests the adaptation of these
tubes to spark-gap induction heaters.
A small 500-watt induction heater
using a single thyratron has been
constructed. Tt gave high efficiency,
with an output readily controlled by
adjusting the drive frequency. This
suggests possible special applications
for diathermy and electrosurgical
equipment.

The accurately spaced pulses ob-
tained by using pulse techniques sug-
gest use in high-speed welding. The
fact that the tube is off between
pulses would permit recoverv time to
avoid depolarization effects in elec-
troplating in a properly-designed
system.

The rapid deionization time lends
itself to employment in high-speed
oscilloscope sweep circuits and to
servomechanisms and motor controls
where rapid switching is a factor of
importance.

In a light-modulator circuit with a
pulser similar to that described, a
hydrogen thyratron was used to flash
a gas discharge tube at frequencies
between 5,000 and 6,000 times per
second. Intense short-duration light
flashes obtained in this way can be
utilized with a uniform film motion
for study of high-speed motion.
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New cathode-ray tube offers many advantages

of two or more fast transient phenomena such as
fying a DuMont type 247 oscill

By THEODORE H. BULLOCK

LTHOUGH recording by mov-
Aing-element oscillographs (mir-
ror and pen) has commonly been
multichannel, cathode-ray oscillog-
raphy in physiolegical laboratories
has rarely involvad more than a
single channel, etfectively limiting
observation in most cases to a single
event or locus of activity in the sys-
tem under study at one time. This
is accountable on the basis of the in-
convenience of observing and photo-
graphing from several separate
cathode-ray tubes.

The limitation is especially regret-
able because the cathode-ray tube
is the most fuithful recording
medium available to the physiologist.
This has meant that in many labora-
tories problems in low-frequency
phenomena (below 100 cps) could
be easily attacke¢ with the advan-
tage of multiple simultaneous
observations by using ink-writers,
while problems involving faster
transients could not.

In general. the Jimitation has been
taken for granted, but in retrospect
it can be seen that many demon-
strations would have been easier,
better controlled, or more revealing
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Biological

Front panel of commniercial single-channel cathode-ray oscilloscope as

modified for the new 5SP double-beam tube by addition of five con-

trols, a switch and an extra pair of X and Y binding posts alongside

the tube. The tube projects forward from the panel due to its own

length, use of an adapter socket, and a one-inch halo-eliminating
plate glass in front of the tube face

Double-Beam
C-R TUBE

if simultaneous recording at more
than one point had been possible.
These considerations apply espe-
cially to the field of neurophysiology,
which deals with potentials in nerv-
ous tissue involving frequency com-
ponents up to and above 10,000 cps.
For muscle potentials and brain and
heart waves the electronic switch has
heen used, but commercially avail-
able tvpes do not raise greatly the
useful frequency limit over that of
good ink writers, at least for the
nonrecurrent signals of concern to
the physiologist. For some applica-
tions multielement moving-mirror
oscillographs have been used but

FIG. 1-—Nerve impulses in giant fibers of
the earthworm.
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Research

for simultaneous observation and recording
nerve potentials. Simple method of modi-
oscope to use the type 5SP double-beam tube is given

Department of Anatomy
University of Missouri
Columbia, Missouri

they have not found wide favor
among physiologists, in part be-
cause of expense and the inconven-
ience of visualization and of record-
ing with expanded time scale.

Double-Beam Tubes

A significant new tool is made
available with the release of the first
commercial double-beam cathode-ray
tubes made in this country. English-
made single-gun split-beam tubes
have been in use for several years
in a few continental and British
physiological laboratories. The
American two-gun tubes differ in
the possibility of independent beam

FIG. 2—Simultaneous recording of two po-
tentials in cortex of brain under Dial nar-
cosis, using one-fifth second sweep
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modulation and horizontal deflection
as well as push-pull vertical deflec-
tion.

Some of the uses of this new
cathode-ray tool in experimental neu-
rology and related fields will be
pointed out, and one convenient
method of using such a tube in ex-
isting oscillographic equipment will
be described. Complete dual-chan-
nel oscillographs for the American
two-gun tubes are being designed
and will doubtless be available in
the near future.

Double-Beam Applications

Probably the commonest situation
in which dual-channel cathode-ray
recording will be used is in the simul-
taneous checking of two points
within the same system. This may
be for one of several purposes,

An essentially qualitative com-
parison of the nature of electrical
activity at locus B when locus A is
active in a certain pattern is a com-
mon problem. Sometimes a more
quantitative comparison may be
needed, such as the voltage at locus
A in relation to that at B, or time
relations at these points. The dual-
beam c-r tube lends itself especially
to the determination of time or phase
relations of transients requiring
time axes expanded too greatly for
convenient moving film (mirror gal-
vanometer), ink writing, or elec-
tronic switech recording., Here the
triggered sweep is used, initiated
by an outside source bearing some
relation to the transient or initiated
by the transient itself.

An example of initiation by an
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FIG. 3—Recordings of the same potential

with different filtering. taken at four dif-

ferent times to illustrate effect of sudden
light on eyes of a grasshopper
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transient is shown in Fig. 1. In
the upper record a small electric
shock (seen as the first deflection)
is delivered to the nerve cord of an
earthworm and the impulses in its
two giant nerve fibers are picked
up at measured distances from the
site of stimulation by pairs of fine
wire electrodes, the nearer pair lead-
ing to the lower beam, the pair far-
ther away to the upper. The lower
beam is modulated by a 1,000-cps
signal which serves to time both
beams since they are swept together.

An experiment representing the
case in which a transient, which is
not produced by a shock and is there-

its own sweep and records signifi-
cant comparison of the activity at
another point during the same inter-
val is shown in Fig. 2. These are
spontaneously occurring, synchro-
nized discharges of many nerve cells
induced by local application of strong
strychnine to the cerebral cortex.
Two pairs of electrodes pick up the
activity at two loci on the cortex
and the sweep is triggered by a cer-
tain downward deflection of the
lower beam,

Checking Vision of Grasshopper

A quite different application is
illustrated in Fig. 3. Here the ac-
tivity at the same locus is treated
differently, by bandpass filters in
the two amplifying channels. Two
aspects of the same activity, other-
wise not readily observed at the same
time, may be studied for phase and
other relations, This will apply
particularly to problems involving
slow and fast component activity of
widely different amplitudes. In the
experiment illustrated, potentials are
picked up by a single pair of elec-
trodes on the head of a grasshopper
and passed through two amplifiers.
One amplifier filters out low fre-
quencies and permits a higher gain
setting to visualize the small, fast
activity (upper channel), while the
other amplifier passes both slow and
fast components (lower channel).
The top record shows activity in the
dark. The next three were taken
at intervals after illuminating the
eyes and reveal a certain partial syn-
chronization of the small spike-like
activity with the phases of the large

outside source related to the fore unpredictable in time, triggers slow waves. The record was made
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FIG. 4—Heavy lines show components added to DuMont
type 247 oscilloscope for contact of extra gun
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FIG. 5—Components added
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to type 247 oscilloscope for horizontal switching

and for positioning of extra electron beam independently of normal beam
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with a commercial electronic switch
and shows the limitations imposed
thereby for transient studies. It is
seen that a serious loss of detail in
the fast activity is suffered. Even
at moderate film speeds, therefore, a
double beam may be desirable.

Modifying a Standard Oscilloscope

For the greatest flexibility the
two beams should be controlled by
completely duplicated accessory cir-
cuits but the following method of
using a two-gun tube with a single-
channel oscilloscope of an existing
type sacrifices few features and
should fill the requirements of many
applications. The oscilloscope avail-
able was the DuMont type 247 whose
power supply is capable of operating

FIG. 6—In the upper pair of traces, both

beams are deflected by the same sweep

voltage but one gun is more sensitive than

the other. Lower traces show how this has

been corrected by slight attenuation of the

faster beam and use of an independent
position control

both guns of the type 5SP tube. It
is only necessary to add, as in Fig.
4, potentiometers in parallel with
the existing ones for focus and inten-
sity control of the extra beam. It
may be necessary to move one or both
sets of potentiometers up or down
the high-voltage bleeder a little. The
proper position is easily determined
by trial.

The horizontal plates of both guns
may be connected to the sweep cir-
cuit of the type 247 or one beam may
be swept from an outside time base
circuit, One beam then will have
the vertical amplifier provided in the
oscilloscope, while the other must
be deflected directly. In physio-
logical applications this is generally
easy since the specially built pre-
amplifiers required for most record-
ing are ordinarily capable of deflect-
ing a cathode-ray beam directly.

In the case where both beams are
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swept by the oscilloscope time base
circuit the beams will be automati-
cally locked together, single sweeps
will be initiated at the same instant
for both beams, and the automatic
beam blanking which extinguishes
the spot between single sweeps oper-
ates for both spots. If the horizon-
tal deflections are arranged to be
of the same length, then the sweeps
will be perfectly synchronized so
that regardless of imperfections of
linearity or slight changes in sweep
speed, corresponding points on the
two horizontal axes will always rep-
resent the same instant of time.

Position Controls

Since the neutral positions of the
two spots will probably not fall on
the same vertical line, it is desirable
to provide a separate position con-
trol for the extra beam. In the tube
tested in this laboratory the neutral
positions are less than 0.1 inch apart
horizontally so that for many pur-
poses this can be neglected or cor-
rected for. The two pairs of hori-
zontal plates can then be direct
coupled and the position control pro-
vided in the oscilloscope can be used
to control both beams.

Where it is necessary to position
the beams independently this can be
done as in Fig. 5 by throwing a
switch, capacitively coupling the
extra beam with the oscilloscope
sweep circuit and introducing a posi-
tioning voltage derived from the
low-voltage supplies. It is now pos-
sible not only to correct for slight
misalignment of the spots but to dis-
place the beams relative to each other
intentionally. Even if only the for-
mer is desired the available position-
ing voltage must be great enough to
move the spot not 0.1 inch but 2
inches or more in order to put the
start of the single sweep at the left.
The capacitive coupling of the sweep

FIG. 7—Both beams are deflected by the
same signal here, but one sweep is com-
pressed by aitenuating the sweep voltage
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necessarily results in temporary
interaction of the beams but this
happens only at the moment of
manipulating the position control.

Obtaining Two Writing Rates

It is likely to be found that the
deflection sensitivities of the two
guns are not identical. In this case
a control must be added to attentuate
slightly the more sensitive gun, as
in Fig. 6.

It will be noted that by atten-
uating considerably the extra beam
and increasing horizontal gain so
that this beam is deflected full scale
(the other beam now going far off-
screen), the writing rates of the
two spots can be made quite differ-
ent. Though starting together—at
the same left position, or not, as de-
sired—one will show what is hap-
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FIG. 8—Components added to type 247
oscilloscope for vertical positioning of the
extra beam. The source for vertical de-
flection must tolerate a d-c voltage and
must not be too low in resistance
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pening in the vertical axis for a rela-
tively long period, the other will ex-
pand a portion of this time for more
detailed observation, as in Fig. 7.

The final control added to the
oscilloscope was for. vertical posi-
tioning. This could be done exter-
nally. As shown in Fig. 8, it is not
independent of the resistance of the
external circuit providing the verti-
cal deflection, but unless that is very
low it will bring the beam far
enough off center to provide a satis-
factory separation of the two sets of
signals.

All the additions are easily made
and inexpensive, do not change any
of the critical adjustments of the
oscilloscope circuits, and permit
ready return at any time to the usual
single-beam tube.

The biological research work de-
scribed here was aided by a grant
from the University of Missouri Re-
search Council.
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Electronic
FIRE and

" FIG. 1—Spectral distribution of sunlight, daylight, artificial light sources, energy
radiated from a match, and sensitive region of flame detector

STUDY of the spectral constituents.

of light sources encountered in
every-day life shows that ultraviclet
radiation is rarely found. Even near
ultraviolet radiation, wavelengths
between 3000 and 4000 Angstroms
including the “tanning” range, must
be sought either in direct sunlight
under favorable atmospheric condi-
tions or from especially constructed
ultraviolet lamps. Radiation at wave-
lengths still shorter than 3000 A (the
far ultraviolet) is still rarer, and
special devices such as arc lamps and
quartz-enclosed discharge tubes must
be used for their production.

Most light sources emit light of
wavelengths far into the infrared as
well as into the far ultraviolet, the
amount depending only on the tem-
perature. of the source. However, in
the case of sunlight, the earth’s at-
mosphere (presumably its ozone con-
tent) acts to absorb ultraviolet light
so strongly that we find essentially
no energy below 30004, this being
particularly so for daylight or diffuse
sunlight. In artificial sources, any
ordinary glass enclosure will imme-
diately eliminate radiation below
about 3300A even though the source
itself, the tungsten filament, may be
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hot enough to radiate quanta in the
far ultraviolet region.

In the case of unprotected fire,
flames, or sparks, however, all the
radiation emitted is free to radiate
without an ultraviolet absorber, other
than whatever absorption takes place
in the surrounding air. While the

By PAUL B. WEISZ
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otherwise ever-present daylight. It
is this radiation which is utilized in
a new electronic fire-detector* which
is practically instantaneous in re-
sponse, and has proved to be sensi-
tive to minute seurces of fire or
sparking.

Magnitude of Basic Effect

The demands made on a detecting
system which is to operate on the
above principle can best be estimated
by applying the law of temperature
radiation to a source such as an ordi-
* Patent applied for

FIG. 2—Experimental detector tube containing a quartz radiation window in front of
the cathode opening
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FLAME DETECTOR

An extremely sensitive detector of flames, electric sparks, and arcs, yet not affected by day-

light or artificial light, is provided by a Geiger-Mueller tube that responds only to ultraviolet

light. A burning card triggers the relay circuit at 60 feet

nary burning match. The amount of
far ultraviolet radiation can then be
estimated.

We have

A2
J =37x10°% f (A AT — DN (1)
M

Where J is the energy radiated over
a hemisphere per square centimeter
of radiating area per second, meas-
ured in ergs, for a wavelength range
from X to . (in ecm), at an absolute
temperature T.

Assuming a temperature of 1700
degrees Kelvin for a burning match
we find that at an ultraviolet wave-
length of 26004, there is still radi-
ated roughly one millionth of the en-
ergy radiated in the yellow portion
(60004).

The law described in Eq. 1 refers
to a perfect black-body, but for orien-
tation purposes regarding the order
of magnitude of effect we may well
consider an object such as an ignited
match as a black-body. At 1700 K,
and the wavelength range of 2550 to
26503, *we find approximately

= 1—(1)0— ergs/cm? per hemisphere per seco(n2d

)

Since the energy of each light

quantum is E = he/) we have for the
number of quanta

J I,

2 E T et @)
where b = Planck’s constant, ¢ = light velocity.
Using an average . = 26004, Eq. 2

and 3 give
N = 10° quanta/cm? per hemisphere per second
(
For a detector of this radiation
which has an effective area of 30 cm™

located at a distance of 30 feet
(10° cm), the sengitive area repre-
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FIG. 3—Final design of fire-detector tube that is sensitive in all directions. The special
glass envelope provides about 80 percent transmission at a wavelength of 2600
Angstroms

sents a fraction, &k = 107, of a hemi-
sphere, so that the number of ultra-
violet quanta received is, from Eq. 4,
about 10* quanta per second from a
square centimeter of radiating flame
area,

With a photoelectric cell assumed
to be 100 percent efficient for this
radiation, the current yield could not
be more than 107 ampere, so that
this method of detection is not prac-
tical. Figure 1 shows the ultraviolet
distribution from the match as cal-
culated above, together with the
spectral regions of other light
sources.

Tube Construction

The Geiger-Mueller tube known
best from atomic radiation detection
affords detection of individual parti-
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cles. By designing such a tube so
that the ultraviolet radiation can en-
ter its cathode cylinder, and thereby
providing a surface which is photo-
electric at the desired wavelengths,
but not at a longer wavelength, a
most efficient detector for.these light
quanta can be obtained.

Figure 2 shows the first experi-
mental tube. It consists of a semi-
cylindrical cathode of copper. This
metal was chosen because its photo-
electric threshold lies in the desired
wavelength region. The photoelectrie
vield is highest at wavelengths just
below the photoelectric threshold
wavelength which in case of copper
is approximately 2500 A. A quartz
plate serves as the radiation window
on the side on which the cathode
cylinder is open. The total effective
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solid angle in this tube was limited
to about 40 by 120 degrees.

A second design shown in Fig. 3
was finally developed, allowing sensi-
tivity in all directions. The cylinder
consists of copper screen of about
50 percent area copper coverage.
This was carefully prepared to avoid
point discharges, and sealed in an
envelope of Corning 9741 glass which
allows about 80 percent or more
transmission at 2600 A wavelength.
This tube, processed and filled with
suitable gases, proved to be most
suitable for the fire, flame, and spark
detection. Figure 4 shows the spec-
tral sensitivity as measured with a
hydrogen arc as a light source and a
quartz monochromator.

Tube Circuit

The electronic circuit required in
connection with the detector tube is
shown in Fig. 5. This must operate a
relay as soon as the average input
pulse rate as supplied by the Geiger-
Mueller tube increases to or above a
certain predetermined value. This
is accomplished by a circuit which in-
jects a charge on a capacitor-resis-
tor combination for every pulse re-
ceived, thus essentially integrating
or averaging the pulse rate over a
time interval of the order of the
time constant : of the combination.

In Fig. 5, the negative pulses re-
ceived from the sensitive tube are
inverted in one triode unit, fed into
a cathode-follower type R-C tank,
the potential across the latter con-
trolling a thyratron relay circuit
which in turn controls whatever
alarm device is to be activated.

The averaging time constant < is
given by the product RC. The sensi-
tivity is determined mainly by the
duration of the positive control
pulses reaching the cathode follower
determined by the product RC, and
by the absolute magnitude of the
charging tank capacitor C. Also, the
negative grid bias control of the
thyratrons, accomplished by potenti-
ometer P, provides a simple adjust-
ment over a limited range of sensi-
tivity.

Optimum Sensitivity

The minimum number of quanta
that can be detected is limited only
by the natural background count due
to cosmic ray and natural radioactiv-
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ity responses of the Geiger-Mueller
tube.

The number of such background
pulses is approximately proportional
to the product of diameter and length
of the cathode cylinder. The pulse
rate due to an ultraviolet radiation
source is also proportional to that
product, the projected cylinder area.
It may seem, therefore, that it would
be immaterial to what size the de-
tector is designed. However, this is
not the case. For optimum sensitiv-
ity it will be advantageous to make
the effective detector area large.

The detector tube of Fig. 8 has a
projected cylinder area of about 30
em® resulting in a natural average
background rate of about 50 pulses
per minute, or a little less than two
pulses per second.

In a'rough calculation of the aver-
age number of light quanta available
for detection from a match at a dis-
tance of 30 feet, we obtained above
about 10* quanta per second for the
same effective tube area. Thus, if the
efficiency of photoelectron emission
from the incident quanta is at all
reasonable, and it might be expected
to be of the order of one percent,
a very appreciable pulse rate should
be detectable; about 100 per second
based on rough assumption, regard-
ing the “blackness” of the flame, its
effective area, and the photoelectric
efficiency of the detector. This figure
demonstrates quantitatively the basic
phenomena responsible for the great
sensitivity achieved in this device.

Maximum Sensitivity

The device will respond practically
instantaneously (within about 0.1
second) of the striking of a mateh at
a distance of 60 feet or less in any di-
rection from the detector tube. At
greater distances larger flames will
be as effective, the minimum flame
area increasing approximately as the
square of the distance. Flame cen-
ters of higher temperatures will
increase the minimum distance or de-
crease the necessary flame area rap-
idly. Thus the device is extremely
sensitive to sparks or electrical arec-
ing. A gas lighter when struck only
once anywhere in a room of 800
square feet sets the alarm relay off
immediately,

This extreme sensitivity mayv in
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many practical applications be unde-
sirable. It is possible to reduce this
sensitivity by any number of means,
the most natural one being in choos-
ing the proper dimensions of R, R,, C,
and C, so that the charge transmit-
ted to C per pulse received is small
enough to require an appropriately
large number of pulses to trigger the
thyratron.

Limitations at Optimum

The background pulse rate repre-
sents an average number of pulses
received per unit of time, and is
made up of pulses succeeding each
other at random time intervals. For
a given averaging time element,
given by =<, the actual number of
pulses may fluctuate to some extent
above and below the average rate. If
this average pulse rate per interval
© seconds is ¢, then the probability
that k, times this many pulses will
arrive during the same interval is
given by Poisson’s distribution

plog) = Fimet )

This provides a means to predict
to what maximum sensitivity the cir-
cuit may be adjusted without exceed-
ing a given probability of accidental
triggering by the background. The
factor k, is directly related to the
sensitivity in that the instrument
can be adjusted to trigger if the pulse
rate ever reaches k, times the back-
ground rate.

Using Stirling’s approximation,
we can obtain from Eq. 5 an approxi-
mate formula for the relationship
between the required %, when a cer-
tain background rate ¢'is given and a
small probability p,., is desired

1 A

= 1

ko 2.3 IOgloko + kL -1
0

)-1 ®)

For two probabilities p, = 10 and
p. = 10 the relationship expressed
by Eq. 6 is graphically represented
in Fig. 6.

Strictly, a circuit of the type used
should be considered as responding
to the occurrence of a pulse-rate of
(kq) or larger, which would require
modification of Eq. 5 to

p (kog) = e f 9 gk
ko (kg)!

However, it can be seen that for any

A= (2.3 logio

Ddes
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large value k, the contributions to
the integral from all k& > k, are so
small as to be negligible for the pres-
ent purpose.

The chart of Fig. 6 makes it pos-
sible to determine the maximum
sensitivity which can be used for a
given ultraviolet detector tube hav-
ing a background count of pulses per
interval t without exceeding a cer-
tain small probability for accidental
triggering. As an example, suppose
that we have a time constant of three
seconds, and the detector tube has a
background count of 3.3 per second,
or ¢ = 10, For a probability of 107
(which corresponds to an accidental
trigger event per interval t/Ds.. =
8 x 10° seconds, or 10 years!) Fig-
ure 6 yields k¥ = 3.5. This means
that the circuit may be adjusted to
trigger the relay circuit when the
pulse rate reaches 3.5 times the back-
ground.

It would be necessary to receive at
least six times the intensity of radia-
tion to trigger the circuit had it been
designed to operate in the same way
with a smaller detector having a
background rate of only one per sec-
ond (¢ = 3). Generally, a radiation
detector of this type can be made
more sengitive the larger the effective
detecting area, even though the back-
ground rate too increases propor-
tionally.

Conclusion

In many practical applications it
may not only be unnecessary but even
undesirable to design for such opti-
mum sensitivity. Even an insensi-

tive arrangement in the sense of the
discussion regarding background
fluctuations, may mean that a flame
the size of a burning postal card will
trigger the relay circuit within two
seconds at a distance of 60 feet or
more.

While the fundamental method and
elements of the device have been de-
scribed, there remains a great deal
to be said about simplifying design
and engineering aspects, about possi-
ble designs for the simultaneous use
of many detectors in various build-
ings or rooms controlling a central
indicating system, about monitoring

special parts or apparatus such as
in aircraft, or in manufacturing
processes. Some speculation has
been devoted to the possibility of
forest-fire detection in inaccessive
areas since it is possible to com-
bine the detecting tube with suitable
parabolic mirrors of any area to in-
crease the effective ultraviolet de-
tecting area.

Thanks are due Mr. A. G. Nester
for assistance in constructing the ex-
perimental tubes and to Dr. W.F.G.
Swann for making available the in-
strumental facilities of the Bartol
Research Foundation.

GEIGER-MUELLER
DETECTOR TUBE

, RELAY-TUBE

3 -

o | ,oATHoDE FoLLOWER 7 8
INVERTER, (' ¥ ¥ 5,000
]
. 002 2051 REL AY-
= 0.0005 ] N7 d ouTPUT
L) T A=
[ o
20 = .05 5
NEG % wie < O ¢(~3R ;100,000 AN
. R, 30,000
Yo F) 5,000 P
L L LI+
=3 - = L r— =3 - ’ -
40007 ‘50,000 4100,000
e 2x2
T ; +1,000V
= .
nsv +200
! L
l 25v =

FIG. 5— Fire-detecting trigger circuit which fires thyratron when
received impulses due to far ultraviolet radiation cause potential
across capacitor C to rise above a predetermined value

P 10N — l —
% / \ 8 S
3 & i
o w l
2 / \ E N Py | n
a A | -
o~ S s, .
¥ \ @ 3 i TTN/oe
=] =3 s —\
] a deg N~
l&" / 2 . 0~¢ -
; ] Riiii
= \ | | ! i I il
2000 2500 3000 | 2 q 6 8 10 20 40 60 80 100
WAVELENGTH IN ANGSTROMS SENSITIVITY

FIG. 4—Spectral sensitivity of copper-cathode detector

ELECTRONICS — Julvy 1946

WWW americanradiohistorv com

FIG. 6—Relationship of background pulse rate of detector and

optimum sensitivity



Measuring and Monitoring

Left to right, the controlled multivibrator unit, receiver for reception of WWV, and a d-c

amplifier and counter for determining the beat frequency. The large dial on the multi-

vibrator is the fine frequency adjustment, the other two knobs control the input and
output signals

HIS PAPER describes a method

for measuring or monitoring
radio frequencies against the Bureau
of Standards primary frequency
emissions from WWYV without the
use of an intervening standard. The
method is particularly applicable to
frequencies which are integral multi-
ples of ten kilocycles, such as stan-
dard broadcast station frequencies,
and it offers an unusually high
degree of accuracy.

Principle of Operation

The process is illustrated in the
block diagram of Fig. 1. The signal
to be checked is taken from the
oscillator or buffer stage in the
transmitter and is used to synchro-
nize the multivibrator. One of the
multivibrator harmonics is compared
with one of the emissions of WWV
by means of an ordinary radio re-
ceiver. The resulting beat frequency
can be measured by any of several
commonly used methods, such as an
electronic frequency meter or a
counting mechanism.* *

To determine the frequency devia-
tion from the assigned frequency the
following analysis is used: Let

F = frequency under measurement

F, = fundamental frequency of
multivibrator

10

N = F/F, = synchronization ratio

F. — standard frequency emission
used

n—=F./F, =order of the multi-
vibrator harmonic used

f=F.,—nF, = beat frequency in
receiver

Then F, = F/N, and the signal
compared with F, is nF, = (n/N)F

Let AF be the deviation between
correct (assigned) and actual value
of F; then the signal compared with
F,is (n/N) (F — AF), and the meas-
ured beat will be

f= /N)F — (n/N)(F — AF)

= (n/N)YAF or
AF = (N/n)f (1)

For example, consider a broadcast
station with an assigned frequency
F of 1230 ke and a multivibrator
having a frequency F,, of 10 ke and
synchronized at a ratio N of 123/1.
The 1500th harmonic of the multi-
vibrator is then beat in the receiver

against the standard frequency
emission from WWYV at 15 mega-
cyeles (F,). Suppose the Dbeat
between the two latter signals

(F, —nF,) to be 18 cps. Substitut-
ing these values in Eq. 1, we get
AF = (123/1500) 18 = 1.476 cps.
The method offers no way of de-
termining the sign of AF, or whether
the measured frequency is above or

wwWwW americanradiohistorv com

By LARRY S, COLE

Department of Radio Technology
Utah State Agricultural College
Logan, Utah

below the assigned frequency. How-
ever, raising or lowering the trans-
mitter frequency a cycle or so and
noting whether the beat frequency
increases or decreases will yield this
information.

Equipment

The multivibrator frequency F,,
was chosen at 10 ke as this value
contains harmonic components which
fall on all standard emissions from
WWYV as well as those of broadecast
stations. While, for the majority of
frequencies involved in the band,
synchronization of the multivibrator
could be accomplished in two or more
steps with reasonably low synchron-
ization ratios, there are 19 frequency
channels which are prime multiples
of 10 ke. In these latter cases, syn-
chronizing the 10-ke multivibrator
must be done in one step-—involving
synchronization ratios of from 59/1
to as high as 149/1.

All the available information at
hand indicated a practical synchron-
ization ratio limit at about 50/1.
Therefore the first problem was to
investigate the possibility of prac-
tical synchronization at ratios of at
least as high as 150/1. To accomplish
this, the natural unsynchronized
frequency of the multivibrator had
to possess a high degree of inherent
frequency stability and it also had
to be isolated from any reactions due
to adjustments or variations in the
input synchronizing circuit and the
output circuit.

The first problem was solved by
using high-quality resistors of ample
rating and an extremely stable volt-
age regulator. The regulator used
was adapted from that developed by
Bousquet’, and produced an unusu-
ally high degree of regulation of the
d-c output voltage.

Pentode tubes in the input and
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Broadcast Frequencies

The beat note between the harmonic of a multivibrator s
a signal from WWYV is measured by means of a counter or frequency meter

quency and

ynchronized with the station fre-

oulput circuits provided ample isola-
tion when their operating voltages
were also regulated. Gain of these
stages could not be controlled by any
variation of the operating voltages
such as would result from a conven-
tional cathode-bias control.

To obtain sufficient output on high
harmonics, it was necessary to tune
the plate circuit of the output ampli-
fier over the range from 5 to 15 me.
Below 5 mec, the circuit is untuned
as shown in the circuit of Fig. 2.

Synchronization of the unit at a
particular ratio is achieved with
various combinations of natural un-
controlled multivibrator frequency
and synchronizing voltage amplitude.

| INPUT MULTI- OUTPUT
AMPLIFIER VIBRATOR AMPLIFIERh

FROM TRANSMITTER l

Y

RECEIVING
ANTENNA

ALL- WAVE
REGEIVER

i

BEAT - FREQUENCY
MEASURING DF VICE

 S— _—

FIG. 1—Functional block diagram of the

monitoring system

The combination resulting in the
greatest stability is found by noting
when the adjustment on the multi-
vibrator frequency can be shifted
the greatest amount without the loss
of synchronism. As a typical ex-
ample, this resulted with a natural
multivibrator frequency of approxi-
mately 9.5 kc when synchronized to
10 ke using a 100/1 ratio.

No attempt was made to find a
limit of synchronization ratio, but
the unit constructed has been syn-
chronized with complete stability
at ratios as high as 200/1.
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The unit was installed experi-
mentally at a local broadcast station
(KVNU, 1230 kc) for a thorough
test under operating conditions. The
input synchronizing voltage was ob-
tained by bridging the low- imped-
ance transmission line to the station
frequency monitor from the crystal
oscillator stage of the transmitter.
The output of the multivibrator was
connected to the antenna terminal of
an all-wave receiver. A short hori-
zontal antenna outside the trans-
mitter building was used to pick up
WWYV and other signals.

Performance

After the multivibrator unit had
become reasonably stabilized as to
temperature, no further adjustments
were necessary over a period of sev-
eral days. During daylight hours,
the 10 and 15-me signals from WWV
were used to check the operation of
the unit. At night, the 5 and 2.5-mc
signals were used. Other broadcast
stations were also used as check fre-
quencies both day and night. For a
strong beat frequency in the re-

ceiver, a reasonable relationship
between the strength of the received
radio signal and the harmonic of the
multivibrator is maintained by ad-
justment of the output control of the
multivibrator unit.

In the modern broadcast station,
the frequency control of the trans-
mitter and the usual frequency
monitor are of the same order of
stability and should a large fre-
quency deviation be indicated by the
monitor, there may exist a reasonable
doubt as to which is in error. In
such cases, the immediate determina-
tion of the true transmitter fre-
quency is of considerable value. For
this particular application, an audi-
ble check of the beat frequency in
the receiver would suffice for check-
ing and for resetting the transmitter
to assigned frequency.
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CRYSTAL RECTIFIERS

Recent developments in the manufacture of germanium and
a new, eflicient rectifying device, necessar

cial microwave applications

silicon crystals have provided

y for radar and of increasing usefulness in commer-

HE demands of microwave radar

necessitated the development of
more than thirteen different types of
crystal rectifiers which were pro-
duced by the million. Basic improve-
ments in stability and performance
may enable the crystal to displace
the diode tube in many applications,
particularly because of its effective-
ness at high frequencies. Even at
low frequencies, certain kinds of
crystals may prove more stable, have
less weight and take up less Space
than a diode and filament trans-
former.

What a Crystal Rectifier is

A modern crystal rectifier consists
of a small-area contact between a
metal like tungsten and a suitable
semiconductor such as galena, ger-
manium, or silicon. Many names
have been used to describe these
rectifiers, such as silicon-erystal
rectifier, dry-point contact rectifier,
barrier-layer rectifier, point-contact
semiconductor rectifier, converter
crystal, mixer crystal, video crystal,
and detector crystal. These differ
from copper-oxide and selenium rec-
tifiers in having a small contact area
and usually a smaller power-handling
capacity. On the other hand, their
reduced capacitance makes them very
useful at high frequencies.

A typical crystal rectifier is shown

This work was done in part under contract
OEMsr-388 between the Trustees of the Uni-
versity of Pennsylvania and the Office of
Scientific Research and Development, which
aAssumes no responsibility for the accuracy
of the statements contained herein,
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Philadelphia, Pa.
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Fig. 1—Cross-section of a typical crystal
rectifier. The dimensions are approximate

diagrammatically in Fig. 1. The ce-
ramic cartridge with brass ends
holds the whisker and semiconductor
in stable contact. The pointed
whisker is soldered into the pin end
and the semiconductor, soldered on
the end of a stub, is pushed in from
the other end till the contact is made.
The whisker spring is compressed
slightly and the stub locked by a set
screw. The cavity is then filled with
wax to make the contact moisture-
proof,

Semiconductor Properties

Although the contact area is crit-
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ical, probably the most important
part of the rectifier is the semicon-
ductor. Semiconductors are materials
having a high electrical resistance,
between that of metals and insulat-
ors, usually with a temperature co-
efficient of resistance different from
that of metals. Semiconductors are
much more sensitive to small
amounts of impurities or imperfec-
tions in the crystal lattice than
metals.

The addition of a fraction of a
percent of certain other elements
will lower the resistance of some
semiconductors to that of poor
metals. In this condition, good recti-
fication can often be obtained by
making small-area contact to the
surface of the semiconductor with a
suitable metal. It is thought that the
difference in work function between
the metal and semiconductor pro-
duces a potential barrier to the flow
of electrons. This barrier drops
slowly on the semiconductor side
owing to the space charge effect of
the unneutralized impurity ions
present in the semiconductor, and
practically stops the flow of electrons
from the metal to the semiconductor
under any conditions. However, the
electrons can flow from the semi-
conductor if the electronic potential
of the semiconductor is raised
enough to allow the electrons to pass
over the barrier. This also requires
that appreciable voltage drop occur
at the semiconductor contact, which
is achieved by making the contact
area small and producing a spread-
ing resistance in the semiconductor.
Consequently, the barrier will allow
current to pass in one direction and
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EQUIVALENT STANDARD
DIODE CRYSTAL
RECTIFIER

| CIRCUIT
COAX- STEds
SHIELDED RO
CRYSIAL RECTIFIER
RECTIFIER

Symbols for diode and crystal rectifiers and the physical appearance of corre-

sponding crystal units.

The greatest current will flow when the top connection

is positive

not in the other, as shown in Fig. 2.
Similar effects occur at the back sur-
face of the silicon. For good rectifi-
cation, the contact area at the back
surface must be large in order to
eliminate any spreading resistance
over which a potential drop can
occur. This approximate description
of the rectifying action indicates
that a major part of the art of crys-
tal rectifier production lies in the
preparation of the semiconductor
and its surface. Two typical curves
of the current-voltage characteristic
at low frequency for a properly pre-
pared crystal are shown in Fig. 3.

Uses for Crystal Rectifiers

The primary attribute of the crys-
tal rectifier which makes its use for

Table 1—Composition of Crystal Rectifiers

Impurities added
Bulk High- | |
material {requency High-back Low-
mixer voltage frequency
erystals cryslals rectifiers
Silicon Aluminum | Germanium | Aluninum
also
Boron Ni Boron
Sn
Bi Germanium
Ca Ialso
Mo Ta
Zr  Co
W Re
Be Fe
Germanium | Antimony | Tin Antimony
also also
P Ca Tin
Fe Ni t
Sr
Bi
N
Galena None
Unknown | known Unknown
Iron pyiites None
Unknown | known Unknown
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microwave radar imperative is the
small area of the region where recti-
fication occurs. Very probably this
region is smaller than 10° cm in
thickness. Consequently, the time
for electrons to cross this film will be
small enough to eliminate transit-
time efects, even at microwave fre-
quencies. Furthermore, since these
crystals have small capacitance in
the contact, their rectifying proper-
ties are little affected by frequencies
up to several megacycles.

So far there have been three main
uses for crystal rectifiers—as de-
tectors of microwaves, as mixers or
converters of microwaves, and as
higher-voltage low-frequency diodes.
This eclassification is not profound,
but serves to illustrate the different
electrical characteristics required of
the crystal types developed for these
purposes.

As a detector, the crystal is con-
necte¢ between the receiving antenna
and ground across the input to the
video amplifier. Used in this fashion,
microwave powers of the order of
10° watt picked up by the antenna
can be detected. When smaller
amounts of power are to be received,
a local oscillator, usually producing
0.7 volt at 30 or 60 mc from the
signal, is connected to the crystal.
Then the two signals are mixed by
the ervstal and the converted inter-
mediate frequency fed into the i-f
amplifier. Used in this fashion,
microwave signals as small as 107
watt can often be detected.

Crystals are also used at frequen-
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Fig. 2—Schematic diagram showing con-
fact between metal and germanium semi-
conductor. In A, no voltage is applied.
and hence the two electron flows are just
equal. At B, the semiconductor has been
made positive, lowering its electronic po-
tential and decreasing electron current
from the semiconductor, so that a slight net
current flows. The semiconductor has been
made negative at C, raising its electronic
potential and increasing current from the

semiconductor
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Fig. 3—Current-voltage curves for two dif-
ferent crystals

cies lower than those corresponding
to microwaves. As a second detector,
the crystal converts the intermediate
frequency of 30 mc into d-c. This
service requires crystals which will
stand higher voltages than the nor-
mal limit of 1 or 2 volts. Other low-
frequency uses include d-c restorers
and voltmeter rectifiers.

Preparation of Crystals

Most present-day crystals are
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rent-voltage curve at A agrees reasonably

well with the curve deduced from front

and back resistance constant at B and that
from diode theory at C
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Fig. 5—Variation of resistance (A) and
sensitivity (B) of a representative crystal
with temperature

made from silicon which is initially
prepared in a very pure form by
crystallization at a high temperature
from silicon tetrachloride. The re-
sulting needles are melted in a quartz
crucible in a good vacuum (10° mm
Hg) at about 1,500 C with a small
amount of the desired impurity
added to the melt, as indicated in
Table I. After slowly cooling from
the bottom the melt is eracked loose
from the crucible and sawed into
slabs about 1 mm thick. Both sides
of the slab are rough-ground flat.
One side is finished with fine carbo-
rundum and then polished with No.
000 emery paper to a mirrorlike
surface. The slab is then heated to
about 1,050 C in air for several
hours until a blue color appears, in-
dicating the formation of a thin
oxide layer. The unpolished side of

il4

Fig. 6—The typical d-¢ characteristic curve
of a high-back-voltage silicon crystal
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Fig. 7—A comparison of peak back volt-
age as a function of base temperature for
two crystals of different composition
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Fig. 8—D-c back voltage characteristic
curves at different temperatures for the
silicon crystal shown in Fig. 7

the slab is next electroplated with
nickel. The slab is broken or sawed
into small pieces about 2 mm square.
These small pieces are then soldered
onto the brass stub (see Fig. 1),
trimmed, and the oxide washed off
the polished surface with hydro-
fluoric acid. The semiconductor is
then ready for assembly.

Tungsten Catwhisker

The whisker is usually made from
pure annealed tungsten wire of di-
ameters up to 10 mils. The desired
lengths are plated at one end with
gold or other material suitable for
soldering. The wire is next soldered
into the pin and formed in the cor-
rect shape by a crimper. The point is
sharpened by electrolytic polishing
or by grinding on an Arkansas stone
to a smooth cone of about 60 deg
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included angle. The whisker and
silicon are then assembled in the
cartridge. The set screw is tightened
somewhat and the stub pushed in till
the whisker makes contact with the
semiconductor surface. This position
is detected by continuously measur-
ing the resistance between the ends
of the crystal or watching the cur-
rent-voltage curve on an oscilloscope.
The stub ‘is pushed in about a mil
farther to compress the crimped
wire and make firm contact. The
cartridge is usually tapped to stabil-
ize the contact. Then the cavity in
the ceramic body is vacuum impreg-
nated at elevated temperature with a
mixture such as opal wax and para-
tac. Sometimes the hole is plugged
up with alundum cement. The crystal
cartridge is tested, labeled, and then
packed in a metallic shield to protect
it from picking up electric charges
which might injure it. Care must
always be taken in handling a crystal
to avoid any appreciable discharge
through it.

Electrical Characteristics

In describing the electrical char-
acteristics of crystals we shall refer
mainly to rectifiers made from sili-
con doped with aluminum and/or
boron and prepared as described
above. Other techniques and mate-
rials can be used, but most crystals
are at present made in this fashion.

The d-c rectification curve in Fig.
3 shows that the difference between
the resistance in the front and back
direction is 2 measure of ability to
rectify, and the back-to-front ratio
was an early criterion of a good
rectifier. The ratio of back resistance
at 1 v to the front resistance at 0.8 v
is greater than ten to one for a good
crystal. The rectification curve can
be well approximated by a simple
formula with two constants:

=14 (c¥ — 1)

where 7 is the instantaneous current
and V the instantaneous voltage
across the contact, 4, and « being
constants. The value of « varies
from 2 to 20 volts™ in ordinary crys-
tals although it has been observed
larger; 4, is of the order of milli-
amperes, but varies from crystal to
crystal.
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Figure 4 shows typical approxi-
mations compared to a typical ob-
served current-voltage curve. At low
frequencies the rectification depends
primarily on a«. Actually, for appre-
ciable current carried in the forward
direction the applied voltage does
not all appear across the contact. A
voltage drop oceurs across the
spreading resistance owing to the
small size of the contact to the semi-
conductor (this is evident from Fig.
3), and the fact that the semicon-

ductors do not have as high a con-

ductivity as metals. This spreading
resistance R, varies from 5 to 100
ohms depending on the diameter of
the whisker and, consequently, neces-
sitates a correction (V.,pirea — iRs)
to the voltage across the contact.
The slope of the current-voltage
curve at zero bias is the low-level or
video resistance and varies from
several thousand to fifty thousand
ohms.

Temperature Variations

These resistances vary appreciably
with temperature. In fact, the low-
level or zero-bias resistance varies
exponentially with the reciprocal of
the temperature. This variation is
essentially the same as that of a
thermistor. This is because of the
change with temperature of 4, which
can be expressed as 4,e¢’*" where ¢
is an effective barrier height in elec-
tron volts and kT is the thermal
energyv in electron volts. (At room
temperature kT is 1/40 e-v). The
value of ¢ is usually between 0.1 and
0.4 e-v and k& = 8.6 x 10° e-v per
degree Kelvin.

The curve in Fig. 5A shows the
calculated variation of the low-level
or zero-bias resistance with tempera-
ture of a typical crystal. The only
practical way found so far to reduce
this variation is to control the crys-
tal temperature. A reduction in ¢
which will reduce the temperature
coefficient of resistance also de-
creases the sensitivity of the crystal
as a detector.

The front and back resistances
and spreading resistance do not vary
as rapidly with temperature as the
low-level resistance. Typical varia-
tions of front and back resistance
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are 420 percent at —20 C and —40
percent at +70 C from the room
temperature value 22 C.

Square-law rectification is to be
expected of any rectifier as long as
the voltage swing is limited to the
region where departure from linear-
ity of the characteristic curve is
small. Most crystals show square-
law rectification up- to powers of the
order of several microwatts or volt-
ages of the order of 0.1 v. Below
this level, the short-circuit rectified
current i,., is directly proportional
to the input a-c power, in the rela-
tion:

id—c = SPu—c

where S (Fig. 5B) is the sensitivity.
This low-frequency sensitivity is
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Fig. 9—Rectified d-c from a high-back-volt-

age silicon crystal as a function of input

voltage as atfected by frequency (A) and
temperature (B)
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Fig. 10— Lumped parameter circuit to ap-

proximate crystal contact. R, and C are

resistance and capacitance of the contact

and R, is the spreading resistance in the

semiconductor caused by small area of
contact
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greater than 2 for good crystals.
Actually, at low frequencies, S should
be one-half of a.

As the power level is inereased
above microwatts, the rectified cur-
rent becomes more nearly propor-
tional to the square root of the input
power. If the load resistance is not
small, the crystal will bias itself and
reduce the rectification. As rectified
currents of milliamperes are reached,
the voltages increase to the order of
whole volts and the resistance in the
back direction may start decreasing.
This puts a limit on the amount of
input power which can be used with-
out saturation of rectification. Fur-
ther increase of voltage may damage
the crystal. In fact, voltages of the
order of 4 v or rectified currents of
greater than 30 ma will damage the
more sensitive types of crystals.

High-Back-Voltage Crystals

When certain impurities are
added, both germanium and silicon
have been found to withstand large
voltages in the back direction. A
typical curve is shown in Fig. 6. In
general, hbv germanium gives much
better back-to-front ratios than have
been found so far with hbv silicon.
Consequently, most high back volt-
age crystals are at present made
from germanium. Silicon, on the
other hand, shows promise for tem-
perature-insensitive and frequency-
insensitive high-back-voltage crys-
tals. Silicon has much better rectify-
ing properties at microwaves and
less variation of back resistance and
peak back voltage with ‘temperature
than most hbv germanium. A typical
variation of peak back voltage with
temperature is shown in Fig. 7. The
variation of back current with tem-
perature is shown in Fig. 8.

These hbv crystals are in many
cases better for rectifiers than diodes
such as the type 6H6. For several
volts of 60-cps input, hbv crystals
give more rectified current than a
6H6 with both plates in parallel. The
change in rectified current as the
frequency is increased to 30 mec is
shown in Fig. 9A. The variation of
rectified current with temperature is
shown in Fig. 9B. Germanium hbv
crystals still in development have
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better low-level rectification and give
larger currents in the forward direc-
tion.

Noise

By careful control of manufacture,
the noise generated by crystals has
been greatly reduced. In many cases,
the i-f noise observed from a crystal
used as a mixer is no more than
that experienced from a resistance
of equivalent magnitude. However,
crystals often give more noise than
would be expected from thermal agi-
tation and shot effect. This has been
designated extra noise, and is ob-
served when either d-c or r-f voltage
is imposed on the crystal,

The spectrum of this extra noise
is not uniform in the manner of
thermal agitation. Much more low-
frequency noise is observed than that
at high frequencies, varying in-
versely with frequency from 50 cps
to 1 me, when it tapers off and ap-
proaches thermal agitation noise.
Consequently, at an i-f of 30 mec the
noise is not bothersome, whereas for
i-f values in the audio range the
extra noise from the crystal is very
large.

High-Frequency Operation

At high frequencies, the capaci-
tance across the blocking layer (bar-
rier) becomes important because it
can bypass the barrier if its impe-
dance becomes less than the resist-
ance of the barrier, as indicated in
Fig. 10. This happens first in the
back direction and reduces the back-
to-front ratio. The high-level recti-
fication efficiency is then measured
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Fig. 11-—Rectification efficiency (back-to-

front resistance ratio) of two different

crystals as a function of wavelength. The

lower curve shows the effect of larger
contact capacitance
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Table II. Crystal Characteristics

Mixer Crystals

Least

More Most ! High
sensitive sensitivity sensitive sensitive ' burnout
| INo5*
15 l Less than
8.0 db
14 ' Less than
i 2.5k
30 NF, Less than
13 .1 db
B, 7w d-c
‘By 26 w d-c
IN21 IN21A 1IN21B* 1IN21C [ 1N28*
(obsolete) |
L Less than Less than Less than Less than Less than
8.5db 7.5db 6.5 db 5.5db 7 db
{ Less than Less than Less than Less than Less than
4z 3z 2z 1.5z 2z
10 | NVF, | Less than Less than | Less than Less than , Less than
15.5db 13.5db 11.3 db 9.5db 11.8 db
B, 0.3 erg 2 ergs 2 ergs l 5 ergs
1N23 1N23A 1N23B*
L Less than Less than Less than
10 db 8 db 6.5 db
{ Less than Less than Less than
3 3z 2.7z 27z
NF, | Less than Less than Less than
16.0 db 13.7db 12.2 db
B, 0.3 erg 1.0 erg 0.3 erg | |
1IN24 IN26* L:  loss
(obsolete) | coax-shielded | ¢{:  noise temperature
cartridge B,: burnout proof test
Ba: burnout design test
1L Less than Less than NF,: noise figure of receiver
14 db 8.5db (3 db receiver)
] Less than * Army-Navy preferred list
2.5z A and B crystals are physically inter-
NF, Less than changeable
| 13.9db
B, | 0.1erg |

High-Back-Voltage Crystals

Second detector crystal | d-c restorer (r-f) crystal |
pigtail cartridge

W. E. D171561

pigtail cartridge
W. E. D171612

d-c restorer crystul
pigtail cartridge

W. E. D172925

LSYZG

I0H

POSITIVE,

440V

PULSE TRIGGER
800-4,000PPS ©

+220V
Sy,
I s SEC LINE

54V ON PULSE

~ __ NON INDUCTIVE RESISTORS

CRYSTAL
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Fig. 12—The d-c pulser circuit used in the burnout tester
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According to Wavelength Used

High-Back-Voltage Crystals

E) more than 5 v

E, more than 0,10 v R more than 0.1
(=1v)

E; more than 15 mv

V s more than 50 v V s more than 50 v

R more than 2,000

E; more than 15 mv '

Es more than 15 mv

Rz more than 0.06 meg
(—50v)

More than 0.25 meg (— 5 V)

Ir more than 5 ma (+ 1v)

1 R, more than 2,000 ohms

meg

ohms
Video Crystals
[ Medium high
cm | I burnout
‘ 1N29
30 Lio less than 8.0 db
Ra_. greater than
6,500 ohms
at 40 mv
1IN27 1N32* 1N33
10 | M Greater than 60 Greater than 100 Greater than 30 but
less than 140
Ra_e 0 to 4,000 ohms 5,000 to 20,000 ohms| 2,000 to 10,000 ohms
B, 0.3 wd-c 2.5wd-c
| | 1N30 1N31*
| | Coax-shielded
{ cartridge M: figure of merit
3| M Greater than 55 Greater than 55 Rg4_.: d-cresistance at
Rae | 7,000t0 21,000 ohms| 6,000 to 23,000 ohms + 5mv
0.02 wd-c
Crystal diode pigtail cartridge E, :d-c output voltage with
— 24..7 v peak 30-mc input
1N34 E, :a-c output voltage with
V, less than 10 v 24.7 v peak 30-mc modu-
I less than 5 ma (+ 1v) lated 0.92 v peak as input
R 5 less than 0.025 meg (— 50 v) F. :d-c output voltage with
R less than 0.2 meg (— 10 v) ‘ 0.5 v peak 30-mc input
V 5 less than 50 v V. :d-c voltage at the output
with 30 v rms 60-cps input;
| (the capacitor is omitted
Instrument Rectifier and the load resistance is
500 instead of 1,000 ohms)
1N22 Vs : peak back voltage the crys-
Sylvania . E. tal is required to stand
R s more than 2,000 ohms L less than 10 db R: :static d-c resistance at the
R less than 60 ohms { less than 6 x back voltage indicated
Is more than 0.45 ma I, more than 0.4 ma | Rj : impedance at 30 mc
I, more than 0.4 ma I- :d-cin the forward direction
B, 0.3 erg B, 0.3 erg | at the voltage indicated

by the ratio of the back resistance
(shunted by the capacitance) to the
front resistance. This begins to de-
crease when 1/wC becomes less than
R,;. The value of C has been meas-
ured at about 0.2 puf so that 1/wC
becomes less than 1,000 ohms at a
frequency of 1,000 me.

Figure 11 shows the decrease in
rectification efficiency with decrease
of wavelength (increase in fre-
quency) for two early crystals. The
crystal with the larger capacitance
shows a faster drop in rectification
efficiency. Newer crystals have better
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rectification efficiencies than are
shown in these examples.

A corresponding decrease in effi-
ciency occurs in mixer performance
and low-level detection. In general,
the lower the contact capacitance,
the better the high-frequency per-
formance. Consequently, except for
problems of r-f and i-f match, a
crystal good at high frequency is
also good at lower frequencies.

Low-level sensitivity drops even
faster with increasing frequency
than mixer performance or rectifica-
tion efficiency. Whereas rectification
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efficiency might be expected to vary
roughly as 1/(1 + R;oC), low-level
sensitivity should drop as

1/(1 + o’C*R.Rs).

Actually, in many cases, crystal per-
formance does not decrease as fast
as expected with frequency.

Stability

The stability of present-day crys-
tals is well displayed by the mechan-
ical, electrical, and exposure tests
which production samples are re-
quired to stand.

The mechanical design test in-
volves dropping the crystal three
times from a height of 30 in. onto a
wood block, twisting the crystal ends
with a torque of 1.5 in.-lb so as to
unscrew the parts, and applying a
force of one pound to the tip of the
crystal at right angles to the axis of
the crystal while the head is clamped.
A crystal must withstand immersion
in warm water for fifteen minutes,
in room-temperature water for fif-
teen minutes, and several cycles of
heating and cooling between 70C and
—40 C. The electrical burnout tests
are described below. After being sub-
jected to all of these tests the
performance of 80 percent of the

CRYSTAL
sseenrsrem——eci{ }

INPUT

% 1,000 “10guF ouTPUY

Fig. 13—Circuit used for measuring second
detector characteristics

samples is required to be within
specified limits, but 90 percent of
the samples must be within the limits
after any single design test.

There are two types of burnout
tests intended only to indicate rough
differences in ability to withstand
overloading and to ensure production
quality. The first consists in dis-
charging a charged concentric line
through the crystal. By this means,
a pulse of approximately three micro-
seconds width is sent through the
erystal. This time is determined by
the length of the line and is chosen to
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be shorter than the time constant for
heat dissipation of the crystal con-
tact. The energy contained in this
pulse is determined by the capaci-
tance of the line and the voltage to
which it is charged. If the voltage
is very high, some dissipation of the
pulse energy seems to be experienced
when the contact is made for the dis-
charge which simulates the spike
which gets through the transmit-
receive gas tube before it breaks
down to protect the crystal from the
transmitted radar pulse.

Another method of testing crystals
for burnout consists in exposing the
crystal to a d-c pulse of about one-
microsecond width, obtained by dis-
charging an artificial line through a
thyratron into the crystal. A circuit
for accomplishing this is shown in
Fig. 12. Only a rough correlation ex-
ists between these methods of testing
crystals for burnout because multiple
pulses have more effect than single
pulses and the method is less erratic.
The match of the crystal to the puls-
ing circuit is important for reliable
testing and in actual radar practice
additional protection can often be
afforded by r-f mismateh in the
holder to overload pulses. Design
tests which are given to samples of
production crystals are also usually
more stringent than the proof tests
which are applied to every crystal
produced.

Crystal Types

Table IT shows the present crystal
types grouped in horizontal rows ac-
cording to the wavelength band for
which they are recommended. The
grouping in vertical columns is ac-
cording to use, sensitivity, and burn-
out. Mixer crystals are for use with
local oscillators, whereas video crys-
tals are for detector use. Table IIT
gives test specifications.

The characteristics listed in the
tables are further defined below. L
is the loss in db of the crystal used
as mixer.

L =10 log,, I where ! is the ratio
of r-f signal power input to i-f power
output. A perfect diode might be ex-
pected to have an efficiency of 50 per-

H8

cent (I = 2) or L = 3 db.

The noise temperature ¢ of the
crystal is the ratio of the average of
the square of the noise voltage pro-
duced by the crystal to the thermal
agitation or Johnson noise voltage
squared of a resistance equal to the
i-f impedance of the crystal.

-l V4

v, RW(16 X 1079)
where R is the i-f impedance and W
is the integrated bandwidth of the
mixer and amplifier, V, is the crystal
noise, and V, the noise voltage from
an equivalent resistance. The value
of ¢ is usually given as a ratio, and

Table III. Results of

VIDEO OR LOW LEVEL CRYSTALS
Manxi- j
| mum
RMA |Description] Test Test test Mini- Range of | Burnout
No. | and band | freq holder power mum video test
in me in mc in figure resistance
milli- of merit in ohms
watts
IN27 |For pulse Rad. Lab. 5 60 0 to
discrimi- (3,295 [drawing 4,000
nation 10 B3124
tunable
IN29 [Special [10 em [IN21 Same as [Conversion| 6,500 min
use 30 type 10 cm loss at at 4 40
mixers {10 cm mv
8 db max
IN30 |Original 9,375 [TPX— 5 55 7,000 to [Proof test
3 56GM 21,000 (0.3 erg
tunable
IN31 |Improved (9,375 [Rad. Lab. 5 55 6,000 to |Design
stability drawing 23,000 (test 0.02 w
3 137389 d-c 1- usec
fixed tune pulse
1IN32 |Improved |3,295 |Rad. Lab. 5 100 5,000 to |Design
sensitivity drawing 20,000 |test 0.03 w
10 B7389 fixed d-¢ 1-pusec
tune pulse
IN33 Improved (2,880 |[Hazeltine 5 40 min | 2,000 to |Design
burnout 10 fixed tune 130 max 10,000 ltest 2.3 w
d-c 1-usec
pulse
HIGH-BACK-VOLTAGE CRYSTALS
Rectification in test | 60 cps con- !
circuit version at |Peak|30mc| d-c
Western| Descrip- = - ———| high level |back fimped-| re-
Electric tion |Freq| Low level |[High level volt-| ance | sist-
No. — age in ance
In | Out | In |Out| In | Out | min | ohms
min min min | d-¢ !
D1715612nd de- (30 mc(0.5 viI5mv [24.7v|5 v [0.92 v [0.10v|50 v E
tector peak |d-c peak |[d-¢ [peak |60 i
30 me 30 mc 60 cps |cps
modu- ’ 1
lation ' i
D171612|D-C re- |30 mc | 2,000 0.1
storer 50 v meg at
(r-f) l —1v
D172925/D-C re- |30 me 2,000 006
storer meg
‘ at
| —50v
0.25
|meg
, at
’ ! i — 5V

wwWwW americanradiohistorv com
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appears in the tables as { = 2z where
z indicates it is a ratio; a crystal
would be considered perfect if ¢ were
equal to unity.

An overall criterion of perform-
ance is NF,, the noise figure of the
receiver, which gives the ratio of the
average of the output noise voltage

Design Tests on Crystals

squared to the output signal voltage
squared when the input signal power
is just equal to the thermal agitation
noise power

NF,=l(NF, +t—1)

where all the terms are ratios. As-
suming the noise figure of the aver-

HIGH-BACK-VOLTAGE CRYSTALS

RMA [Crystal |60 [30v [10v | 50 v 0.025
No. diode cps |(rms)ld-c meg at
1N31 —50v
\ (500 ohins load resist- 0.2
ance: no capacitor) meg
at
' — 10 v
MIXER OR LOCAL OSCILLATOR DRIVEN CRYSTALS
Descrip- Test | Max | =] —l Min | Burn-
tion Test | Test |power |[Conver-j Min im- recti- out
RMA and freq | holder | level | sion | noise pedance | fied proof
No. band }in mc in loss | ratio in cur- test
in cm milli- | in db ohms rent |in ergs
watts ma
1IN21 |Obsolete (3,060 |Bell 0.5 8.5 |4 r Approx
10 Labs 400
ES4
1N21A [Standard|3,060 0.5 7.5 3« 0.3
10 |
IN2IB |Tm- 3,060 65 |2z 0.4 | 2.0
lproved 0.5
sensiti-
vity and
burnout
10
IN21C |Most 3,060 0.5 5.5 1.5z 2.0
sensitive
10
1N23 i Standard{9,375 [TPX- 1.0 10 3r Approx 0.3
3 36GM 400
IN23A [Im- 9,375 1.0 1.7 100 1.0
proved
sensi-
tivity |
IN23B [Most 9,375 10 | 65 27| 400 0.3
sensitive
3 \
IN21  [Obsolete {1-cn  |Mounted 14
band |in wave
guide
N2> |iligh 1,000 | 1.25 | 8 100 T watts
burnout 0.9 25% | to400 I- usec
30 \ |pulses
IN26 |Coax-  [21,000TPk- | 1.0 l 8.5 300-600 | 0.5 | 0.1
shielded 15 HU 2.5 x |measured
cartridge at 3 cm
i
IN28 |{High 3,060 0.4 l 7 l2r  |Approx | 0.4 5
burnout 250
10 |
1N22 |Instru- {Western Electric| 10 cmj 10 6z 0.4 0.3
ment - ——
rectifier Sylvania 3 cm 10 cm 0.45 0.3
at 10or3 3 cm 0.1
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age amplifier NF, ;= 2x (or 3 db),
then in db, NF, =10 log,[l(t +1)]
where [ and t are ratios. The best
NF, of a perfect diode would be
6 db for a 3-db receiver, with image
matched. The noise figure in db of
the crystal by itself (NF.) can be
expressed as

NF. = 10 log,(tl)

where ¢ and [ are ratios.

The video impedance E,., is meas-
ured at 5 mv in the forward direc-
tion. M is the figure of merit of a
crystal as used for the input to a
video amplifier. It is a measure of
the output signal voltage V, to the
output thermal agitation noise volt-
age V, (background).

V:r) = P; Ra_. B
Ve VI 1.26 X 100 VRac + 7
PiM

1.26 X 1070 VW

where M = Ru../b(Ra.. +7)3, i =SP
(input r-f), P, is r-f input power,
and 7 is a fictitious series resistance
of the grid of a first tube which
would give a noise equivalent to the
amplifier noise. An s equal to one is
desirable and r is of the order of
1,200 ohms.

B, and B. are the proof and design
burnout test required for the crystal.
The number of ergs given is the
energy in a spike or pulse of roughly
3 microseconds duration from a
Torrey concentric line pulser used to
proof test each crystal. The power
in watts is the peak available (or
matched) power in r-f or d-¢c micro-
second pulses.

Future

Point contact rectifiers offer many
possibilities in addition to the pres-
ent uses as radar mixers, second de-
tectors, beacon detectors and low-
frequency diodes. They can replace
many diodes with a saving in volume,
weight, and filament power consump-
tion. The low capacitance of the
contact makes their use in high-
frequency applications desirable.
Special kinds, such as welded point
crystals and silicon high back volt-
age crystals, are still capable of
further development and use.
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Exciter-Regulator

By PAUL T. HADLEY, ARTHUR W. FORSBERG and 0. KRAUER

General Aviation Equipment Co., Inc.

$LTERNATOR
/™ ARMATURE

ALTERNATOR -
FIELD

—b——@TROLLED RECTIFIER b ¢

———«I PHASE SHIFT C(ﬁr@——‘——«—

RECTIFIER

AMPLIFIER
' { FEEDBACK
COMPARATOR

FIG. 1—Block diagram showing the operat-
ing principle of the single-phase device

HE RELATIVE MERITS of direct-
Tcurrent and alternating-current
power in airplanes have been dis-
cussed in a number of excellent ar-
ticles. It is generally recognized that
the alternating-current system is
preferable on large aircraft which
require relatively large amounts of
power for electrical auxiliaries.

This article describes a self-excited
alternating-current system which
employs an electronic exciter con-
trolled by an electronic voltage regu-
lator. Two variations of this system
have been developed; one for three-
phase, 400-cycle, constant-frequency
main power supply, and the other for
single-phase, variable-frequency, 380
to 1,000-cycle auxiliary power.

Self-Excited System

Field excitation is obtained from
the output of the alternator through
controlled rectifiers. Such a system is
preferable to a separately-excited
system, for the following reasons:
The weight of the alternator is re-
duced approximately 25 percent.
Problems of commutation at high
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altitudes are eliminated. The mechan-
ical design of the alternator is simpli-
fied. The alternator may be oper-
ated at higher speeds due to the
simplified design of the shaft and the
absence of a commutator, thus allow-
ing a further reduction in weight.

One inherent disadvantage of the
self-excited system is its tendency to
collapse under certain short-circuit
conditions and thus prevent clearing
of faults. It was found possible to
design the circuit in such a way that
voltage collapse is not experienced
on faults which have sufficient imped-
ance to maintain approximately 35
percent of rated voltage at the alter-
nator terminals.

The problem of clearing a three-
phase, zero-impedance short-circuit
remained to be solved. A satisfac-
tory solution was obtained without
adding materially to weight by the
use of a circuit breaker with auto-
matic reclosing characteristics. It
was found that the timing of the re-
closing cycle was not critical pro-
vided that the circuit breaker opened
before the voltage collapsed entirely
and remained open until the voltage

recovered to approximately 90 per-
cent of normal. A practical reclosing
cycle for the particular circuit con-
stants involved consisted of equal
closed and open periods of approxi-
mately 12 cycles, or 0.03 seconds each.
By this method an rms value of cur-
rent substantially above full load was
maintained through the fault.

Constant-Frequency Circuit

A Dblock-diagram of the single-
phase self-excited alternator is shown
in Fig. 1. The complete circuit of
the constant-frequency exciter-regu-
lator is shown in Fig. 2.

The function of the voltage-indi-
cating circuit is to measure the devi-
ation of the alternator line voltage
from a set standard. This standard
consists of a d-c bridge circuit which
is supplied through a 5R4GY vac-
uum-tube rectifier from the alter-
nator terminals. A glow-discharge
type VR150 voltage-regulator tube is
used as a primary standard and the
bridge is balanced when the a-c volt-
age equals a value determined by the
adjustment of rheostat R,. Any
deviation of a-c voltage produces a

VOLTAGE INDICATING GRID - CONTROL

200000

MAIN RECTIFIER STARTING
CIRCUIT GIRCUIT
i
= 28-VOLT AR-

CIRGUIT CIRCUIT
VRi50
v AN
12500 | 7,000
SATURABLE

REACTOR

CRAFT BATTERY L
2.5 o)
':liij 1
1700
500

NEUTRAL

FIG. 2—Schematic of the three-phase, constant-frequency system

www americanradiohistorv com

July 1946 — ELECTRONICS

—



for Aircraft Alternators

Circuit diagrams and performance characteristics of two exciters controlled by electronic

voltage regulators. One is for three-phase. 400-cps constant-frequency main power sup-

plies and the other for single-phase, 380 to 1,000-cps variable-frequency auxiliaries

change in grid voltage of the 6ACT
amplifier tube with respect to its
cathode and a corresponding change
in the plate current, which excites a
saturable reactor.

In the grid-control circuit, varia-
tions in reactance caused by changes
of the d-c excitation of the saturable
reactor produce corresponding phase
shifts of the grid voltage of the
CE306 thyratron main rectifier tubes.

The main rectifiers are connected
for full-wave rectification. The out-
put of the tubes, which flows through
the alternator field, is determined by
the relative phase angles of their
grid and anode potentials. A change
in voltage at the alternator terminals
will unbalance the bridge, producing
a change in the d-c excitation of the
saturable reactor and a consequent
shift of phase angle of the thyratron
grid voltage, which raises or lowers
the output of the thyratrons and the
alternator excitation until the bridge
is again balanced.

A 24-volt aireraft battery was
available for use with the constant-
frequency unit to provide the excita-
tion necessary to initiate voltage

The single-phase, variable-frequency exciter-regulator

buildup in the starting circuit. When
the unit is started, battery voltage is
applied to the alternator field through
a series resistance which is adjusted
to produce approximately 60 percent

RISO

SATURABLE REACTOR

i

24-VOLT AIRCRAFT BATTERY

| ALTERNATOR:
T- —

\,

3
S L—— ALTERNATOR'
| RELAY 5
eH £ A5RAGY o
L e ,
o
L l ¥ TRANSFORMER% L‘
| —py & r-JRELE?I S, ‘ E»-
SL x "[fm: v 8 LT”EEMAL =38
SATURABLE * A pELAY--» T3
[ REACTOR l— 52 t«é\?il( RELAY 5, BT, ,ﬁ—‘
=il ol W ‘i__ e ——
bl i iy

FIG. 3—Circuit of the single-phase, variable-frequency unit
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normal voltage at no load. At this
voltage the heater current in the
thyratron tubes is sufficient to start
ionization. The low a-c voltage causes
the bridge to call for full output from
the thyratrons and, when ionization
commences, the rectified voltage
from the thyratrons adds to the bat-
tery voltage, increasing the excita-
tion and a-c voltage cumulatively
until normal voltage is reached. A re-
lay opens the battery circuit when
the field voltage reaches a self-sus-
taining value.

Variable-Frequency Circuit

A Dbattery was also available for
starting the variable-frequency unit.
In order to assure buildup at the low-
est speed and prevent damage to the
tubes when starting at the higher
speeds, additional relays are em-
ployed in the circuit. Referring to
Fig. 3, the sequence of operation is
as follows:

When battery voltage is applied to
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FI1G. 5—Oscillogram showing the performance of the variable-frequency exciter-
requlator upon sudden interruption of a 68-ampere., 0.8 power-factor load at 485 cycles

the unit, relay S. is energized
through a normally-closed contact on
relay S.. Closing of relay S, applies
battery voltage to the alternator field
and also connects one side of the a-c
bus to a tap on the primary of the
heater transformer. The tap is ad-
justed to give approximately 60 per-
cent rated heater voltage at the low-
est speed at which the unit is to be
started.

Cumulative buildup proceeds as
described previously. A resistance
in series with the power transformer
primary limits the current flow
through the thyratrons during the
starting period. A thermal time-
delay relay S,, which has characteris-
ties which closely approximate those
of the thyratrons, is connected across
one of the heater circuits. When the
thyratrons have reached operating
temperature S, closes and energizes
S.. S, short-circuits the resistance in
series with the power transformer
primary and also deenergizes S,;
thus the heater primary is switched
from tap to full winding and, at the
same time, the battery circuit is
opened.
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When starting at the highest oper-
ating speeds, the heater voltage is
approximately 50 percent above
rated voltage. The thyratrons are
protected against overheating by the
characteristics of the thermal relay,
but the life of the amplifier and recti-
fier tubes may be shortened because
of their smaller thermal capacity.

A sudden change in a-c voltage,
with a corresponding change in
bridge voltage, causes current pro-
portional to the rate of change of
voltage to flow through capacitor C,.
This current, flowing through E,
produces a potential on the grid
which tends to oppose the change
produced by the change in bridge
voltage. The result is to slow down
the response and prevent overshoot-
ing. The cathode resistor also pro-
vides degenerative feedback and aids
in preventing hunting.

Performance
The laboratory setup used to test
the constant-frequency system con-
sisted of two 40-kva, three-phase,

400-cycle, 208 or 120-volt, 6,000-rpm
alternators, each belt-driven from a
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3,600-rpm induction motor and each
alternator excited and controlled by
its own exciter-regulator,

The variable-frequency system test
setup consisted of an 8-kva, single-
phase, 4,000 to 10,000-rpm, 115-volt
alternator, belt-driven from a 15-hp,
4-speed induction motor and with
electronic exciter-regulator. Vari-
able-pitch sheaves were used in the
drive so that intermediate speeds
could be obtained.

With the frequency constant
within approximately 10 percent, the
regulator is capable of maintaining
constant voltage under steadyv-state
conditions within 1 percent or better.
On the variable-frequency applica-
tion, with a frequency range of 2.5
to 1, an accuracy of 2 percent was ob-
tained.

The response to sudden transient
changes in load was extremely rapid.
The oscillograms shown in Fig. 4 and
5, taken on the variable-frequency
unit, are typical. Figure 4 is a record
of the sudden application of approxi-
mately full load on the alternator. It
will be noted that complete recovery
of line voltage was attained within
25 cvcles, or approximately 0.05 sec-
onds. Figure 5 shows the results of
sudden removal of load from the al-
ternator. Complete voltage recovery
was reached in 23 cycles, or less than
0.05 seconds. The stability of the
system is demonstrated in these os-
cillograms. Only one cycle of oscilla-
tion can be detected in either.

The pulley ratios of the belt-drives
for the two 40-kva alternators were
slightly different and, as a conse-
quence, the speeds of the two units
differed by approximately 1.5 per-
cent. Under these conditions, the al-
ternators could be paralleled at ran-
dom without synchronizing, with
relatively small voltage disturbance
and rapid recovery. The application
for which the variable frequency
unit was designed and built did not
require parallel operation and, there-
fore, no such tests were made.
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INTERMODULATION

TESTING

Fidelity of audio amplifiers, especially those used in {-m transmitters and receivers, is best

determined by intermodulation tests. Correlation with actual listener tests is higher for inter-

modulation tests than for harmonic distortion tests

TANDARDS of good engineering

practices concerning f-m broad-
casting, published by the Federal
Communications Commission, spec-
ify an audio frequency bandwidth of
from 50 to 15,000 cycles. These
standards indicate that it is the in-
tention for f-m broadcasters not
merely to transmit the designated
wide audio band but also to transmit
this band with minimum distortion.
To obtain this objective it will be
necessary for most engineers to alter
radically their audio frequency de-
sign and measuring techniques, and
to revise their concepts of high
fidelity.

In transmitting signals covering
a wide frequency range, it is neces-
sary that all the elements of distor-
tion be reduced to a very low degree.
This requirement is particularly true
when the frequency range ap-
proaches the full capabilities of the
human ear. If distortion is not sat-
isfactorily controlled, the results of
extending the frequency range will
be to produce a quality which is less
pleasing than that obtained with a
limited bandwidth.

The error of transmitting a wide
band without sufficient reduction of
distortion has been repeated many
times and in each case the public has
reacted unfavorably to what was ex-
pected to be an improvement. Expe-
rience in the sound motion picture
field has indicated that widening of
the frequency range should be the
last step in design improvement. Re-
duction of distortion comes first and
then, with proper experience, if the
distortion and noise level are suffi-
ciently low, the frequency band can
be extended. If the new standards of
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the FCC are to be properly met, a
new set of standards for measuring
permissible distortion is essential. I
refer not only to distortions of fre-
quency and amplitude, but also to
distortions caused by hum, noise, and
distortion caused by interaction of
complex frequencies, which has come
to be known as intermodulation.

Tests for Fidelity

For an amplifier system to provide
excellent quality without distortion
while transmitting the band from 50
to 15,000 cycles, the complete ampli-
fier system should be capable of pass-
ing the following tests:

(1) Total hum and other noises
measured throughout the entire
band should be at least 66 db below
the full modulation or overload point.

(2) As determined by means of
an oscillator and oscilloscope, the
maximum sine wave carrying capac-
ity for the system should be deter-
mined for all frequencies in the
transmitted band. It is desirable for
the amplifier system to have reserve

sine wave carrying capacity of at
least six decibels beyond full modula-
tion over the entire pass band.

(38) Frequency response runs
should be made at maximum operat-
ing level as determined by the pre-
ceding test. Additional frequency
response measurements should be
made at 30 db below that point and
60 db down from the maximum oper-
ating level. There should be no sig-
nificant difference in the frequency
response of the amplifier system at
these three levels of output power.

(4) Determine intermodulation
products of the amplifier system by
methods outlined herein. For direct
transmission, six percent intermodu-
lation should not be exceeded any-
where in the frequency band. If the
signal is to be recorded and re-re-
corded, or if it is to be transmitted
through a network of amplifier sys-
tems, it is desirable for the inter-
modulation products to be held below
four percent. Amplifier systems
which will meet all of these require-
ments can be built, but they require
much greater attention to design
than theyv have been previously ac-
corded.

Amplifier systems which will not
meet these tests will fail to meet the

LGW FREQ 0SC l
40:60;100CPS |— REFER- VARIABLE
: 1 ENCE ATTENUATOR|  S00 OB
r/)— METER 0-70DB | “-5
HIGH FREQ 0SC i
1 1000; 7,000; BE8 }
12,000 CPS ATF

FIG. 1—Signal generator for intermodulation testing consists of two independent
oscillators and a linear circuit for mixing their outputs
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FIG. 2—Intermodulation analyzer detects high frequency modulation developed by nonlinearity of amplifier under test. (Word just
received from author explains that 1,000 cps in test oscillator has been replaced by 2,000 cps so that analyzer daccepts more side-
bands—bandwidth is now 500 instead of 200 cps—eliminating tendencies for cancellation of sidebands of 100 cps.)

objective of truly high quality repro-
duction. Measurements of hum and
other noises, measurement of maxi-
mum sine wave carrying capacity for
the entire band, and measurement of
frequency response at the designated
levels all utilize techniques with
which the audio frequency engineer
is familiar.

Intermodulation

Over the past ten years, Frayne
and Scoville of the Western Electric
Company, Scott of the General Radio
Company and Harries, Narath, Jan-
ovsky and the writer have discussed
the problem of measuring intermod-
ulation distortion.

During the past eight years I have
been using the intermodulation
method in designing audio amplifiers
and film and disc recording appara-
tus. As a result of this experience, 1
believe a discussion of these meas-
urements may be interesting and
helpful to those designing f-m trans-

mitters that will meet the new FCC 25
requirements. l T [ I |
Inter.m<')dulat10.n tests consist of :_é’zo A :&O;Ll%l:éllilrip A: j/
transmitting simultaneously two E S //
known frequencies through the EL /"r T /
equipment under test and then meas- S15 7 |
uring the degree of interaction and E ] : /] I
distortion of these two frequencies S ) B'TA\&’;‘E?;E"QON'TOR "
by determining the magnitude of z V4 _ /I)/
new frequencies which have been L | C-AMPLIFIER MEETING
generated. g s — F-M REQUIRMENTS\- 4
Two known frequencies are ap- & s -_
plied to the input of the amplifier 0 = = r—— = | o
under test from a signal generator. o 2 1 POWER OUTPUT IN WATTS
The output attenuator of the signal

generator is adjusted to produce the
required power from the amplifier
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under test. The output of the ampli-
fier or system being tested is con-
nected to the input circuit of the
intermodulation analyzer. The input
attenuator on the analyzer is then
adjusted until a carrier level meter
reads 100 percent. An intermodula-
tion percentage meter then reads
directly the amount of distortion
present.

Signal Generator

Figure 1 shows a block diagram of
a conventional signal generator used
for intermodulation testing. It con-
tains two independent resistance-
capacitance sine-wave oscillators.
We have a choice of 40, 60, or 100
cycles from the low frequency oscil-
lator and 1,000, 7,000, or 12,000
cycles from the high frequency oscil-
lator. The output level of each oscil-
lator is independently controlled. A
reference meter can be switched to
either oscillator for metering its

level. The output of each oscillator
is transmitted by a cathode follower
to a hybrid coil which combines the
two oscillator outputs.

A 12 db fixed attenuator is pro-
vided in the high frequency oscillator
output so that the low frequency is
transmitted 12 db higher than the
high frequency. This differential
ratio of low to high frequency ampli-
tudes is arbitrary and is used to
obtain the maximum, low frequency
sensitivity of the test.

For other test conditions, in par-
ticular where distortion is predomi-
nantly at high frequencies, it may be
advisable to use other amplitude
ratios for the two test frequencies.

An output meter, a variable atten-
uator of 30 db range, and fixed atten-
uation of either 20 or 40 db are
available by means of a selector
switch to control the output. A
ganged dual potentiometer at the
input of cathode followers gives a

FIG, 3—Intermodulation tests indicate the increasing nonlinearity of amplifiers as
they are called upon to handle larger signals
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vernier adjustment of output power.

A block diagram of an intermodu-
lation analyzer is shown in Fig. 2.
The input attenuator system is ad-
justable over a 90 db range in one
decibel steps, and is capable of dis-
sipating 50 watts. The input imped-
ance is 600 ohms.

Intermodulation Analyzer

Equipment under test receives its
input from the signal generator and
delivers its output to the analyzer.
The output of the equipment under
test consists of a low frequency with
a high frequency superimposed upon
it, plus harmonics of the original
tones, plus intermodulation distor-
tion. In order to measure this inter-
modulation, it is necessary to remove
the original low frequency compon-
ent. This removal is accomplished
by an 800 cycle high pass filter which
follows the attenuator. The output
of the filter consists of what may be
termed a carrier and its resultant
gidebands. * This carrier is then
amplified to a predetermined level
and demodulated. The reference level
is obtained by adjusting the input
attenuator to provide a 100 percent
reading on the carrier meter. The
output of the demodulator is trans-
mitted through a 200-cycle low-pass
filter which removes the carrier fre-
quency and transmits only sideband
components up to 200 cycles.

Discussion in the literature has
indicated that both first and second-
order intermodulation components
generally are present in the distor-
tion of audio frequency transmission
equipment. For this reason it is
considered essential that measuring
equipment should record many such
components rather than limit itself
to only first order components.

The 200 cycle cutoff frequency has
been set so that at least the second
order terms will be accepted for all
the original low frequencies, more
being accepted for the 60 and 40
cycle tones.

The choice of the 800 cycle cut off
for the high-pass filter has been die-
tated by the requirement that at
least 60 db of discrimination be in-
serted against all low frequencies in
order that values of intermodulation
can be measured down to 0.1 percent.

The ripple components or inter-
modulation products are amplified
and measured by a vacuum tube volt-
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5—Intermodulation and harmonic distortion of the amplifier whose character-

istics are given in Fig. 4

meter. The meter is calibrated
directly in percentage total inter-
modulation and has six ranges with
full scale sensitivities of 0.3, 1.0,
3.0, 10, 30 and 100 percent. The
analyzer can also be used as a volt-
meter by bridging the filters. The
frequency range as a millivoltmeter
is flat within 1 db from 20 to 20,000
cycles per second and on the volt-
meter scale its range is flat from 20
to 50,000 cycles.

The inclusion of the vacuum tube
voltmeter provides a method of ac-
curately measuring signals or noise
levels. The meter scales read in
volts, with maximum sensitivity cor-
responding to a full scale reading of
0.3 mv, and in db relative to one
milliwatt across 600 ohms. In shift-
ing from the measurement of per-
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centage intermodulation to voltage,
the termination of the amplifier
under test is not altered.

Sensitivity for zero on the db scale
has a range from minus 70 to plus
40 dbm in 12 steps of 10 db each.
Because the scale is calibrated so
that a —20 db point is readable, a
range down to —90 dbm is possible.

Frequency response curves and
noise levels can be obtained by using
the voltmeter and millivoltmeter.
Two scales enable data to be taken in
either decibels or volts. A bridging
jack is provided so that the vacuum
tube voltmeter can be bridged across
any portion of a circuit where a
shunt of 1.4 megohms will not influ-
ence circuit conditions.

Apparent cancellation of inter-
modulation effects (usually near
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amplifier overload point) is a phe-
nomenon which has been observed in
some cases. In these cases it has
been found that the pass band of
the intermodulation analyzer was
not sufficiently wide to accept the
higher order distortion terms.

Analyzer Calibration

Calibration of the intermodulation
analyzer is made using two frequen-
cies, namely 1,000 and 1,060 cycles.
A 20 db attenuator is switched into
the 1,060 cycle oscillator output so
that when these two frequencies are
combined, the 1,060 cycle output will
be 20 db below the 1,000 cycle output.
By definition this is a condition of
ten percent intermodulation. This
complex signal is then transmitted
directly to the analvzer with the
range switch set for ten percent in-
termodulation. The input level is
then adjusted for a ten percent read-
ing on the intermodulation meter,
and the carrier meter is set to 100
percent.

Calibration of the voltmeter is
accomplished by checking against a
standard a-c voltmeter. By inserting
a 60 db attenuator ahead of the anal-
yzer, the same voltage can be used to
check the millivolt range.

Low Frequency Overloading

The writer wishes to stress the
importance of linear transmission of
amplitudes and wave forms of the
low frequencies which occur simul-
taneously with the higher frequen-
cies of speech and music. These low
frequency components originate in
drums and other percussion instru-
ments, in the reproduction of gun
shots, explosions, thunder and earth-
quakes.

Unless a transmission system has
the carrying capacity at low fre-
quencies to handle these sound ef-
fects, distortion results. Therefore,
it is considered essential to test a
transmission system in such a man-
ner as to stress these low frequen-
cies. Transformers and other devices
which change their impedance at
low frequencies are a major cause of
distortion, because this impedance
change limits the carrying capacity
of the tubes. For this reason, lim-
ited power capacity will appear at
low frequencies more readily than in
the midrange.

Analysis indicates that all types of
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systems show least distortion near
the middle portion of their transmis-
sion band. Therefore, test equipment
is designed so that test frequencies
lie near the outer portions of the
frequency band.

Apparatus which shows low inter-
modulation distortion at 40 cycles
will meet the most rigid low fre-
quency demands, while systems
which pass the intermodulation test
only at 60 or 100 cycles should be
used only where a corresponding
sacrifice in quality is permissible.
This information, together with a
corresponding study of high fre-
quency properties, will determine the
bandwidth for which a particular
system is suitable.

Figure 3 shows intermodulation
curves on three classes of amplifier.

Curve A represents a poor public
address amplifier which is not suit-
able for any application even though
the amplifier is rated at 14 watts,
because distortion is excessive at one
or two watts. Curve B is representa-
tive of the average, high grade am-
plifier now used for radio station
and recording purposes. Curve C is
an amplifier which will meet the
rigid specifications called for by f-m
standards of good engineering.

Correlation of Harmonic and
Intermodulation Distortions.

Figure 4 shows the power and
gain characteristic of a pushpull
parallel 6L6 amplifier rated by its
manufacturer at 50 watts, The power
curve is obtained by observation of
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the maximum power that can be
generated before departure of the
output from a sine wave is observable
on an oscilloscope. The gain charac-
teristic had to be measured at a low
level so as to be within the limitation
of the power curve.

Figure 5 shows the distortion
analysis for this amplifier, giving
the 40 cycle harmonic analysis for
2nd, 3rd, and 5th harmonics as well
as the percentage intermodulation
for 40 and 1,000 cycles and for 60
and 1,000 cycles. It will be observed
that the 40 cycle intermodulation
products rise very rapidly in the
vicinity of 25 watts. For this par-
ticular amplifier the 3rd harmonic
shows a rapid increase at the same
power. The fact that the 60 cycle
intermodulation curve is lower for
the same power indicates a deficiency
in the output transformer as was
indicated in Fig. 4 by the reduction
in power handling capacity at low
frequencies.

Figure 6 shows power and gain
characteristics for an amplifier hav-
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ing a manufacturer’s rating of 40
watts. In this case the power and
frequency response are more uni-
form over a wider frequency range.
Figure 7 shows the harmonic con-
tent at 40 cycles for 2nd, 3rd and 5th
harmonics together with the inter-
modulation curves for 40 and 1,000
cycles and for 60 and 1,000 cycles. It
will be noted in this case that the
harmonic distortion for all orders of
terms increases gradually with
power. Because both total harmonic
and intermodulation distortion are
low, except near its rated maximum
power, the amplifier can be consid-
ered to be comparatively free of
distortion.

In our design and development
work on amplifiers, we have found
that proper design and adjustment
are attained only when the curve
shows low values of intermodulation
at low levels and rises gradually as
maximum power is reached.

A good example of how the inter-
modulation method can be helpful in
design work is shown in Fig. 8. Here
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are shown three intermodulation
curves showing the effect on inter-
modulation of improper bias of the
amplifier’s power stage. The require-
ment of low intermodulation prod-
ucts at low operating levels forces
the bias nearer the condition of
strictly Class A operation in ampli-
fiers. In other words, excessive bias
must be avoided for highest quality
performance in the operating range.

Intermodulation Tests

Intermodulation testing has facili-
tated advancements in transformer
design. Figure 9 shows the improve-
ment which can be made in an ampli-
fier by substituting an improved
output transformer. It will be ob-
served that the low frequency carry-
ing capacity has been increased and
the distortion has been reduced for
all levels of operation.

Most of these curves have shown
conditions where overload occurs
first at low frequencies. In some
amplifiers high frequency distortion
predominates. To test these ampli-
fiers the two frequencies from the
signal generator are adjusted to be
of equal amplitude. The intermodu-
lation measurements will indicate
the presence of high frequency dis-
tortion when it is not masked by low
frequency distortion.

Without exception it has been the
writer’s experience that listening
tests will confirm the relative inter-
modulation test figures. All other
things being equal, critical listeners
will select the system having the
lowest percentage of intermodulation
in a performance test.

The intermodulation test does not
of itself provide all information re-
quired by engineers. It needs to be
supplemented by frequency response,
noise, and power tests mentioned
earlier in this paper. When used in
conjunction with these other tests, it
is the writer’s belief that this inter-
modulation method of testing repre-
sents a major tool, essential in de-
sign, production, and maintenance
of amplifier systems which meet FCC
standards of good engineering prac-
tice.

The writer wishes to acknowledge
the important work done by W. C. B.
Evans, who has shared the responsi-
bilities of designing the equipment
and who has supplied much of the
laboratory data used in this paper.

127



Measurement of
VELOCITY OF PROPAGATION

in Cable

\)I
5

CABLE UNDER TEST

FIG. 1—Frequency is adjusted until cable
under test presents a short circuit to the
instrument

FIG. 2—Complete circuit of the velocity of
propagation medasuring instrument

By
B. KRAMER
and
FRED STOLTE

Intelin Research and Development
Laboratory

Federal Telephone and Radio Corp.
Newark, N. J.

NE OF THE important character-
O istics of an ultrahigh-fre-
quency transmission line is the veloc-
ity at which an electromagnetic wave
propagates through it, Not only is
knowledge of this velocity essential
in determining the lengths of solid
dielectric tuning stubs used for im-
pedance matching, but it is also vital
when the line is used as a harness
where exact physical lengths must
represent exact electrical lengths.

For these reasons and as a method
of quality control it is necessary to
measure the velocity of propagation
of each reel of transmission line.
This becomes a large scale operation
where, for example, over two million
feet of polyethylene insulated trans-
mission line is manufactured in a
month.

Velocity of propagation varies in-
versely as the square root of the di-
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In determining electrical length of vhf lines, it is necessary

to know the velocity of propagation in the particular cable

that is used. A simple, resonant, substitution measurement

made with the instrument described gives that information

958 A
£V
G
50 L,

HEATERS

18,000
—MWA—
25,000

s

100
) OSCILLATOR/J——— LE LA

] 500 1500

[T
225V S6V,AC

[m————

l
|
o4
I
[
|
!

)
GRID CURRENT
METER

UNLABELED CAPACITANCES INjyuF T 7

e |

e
CABLE
RECEPTACLE

M: 100 MICROAMMETER

electric constant of the material sep-
arating the inner and outer con-
ductors of a coaxial, transmission
line. The relative velocity of propa-
gation is found by the relation v/¢c =
1/Vk where the significance of the
letters is given in Table I. Thus it
can be seen that any change in the
dielectric constant will result in a
variation in the velocity of propaga-
tion.

The two following expressions
from transmission line theory are the
basis for the method of measuring
the velocity of propagation, which is
described in a Naval Research Labor-
atory report, “Methods of Measuring
the Electrical Characteristics of
Transmission Lines at Ultra High
Frequencies”.

The velocity of propagation is
equal to the wavelength times the
frequeney in cyeles per second or
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v = 3f, and the input impedance of
an open-circuited, low-loss line is
given by the expression Z, = jZ.cot
(2xl/32). It can be seen that when I
is equal to an odd number of quarter
wavelengths the quantity cot2zl/x is
equal to zero and therefore the line
will act as if its input end were short
circuited.

Method of Measurement

Referring to Fig. 1, which is a
simplified schematic of the velocity-
of-propagation meter circuit, one
sees that two circuits L,C, and L.C,
will resonate at the same frequency
if the transmission line acts as a
short circuit. This will occur only

when the frequency of the generator

is such that the electrical length of
the transmission line is exactly an
odd number of quarter wavelengths.

This condition of zero impedance
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is approached by first tuning capaci-
tor C, so that the whole circuit is in
resonance and then short circuiting
the input end of the transmission
line. If resonance is disturbed the
circuit is returned with capacitor C..
The procedure is repeated until open
and short circuiting the transmission
line does not disturb the resonant
condition of the measuring circuit.
By measuring the frequency at which
no resonant disturbance occurs and,
knowing the physical length of the
transmission line, the wvelocity of
propagation can be determined.

The method just outlined is obvi-
ously not adaptable to mass produc-
tion methods which require accurate
results, rapidly obtainable by un-
skilled personnel. The Naval Re-
search Laboratory, recognizing this,
developed an instrument for precise
measurement which they have called
the VP Meter. In this instrument,
which employs the principles out-
lined, it is only necessary to insert
the prepared end of a transmission
line of predetermined length and ad-
just a single dial until a maximum
indication is shown on the meter.
The relative velocity of propagation
is then read directly from the fre-
quency dial or from a calibration
table.

The instrument developed and
built by Federal’s engineers is based
on this design but is modified to en-
able it to be used for a wide variety
of sizes of coaxial and dual transmis-
sion lines, and to have a finer tuning
control.

The sample of solid polyethylene
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transmission line is cut exactly 150
c¢m long which represents § of a wave-
length at approximately 100 mega-
cycles for the velocity of propagation
of this particular cable.

The velocity of propagation in per-
cent is calculated as follows when
frequency is in me w/c = Af X
10°/c. From the above values, | = %}
— 150 cm, thus A = 200 cm. Substi-
tuting this value of wavelength into
the foregoing equation gives v/¢c =
200f x 10°/3 x 10 = 3f. Thus the
relative velocity is a direct function
of the resonant frequency.

Measuring Instrument

The speed of measurement on the
VP Meter is due to the fact that the
oscillator and indicator circuits are
ganged together and always tuned to
the same frequency when the trans-
mission line receptacle is short ecir-
cuited. As before, this condition will
occur when the frequency is such
that the cable is exactly #)\ and is in-
dicated by a maximum reading on
the vacuum-tube voltmeter which is
a sensitive, resonance indicator.

Figure 2 is a schematic circuit of
the VP Meter. On the lefthand side
is the oscillator circuit which can
be tuned from 95 to 105 megacycles
by means of capacitor C. The in-
ductor L. is very loosely coupled
through an electrostatic shield to in-
ductor L. in the indicator circuit.
Padding capacitors are provided in
each circuit to obtain close tracking
throughout the frequency range.

To insure the accuracy of results,
it is only necessary to check the fre-
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An odd quarter, electrical wavelength of
line is inserted in the instrument. The
single dial simultaneously tunes both
oscillator and indicator., When the meter
indicates resonance by maximum reading.
the frequency indicated on the dial is
proportional to velocity of propagation

TABLE |—DEFINITION OF SYMBOLS

[ ~wave velocity in air, 3 X 10 cm
per sec

f — frequency, see lext preceding
each equation

k — dielectric constant

! — length of line, in cm

» — wave velocity in line, in cm per
sec

Z o — characteristic impedance of line,
in ohms

Z; — input impedance of line, in ohms

A wavelength in line, in cm

quency calibration of the dial and
the tracking between the two cir-
cuits. Frequency calibration is eas-
ily checked against a calibrated fre-
guency standard. Tracking is checked
by merely inserting a copper short-
ing rod in the line receptacle and
noting the change in meter deflection
over the frequency range. A two-
percent change in meter deflection
would still represent negligible error
in measurement. No change in meter
deflection indicates perfect tracking.

Three calibrated, test samples are
used for frequently checking the cali-
bration of the instrument. The sam-
ples consist of solid dielectric lines
that have been pulled into a tight
fitting copper tube and sealed, the
tube serving as the outer conductor.
The velocities of propagation in
these samples have been adjusted so
as to bracket the range of the instru-
ment,

The time required to measure the
relative velocity of a prepared cable
sample with this instrument is only
about ten seconds. The total error
due to working limitations is esti-
mated to be less than two percent.
The standard deviation in the meas-
urement of a large number of sam-
ples of a single type of transmission
line does not exceed 0.08 percent, the
major part of which is due to vari-
ations in the samples themselves.
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Rotary Wave Radar

Continuous-wave system for commercial use employs circular polarization to permit simul-

taneous transmission and echo reception without sacrifice of transmitted or received signal

power. Chief use is in low-power applications requiring minimum weight and bulk

By WALTER van B. ROBERTS

HE commonly used radar system
employs short pulses of radia-
tion. Between the end of one pulse
and the beginning of the next the
radiating system acts as a receiving
antenna for picking up the echo of
the previously transmitted pulse.
There are some radar applications,
however, which require continuous-
wave radiation. Reception must
then be carried out continuously and
simultaneously with transmission.
Various methods have been pro-
posed to avoid having separate an-
tennas for simultaneous transmission
and reception, but unfortunately
most of these schemes involve a se-
rious sacrifice of power. A typical
expedient employs a Wheatstone
bridge having the resistance of the
antenna transmission line as one arm
and a resistor as another arm. Since
the receiver and transmitter are con-
nected to conjugate points, the re-
ceiver is not affected by the trans-
mitter power. However, half the
transmitter power is wasted in the
bridge arm, and only a fraction of
the total incoming signal power
reaches the receiver.

Basic Principle of System

The basis of the method to be
described is the use of two orthogonal
planes of polarization. When applied
to a circular waveguide, it takes the
form shown in Fig. 1. The wave-
guide is energized by a probe which
terminates a coaxial line leading from
a transmitter serving as a source of
microwave power. A horn causes
the resulting energy to be radiated
in a narrow beam and also provides
a nearly nonreflective termination
for the guide. The receiving probe
projects into the guide at right
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angles to the transmitting probe and
is preferably displaced a number of
half wavelengths along the axis.
Energy picked up by this probe is
carried by a coaxial line to a erystal
detector in the receiver.

The detector probe will not pick up
the outgoing power of this trans-
mitter because there is no component
of the pickup probe along the direc-
tion of the electric field of the trans-
mitted waves. On the other hand, if
incoming signals have their electric
field parallel to the detector probe
all their power can be absorbed in
the detector and none in the trans-
mitter. Thus simultaneous transmis-
sion and reception can be accom-
plished with a single horn or dish
radiating system without impairing
the efficiency of either function if the
planes of polarization of outgoing

/

Arrangement of Fig. 3, employing an 18.
inch concave reflecting dish above a flat
retlecting sheet set at 45 degrees
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and incoming waves are at right
angles to each other.

The system as so far described has
only limited usefulness for radar-
type applications where the received
signal is the echo of the transmitted
wave, because few if any targets will
rotate the plane of polarization a full
90 degrees during reflection. For ex-
ample, if the radar signal is reflected
from a spherical body its polariza-
tion will be unaltered and the echo
will not affect the detector. The same
is true if the reflecting body consists
of one or more thin conductors par-
allel to the electric field of the trans-
mitter. If such conductors are per-
pendicular to the field there will be
no reflection and no echo. However,
such conductors in any other orienta-
tion will produce an echo that has a
component along the detector probe.
The miscellaneous reflecting objects
encountered in practice will usually
produce components having polariza-
tion suitable for the detector, but
even in the most favorable case (re-
flecting wires at 45 deg to the trans-
mitter probe) the power received by
the detector is only a quarter of what
it could be.

Circular Polarization of Echo

The special feature of the system
under discussion is a means for ro-
tating the plane of polarization of
the echo 90 degrees, whereby all the
echo power is made available to the
detector. To see how this can be
done, imagine the outgoing wave to
be replaced by a pair of components
having polarization planes at right
angles. That is, one component has
its electric field oriented half-way be-
tween the directions of the trans-
mitter and receiver probes, and the
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A 3.cm wave system as in Fig. 1, plus tuning screws and telescoping (line stretcher)
section to produce rotary polarization and provide control of crystal current

other component is of equal magni-
tude and like phase but its field is
at right angles to that of the first
component. Next, imagine that some-
thing is done to the waveguide (or
the radiator) anywhere beyond the
detector which results in one out-
going component gaining a quarter
period over the other. Then if the
target reflects both components,
the first-named component will gain
another quarter period during its
passage back to the detector. The
echo on reaching the detector will
then have two components of equal
magnitude but at right angles in
space and 180 degrees different in
phase. These are the components of
a plane-polarized wave having its
plane of polarization along the de-
tector probe, which is the result
sought. The wave emitted under the
above assumptions is circularly polar-
ized.

Phase-shifting Techniques

There are available a variety of
ways to bring about the required
quarter-period phase shift between
the two radiated components. For
example, a thin strip of polystyrene
can be inserted in the guide with its
plane midway between the directions
of the probes. The length of the
strip is determined by cut and try,
the length being increased until the
radiation is observed to be approx-
imately circulay. Bending the guide
in the above-mentioned plane will
also do the trick if the curvature and
length of the bent portions are chosen
correctly.

Both phase control and impedance
matching can theoretically be ob-
tained also by a sufficient number of
tuning screws acting on each wave

ELECTRONICS — July 1946

component. Alternately, if a dish
ig used in a way that involves reflec-
tion by a flat reflector, this reflector
can be a composite affair, one por-
tion reflecting one component only
and the other portion lying an eighth
of a wave behind it. Whether horn
or dish is used, it is always possible
to cause the radiated beam to tra-
verse an area composed of a bundle
of short rectangular waveguides (like
looking through a honeycomb) whose
dimensions are chosen to give the
desired quarter-period gain of one
compor.ent over the other.

The most convenient method in
practice is to squeeze the guide
slightly somewhere between the ra-
diator and the nearest probe. The
less the guide exceeds its cutoff diam-
eter the less the squeeze required,
and the longer the squeezed portion,
the less the squeeze. The direction
of squeeze is midway between the
directions of the probes (or per-
pendicular to this direction). In
either case the wavelength in the
guide is increased for one component
and decreased for the other.

Target Characteristics

Assuming that the system has been
adjusted to emit a circularly polar-
ized field, let us consider the nature
of the echos from various types of
targets. An isotropic target, such
as is approximated by many objects
in actnal practice, reflects any wave
without change in its type of polar-
ization. This results in maximum
possible signal on the detector, as
explained previously. A polarizing
target such as a dipole, however, can
reflect only half the power of a rotary
wave, and the reflected wave is plane
polarized. It can be shown that only
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FIG. 1-—Placing transmitting and receiving

probes at right angles in a circular wave

guide, as shown here, permits simultane-
ous transmission and reception
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FIG. 2—Use of adjustable plug to control
crystal current

half the power of this reflected wave
can be absorbed by the detector (it
cannot reach the detector both plane
polarized and along the detector
axis). This power loss from a polar-
izing target is not so bad as it sounds,
however, because polarizing targets
are not the rule and because even
quarter-power response is better then
none. The combination of detector
and circular polarizing means (with-
out transmitter) constitutes a re-
ceiver that will receive equally well
signals polarized in any plane.

Need for Some Direct Coupling

In all the foregoing it has been as-
sumed that the detector and trans-
mitter probes are accurately at right
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angles and that the horn or other
radiator terminates the guide nonre-
flectively. In such a case the detector
receives no energy except by reflec-
tion from the target. So exact a bal-
ance is fortunately not necessary—in
fact, it would be undesirable.

At least some of the transmitter
power must be impressed directly on
the detector if the system is to be
used in either of its two most im-
portant applications. In both of these
applications it is required to measure
the difference in frequency between
the outgoing signal and the echo.
The only practical way to do this is
to let the two frequencies mix in the
detector and observe the beat fre-
quency. Furthermore, the amplitude
of this beat frequency depends upon
the magnitude of the directly im-
pressed voltage on the detector as
well as upon the strength of the echo,
so that up to a certain point at least,
it is advantageous to augment the
inherent direct coupling between
transmitter and detector.

Doppler-Effect Radar Application

Suppose a tugboat is operating in
fog in a harbor. The pilot is in-
terested in being warned if the
distance between himself and any
nearby object is diminishing. The
simple Doppler-effect radar setup of
Fig. 1 will do this. The equipment
might comprise, for example, a low-
power mierowave transmitter, a horn
or dish to produce a moderately sharp
beam, means to produce approx-
imately circular polarization of the
beam, a crystal detector, and an audio
amplifier preferably with the higher-
frequency response cut off. If another
boat approaches and is in the beam
of the transmitter, the frequency of
the echo produced will be shifted
by virtue of Doppler’s principle (due
tc relative movement of transmitter
and target) so that an audio-fre-
quency tone will be heard in a loud-
speaker (or seen on an oscilloscope)
connected to the amplifier. The pitch
of this tone is a measure of the rate
of approach, being twice the relative
speed expressed in wavelengths per
second. (If three-centimeter waves
are used, the pitch in cps is approx-
imately 30 times the rate of approach
expressed in miles per hour.) If dan-
gerously close the tone will be strong,
but of course the size of the target
has a good deal to do with signal
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strength so that distance cannot be
reliably inferred. The same sort of
signal results if the tug is approach-
ing a stationary object, it being only
the relative speed that counts.

In practice the beam might be ar-
ranged to rotate continuously on a
vertical axis so as to cover all direc-
tions of approach. When a signal is
picked up, particularly in the for-
ward direction, the rotation could be
stopped and a more accurate bearing
obtained by manual pointing.

F-M Radar Application

In f-m radar a beat tone is likewise
obtained, but in a different way. Let
us suppose the transmitter frequency
is changing. By the time the echo
comes back the transmitter frequency
is slightly shifted and a beat tone is

Rotary wave radar unit using two-foot
diameter reflecting dish arranged as in
Fig. 2

formed whose pitch is proportional
to the target distance and to the rate
of change of frequency. It is not poSs-
sible to keep the frequency changing
in one direction indefinitely, but if
the frequency is swung back and
forth less than some twenty times
per second, a recognizable pitch, al-
though of an intermittent nature, will
be heard. This pitch as judged by
ear is of course only a qualitative
measure of distance, but that is
enough for many purposes.

Another method of indication is
to use the same alternating voltage
both to swing the transmitter fre-
quency and to act as sweep voltage
of an oscilloscope, in which case the
number of waves seen on the scope
is a measure of distance. In case the
target is moving, the pitch is due
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to a combination of f-m and Doppler
effects, but the mean value of the
pitch is still a correct measure of
range. For indicating rate of ap-
proach only, the frequency sweep is
preferably switched off. If used in
an airplane with the beam pointed
down, the f-m system becomes a ter-
rain clearance indicator.

Whether used in Doppler or fm
fashion, the present system is be-
lieved to have its chief application
in cases where the ultimate in cheap-
ness and compactness is a prereq-
uisite, such as for small boats and
airplanes. The reason for this is that
if the transmitter power is made too
great there is danger of burning out
the ecrystal detector during adjust-
ment of the crystal current produced
by direct coupling unless the adjust-
ment is carried out at reduced power.
Also, if increased range of operation
is attempted by using a superhetero-
dyne receiver with high gain, vibra-
tions of the dish or horn, which cause
a variation in reflection by the radiat-
ing system, constitute troublesome
microphonics. Finally, to apply f-m
conveniently it is desirable to use a
reflex-klystron type of transmitting
oscillator since the frequency of these
tubes can be varied by applying al-
ternating voltage to the repellor elec-
trode, and these tubes are at present
low-power devices.

While the rotary wave system has
been explained with particular refer-
ence to c-w radar and wave guides,
it should be applicable to low-power
pulse radar operation as well, and to
operation with conventional antennas
and transmission lines. In the latter
case, a pair of crossed dipoles in a
dish would be used, fed from a com-
mon point by way of individual lines
differing in length by a quarter wave.
The detector would be coupled dif-
ferentially between points on the two
lines equidistant from the common
point.

Adjustment of Crystal Current

With a well-designed horn the mis-
match between guide and horn is
likely to be so small that direct cou-
pling due to reflection of the outgo-
ing signal here will not be sufficient,
and crystal current will have to be in-
creased to obtain the optimum value
of about 0.1 ma.

The arrangement in Fig. 2 pro-
vides enough elements to control
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FIG. 3—Control of crystal current with slid-
ing ring on circular waveguide

crystal current. It requires a reflect-
ing disc to throw the radiation back
onto the dish, and hence some means
to support it. If a polystyrene plug
is used, its length and position affect
the match, as well as the spacing of
the disec from the end of the guide
and the position of the whole as-
sembly in the dish. A considerable
range of adjustment of all those
quantities is possible with nearly
maximum beam sharpness. In addi-
tion, a fine control of current may
be had by varying the frequency.

An arrangement that avoids the
reflecting dise is shown in Fig. 3.
In this case a ring slidable on the
outside of the pipe sets up a reflec-
tion whose phase rotates rapidly with
motion along the guide, but whose
amplitnde varies only slowly. The
size of ring required is determined
by experiment. This adjusting means
is not capable of producing exact bal-
ance unless the ring happens to be
of an exactly correct size, but works
well enough. It will give correct
phase and nearly correct amplitude.
Further adjustment is possible by
slightly varying the frequency or the
position of the guide with respect to
the dish. The arrangement of Fig. 3
permits rotating the beam contin-
uously by rotating only the reflecting
plane which has no wires connected
to it.

To adjust by squeezing the wave
guide, it is well to provide a pair of
strips with thumb serews, to fit over
the guide. The squeezed portion is
preferably one and a half guide wave-
lengths or more, and the diameter
of the guide fairly close to cutoft, say
about 10 percent greater than cutoff.

While a crystal probe has been
shown for purposes of explanation,
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it is more convenient to take off de-
tector power by way of a rectangular
guide fitted to the round guide as
shown in Fig. 4A. The guide extends
parallel to the transmitter probe, but
the crystal axis is still perpendicular
to it. A movable piston is shown in
the round guide but this may be re-
placed by a fixed end plate once the
best position is determined. The de-
tector guide is shown provided with
a piston and a tuning screw in a slot
but these can also be eliminated with-
out much loss in detector sensitivity.

Coupling Adjusiments

The transmitter power may also
be coupled to the circular waveguide
by way of a rectangular guide. This
makes it possible to use any source of
waves arranged to feed a rectangular
guide. One way of doing this is
shown in Fig. 4B. This scheme is de-
sirable because it permits matching
the round guide to the rectangular
guide supplying the waves, without
affecting conditions in the receiving
system. The guide may be tapered
from round to rectangular section
or the two sections may be simply
fitted together. A tuning screw in a
slot will provide the required match-
ing. It is desirable to connect a thin
strip or wire across the end of the
round guide to act as a short for
signals polarized to act on the de-
tector. The center of the detector
guide is located a quarter of a wave-
length (in the round guide) from
this shorting strip. Similarly, a wire
across the end of the detector guide
will assist the flow of transmitter

Before applying any squeeze, the
transmitter should be adjusted for
maximum output from the radiator.
If there is any observable detector
current, adjust the detector for max-
imum sensitivity. If mnot, apply a
slight squeeze in order to obtain
enough current to do so, adjust the
matching to bring the detector cur-
rent as low as possible, apply more
squeeze and repeat. When the trans-
mitter, detector, squeeze, and match-
ing adjustments have been gone over
a few times, the detector current will
be maximum with respect to all ad-
justments except matching. It will
be off from minimum with respect
to matching only enough to provide
optimum crystal current.

Performance

Preliminary tests of rotary wave
radar with miscellaneous arbitrary
targets served adequately for deter-
mining effects of changes in design,
but the data obtained by no means
represents maximum performance
because improvements in the gystem
are still being made. Using an 18-
inch dish and flat reflector arranged
as in Fig. 3, an oil tank 840 vards
away gave a signal-noise value of
29 db; interpolating from this gives
4600 yards as the range for such a
target at which signal and noise are
equal. The estimated average signal-
equals-noise value for airplanes is
1000 yards, and for a 6-inch square-
corner reflector is 870 yards. It
remains to be seen whether such
large targets as steel ships, icebergs,
etc will give appreciably greater

power past the detector. ranges.
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FIG. 4—Use of rectangular guide instead of probe to take off power for crystal
detector (A) and to couple a klystron to the round guide (B)
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Complete electronic comparator gage in use for the production gaging
of roller bearings. The principal circuits used to convert spindle dis.
placement to meter reading and lamp indication are contained in the

box at the right

HE PROBLEM of accurately meas-
Turing physically small dimen-
sions is not new but increased de-
mands for closer tolerances and
faster production methods have
placed more emphasis on improved
gaging equipment. An answer to this
problem is found in the gage de-
scribed below.

There are several requirements
which must be considered in the de-
velopment of a sensitive gage. It
must be stable and not influenced by
external factors. Rapid indication is
essential. The contact point must op-
erate properly regardless of the ma-
terial to be measured. It is desirable
to have a linear relation between the
physical displacement and its output
indication. A high order of accuracy
and a large range are useful fo ac-
commodate a wide variety of applica-
tions. The gage must be rugged,
foolproof, and easy to place in opera-
tion. It should measure at high
speeds, to predetermined tolerances
with the ability to repeat itself.

Operating Principle

The problem of measurement of
small dimensions has been ap-
proached by using optical and me-
chanical magnification, and varia-
tion of electrical circuit parameters.
Electrical methods, to achieve suffi-
cient sensitivity for gaging, may em-
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ploy a balanced bridge. Here the
unbalance (proportional to the dis-
placement) is measured on a sensi-
tive meter. Or they may depend
upon a variation in capacitance or in-
ductance in resonant circuits. The
electronic gage to be described oper-
ates on the change of inductance of a
coupled circuit at low radio fre-
quency. After the phase of the re-
sulting voltage is corrected, it is am-
plified and then rectified. The meter
indication is linearly proportional
to the displacement causing the
change of inductance. This may be
seen from the block diagram in Fig. 1.

The gage head contains two coils,
one fixed and connected to a 100-ke
oscillator, the other mounted on a
spindle which is actuated by the work

Electronic

By W. H. HAYMAN

Development FEngineer
Foote, Pierson Co., Inc.
Newark, N. J.

piece. The second coil is coaxial to
the fixed coil and as it moves a vary-
ing voltage is applied to a phase-cor-
recting network and to the attenu-
ator. The output voltage from a
variocoupler, also fed from the 100-ke
oscillator, is combined with the gage-
head output, This permits the gage
to be set to zero anywhere in its op-
erating range by balancing out the
gage-head voltage. The voltage from
the attenuator is amplified. The
amplifier is conventional and has
practically no phase shift. Its output
goes to the rectifier and thence to the.
indicating meter. The voltage de-
veloped across the load resistor in
this circuit is applied to the grids of
a limit tube in which the bias is
varied so that the limit lights may
be preset to selected tolerances. This
provides within limit, above and be-
low limit indication.

Problems of Design

The design considerations arising
in the development of this type of
gage present several problems. The
electrical aspects of the more inter-

NGE AMPLIFIER RECTIFIER LMIT
» AND & AND |
HEAD ATTENUATOR METER CIRGUIT
A B j 3
VARIO- s 100-KG POWER
GOUPLER OSCILLATOR [ SUPPLY

FIG. 1—Block diagram of the principal circuit elements used in the comparator gage,

The variocoupler is used to set the indicating meter to zero center. The limit circuit

flashes colored lights to show whether the work being gaged is under or over size,
while the meter shows exactly how much
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Comparator Gage

A standard-size piece of work is u
limits of deviation are then set up. Movement of the

varies the inductive relationship between two coils

esting problems will be mentioned.

The gage head itself represents the
solution to one of the main problems
since a minute motion of the diamond
contact point of the spindle must pro-
duce enough voltage to give a usable
output. The fixed coil is wound in
two sections, one in an opposite di-
rection to the other. This provides
an electrical center for the coil
mounted on the spindle which moves
up and down inside its form. As
stated before, these coils are coaxial.
If the spindle should move down-
ward, however, so that its coil passes
the electrical center, an output cur-
rent would flow which might confuse
the operator. It is necessary, then,
to eliminate this mechanically or
electrically. Mechanical means of
stopping the spindle at the proper
position have their attendant diffi-
culties and add to the problem of
manufacturing the gage head. In
this gage an electrical method was
used, as shown in Fig. 2.

Meter Indication

The rectifier is similar to a diode
vacuum-tube voltmeter. A voltage
from the oscillator is injected on the
grid in such a manner that it is out
of phase with the voltage from the
amplifier when the spindle coil is
below electrical center. This pre-
vents any current flow in the load.
The second section of the 8SNTGT
is connected as across the rectifier
and biased to give protection to the
meter. The output of the meter is
linear with spindle displacement
over the operating range of the gage.
This relationship is shown in Fig. 3.
The meter shown in the photograph
has two zero-centered scales which
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oversize, and undersize

the four
=+0.0003,

are calibrated directly for
ranges --0.003, ==0.001,
and ==0.0001 inch.

The limit control circuit in Fig. 4
provides a means of measuring

sed to balance an indicating meter to center.

Desired

gage point in production inspection
to light lamps indicating standard

within predetermined tolerances.
This is a great advantage in sorting
or where rapid inspection is required.

The output voltage across the
50,000-ohm load resistor (Fig. 2) ap-

AROVE WDH LT

o
2y

SR srTatiM ATe

ELDW LOW Lt

The gage stand, showing the diamond-point contact, indicating meter. and limit lamps
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bears on the grids of 2 6SN7GT. The
cathodes of this tube are biased
from a voltage divider and are ad-
justed so that the relays operate at
the desired output voltage (for a pre-
determined value on the meter scale).
In actual practice the operation of
the limit cireuit is illustrated by the
following example. If the diameters
of i-inch roller bearings are to be
sorted to within ==0.00005 inch, the
gage would be set to its most sensi-
tive range (-=100 microinches). On
this range each division represents
10 microinches. The meter pointer
is set to zero with a master roller
under the spindle. The upper limit
is then established by moving the
needle pointer 15 divisions on this
scale and varying R, until its relay
operates. The lower limit is found
by moving the needle to —5 scale di-
visions and varying R, until its
relay pulls in, With the meter
pointer returned to zero with a mas-

FROM
AMPLIFIER 005

SIGNAL FROM
100-kC OscILL: =
ATOR

FIG. 2—The rectifier and meter protection
circuit is arranged to simplify the mechani-
cal problems in the gage head. It also
avoids ambiguity in the readings by feed.
ing a phasing signal from the 100-kc oscil-

ter roller under the spindle, one can
sort rollers to the above tolerances.
Those within the limits cause the
green light to operate. Those above
or below cause the red or amber light
to operate.

Delayed Indicator for Sorting

The idea of limit control for sort-
ing may be extended so that the util-
ity of the gage is increased. The d-c
output voltage of the rectifier (made
available at the back of the chassis)
can be used to actuate another type
of limit circuit, which has a cathode-
follower input driving the grids of
properly biased thyratrons for op-
erating the lamp indicating relays.
This unit has a timing circuit which
permits instantaneous or delayed
lamp indication. The result is a
unique method for very rapid meas-
urement with high repetitive accur-
acy. The idea may be extended to
more than a two-limit operation, al-
lowing the operator to sort in sev-
eral groups of predetermined toler-
ances.

The complete gaging equipment is
illustrated. The gage head is
mounted on a moving casting and is
positioned by a screw. The meter
and limit lights are also mounted on
this casting. The design of the en-
tire stand must be well balanced if
one is to make measurements to a
few microinches. The box contains
the remaining equipment. A one-
milliampere meter with a large il-
luminated face is used because both

quired for many different operating
conditions.

The performance of the gage is il-
lustrated by its ability to maintain
accuracy under various tests. Regu-
lation of the power supply and sta-
bility of the amplifier and oscillator
are such that a ==10 percent line-volt-
age variation produces an error of
only 2 percent on the meter when the
gage is operating on its most sensi-
tive range (==100 microinches).
Pressure applied to the column or
gage head on the stand produce de-
flections but the meter returns to
the same calibration point when the
pressure is removed.

Surface Inspection

The sensitivity and the high speed
of the meter also permit inspection
of surfaces. The variations in gage
block dimensions can be quickly de-
tected, since changes of three to five
microinches are readily observed on
the meter. Thus the gage may be
set with a standard gage block and
then used as a standard. The tem-
perature of the gage stand, gage
block (or master) and work piece
must be the same for accurate meas-
urements. Unless proper care is ex-
ercised heat transmitted from the op-
erator’s hand to the material to be
gaged will cause an error of several
microinches.
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FIG. 4—The desired limits to the deviation from a standard are quickly adjusted by

setting the positions of potentiometers R, an

d R,. This is a simple operation which

can be rechecked at any time, correlating a meter reading with the flashing of the
appropriate limit lamp
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Ionosphere
Measuring Equipment

The pulse-reflection technique of ionosphere investigation

requires a transmitting and receiving system which sweeps

the region from 1 to 20 megacycles rapidly. Equipment

described utilizes a common oscillator to facilitate tracking,

and broad-band response to obviate tuning

FROM “RECEIVING
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|
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= RECEIVER[ ™ &
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TO TRANSMITTING
J.- ANTENNA

FIG. 1-—Block diagram of the ionosphere
sounding equipment, showing the common
oscillator

HE pulse method of ionosphere
Tinvestigation employs a series
of radio signals of short duration
which are transmitted, reflected, and
received, as in radar. The pulses are
longer, however, and the distances
(and elapsed times) are greater.
Much lower frequencies are used, as
the purpose is the investigation of
the ionospheric characteristics on all
frequencies between 1 and 20 mega-
cycles.

It is necessary to make measure-
ments over the entire frequency
range in as short a time as possible,
so that the ionosphere will not
change noticeably during the record-
ing. This paper describes a system
which eliminates nearly all mechani-
cal problems and provides perfect
tracking of the transmitter and re-
ceiver.

Systems Now in Use

One system which is used in equip-
ment developed by The Bureau of
Standards® has a pulsed transmitter
linked to a receiver by a beat-fre-
quency system. The output of a var-
iable-frequency oscillator is mixed
with the output of an oscillator oper-
ating at the intermediate frequency
of the receiver. The difference of

* Formerly with the Radio Propagation
Unit, Holabird Signal Depot, Baltimore, Md.
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Cheyney,

these two frequencies is selected and
amplified in the transmitter. Signals
to be received are mixed witk the
output of the variable oscillator, the
frequency difference then being the
receiver intermediate frequency
which is amplified and detected in
the usual manner.

In this instrument the variable os-
cillator, converter and power ampli-
fier are tracked by means of cams.
This system appears to have the
usual disadvantages that are con-
nected with mechanical tuning ar-

Penna.

rangements. One very good charac-
teristic of the system, however, is
the heterodyne scheme which insures
that the receiver and transmitter are
always operating on the same fre-
quency.

Another system currently em-
ployed is that in the Type 249 equip-
ment of National Physical Labora-
tory (British) design, which uses the
frequency-modulation method of de-
veloping pulses.” The transmitter is
tuned rapidly by a motor-driven ro-
tating capacitor through the fre-

Experimental model of the mecsuring equipment with receiver, timing generaior and
viewing scops at the left and transmitter at the right

—= s i
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FIG. 2—Simplitied schematic wiring diagram of the common oscillator
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FIG. 3—Schematic circuit diagram of the wide-band pulsed transmitter

quency on which the receiver is op-
erating; the receiver is therefore sub-
Jected to a pulse whose shape and
duration depend on the bandwidth
of the receiver and the rate of
change of transmitter frequency.
The portion of the energy in the pass
band of the receiver which is radi-
ated and returned to the installation
by the ionosphere will be recorded as
a pulse. The frequency modulation
method as employed in this equip-
ment is inefficient as compared to
pulse methods since the transmitter
is operating continuously and only a
portion of the total received energy
is utilized by the receiver., Another
disadvantage of the system is the
fact that the effective pulse width
will in general not be constant, unless
the rate of change of the transmitter
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frequency is maintained at a uni-
form level over the frequency range,
which is usually not the case. As a
result the height resolution of the
equipment varies over the frequency
band employed. To produce narrow
pulses, the transmitter frequency
must be varied rapidly across the re-
ceiver frequency range by a high
speed motor-driven inductor or ca-
pacitor,

Experimental System

The system to be described em-
ploys a heterodyne method similar to
that used in the Bureau of Standards
equipment in that the receiver and
transmitter are linked by a beat-
frequency arrangement. In the new
system, however, complicated tuning
arrangements are avoided by the use

wwWwW americanradiohistorv com

of untuned receiver input and trans-
mitter circuits. Figure 1 shows a
block diagram of the system. It will
be noted that the common oscillator
(common to both the transmitter and
the receiver) is tuned from 31 to 50
megacycles. In the transmitter these
frequencies are mixed with the out-
put of a 30 megacycle pulsed oscilla-
tor. The difference frequency, which
varies from 1 to 20 megacycles, ex-
cites an untuned wide-band ampli-
fier, which feeds the antenna. In the
receiver, incoming signals whose fre-
quencies vary from 1 to 20 mega-
cycles are mixed with the 31 to 50
megacycles from the common oscil-
lator. The difference frequency,
which is constant at 30 megacycles,
is amplified and detected with a su-
perheterodyne receiver. Since the
transmitter and receiver are con-
trolled by the same oscillator they are
always operating on the same fre-
quency.

The system under discussion has
no serious mechanical limitations;
there are no variable capacitors ro-
tating at high speed and there are no
cams. The frequency range may be
covered as rapidly as desired, since it
is necessary to rotate only one small
variable capacitor to tune the trans-
mitter and receiver from 1 to 20
megacycles. It is comparatively easy
to obtain high output power.

There are, however, two undesir-
able features of the system. In the
first place the untuned receiver input
circuits permit cross-modulation
from local stations, generating a
series of interfering voltages at fre-
quencies throughout the entire fre-
quency range. This has not been suf-
ficiently serious to prevent good rec-
ords from being obtained. Second,
because the transmitter is untuned a
large number of stages of amplifica-
tion is necessary to obtain high
power. This does not seriously de-
crease the overall efficiency.

Basic Units of New System

The experimental model of the sys-
tem, which will be described below,
consists of five basic units; the com-
mon oscillator, transmitter, receiver,
time base, and indicator. As illus-
trated in Fig. 2, the common oscil-
lator uses a 6J5 tube connected in
the cathode-tap Hartley circuit. Volt-
age from the cathode drives the buf-
fer 6AGT isolating the oscillator
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fromd the transmitter and receiver
circuits. The oscillator and buffer
capacitors are ganged and driven by
a 1-rpm motor. Since these capaci-
tors have semi-circular plates, the
complete frequency range is covered
in 180 degrees rotation of the ca-
pacitor shafts, which takes 30 sec-
onds. Link coupling is used between
the buffer tank circuit and the coax-
ial lines to the transmitter and re-
ceiver. The motor also drives a
center-tapped potentiometer that is
connected to develop a positive volt-
age. This voltage is zero when the
oscillator is operating on 31 mega-
cycles, and increases to +50 volts at
50 megacycles. It is used to drive
the horizontal deflection circuits in
the indicator, deflection depending
on the operating frequency of the
equipment. Since the tuning capaci-
tors are always rotating in the same
direction, the oscillator will pass
through a given frequency once when
the capacitor plates are meshing and
once when they are unmeshing. It is
necessary that the horizontal deflec-
tion voltage supplied to the indicator
be the same for these two positions.
A trace overlap control is provided to
correct for errors in the location of
the potentiometer center-tap.

Limitations to Rate of Frequency Sweep

With this arrangement there is a
limitation to the speed in covering
the frequency range—the speed with
which the capacitors can be rotated.
However, if the operating frequency
is changed too rapidly, it is found
that by the time the echoes return to
the receiver the common beating os-
cillator is tuned to another frequency,
and the echo signals are received on
the slope of the selectivity curve of
the i-f amplifier, resulting in a loss
of sensitivity and distortion of the
received pulse. If the frequency
range from 1 to 20 megacycles is cov-
ered in 30 seconds, echoes from a
height of 1,000 kilometers will be
detuned 4.2 kilocycles. This amount
of detuning is not considered to be
serious and the use of the 1 rpm ap-
pears to be satisfactory.

The transmitter, Fig. 3, begins
with a pulsed Hartley oscillator, us-
ing a type 6J5 operating at 30 mega-
cycles. The time base supplies a bias
of —150 volts to the oscillator grid;
this fixed bias is removed during the
pulse, when the tube operates. This

ELECTRONICS — July 1946

oscillator drives the suppressor grid
of a 6ACT mixer, the control grid of
which is driven by the common oscil-
lator. The mixer is of the plate-de-
tector type, and operates with a 500-
ohm load resistance. This low value
was chosen to provide uniform gain
over the band of frequencies covered
by the equipment. The most impor-
tant frequency appearing across this
load is the difference-frequency,
which varies from 1 to 20 megacy-
cles. Since the output of the mixer
is down 3 db at 15 megacycles, any
sum or higher-order frequencies are
of little importance. Following the

using 6ACT’s which also have 500-
ohm load resistors. Next is a 6AGT
amplifier with a 500-ohm plate re-
sistor. This stage is slightly over-
driven, the result of which is a lim-
iting action that helps to maintain
constant output. The 6AGT drives a
single 807 amplifier, with zero bias
and high plate current (150 milliam-
peres). This tube develops 30 volts
rms across 500 ohms, which is suffi-
cient to excite the push-pull 807
stage. This stage is in effect, a phase
inverter, the grid of the lower tube
on the diagram being driven by the
plate of the upper tube. These tubes

mixer are two stages of amplification develop 120 volts plate-to-plate,
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which is enough to excite the 4-250A
stage, which is a pulsed class-A am-
plifier. Normally the time base sup-
plies sufficient bias for plate current
cutoff; when the transmitter is
pulsed the bias is —10 volts and
each tube draws 500 milliamperes of
plate current on peaks. Continuous
operation under these conditions
would, of course, be out of the ques-
tion because of plate dissipation and
power supply limitations. The
4-250-A’s drive the final amplifier,
push-pull 304TL’s, which have a plate
supply of 5,000 volts and a normal
grid bias of —1,000 volts. This is de-
creased to —50 volts when the trans-
mitter pulses, and each plate draws
2.5 amperes peak current during the
pulse. The load on this stage is a
vertically directed rhombic antenna,
which presents an average impe-
dance of 800 ohms over the fre-
quency range used. The power out-
put at 1 megacycle is 7 kw peak in a
1,000-ohm load, decreasing to 1 kw at
20 megacycles.

Receiver Design

The receiver, Fig. 4, is a double
intermediate frequency superhetero-
dyne. The first detector uses a 6J6
operated as a balanced mixer. Volt-
age from the common oscillator is
applied to the cathodes of this tube
in parallel, while the incoming sig-
nals are applied to the grids in push-
pull, The plates are also connected in
push-pull, with the plate coil induc-
tively coupled to the first i-f grid cir-
cuit. It was found that cross modu-
lation from stations operating in the
broadcast band was serious in this
stage, and it was necessary to use
a high-pass filter to decrease the
strength of these signals. In its
present form this is merely the shunt
coil shown in the diagram, which
also acts as a transformer to con-
nect the receiving antenna to the
mixer grids. Like the transmitter,
the receiver also uses a vertically
directed rhombic antenna. It was
found that the sensitivity of the
first receiver model was very poor
below 2 megacycles. This was caused
by the blocking of the first i-f stage
by the common oscillator, which is
near the 30-megacycle i-f when the
equipment is working in this fre-
quency range. The sensitivity was
improved by increasing the selectiv-
ity of the tuned circuit in the grid of
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the first 30-megacycle i-f stage by
tapping the grid down on the coil, as
shown in the diagram. The 30-mega-
cycle i-f amplifier consists of two
stages employing 6AC7 tubes. The
gain of the receiver is controlled by
varying the screen voltage of the see-
ond stage. Following these is the
6K8 second converter, which changes
the i-f to 1.6 megacycles. Then there
is one 6ACT i-f stage at the 1.6 mega-
cycle frequency. Following it is a de-
tector using one section of a 6H6, the
other half of which is used as a limi-
ter. The bandwidth of the receiver
is 20 kilocycles for 8 db down, while
the sensitivity is better than 1 micro-
volt for 1-volt output over the entire
frequency range.

The present experimental model
receiver is not entirely satisfactory
for the following reasons: low sensi-
tivity between 1 and 2 megacycles;
cross modulation between the com-
mon oscillator and harmonics of the
receiver local oscillator used to con-
vert to 1.6 megacycles (Result is
many dead spots across the band.
This effect could probably be elimi-
nated by better shielding).

Time Base Generator

The functions of the time base,
Fig. 5, are synchronized to the
power-line frequency. Tube V, is a
distorting amplifier, whose output is
4 square wave. This is differenti-
ated and used to drive V,, a conven-
tional trigger circuit. The plate volt-
age of V., is a positive pulse whose

duration can be easily controlled. In
this equipment it is 3,300 or 6,600
microseconds long, depending on
whether the range switch is set at
500 or 1,000 kilometers. This pulse
drives an inverting amplifier, V.,
which operates the sweep generator
and height-marker generator. The
output of the sweep generator is a
sawtooth wave, which gives a linear
sweep in the indicator. The height-
marker generator contains a switch
tube, a negative-resistance oscillator,
a squarer, and an amplifier. The os-
cillator, V,, is of the negative-resis-
tance type, with cathode coupling®.
This is switched on by means of a
cathode follower, V,,. The sine wave
from the oscillator is squared by
Ve and V.,. The square wave is dif-
ferentiated and applied to the grid
of V.., an amplifier whose output is a
series of positive pulses, one for each
cycle from the oscillator. These are
applied to the grid of the cathode-ray
tube in the indicator, producing lines
at the proper intervals. Since 100-
kilometer markers were desired, the
total distance the waves will travel
between markers will be 200 kilo-
meters, corresponding to a time of
200,300,000 or 1/1,500 second. The
oscillator frequency was therefore
set at 1,500 cycles.

Bootstrap Puiser

The trigger tube, V.., also drives
the gate amplifier, V,,, whose output
is a negative pulse. This is applied to
the cathode of the cathede-ray tube,
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FIG. 6—Simplified schematic diagram showing the signal inputs to the plates of the
cathode-ray tube indicator used to display the ionosphere characteristic information
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increasing its intensity during the
sweep.

The transmitter pulsing circuit
uses the so-called bootstrap amplifier,
used in the modulators of some of
the early loran and radar transmit-
ters. The 60-cycle square wave from
the plate of V,; is differentiated and
used to drive the grid of V,, an am-
plifier, with an output of positive
pulses. These are passed through V..
a diode, to the grid of V., a thyra-
tron. This tube effectively connects
a charged artificial transmission line
across a load resistance. The dis-
charge of the line is in the form of a
positive rectangular pulse, whose du-
ration depends on the constants of
the line. The pulse is applied between
the control grid and cathode of V.,
the modulation tube, which has its
load resistance in its cathode circuit.
The output is a positive pulse of
1,000 volts amplitude, which is used
to pulse the power amplifier. The
modulator might at first appear to be
a cathode follower; there is, however,
no degenerative action, since cath-
ode voltage is not subtracted from
the driving voltage. The thyratron,
with its associated circuits, follows
the cathode potential of the modu-
lator hence the name bootstrap.
There are two other pulse outputs,
obtained from a tap on the modulator
load. The amplitudes of these pulses
are controlled by the two halves of
V., which are connected as diode lim-
iters. One of these pulses operates
the 30 megacycle oscillator in the
transmitter, while the other controls
the 4-250-A stage.

When the cathode of the modu-
lator goes positive, the cathode and
plate of the thyratron also go posi-
tive. If the grid of the thyratron
were connected directly to the pulse
cireuits of V., it would remain
negative for a time, and would be
bombarded by positive ions. The
combination of the diode V., and va-
rious decoupling resistors allows the
grid to go positive also, preventing
this bombardment.

The indicator, Fig. 6, uses a
K1003P7 12-inch cathode-ray tube,
with a total accelerating voltage of
10,000. Video signals from the re-
ceiver and height markers from the
time base are applied to its grid with
positive polarity. The cathode-ray
tube is gated by means of negative
pulses applied to its cathode. The
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FIG. 7—Photographs of cathode-ray tube

patterns obtained with the ionosphere

measuring equipment. Layer heights are

plotted vertically and frequency horizon-
tally

vertical deflection amplifier, which
is driven by voltage from the poten-
tiometer in the common oscillator
unit, uses a pair of 807’s in push-pull.
It was necessary to use direct coup-
ling between these tubes and the
horizontal deflection plates because
of the low sweep frequency used
(1/30-second). Positioning is ob-
tained by varying a positive bias on
the control grid of one of the 807’s;
this system is similar to that used
in some DuMont oscilloscopes. The
vertical deflection amplifier, which
uses 6V6’s, is driven by the sweep
output of the time base. Positioning
is obtained in this case by the usual
dual potentiometer.

Recording lonosphere Characteristics

The record now obtuined in
ionosphere sounding usually takes
the form of an &/-f curve, in which
the vertical heights h’ are plotted as
a function of frequency f. These
data are normally recorded on film or
paper. In the new equipment per-
manent records have not been made
automatically, although there is un-
der development a system for doing
this. The W/-f curve appears on the
screen of a long-persistence cathode-
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ray tube. The vertical sweeps take
place every 1/60-second, and have
durations of 3,300 or 6,600 microsec-
onds, to give full-scale virtual
heights of 500 or 1,000 kilometers.
The vertical sweep line is moved
across the face of the tube as the fre-
quency changes, giving a two-dimen-
sional record. Although automatic
photographic recording has not yet
been provided, it is possible to take
time-exposure photographs of the
runs, a few of which are included in
Fig. 7. The height markers appear
as horizontal lines, while the fre-
quency markers are dots along the
bottom of the record.

The record marked 13:00 shows
the layers that nsually appear during
the day. Proceeding from left to
right, the E-layer starts at 3 mega-
cycles and extends slightly past 4.
The increase in height from 100 kilo-
meter to 140 indicates an E critical
frequency. Immediately above this
the F, layer starts at a height of 220
kilometers. The height decreases
slightly as the frequency is raised,
and then increases to 260 kilometers
at 5 megacycles; this is the F, eriti-
cal frequency. From here on the
record shows F, layer which splits at
7.5 megacycles because of the earth’s
magnetic field. There are two critical
frequencies associated with this, the
ordinary at 8.5 megacycles and the
extraordinary at 9.2 megacycles. The
F, layer is frequently split, but that
does not appear on this record. A
multiple reflection may be seen above
the F, and F. regions. In this case
the down-coming echo has been re-
flected by the earth and makes one
more trip up and down. The vertical
lines are interference from stations
in the operating range of the equip-
ment.

The writer wishes to acknowledge
the cooperation of the Department of
Terrestrial Magnetism, Carnegie In-
stitution of Washington, whose facil-
ities were used in the construction
and testing of the equipment.
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AUDITORY PERCEPTION

By JOHN D. GOODELL and B. M. H, MICHEL

The Minnesota Electronics Corporation, St. Paul, Minn.

Factors affecting design and use of inverse volume-expansion circuits, bandpass and cut-
off filters, tone controls, and other methods of obtaining system response having a subjective
effect that approaches true high-fidelity reproduction indistinguishable from original sounds

IN discussions of fidelity, intel-
ligibility, and related subjects,
it is important to differentiate be-
tween loudness and intensity. The
former is a subjective effect, and
the latter a physical measure of
energy. The ear is affected by a
change in pressure and transmits
an indication of such change to the
brain. The accuracy of the report
is limited to a relatively short range
of frequencies, by definite ratios of
intensities and other considerations.

Loudness is also affected by many
factors other than intensity. With
single-cycle impulses, the loudness
experienced by an observer will
vary greatly with the wave form.
If the change in pressure is too slow
or too fast, the ear is incapable of
audio perception regardless of the
intensity. With continuous tones
the minimum time for a repetitive
change in pressure to be perceptible
to the ear is approximately 50 mi-
croseconds (2 ke per sec). A con-
tinuous tone of constant peak am-
plitude will approximately quad-
ruple in loudness as the frequency
is increased from 20 to 60 ¢cps. The
audible frequency spectrum is de-
fined by these characteristics.

A single-cycle sine wave can be
shown to contain harmonic compo-
nents infinite in number. The num-
ber of overtones varies inversely
with the number of successive
cycles so that a sine wave tone must
be of infinite duration to be devoid
of harmonic content.

In reporting the loudness of a
single cycle, the ear still functions
as a frequency analyzer. This has
been demonstrated by computing
the Fourier components of a single-
cycle complex wave, evaluating each

142

in terms of the frequency-vs-inten-
sity curves of the ear and arriving
at a value closely approximating the
actual loudness experienced by an
observer.’

Loudness versus Frequency

The fact that the relative loud-
ness response of the ear to. various
frequencies is not constant at all
intensity levels is of major impor-
tance in music reproduction. It is
well known that the subjective ef-
fect of music reproduced with a flat
frequency response cannot be the
same as the effect of the original
unless the intensities are equal.
This is one reason for the use of
tone controls,

There are many other factors
that contribute to the total effect,
such as the famijliar fact that loud-
speakers have too much inertia and
mechanical damping to permit suf-
ficient swing for proper low-fre-
quency response to signals of small
amplitude. The inertia of the aver-
age listener is also important, for

UNDERSTANDING THE EAR

The human ear is a living, electrically
active microphone with changing re-
sponse characteristics that place a
limitation on the audible communica-
tion of intelligence. Because a high
percentage of those in the electronic
industry are concerned with sound
reproduction devices, an understand-
ing of human hearing and its rela-
tion to various types of tone-com-
pensating arrangements is an aid in
evaluating and solving problems en-
countered in perfecting audio trans-
mission and reproduction systems.
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most people will not bother to ad-
Jjust a variety of controls.

The trend in all phases of re-
ceiver-phonograph design is toward
reducing operating requirements to
a minimum. Most methods de-
veloped to date are inadequate, not
only because many are incapable of
sufficient compensation but also be-
cause the equipment is not cali-
brated in terms of the actual varia-
tion in subjective frequency re-
sponse at different intensity levels,
and few are automatic. Further-
more, it requires a great deal of
experience and knowledge to adjust
tone controls properly, even when
they are correctly calibrated. This
problem is worthy of serious con-
sideration, for most observers will
consider correct compensation of
this kind a greater contribution to
faithful reproduction of the sub-
jective experience than many refine-
ments of fidelity commonly treated
as having greater importance.

Tone Control

It is an unfortunate fact that too
few engineers and technicians have
done sufficient critical listening to
live music to acquire a valid basis
on which to judge reproducing sys-
tems. Every person engaged in
this industry should make a prac-
tice of occasionally attending sym-
phonies and listening to live dance
bands, with a conscious effort
toward improving his audio dis-
crimination. A general broadening
of perspective and appreciation of
tonal range on the part of the men
responsible for the design of audio
systems will do much to defeat the
tendency to be too easily pleased.

The literature is replete with
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FIG. 1—Inverse volume-expansion circuit for automatic tone control compensates for
changes in the response of the human ear at different intensity levels

tone control circuits varying from
simple capacitive shunts to resonant
chokes and three-channel filter sys-
tems. A discussion of these is not
within the scope of this article, but
it is pointed out that the successful
design of any frequency compensa-
tion system requires a full under-
standing of the actual frequency
distortion that requires correction.
If it must be accomplished at mini-
mum cost, then at least the most
nearly satisfactory values of RC
filter networks should be selected.
Too often a designer casually writes
in a 0.1-uf shunting capacitor with-
out troubling to seek optimum
values. Actually there are many
tone control systems using nothing
more than RC filters that do accom-
plish excellent results.

Many different methods may be
used to produce automatic frequen-
cy compensation at varying output
levels. The simplest is a capacitive
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shunt across the low-level section
of the audio input potentiometer.
Other systems have been operated
by mechanical coupling of volume
and tone controls. This category
of approach to the problem would
be more satisfactory if signal in-
puts were constant and the output
entirely dependent on the so-called
volume control. Any completely
satisfactory system must depend on
the magnitude of the signal in cir-
cuits beyond all level control de-
vices.

Inverse Volume Expansion Circuit

One solution based on inverse
volume expansion in the high and
low channels is illustrated in the
circuit of Fig. 1. The values given
are strictly experimental, and the
firal selection of components must
depend on the judgment of the de-
signer and the requirements of
specific applications. The filters
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are affected by associated circuit
components, and although the
values indicated provide a satis-
factory experimental starting point,
the most desirable networks to use
will vary considerably. It is neces-
sary to isolate the channels in order
to avoid inter-shunting action, par-
ticularly if both high and low com-
pensation is employed.

The input signal is divided into
high, straight-through, and low-
frequency channels., The straight-
through channel is entirely conven-
tional for flat overall frequency
response. The principles of opera-
tion in the high and low channels
are the same, and only the action
of the low channel is described here.

All but the low-frequency compo-
nents of the signal are filtered out,
and the remaining voltage is de-
veloped across potentiometers R,
and R, in the control grid circuits
of V,and V.. The signal is shifted
180 degrees in phase by V., and
this output is applied across R, in
the grid circuit of V.. The signals
on the grids of V, and V, are now
identical in frequency content but
180 degrees out of phase. The out-
puts of these tubes are mixed in the
plate circuits and cancellation takes
place. Controls R,, R,, and R, may
be set so that the output of the low-
frequency channel is zero.

A portion of the unfiltered input
signal is developed across R,, ampli-
fied by V, and rectified by V,, to sup-
ply the screen voltage for V. Thus
the gain of V., depends on the
magnitude of the input signal to
the system. This means that when
the input to the system diminishes,
the signal on the control grid of Vi
will decrease and the screen voltage
also will go down. Thus the out-
put of Vi to V. will go down pro-
portionally more with decreased
drive to the system than will the in-
put to V..

If the various controls are ad-
justed for zero output from the low-
frequency channel when the input
is at a very high leve], then any
decreased drive will result in lower-
ing the output of V, more than V..
Only partial cancellation will take
place, and some output will appear
from the low-frequency channel.
The output of this channel will, in
fact, vary inversely with the input
to the overall system. The rapidity
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with which the bass channel will
follow changes in overall level de-
pends on the time constant of the
screen supply circuit for V. The
rate at which bass boost will take
place is varied by the setting of R,.

Treble and Bass Channel Adjustments

In the initial adjustment of the
output from the treble and bass
channels at high level, it may be
desirable to set them at some value
other than zero output in order to
effect permanent compensation for
inherent faults in associated cir-
cuits, the acoustic environment, or
the taste of the listener. The con-
trols and principles by which these
compensation circuits operate per-
mit great flexibility in adjustment
and application.

For example, in disc recording it
is necessary to compress the input
to the cutting head in order to avoid
overlapping between grooves during
heavy passages. Actually, only the
low-frequency swings are broad
enough to require this dynamic
compression. The problem may be
solved automatically with the cir-
cuit of Fig. 1, providing the low fre-
quencies are eliminated from the
straight-through channel. At a
moderate driving signal to the sys-
tem, the signals on the grids of V,
and V, are adjusted so that the out-
put of V. is of sufficiently greater
amplitude than that of V, for a
normal percentage of low frequen-
cies to pass through the system. As
the input drive to the entire circuit
increases, the signal to V, grows
proportionally more than the signal
to V., a higher percentage of can-
cellation takes place, and the rela-
tive output of low frequencies is
compressed.

Possible Circuit Simplifications

Under playback conditions the
initial adjustment is made at the
same moderate input level, but V,
is set higher than V. Thus, V,
provides the output signal and V.
the cancellation. As the input drive
to the system increases, the output
of V, goes up proportionally more
than V, and expansion of the low-
frequency output is obtained. In
practice, these settings should be
accomplished by switching arrange-
ments and fixed values.

In the design of commercial ra-
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dio-phonographs where economic
considerations are important, a
number of simplifications suggest
themselves. If the screen supply
for V, is taken from a point far
enough along in the audio amplifier,
Vs, may be eliminated. Another
arrangement with fewer compo-
nents uses the circuit consisting of
Vs Vi, and V,, for a middle-fre-
quency band-pass channel with the
bass and treble channels consisting
of conventional amplifiers. In such
an arrangement the output of the
band-pass channel may be made to
vary proportionally more with
changes in the basic input signal
than the bass and treble channels.
In other words, the middle frequen-
cies would show a greater per-
centage change with a change in
drive than either high or low-fre-
quency components, effectively pro-

db—
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FIG. 2—Curves showing how response of
human ear varies with intensity of sound.
Each curve is for a definite loudness sensa-
tion to the ear, and shows the ‘actual in-
tensity in db above threshold required to
produce that loudress sensation at various
frequencies. The curves were obtained in
each case by starting with a desired loud-
ness sensation (40, 60, 80, and 100 db) at
1000 cps, hence in each case sensation and
intensity are the same at this reference
frequency

ducing automatic frequency com-
pensation.

Another circuit using only two
additional tubes operates on the
variation of input capacitance that
may be obtained with a variation
in gain. The input capacitance of
an audio stage is increased deliber-
ately with a low-value capacitor
from grid to plate. The input capac-
itance is equal to C,. + C,, (K +
1), where K is the actual gain of
the stage. By applying amplified ave
to this tube, the input capacitance
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may be made to vary over a fairly
wide range. As the output signal
decreases, the ave bias to the tube
goes down, causing an increase in
gain and a consequent increase of
the input capacitance. Thus the
high frequencies are increasingly
shunted as the output decreases and
a relative increase in bass response
is obtained.

Countless other methods will sug-
gest themselves to the ingenious
designer. The important emphasis
is on the need for automatic fre-
quency compensation circuits in
the inevitable trend toward more
consistent faithful reproduction.

Speech-Music Switches

The preceding discussion refer-
red only to bass and treble boost-
ing circuits. The opposite effect
is sometimes desirable, but with
reference to speech-music switches
the following report is of interest.
Forty observers, two experienced
radio announcers, and two untrain-
ed speakers took part in an investi-
gation made under various acoustic
conditions with a wide variety of
electronic facilities available. The
results were conclusive in determin-
ing that (1) with frequency com-
pensation introduced to provide
faithful musie reproduction, speech
was both intelligible and pleasing,
elimination of low frequencies de-
finitely detracted from the pleasing
quality of speech without a signif-
icant contribution to intelligibility,
and (2) with over-compensation of
the bass channel, or broad capaci-
tive shunting of highs, speech was
neither intelligible nor pleasing.
Reducing low-frequency compo-
nents from these arrangements def-
initely increased intelligibility.

In all of these experiments the
observers constantly emphasized
the natural voice qualities in the
setup where no change was made
from speech to music. It seems ap-
parent from the above that speech-
vs-music compensation is necessary
and desirable only in poor-quality
systems, devices with rainbarrel
resonance, and under circumstances
where the signal source is faulty.
Most speech-music switches defeat
the purpose of selecting radio an-
nouncers and speakers in terms of
pleasing voice qualities. The prob-
lem is not the same as in telephone
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or long-range radio communication
where intelligibility is the only im-
portant factor.

Figure 2 eonsists of a graphic
representation of the results ob-
tained with twenty observers with
normal hearing in a study of in-
tensity vs frequency for equal loud-
ness. These figures agree reason-
ably well with those published by
other investigators.” It is recog-
nized that subjective measurements
are inherently divergent between
experimental results as compared
with instrumental observations of
physical quantities. However, for
the establishment of compensation
requirements, this information is a
valid and important aid. 1t is evi-
dent that low-frequency compensa-
tion must be of greater magnitude.
However, the importance of high-
frequeney compensation is not pro-
portional to the amount required.

Cutoff Filters

in the elimination of high- and
low-frequency distortion, extrane-
ous interference, and needle scratch,
it is common practice to use filters
with a sloped characteristic. This
is typical of capacitive shunt tone
controls. In eliminating the high
frequencies, the upper middle-range
frequencies are partially shunted
and the result is muddy and un-
desirable. The sharp cutoff type
of filter is very much more satis-
factory. The average observer is
greatly irritated by high-frequency
noise, and the general impression
that the public does not like highs
may be partially attributed to this
condition. The result is that most
listeners sacrifice clarity to avoid
hash and listen perpetually to re-
production of considerably lower
fidelity than was intended bv the
designer of the equipment.

Tone controls designed to elimi-
nate  high-frequency  distortion
should be stepped rather than con-
tinuously variable. Sharp cutoft
at various frequencies may be ob-
tained in many ways. Perhaps the
ideal method is to use a three- or
four-section filter with each section
resonated to diseriminate against
a band approximately 1,500 cycles
wide. Thus, for 5,000-cycle cutoff
the first section would be tuned to
eliminate from 5,000 to 6,500, the
second from 6,500 to 8,000, and so
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TABLE 1. DEFINITIONS OF MUSICAL TERMS

ness also varies with frequency.

BRIGHTNESS —An attribute assigned to a tone, expressing the content of
upper harmonics and also varying directly with intensity and frequency. The
term density is often used synonymously.

FREQUENCY —An objective measurement of the number of cycles in a
unit of time. (Should not be used synonymously with pitch.)

INTENSITY —A physical measure of the magnitude of acoustic force.
LOUDNESS —A subjective observation of intensity.
PITCH —A subjective observation of sound, varying directly with frequency.

This experience is also affected by the intensity of the sound. At low fre
quencies pitch varies directly with intensity, and at high frequencies, inversely

The perception of loud-

on. Such filters may be very sharp-
ly tuned. Inductances are usually
required, which increases the cost
and introduces the problem of hum
pickup.

A less expensive method is to use
several shunting capacitors between
successive stages. For eliminating
low frequencies, the combination of
small cathode and screen bypass
capacitors in cascaded stages, as
well as a lower value of coupling
capacitor, may be used to produce
abrupt attenuation at a selected fre-
quency.

The successful design of sharp-
cutoff filters of either high- or low-
pass types requires careful calcula-
tion and experiment. When the re-
sults are considered in terms of the
improvement, not merely in how
well the set may be operated but in
the way it will be operated by the
average user, the added cost may
be well worthwhile even in commer-
cial equipment which is moderatelyv
priced.

Harmonic Distortion

There is experimental evidence
that less distortion can be tolerated
at low levels than at high outputs.
A quantitative knowledge of these
effects is a valuable guide in de-
terming the distortion limits allow-
able in various applications of re-
producing equipment.

Harmonics are generated to an
important degree by the structures
f the ear. The magnitude of this
distortion may be conceived from
an examination of Fig. 3 which
shows curves representing data
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derived by Fletcher.® 1f a pure sine
wave is generated at high intensity,
the second and third harmonics pro-
duced by the ear itself may be dis-
tinguished by the central nervous
system. Even-order harmonics rise
in magnitude with increasing in-
tensity of the stimulus up to a cer-
tain point and then tend to decrease.
0dd harmonics flatten out at their
maximum and do not diminish at
higher intensities of stimulation.
[t is evident from this that the ear
departs from symmetry at a certain
low level (about 50 db above the
threshcld of hearing), and then
tends to return to symmetry al
some high level (around 100 db).
The nonlinearity which produces
odd harmonics increases steadily
and rernains at maximum. Perhaps
the most important point is that
both odd and even harmonics under-
go an effect of volume expansion as
the intensity of stimulation is in-
creased from approximately 50 to
100 db. Tn other words, they var)
directly and exponentially with
stimulus intensity over that range.

These characteristics have bee:
determined more rigorously than
most measurements concerned with
hearing. Fletcher and others have
presented evidence based on the
subjective observation of beat notesx
produced from aural harmonies
heating with acoustic tones. In
this technique the ear is stimulated
with, say, a 1,000-cps tone. The
fourth harmonic would be 4,000 cps.
A second stimulating tone is intro-
duced at a frequency somewhat
higher or lower than 4.000 eps. and
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FIG. 3—Relative loudness of harmonics generated by the human ear when a stimu-
lant 200-cps tone is applied at various intensity levels. The 2nd harmonic becomes
important as the stimulus tone approaches 80 db, the third harmonic for 90 db. etc.

the presence of the harmonic is de-
termined by the observation of the
amplitude-modulation beat between
them. Furthermore, the beats will
be most pronounced when the ex-
terior stimulating tone is of equal
intensity with the aural harmonie,
and in this manner the intensity of
the aural harmonic can be deter-
mined.

Cat's-ear Experiments

Wegel and Lane' have measured
the potentials generated at har-
monic frequencies by attaching an
electrode to the round window in the
the ears of cats and guinea pigs and
running the output through a wave
analyzer.

Using this same method, New-
man, Stevens and Davis® stimulated
the ear of a cat with 700 and 1,200-
cps sine waves simultaneously, and
were able to determine electrically
the presence of 66 other fre-
quencies, All of this evidence is
in substantial agreement.

This provides two explanations
for the effects mentioned. At rela-
tively low levels the ear follows
Hooke’s law, and distortion is negli-
gible. As the intensity increases,
the ear generates harmonics within
itself and these tend to mask har-
monic distortion originating from
the exterior source of energy. The
second point is that the central
nervous system is educated by the
distortion characteristics of the ear
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to expect and tolerate more distor-
tion at high levels. It is evident that
harmonic distortion may be more
irritating in home radio-phono-
graphs than in outdoor or concert
hall sound reenforcement systems.

The response curve of the ear
falls at low frequencies. Hence, with
fundamental tones of low frequency
the ear will be more sensitive to the
harmonics than to the fundamental.
It is also true that with high-fre-
quency fundamentals only a few of
the harmonics are within the spec-
trum of audible sounds. These facts
make it clear that factors tending
to produce distortion in the low-fre-
quency range are particularly im-
portant, and that such distortion is
an important limitation on the use
of extended frequency range de-
vices,

Response to Vibrato

The use of a vibrato is an impor-
tant musical embellishment, and the
characteristics of the ear in per-
ceiving it are of particular interest
to designers of electronic musical
instruments. The vibrato produced
by both violinists and vocalists is a
rapid fluctuation of frequency above
and below the fundamental tone.
This is accomplished at a rate ap-
proaching seven per second for vio-
linists. It is at approximately this
speed that the ear loses the ability
to follow the changing pitch and
cbserves the result simply as an
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amplitude modulation. Thus, at a
rate of seven vibrations per second
or faster, the ear is incapable of dis-
tinguishing between a frequency
vibrato and an intensity vibrato.
It is, in fact, difficult for an observer
to differentiate a seven per second
frequency (or amplitude) vibrato
from one that is produced by beat-
ing two frequencies together. This
latter method is used by pipe organ
manufacturers who design a stop
(celeste string) that produces this
effect by tuning two sets of pipes at
slightly different frequencies.

It is more difficult to produce a
frequency vibrato in electronic
musical instruments than to provide
a device that simply varies the gain,
and because the ear cannot differ-
entiate between them at rates above
seven per second, many designers
use the latter method. This is not
entirely successful as a simulation
of acoustic instrumental effects be-
cause the ear is aware of the differ-
ence in terms of timbre. The qual-
ity of fullness or richness of a tone
undergoing frequency modulation
is directly related to the bandwidth
of the modulation. The vibrato used
by most well trained vocalists is just
fast enough so that a single pitch
is assigned by an observer, and it
covers a broad enough frequency
band to provide maximum rich-
ness.” ™* Violinists have a faster
vibrato but it usually covers no
more than a quarter-tone peak to
peak and does not produce as com-
plex a spectrum of harmonics.

It has been suggested that the
seven-per-second blend from fre-
quency-to-amplitude perception is
a function of the rate of decay in
the central nervous system re-
sponses.” This persistence effect has
been calculated as approximately
0.14 second to reach threshold. The
curious fact is that although the
rate of decay may change, the total
time to fall to the threshold of per-
ception appears to be constant at
0.14 second, regardless of initial in-
tensity. Stevens and Davis suggest
this as being the ideal on and off, or
build-up and decay time to provide
an impression of instantaneity
without the usual on and off clicks
and other transient disturbances.

This switching time is important
in electronic musical instrument de-
sign, in telegraph keying and in
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many other problems. The writers
have investigated the phenomenon
at some length, conducting experi-
ments with 30 observers having
normal hearing. The results ap-
proximated the figures given above
but the ideal build-up time for high-
intensity tones appeared somewhat
longer. The best results associated
with on times were obtained with
even harmonic combination tones
reaching the maximum of 90 db
above hearing threshold in 0.165
second. The time for odd harmonic
combinations, contrary to expecta-
tions, was 0.01 second less. Off ef-
fects in all cases appeared as close
to ideal as can be achieved at 0.14
second. There is no auditory effect
of persistence or latent images com-
parable to those common to vision.

Audio Perspective

There have been many experi-
ments in the last decade to improve
the illusion of reproduced vs live
music by introducing audio perspec-
tive. Certainly the distribution of
orchestral instruments in space is a
contributing factor in the total
sensation experienced by the lis-
tener. The use of three-channel
microphone pickup and playback
through corresponding placement
of loudspeakers contributes consid-
erably to the realism of reproduc-
tion, Even two channels is a marked
improvement, but more than three
follows a rapid diminishing returns
curve. At the New York World’s
Fair an outdoor stereophonic instal-
lation demonstrated the value of the
effect reasonably well, but the illu-
sion is more impressive in an en-
closed room. The Walt Disney pic-
ture “Fantasia” was another experi-
ment in this direction, and in thea-
ters where a satisfactory installa-
tion could be made the results were
remarkable.

Ideally, a concert hall should not
be too highly damped, but should
have a perceptible reverberation
time. Under such conditions the
percentage of reverberation reach-
ing the listener will vary directly
with the distance of the source.
Thus, in reproduction the apparent
closeness of the sound will vary in-
versely with the amount of repro-
duced reverberation in either mul-
tiple- or single-channel recording.”
These effects have importance in
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sound motion picture developments.
However, in connection with speech
the psychological effect of synchro-
nization between visual lip reading
and the sound itself is such as to
minimize the need of stereophonies.
Furthermore, the increased use of
public address systems with live
music, often with little regard to
directional distortion, increasingly
educates audiences not to expect
coordination of visual and audible
sources.

Even in systems for the reproduc-
tion of music where the original
pickup was through a single chan-
nel, the spatial distribution of
acoustic output is desirable. Al-
though the trend has been toward
single speakers of large cone diam-
eter for improved low-frequency
response, the use of multiple small
speakers will often accomplish this
result more satisfactorily. Further-
more, the distribution of high fre-
quencies is distinctly improved and
the cost for equal total power han-
dling ability is approximately the
same or less for the multi-speaker
arrangement. As a specific exam-
ple, four 73i-inch accordion cone
speakers may be mounted in a hori-
zontal row along the top of a com-
pletely enclosed cabinet. Such a sys-
tem will handle 12 watts complex
wave with an extended high-fre-
quency response and unusually
smooth bass reproduction. Most ob-
servers find that the horizontal
spread of such a sound source con-

tributes measurably to the illusion
of perfect reproduction. The speak-
ers must, of course, be phased to-
gether,

The most interesting data regard-
ing stereophonic sound systems has
been presented by Fletcher." These
preliminary investigations indi-
cated that observers found two-
channel stereophonic reproduction
extending to 5,000 cps more pleas-
ing than a single channel with a
range to 15,000 cps. Additional data
in this paper showed that a 65-db
volume range and a frequency spec-
trum of 60 to 8,000 cps produced
substantially complete fidelity in the
transmission of musie, while 40 db
and 100 to 7,000 cps were compar-
able requirements for speech.

Intensity Range

The ear is capable of responding
to a wide range of intensities, and
the limits are set at points consis-
tent with the auditory environment.
Thus, the threshold of hearing is in
the region where any increase in
sensitivity would make it possible to
perceive the constant sound pro-
duced by the random agitation of
the basic particles of air. Man would
then be afflicted with the irritation
of ceaseless noise, somewhat com-
parable to the condition of persons
suffering from tinnitus (head
noises). The minimum displacement
of the eardrum which produces
audio sensation has been calculated
by Stevens and Davis at approxi-
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mately 10" ¢ny, less than the wave-
length of visible light, or less than
one percent of the diameter of a
hydrogen molecule.

The intensity at which audibility
blends into the sensation of feeling
varies between 60 and 70 db above &
pressure of one dyne per square
centimeter. The actual subjective
experience varies with frequency
and with the individual, and ranges
from dizziness and physical vibra-
tion to tickling, burning, and pain-
ful reactions.”

Low-frequency Cutoff

At very low frequencies the sub-
Jective loudness and pitch of a tone
do not vary linearly but in distinect
steps, with the most abrupt change
occurring at around 18 cps accord-
ing to Bekesy and others. It is at
approximately this frequency that
the sensation merges from one of
feeling, at lower frequencies, to the
experience of hearing. The rough
quality continues up to about 50 cps.

The ear tends to fill in the sub-
jective observation of a fundamen-
tal tone when presented with a
series of harmonic frequencies. This
experience is so compelling an illu-
sion that even the most critical ob-
servers usually fail to perceive the
difference between the response of
an audio amplifier cut off at around
70 cps and one which extends to
lower frequencies. This cutoft value
is chosen as optimum because it in-
cludes the second harmonic of the
lowest notes commonly occurring in
orchestral music, but permits at-
tenuation at the often annoying
60-cps frequency of supply lines.

Phase Relationships

it is widely but erroneously be-
lieved that the ear is insensitive to
phase relationships. According to
Ohm’s acoustic law, the ear is an
analyzer that perceives a complex
sound wave in terms of its fre-
yuency components. This principle
in general is true, but not absolute
because the structures of the ear
are not sharply tuned.

Sound waves of equal frequency
and intensity but 180 degrees out
of phase produce silence.® It is
clear that the total intensity of a
sound wave will vary with the phase
relationships of its components,
which may be additive or subtrac-
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tive, and that this is translated into
loudness by the ear. The genera-
tion of aural harmonics has been
mentioned, and the phase between
these and the harmonics produced
by the acoustic source will also be
summated algebraically by the audi-
tory system. Furthermore, the
phase relationships of component
frequencies in a continuous result-
ant wave form may produce either
amplitude or frequency modulation
effects. This means that the central
nervous system may experience a
slow variation in either pitch or
loudness, depending on phase iela-
tionships.

It was mentioned in a preceding
section that the response to fre-
quency and amplitude modulation
above a repetition rate of six to
seven per second could not be differ-
entiated by the ear. At a lower rate
than this, the difference is clearly
perceived as an instability of loud-
ness or frequency. Finally, and par-
ticularly at fundamental frequencies
below 100 cps, various phase rela-
tions between the harmonics will
distinctly alter the quality of «
tone.” Phase conditions producing
the greatest amount of intercancel-
lation are characterized by smooth-
ness, and additive phases by rough-
ness.

The timbre of musical tones is
not usually changed in a noticeable
way by variations in phase relation-
ships, This is evidenced by the fact
that complex phase shifts varying
with frequency take place in almost
all audio electronic circuits without
the ear’s being aware of them. The
acoustic conditions of an audito-
rium will greatly vary the phase of
sound waves reaching the ear. How-
ever, while the subjective experi-
ence may be much the same and
equally pleasant, the approach to
identity is definitely diminished
where large differences in phase
relationships occur between the
original and the reproduced
sound.”™ '*

Conclusions

Electronics has made an enor-
mous contribution to the widespread
enjoyment of music. Surely it is
important to continue in the effort
to expand the techniques available
so as to encompass the full range of
possible sensation. Efforts to deter-
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mine the desirability of high fidel-
ity on the basis of observers com-
paring two devices of different de-
grees of imperfection are fallacious.
True high fidelity would be indis-
tinguishable from the original. It
is obvious that a decision must be
based on comparisons between re-
produced and live music.

There are many subtle differences
between live and reproduced per-
formances that are observed subcon-
sciously. Even with the finest con-
temporary equipment, an observer
entering the studio blindfolded will
rarely be deceived. 1t is inevitable
that initially developed methods
will appear expensive and cumber-
some in comparison with the im-
provement gained. This is the his-
toric cycle of progress. Simplifica-
tion. cheaper and more efficient
methods always follow. It is the
responsibility of the entire radio in-
dustry to work toward preserving
the heritage of musical progress
and expanding, not limiting, the
musical vocabulary of the future.
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Characteristic Impedance

OF BALANCED LINES

Comparison of three equations for Zo of a balanced two-wire
transmission line with a cylindrical shield, and expressions

for the errors in the equations

ONSIDER a balanced transmission

line composed of two inner con-
ductors plus a shield. The inner con-
ductors are circular cylinders of
outer radius » whose axes are sep-
arated by a distance 2s. The shield
is a circular cylinder of inner radius
R, symmetrically placed with respect
to the two inner conductors.

If, by definition, * = #/s and y =
s/R, the characteristic impedance Z,
in ohms between the inner conductors
can be expressed in terms of z, ¥, and
the dielectric constant ¢ of the di-
electric filling the line.

Sommer* derives an expression for
the capacitance between the inner
conductors of such a transmission
line, following a method used by
Kaden®. This expression can be trans-
formed into

120 ;lo 31—y2)_
S e
1 47 )2
Tﬂ:z(l _l—y‘) -
1 3254(1 -+ 242)
32 [3‘+— 1(11 —yr
128y (1 — 2y — 248 — 397 % )
(1 — g9t o
This is presumably correct as far as
the series is carried, the next term
being one in x®. When the shield is
removed (that is, as R approaches
infinity or as y approaches zero) the
formula reduces to the series expan-
sion of the exact expression for the

This work was done in whole (or in part)
under Contract No. OEMsr-411 between the
President and Fellows of Harvard College
and the Office of Sclentific Research and De-
velopment, which assumes no responsibility
{]or Ehe accuracy of the statements contained

erein,
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characteristic impedance of the un-
shielded balanced line

120 1
Zy = 7 - cosh ~! (;— =
€

120 % o (3) N ——
Ve e T
3 10
:§§ zt — @176 - » 2
Thus the error in Eq. 1 always enters
in the terms in z® and higher powers.
The second formula is transformed
similarly from an expression for the
capacitance of the line which Som-
mer, in the same article, attributes to
Breisig®. The result of this transfor-
mation can be written
11—y — )
14y (1 -2
This formula is a good approxima-
tion for large values of R, giving a

(1a)

120
Zy 4+ —— cosh ! 2
Ve

value which is too small by an
amount
1§ 2y
A%"¢:30+yw
1 }
1—676‘?/2(10+y2+---)+-~( (2a)

The error can be seen to go to zero
when the shield is removed (y = 0),
as is obvious from the fact that Eq.
2 then reduces to the closed form
given above for the unshielded line.
It is interesting to compare Eq. 1
and 2 with the formula given by
Terman’, which can be written

12 {1 (2 12)
ZO + VT og, = + yz —

TA0—t) - ha-w | @

4 16

This equation appears to neglect
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terms in y of higher order than y'
and terms in x of higher order than
2'. The terms in 2° and z* are incor-
rect, however, and the expression
gives a value which is too small by
120 | 224
=== 3 (1 -y — ) —
a7 = = =l n - -
3—12:c‘(1+8y2—,..)+...§ (3a)

Note that while the error in the z*
term goes to zero if there is no
shield (y = 0), the error in the
a' term does not.

Breisig’s expression, Eq. 2, is more
useful on the whole than Eq. 8. If y
is large, the error in Breisig’s equa-
tion is very nearly the same as that
in Eq. 8, while for small ¥ the error
in the second equation is consider-
ably less than that in the third. This
may be of importance when z is large.

In general, Eq. 1 is the most accur-
ate. It is better than Breisig’s equa-
tion everywhere except when y is
very small. In most practical cases,
it is sufficient to keep only the first
two terms of Eq. 1, dropping the
term in «' (which then gives the
error). On the other hand, Eq. 2 is
a more convenient form, and is suf-
ficiently accurate for most purposes
if 2 and y are not too large (z and y
are always less than one).
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RUGGED CONSTRUCTION
CONSTANT QUTPUT
WITHSTANDS OVERLOADS
COMPACT SIZE

UNAFFECTED BY TEMPERATURES
MINIMUM MAINTENANCE

It all adds up to

Paying Less and Getting More

with the Magnesium Copper Sulphide Rectifier

THE cost of Mallory magnesium copper sulphide
reclifiers is extremely moderate to begin with. And
equally moderate is operaling expense!

Contributing to the low initial price of Mallory rectifiers
is their small size—a compactness made possible by
small cross-sectional areas which are capable of car-
rying many times more current than equal areas in
other type rectifiers.

Directly responsible for low operating cost are many
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MAGNESIUM COPPER
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5R MALLORY & CO.Inc. B

SULPHIDE
STATIONARY AND PORTABLE D. C. POWER SUPPLIES —
BATTERY CHARGERS AND AVIATION RECTOSTARTERS®

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

basic factors of design—all-metal construction, for
instance . . . the complete absence of moving parts . . .
the ability of these rectifiers to withstand tremendous
current overloads and voltage surges.

Many outstanding features combine to make Mallory

rectifiers easy to buy and operale . . .explain why

Mallory magnesium copper sulphide rectifiers outsell

all other types of dry disc rectifiers for low-voltage,

high-current applications. See your Mallory dis-

tributor. Or wrile us for literature or engineering helps.
#Reg. U. S. Pat. Off.

RECTIFIERS
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INDUSTRIAL CONTROL

Phototubes Control Food Sorting System .
Tool Brazing with Induction Heating.... ... .. .. .
Variable Timing Up to Thirty Seconds
Dielectric Heating Seals Giant Balls...... ... .
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Phototubes Control Food Sorting System

ONE APPLICATION of electron tubes
in the food industry about which lit-
tle has been published is that of food
sorting. Beans of various kinds.
seed corn, peanuts, coffee and even
potatoes have been sorted by indus-

totube. The first phototube is es-
pecially sensitive to red light, the
second to green light.

The amplified output of each pho-
totube is applied to a pair of deflec-
tion plates in a cathode-ray tube.

Billions of beans pass through this plant of the Michigan Bean Company where

RCA phototubes and cathode-ray tubes control a sorting mechanism that separates

good little beans from bad ones. Mirrors and lenses are used with the phototubes
to judge the color range of each individual bean

trial electronic equipment since 1931,

In modern equipment, accept-
ance or rejection of each bean or
other object depends on the resxpec
live percentages of red and green
light reflected by it. The beans ure
fed down a chute to a rotary feed
that passes them, one at a time.
through an optical system consisting
of an incandescen! lamp, a focusing
lens, two mirrors. and two photao-
tubes.

Rays from the light source are re
flected by the bean through the lens
to the partial or 50 percent mirror.
It reflects part of the light through
a red color filter to the first photo
tube., but transmits another part of
the light to the second mirror, a nor
mal mirror, which reflects it through
a green coloy filter to the second pho-
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Thus, one phototube controls the
horizontal sweep of the electron
beam in the cathode-ray tube, while
the other phototube controls the ver
tical sweep of the beam. The amount
of deflection is governed by the re-
spective amounts of red and green
light reaching the phototubes,

The screen of the cathode-ray tube
on which the electron beam will ap-
pear when controlled by the color
range of an acceptable bean is cov-
ered by a partial mask that provides
a grading pattern. When a bad bean
passes through the optical system,
the color of the reflected light affects
the output of the phototubes, and
this in turn alters the sweep of the
electron beam so that it causes the
phosphor to glow outside the mask
area. A sentinel phototube picks up
this extra glow and its amplified out-
put actuates an ejector mechanism
that trips the bad bean into the re-
ject bin.

Tube types employed in the sort-
ing machines include the RCA 908
cathode-ray tube, 2050 thyratron,
and phototubes 918 and 1P29. Tube
life has been estimated to be an aver-
age of more than 8,800 hours by the
Electric Sorting Machine Company.
manufacturers of the equipment

Tool Brazing with
Induction Heating
INDUCTION HEATING has been adopted
for the brazing of tungsten carbide

tips to more than 200 types of cut-
ting tools and effected such savings

AMPLIFIER

PHOTOTUBE S ( :E\:% COLOR FILTER
~

p ~
AN
AN

RN ‘.’S]MIRROR
R,

ROTARY FEED

]
;
V I

SENTINEL
PHOTOTUBE

AMPLIFIER

CATHODE~RAY
TUBE

Essential elements of the electronic bean sorting system. A partial mask provides
a grading paitern on the screen of the c-r 1upe
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MATCHED
PAIRS
of

som

Here's the low cost solution to close tolerance
requirements—IRC Matched Pairs—two resistors
matched in series or parallel to as close as
1% initial accuracy.

IRC introduced Matched Pairs, has matched
millions of BT Metallized and BW Wire
Wound Resistors. Both types are stable, excel-

MATCHED

INITIAL ACCURACY

AT LOW COST!

lent for close tolerance requirements. Matched
Pairs are widely used as meter multipliers and
recommended for any application requiring low
cost close initial tolerances.

IRC tests, matches, identifies, and ties
together each pair as shown in the illustration
above.

PAIR RESISTANCE LIMITS

Parallel Matched Pairs
Minimum Resistance Moximum Resistance

5 Ohms 410 Ohms
2.5 Ohms 2550 Ohms
3.75 Ohms 4100 Ohms

Type
BW-Y2
BW-1
BW-2

Series Matched Pairs
Minimum Resistance Maoximum Resistance

20 Ohms 15640 Ohms
10 Ohms 10,200 Ohms
15 Ohms 16,400 Ohms

235 Ohms
165 Ohms
235 Ohms

BTS
BTA

10.0 Megohms
10.0 Megohms
10.0 Megohms

940 Ohms
660 Ohms
940 Ohms

40.0 Megohms
40.0 Megohms
40.0 Megohms

Matched Pairs are available only to manufacturers. Address inquiries to Dept. 1G

Matched Pair Resistars

&\\‘\ tOR P fﬂ/al*

) /)
& ¥
> .
L] -
- <
Z &
‘{«‘"0 \\

<
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INTERNATIONAL RESISTANCE CO.

- 401 N. BROAD ST., PHILADELPHIA 8, PA.

Canadian Licensee: International Resistance Co., Ltd., Toronto
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At left Is a magnetic chuck block holding a large drill for induction brazing of
tungsten carbide tip. The :ips on small tools are held in place by the adhesion of
the brazing material. At right. a rotary fixture holds seven tools ready for brazing

that one tool producer was able to
amortize the cost of his two induc-
tion machines in three months time.

The inherent characteristics of
high-frequeney currents to concen-
trate on a selected ares make induc-
tion heating an ideal medium for
tool brazing. The heat can be re-
stricted to the tip end which leaves
the remainder of the shank cool
enough so that in most cases an op-
erator can handle the finished piece
with a gloved hand. Tongs are needed
only on the smaller tools.

To braze a tip to any of the many
tools produced in the Willey's Car-
bide Tool Compeny, Detroit, the op-

The rotary fixture is turned manually by
the operator to present earh tool to the
heating coil when brazing

154

erator places the tool beneath the in-
ductor with the tip and brazing ma-
terial positioned in the recess. The
heating cycle may run from three
seconds upwards to a minute depend-
ing upon the type of tool being
brazed. As the heating progresses.
the operator, by use of a small rod,
wipes the tip into place as the mate-
rial softens. Cycles can be con-
trolled automatically or manually.
Tools are held beneath the in-
ductor by one of three holders, a
rotary chuck, a screwclamp fixture,
or a magnetic chuck block of which
two sizes are used. With the mag-
netic block, big tools can be rapidly
positioned beneath the inductor and
held firmly during the brazing cvcle.

Rotary Tool Holder

The rotary fixture holds the tools
in place by spring tension and, as the
operator rotates the block manually.
the tool enters the field of the in-
ductor coil where it becomes heated.
The tip is wiped in place by the op-
erator during the heating and passes
down and out of the inductor as the
very short cycle concludes. Held by
mechanical tension until it arrives
at the vertical, the tool is released
automatically from the fixture and
drops into a tote box or a conveyor.

These operations are being per-
formed on two Tocco 15 kw, two-
station, 9,600-cycle units of Ohio
Crankshaft Company equipped with

wwWwW americanradiohistorv com

watercooled inductor coils that are
changed to accommodate different
tools,

One advantage of the induction
method is reported to be the silver-
soldering of high-speed steel tips
without drawing the hardness of the
tip. Also, induction heat simplifies
the removal of a brazed tip from a
shank by quickly remelting the braz-
ing material.

Larger tools are now being treated
in greatly increased quantities. Two
girl operators turn out 85 of these
an hour on a two-station unit in con-
trast to the 80 tools per 8-hour day
by older methods. It is with these
larger tools that the method’s econ-
omies are seen to best advant-
age. Here a single magnetic chuck
block 6 inches long is used for hold-
ing the big shanks.

A two-tipped tool has been brazed
by the induction process for the first
time without the wiring required to
secure the tips for treatment by
other methods. The tips are held in
place during the heating without ex-
tra support. The treating of drills,
reamers and counter-bores is done in
the same manner.

Brazing of diamond dressing tools,
for straight or radius dressing, hav-
ing but a single diamond were al-
ways difficult to handle and slow to
braze. Now, after the stone is posi-
tioned and the matrix base is pressed
into the tool cavity around the dia-
mond, one girl can braze 150 to 200
half-inch tools an hour. The cycle is
three seconds heating per dresser.

Variable Timing Up to
Thirty Seconds

By DoNALD G. HAINES

Congulting Engineer
Chicago. IMlinois

FOR CONTROL PURPOSES, it is often
necessary to turn electrical equip-
ment on and off after a definite time
interval. With the instrument to be
described, the time interval is ad-
justable from % to 30 seconds by the
operator,

The instrument was designed pri-
marily for accurately controlling ex-
posure time in the use of a photo-
graphic printer or enlarger. Adjust-
ment of the timing range is provided
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Where can you
‘horrow, rent, or
buy films to

train workers
in electronics?

Here’s the book

that will tell you.
It's new. It’s free.
Write for a copy!

F YOU ARE INTERESTED in tapping a large pool
of ““ready-made” films for training electronics
workers, this book will help you. It lists films
available from scores of manufacturers, film dis-
tributors, and government bureaus.

1t classifies and describes 155 outstanding train-
ing films on electronics and related subjects . . .
1545 in other fields. You’ll find films for training
production workers, salesmen, maintenance men,
“¢rouble shooters”. . . covering theory, tubes,
circuits. You’ll find films on both communica-
tions and industrial equipment.

The book tells you where to get them . . . which
are free . . . which can be rented or bought, and
what they cost.

To get your free copy of “The Index of Train-
ing Films,” mail the coupon to . . .

Eastman Kodak Company, Rochester 4, N. Y.

—another important function of photography

M

HIS

OUPON FOR FREE BOOK

EKASTMAN KODAK COMPANY
Rochester 4, N. Y.

Please send me ‘“The Index of Training Films.*”

Name____
Company._
Street__
City___

State
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..This is Cardioid
*Cardioid” means heart-shaped. It de-
scribes the pickup pattern of a micro-
phone as illustrated in this diagram.
Unwanted sounds approaching from
the rear are cancelled out and the pick-
up of random noise energy is reduced
by 66%. The actual front to back ratio
of reproduction of random sound en-
ergyis7to 1,

\-

.. This is Super-Cardioid

“"Super-Cardioid” also describes a pick-
up pattern andisafurther improvement
in directional microphones, The Super-
Cardioid has a wide front-side pickup
angle with greater exclusion of sounds
arriving from the sides and the rear.
The front to back random sound ratio
is 14 to 1 which makes it twice as uni-
directional as the “Cardioid.” A 73% /
decrease in the pickup of random noise
energy is accomplished.

..This is Uniphase T b\

“Uniphase” describes the principle by FRONT REAR
which directional pickup is accom- A |
plishedin a single microphone unit, This k/ 4

is a patented Shure development and

makes possible a singlé unit “Super- Sounds entering from front.
Cardioid” Directional Microphone e .
eliminating the necessity of employing

two microphone units in one case—it FRONT REAR

gives greater uniformity in production, 4

greater ruggedness, lower cost for com- AN -
parable quality and more uniform ver-

tical pld‘up pattern. Sounds entering from rear.

.. This is the result
The SHURE Super-Cardioid

A decrease in the pickup of random !
sound energy by 73%—reduction of
feedback and background noise—sim-
plification of sound pickup are among
the many advantages offered by the
Shure “Super-Cardioid” Dynamic.
These, plus faithful reproduction, are the
reasons why Shure “Super.Cardioid”
Microphoanes are used by more than 750
Broadcast Stations in the United States
alone, by our Armed Forces throughout
the world, and on thousands of Public
Address Systems everywhere.

SHURE BROTHERS

Designers and Manufacturers of Microphones and Acoustic Devices

225 West Huron Street Chicago 10, lllinois
Cable Address : SHUREMICRO
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VARIABLE TIMING (continued)

by a single low-resistance control.
By setting this control at any desired
point in this range, the required time
interval may be obtained by simply
pressing a button.

A disadvantage of the usual re-
sistance-capacitance discharge -cir-
cuit is the impracticability of cali-
bration of a single high-resistance
control. However, the principle dif-
ficulty is the inherent lack of stabil-
ity of the method which seriously
affects the accuracy of the timed in-
terval. In combination with a triode
tube, this new circuit permits the use
of a low-resistance control to obtain
the same range of time discharge as
would be obtained with the high-re-
sistance type.

Figure 1 shows the circuit dia-
gram. The timing control is a 0.25-

PUSH
BUTTON

O

35w4

MANUAL
(TDGGLE)

nsv

Fig. 1—Time intervals from 12 second to
30 seconds are provided by this electronic
relay circuit

megohm variable resistor in the
cathode circuit of a triode. Press-
ing the pushbutton charges the 2-uf
capacitor negatively, causing the re-
lay to open. The discharge current
from the capacitor flows through the
triode and through the variable
cathode resistor which places a nega-
tive bias on the triode grid. This
causes the triode plate resistance to
increase dependent upon the value
of discharge current. The degener-
ative effect produced permits use of
a low-resistance control to obtain a
wide range in the value of the plate
resistance of the triode.

As the capacitor discharges, the
negative voltage controlling the 50B5
tube is reduced to the point where
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Proof #40 of Scovf"
cold-forging ski

* For production efficiency, call Scovill on these
standard fastenings, too . . . Phillips Recessed
Head Screws . . . Clutch Head Screws . . . Sems
Washer-Screw Assemblies.

The part shown here is another
instance where Scovill cold-forging ingenuity and
equipment helped improve a product — and also
resulted in more efficient production.

The problem was to devise a better fastening for
sink washers than the old-style metal ring — a new
kind of fastening that simply would not pull out.

The problem was partially solved by designing
the stud shown in the illustration at the left. Scovill
cold-forging skill then solved the next and major
part of the problem — how to produce the stud
economically. Here again Scovill fastenings experts
combined a practical knowledge of what to do —
plus how to do it.

Scovill experts in cold-forging for special fasten-
ings have helped many manufacturers reduce
assembly time, cut costs, and produce better prod-
ucts. If you would like to improve a product through
better fastenings — or if you have a product need-
ing fastenings that is in the design stage now, call
one of the Scovill experts listed below. It will not
obligate you.

ScoViLL MANUFACTURING COMPANY
PRODUCTS D|V|SION

WATERVILLE

WATERVILLE 48, CONN.

TEL. WATERBURY 3-3151

NEW YORK, Chrysler Building .  DETROIT, 6460 Kercheval Avenue

SYRACUSE, Syracuse -Kemper Insurance Building

CHICAGO, 135 South LaSalle Street . PITTSBURGH, 2882 W. Liberty Ave.
LOS ANGELES, 2627 South Soto Street . SAN FRANCISCO, 434 Brannan Street

ELECTRONICS — July 1946
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LOW ABSOLUTE PRESSURES

KINNEY

|
HIGH VACUUM PUMPS

Many of the war’s fop secrets now out of wraps suggest the amazing ‘
possibilities of low absolute pressures in processing: Kinney Vacuum
Pumps served the war program with distinction and are now being
used for dependable service in countless peacetime applications.
Almost without exception in the United States and in a rapidly growing
number of plants abroad, Kinney High Vacuum Pumps are standard
equipment for exhausting lamps and tubes. They also provide. the low
absolute pressures for sintering alloy metals, coating lenses, refining
rare metals and producing blood plasma, penicillin and other drugs.
In fact, they are used effectively wherever a dry vacuum pump can be
applied, including cyclotron evacuation and atom smashing. Kinney
Single Stage Vacuum Pumps produce low absolute pressures to 10
microns; Compound Yacuum Pumps to 0.5 micron.
Send for Bulletin V-45

Kinney Single Stage Vac-
vum Pump installed by
Buckeye Laboratories,
Cleveland, Ohio, to dehy-
drate and degasify refrig-
erator oil for General
Electric Co.

3565 WASHINGTON STREET, BOSTON 30, MASSACHUSETTS
SAN FRANCISCO

NEW YORK ¢ CHICAGO - LOS ANGELES -

FOREIGN REPRESENTATIVES
General Engineering Co. (Radcliffe) Ltd., Station Works, Bury Road, Radcliffe, Lancashire, England
Horrocks, Roxburgh Pty, Ltd., Melbourne, C. I. Australia
W. S. Thomas & Taylor Pty. Ltd., Johannesburg, Union of South Africa

PHILADELPHIA -«

WE ALSO MANUFACTURE LIQUID PUMPS, CLUTCHES AND BITUMINOUS DISTRIBUTORS
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YARIABLE TIMING (continued)

relay to cause it to close again. The
degenerative action of the triode
maintains a high rate of change of
current through the relay, assuring
positive action. Figure 2 shows the
linear time-discharge curve of the

2 y MM > ' sufficient current flows through the

——
RLLAY OPENS ‘
!
w
(&
e
5
[«
>
S
=
&)
3
b
0
T T coses 1 )
1 |
l )i

.. _SECONDS _ _ .
TIMED INTERVAL !l

Fig. 2—Time-discharge relation showing

the advantage of the linear discharge A

over the logarithmic discharge B of a
conventional R-C circuit

degenerative circuit as compared to
the logarithmic curve obtained by
use of a pure resistance. The flatten-
ing out of the logarithmic curve
toward the end of the discharge time
presents a critical period in the op-
eration of the relay during which in-
accuracy of timing may occur.

Another variable resistance, shown
in the charging circuit, provides a
means of compensation for varia-
tion in tubes and in line voltage con-
ditions. This control is intended for
initial adjustment of the instrument
but may be employed at any time to
correct the calibration.

Dielectric Heating Seals

Giant Balls

CLECTRONIC HEAT-SEALING techniques
learned in making solar stills during
the war for obtaining drinking water
from the ocean have been applied to
the manufacture of giant toy balls.
In the method, dielectric heating is
used to join large strips of Vinylite
in airtight, watertight seams that
are as strong as the thermoplastic
material itself.

The sections of the thermoplastic
to be sealed are placed between metal
electrodes supplied with r-f power
from an RCA two-kilowatt electronic
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ves TO COVER EVERY KNOWN REQUIREMENT

FIBERGLAS ‘INORGANIC)
VARNISHED TUEINGS

M-R F'berglas Varnished Tubings
are made in four grades: Stand-
ard; Douole 3aturated; Triple
Sireng-h aad Impregnoted.

STANDARD GRADE

has maximum f exibility, is treated
with ¢ mmnimumn of varnish and
recommended for high tempera-
tures where dizlectric strength is
not a factor.

DOUBLE SATURATED
has all quclities of the Standard
Grade bu- with additional coats
of varnish to bring the dielectric
rating up o 1500 volts.

TRIPLE STRENGTH
is buil: up with coats of especially
flexiblz insulat on varnish for di-
electric ratings

HEADQUAR"ERS
gt

¥ Mi

THE. ELECTRICAL INSULATION

i\

FOR 57 YiaRS

Fr ction Tape and Splice
Teanstermer Compounds
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inzulating Papers and Twines
CcBle- Eilling and .Pothead Compcunds Asbestos Sieeving and Tape

up fo 2500 volts and is par-
ticularly suited where assembly
operations include the possibility
of rough handling.

IMPREGNATED

is the Optimum in Superiority for
high gloss, non-hydroscopic, re-
sistance to high temperatures, oils,
acids, etc. IMPREGNATED has a
dielectric rating beyond 7000 volts
and is unequalled for Long Life
Urder Most Severe Conditions.
Write For Somples.

FOR USERS OF COTTON
YARN VARNISHED TUBINGS

The Mitchell-Rand MIRAC and
HYGRADE Varnished Tubings of
long staple fiber yarn are com-
parable to Fiberglas Tubings in
dielectric ratings, tensile strength,
flexibility and long life. Write For
Samples.

COrtiandt 7-9264

A PARTIAL LIST OF M-R PRODUCTS

FREE FOR THE ASKING

Write today for your free
copy of the M-R WALL CHART
with its engineering tables,
electrical symbols, carrying

capacities of conductors, di-
electric averages, thicknesses
of insulating materials, tubing
sizes, tap drills, etc.

HELL-RAND' INSULATION|COMPANY;IN
51 MURRAY STREET -

Fiberglas Varnished Tape and Clath

NEW YORK 7, N.Y.

Tiberglas Broided Sieaving. /v ¥

Fiberglas Saturated Sleeving, Varnished Tubing Totton Tapes, Webbings ‘and :SI,u\i—lliqs,’ ¥

Varnished Cambric' Cloth and Tape
Mica Plate, Tape; Paper, Cloth, Tubing

WwWWW_americanradiohistorv com

Smpregnated Varnish Jubing.
tnsulating Varaishes of dil types
Zxtruded Plostic’Tubing J e
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WIRE COMPANY, nc

15 Park Row, New York 7, N.Y.
" Made éy fniineeu joz fnyimzeu ¢
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DIELECTRIC HEATING {continued)

oscillator. The temperature at the
1 interface of two overlapped edges of
the material increases more rapidly
than that of the outer surfaces. This
|is due to the fact that heat is con-
ducted away from the outer surfaces
)by the unheated metal electrodes in
| contact with them, leaving the inter-
Iface at a higher temperature, and

Zee Y

Seam-sealing with an electironic generator

at the Lombard, Ill. plant of DuPage Plas-

tics Company. When the upper electrode is

lowered, strips of Vinylite are joined in air.
tight seams

this heat differential is increased
progressively by the capacity of the
warmer area to absorb a greater
amount of power.

Each ball is 22 inches in diameter,
has a wall 0.006 inch thick and
weighs nine ounces when inflated. It
can be bounced, rolled, kicked,
thrown, tumbled on, or used as a
punching bag, a hassock, or a surf
float without bursting, and will with-
stand heat and cold as well as salt
water. According to the DuPage
Plastics Company, it is the first big,
tough, lightweight bladderless ball
that has ever been successfully
manufactured.

The job could not be done on a
practicable basis by any other heat-
ing method. If the seams were
stitched in the conventional manner,
a separate waterproofing operation
would be required.

o e e

Plant Truck Traffic

Control with Intercoms

IN TorLEpO, Spicer Manufacturing
Corp. uses many power-driven trucks
to convey material from one part
of the plant to another, or from
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PACKAGED R.F. RADAR ASSEMBLY

ELIMINATES DESIGN HEADACHES

Y ._'M_ 'Ii:lq"-
- b

The DeMornay-Budd packaged R. F. Unit provides d
complete R. F. assembly for microwave radar. It is now
possible to obtain as standard items all the microwave
R. F. components necessary in the fabrication of a com-
plete radar — DeMornay-Budd Standard Transmission
Line Components plus packaged R. F. Unit.

The R. F. Radar Unit is delivered complete and ready
to operate. It is wired and contains all the necessary
tubes and crystals. The unif uses a packaged magnetron
capable of delivering 20 kw., peak power, at 9375 mc.
Two type 2K25 local oscillator tubes are provided, one
for receiver and A.F.C. and the other for beacon opera-
tion. A type 1B35 A-T-R tube, a type 1824 T-R tube and
the necessary type 1N21 crystals are included in the as-
sembly. A 20 db. directional coupler permits accurate
measurements to be made at any time with a maximum
of convenience and safety.

Since the use of radar beacons is contemplated in the
near future, the unit has been designed with a beacon
cavity and crystal mount. The unit can be supplied with-
out the beacon cavity and crystal mount and beacon local
oscillator, and a termination supplied in their place so
that it becomes a simple matter to convert to beacon
operation when necessary.

We offer complete laboratory research facilities and have avail-
able such production test equipment as: Standing Wave Detectors,
Calibrated Attenuators, Slug Tuners, Power Supplies, Square
Wave Modulators, in addition to transmission line components
shown in diagram above. Write for information or catalog.

ELECTRONICS — July 1946
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A% R. F. RADAR UNIT #4%2

~—=———REFLECTOR

Acam |

 — A&==——FEED HORN

——— ROTATING JOINT

gy

——FLAT 90° ELBOW

——— G0° TWIST

MITERED ELBOW

STRAIGHT
SECTION

DGE 90° ELBOW' 90° TWIST CEUNIT

R. F. Radar unit #412 (indicated by
asterisk) used in conjunction with
standard PeMornay-Budd transmis-
sion line components.

EQUIPMENT
FOR
97% OF AlL
RADAR SETS

DE MORNAY-BUDD, INC.
475 GRAND CONCOURSE, NEW YORK, N. ¥.
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TRAFFIC CONTROL (continued)

one department to another. This
created a problem: how to know
where any truck was at a given time
s so that a department which needed a
h‘“ | truck could be served on verv short
‘\ notice.

The two sections of the plant cover
several acres and trucks constantly
| were being lost in the shuffle. Much
time was wasted by departments
waiting for material and by depart-
' ments which had material to be
moved out.

Quick communication was needed
between the operators of roving
trucks and a central point from
which the trucks could be controlled
and their operations coordinated. An
internal trucking department was
set up and the two separate central-
control intercommunications systems
made by Executone, Tne.. New York,
were installed.

Two control stations are placed in
the truck dispatcher’s office. Seven-
teen substations are located at stra-
tegic points to give complete coverage
of the plant. Nine substations in one
section of the plant are connected to

In the Green Flyer Two-Speed Electric Phonograph ane COI?'“'OI station and eight substa-
Motor made by The General Industries Company, Elyria, ‘tlons S aaey Paction e
] ] ) nected to the other control station
Ohio, the gears are helical cut from blanks of Taylor A control chart. called the dispateh
Phenotl Fibre. hoard, is placed on a large desk in

Four factors dictated the choice of Taylor Phenol
Fibre: (1) Fibre gears mesh silently, eliminating any
mechanical undertone to the music. (2) Grade C Fibre
used in these gears is unusually resistant to the lubricants
and compounds in which the gears are constantly bathed.
(3) The wear-resistance of this material insures the long
life of the gears. (4) The easy machineability of Taylor
Phenol Fibre eliminates production trouble.

Other grades of Taylor Phenol Fibre gear stock are (
specially fabricated for everything from the tiny, pre-
cision-built gears in electric clocks up to the heavy gears
that are used in the gear trains of machinery. They can
be cut into helical, spur, bevel, or worm gears by your
local gear cutter.

its operation by specifying and using Taylor Silent Gear Calls to a central dispatcher are trams.

mitted from this substation by operators of

power-driven plant trucks

|
!
|
|
l
If your product uses gears, you can probably improve
Material. Our engineers will be glad to go into a huddle j

with you, without obligation. Write for further facts,

the dispatcher’s office. An outline of
both sections of the plant is painted
on the board, and holes drilled in the
board show the location of each de-

T A Y Il 0 R !' l B R E c o M P Il N Y partment and the location of each

LAMINATED PLASTICS: PHENOL FIBRE - VULCANIZED FIBRE—Shests, Rods, Tubes, and Fabricated Parts  Stbstation. Pegs are numbered to
NORRISTOWN, PENNSYLVANIA Offices in Principal Cities LA VERNE, CALIFORNIA represent different trucks and two

samples, or a consultation in your plant or ours.
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An extensive line
of A.R.C. radio and
olectronic components

Precision Built to

ARC *Magic Tee" and Microwave Coupler

MICROWAVE PLUMBING AND ACCESSORIES __ A complete line of

Microwave Plumbing and Accessories, engineered to A.R.C. pre-
cision standards, is now available. With the increasing emphasis
on microwave transmission in modern aircraft navigation and
control, A.R.C. has pioneered in the design of equipment for this
type of operation. Typical of A.R.C. Microwave Accessories are
the “Magic Tee”” and Directional Coupler illustrated. Other items,
such as the 24,000 megacycle attenuator, use the unique “split
plate” construction developed by A.RC.

Minialurizeci D.C,
Relay by ARC

Precision Built “Musig
Box’' Type Switch

RELAYS AND SWITCHES __ Compact, lightweight relays designed
by A.R.C. have bad years of use under the extreme conditions of
vibration, humidity and temperature encountered in military air-
craft operation. Available in several types and sizes, they meet
rigid requirements for reliability and specified performance.

AR.C. Precision-built Switches are made in Drum-Type,
“Music-Box” Type, and special Toggle and Push Types, and are
available in various contact combinations. All are designed to
stand up under the hardest usage, and are manufactured to the
highest standards of the aviation industry,

Since 1928 the Aifcfaftwo C_orpom-
tion bas devoted its engineering

production facilities 10 the design afzd

L . . i
manufacture of bi gh-qualtt)é r;a:’i:’:)oe;{:”f:s
ircraft use.
ment for atrcra'f :
similaj 10 those listed here prove;id thezsr
worth in the A.R.C. receivers an tran:
mitters used in nearly all military aire

craft during the war.

Aircraft standards

ARC Multi-contact Connector with Ceramic Inserts

MULTI-CONTACT CONNECTORS WITH CERAMIC INSERTS —A.R.C.
has developed a line of Ceramic-Insulated Multi-Contact Plugs
and Receptacles to combat carbon-tracking due to flashover. Float-
ing, self-aligning female contacts and replaceable pin-plugs mean
case of maintenance and assembly as well as efficient service. Com-
pletely interchangeable with A.R.C. Bakelite insulated Plugs and
Receptacles, the Ceramic type is provided in all types and sizes for
use with shielded or unshielded cable, or with open wiring.

ARC Variable Air Condenser and Sealed, Oil Paper Type

CONDENSERS — VARIABLE, ADJUSTABLE, AND SEALEC —Variable
and adjustable air condensers by A.R.C., designed for use in both
receivers and transmitters, are available in both single and multiple
sections. Features of this equipment include the use of forked
springs to provide positive grounding of rotor shafts, a special
glass-ball method of stator support which keeps dielectric losses
to a minimum, and cadmium plating of rotor and stator assemblics.

A complete line of Sealed Qil Paper and Dry Electrolytic Con-
densers have been designed by AR.C. in both cylindrical and
rectangular types, sealed in cadmium-plated brass cans. Minimum
leakage path to ground is approximately 1/16th inch, good for
a breakdown test of 2000 volts D.C.

Sealed Chokes and Transformers are also available in the cylin-
drical design.

For complete Parts Catalog, or specific information, write

AIRCRAFT RADIO CORPORATION

ELECTRONICS — July 1946
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YOU DON’'T HAVE TO CODDLE
SHALLCROSS INSTRUMENTS

CASE OF MISUSE

Shallcross Test Instruments are
built for hard, frequent use on any
job — for production line, field,
school or laboratory service. No
need to worry about how or by
whom they are used. They’re rug-
ged and dependable. In case of mis-
use, repairsare usually made locally,

These instruments are accurate
for every commercial and most lab-
oratory needs. Available in types,
sizes and ranges for every testing
need — at prices to make their reg-
ular use practical.

Werite for engineering bulletins
on any type,

BRIDGES — RESISTANCE STANDARDS
FAULT LOCATION BRIDGES
DECADE POTENTIOMETERS

HIGH-VOLTAGE TEST EQUIPMENT, efc.

SHALLCROSS MANUFACTURING COMPANY
Dept. E-76 Jackson & Pusey Aves., Collingdale, Pa.

_ Electrical Measuring In-

N struments « AKRA-OHM Re-
i -sistors ¢ Precision Switches
 Electronic Engineering
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TRAFFIC CONTROL {continued)

dispatchers place these pegs in the
holes representing different depart-
ments as each truck operator at the
completion of a job calls the dis-
patcher from one of the substations
and reports that he is ready for an-
other assignment.

In the morning, each driver of a
truck takes his truck to the substa-
tion to which he is assigned. Now,
suppose that Department 17 needs a
truck. The operator at the dispatch
board uses his master station to call
the truck which is nearest to that de-
partment. The peg, bearing the num-
ber of this truck operator, is then
placed at Department 17. As soon as
the driver completes his work, he
goes to the nearest substation and re-
ports to the dispatcher’s office that he
is ready for another assignment,

Much time is saved, efficiency is
increased and over-all truck opera-
tion is greatly speeded up through
the coordination of truck operations
made possible by the system.

Streamlining C-R Tube
Production

By M. SILVERMAN, Production Manager

Cathode Ray Tube Division
North American Philips Company, Inc.
Dobhs Ferry, N. Y.

MASS PRODUCTION METHODS are now
used in many phases of cathode-ray
tube manufacture. One of these
steps, bulb coating, is ideally suited
for such procedure.

Bulbs are first washed at one end
of a long narrow room, then placed in
a long conveyor which carries them

View of bulb coating room in which con-
veyor belts transport bulky cr tubes to the
several operations
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NEW VARNISHED INSULATION
SLEEVING AND TUBING WITH:

HIGH HEAT RESISTANCE :
"
.
'L
L] LE
FLEXIB NG:
° v ARNISHED TUﬂlo i
. i N \e in
b TURBOTUFG;:b‘;:;iol srade vailabld
> Mag:i‘r‘; sizes from No e
® g No. ) 11.000
L ] 2
®
_ will not swell, *
.

run or shrink

/)
,ﬂ% under severe ' s 5]
e 177 A conditions! >

Heat usually means trouble! But where “hot
spots” are unavoidable in installation tech-
niques or on-the-job conditions, you will
avoid trouble by specifying TURBOTUF.
This tough insulating material is made to
stand up under higher heat levels than are
usually experienced. Flame resistant as well
as heat resistant, TURBOTUF varnished
fabric tubing and sleeving is the answer
where ordinary heat conditions prevail. But
where excessively high ranges are antici-
pated, specify TURBO varnished Glass
Fiber tubing . . . a remarkable material
woven from strands of spun glass as fine and
supple as silk yarn . . . with all the heat and
chemical resistance of glass itself.

Improved impregnating methods, using an
exclusive TURBGC varnish applied to the
fafbric to saturation, provide—in addition to
superior heat resistance—high dielectric
values . . . extremely valuable bend and
twist breakdown resistance . . . and protec-
‘txfon against moisture, chemicals and oils.

Write on your company letterhead for the
free TURBO Sample Board with- testing
specimens and sizes of each.

UBING:

ossesses Y-
1 chorocter”
No. 2

REMEMBER.. IF IT'S

FIBROUS GLASS T
.t Tubing P
‘br:nd up\Lysico

in sizes m

Glaoss
TURSO lectrical

..!T SAFEGUARDS!

WILLIAM BRAXND
& COMPANY

2;76 FOURTH AVE., NEW YORK 10, N.Y.
325.W. HURON ST., CHICAGO 10, ILL.
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PUBLIC .
ADDRESS

meets every requirement

for 2 RUGGED
ALL-PURPOSE MICROPHONE

Packed with power to spare —
built to take rough handling and
bad climate conditions — engi-
neered for smooth response to both
music and the
Turner Model 33 is an all-around

voice pickups,

microphone for recording, P.A.,
call system, studio, and amateur
work. A professional unit for pro-
fessional results. Ask your distrib-
utor or write.

Free Turner Catalog
Write for your copy

e TURNER conpany

905 17th Street, N.E.
Cedar Rapids, lowa

LOOK at these
Performance Features

33X Crystal
o Moisture-sealed crystal.
® 90° tilting head.
¢ Wind and blast-proofed.

T

e Barometric compensator,

e Chrome finished case.
o Level -32DDB.

e Range 30-10,000 cycles.
e Removable cable set.

33D Dynamic

o Heuavy duty dvnamic
cartridge.

90° tilting head.

Wind and blast-proofed.

Chrome finished case.

Level -51DB.

Range 40-10,000 cycles.

Removable cable set.

Choice of impedances.

Licensed under U.S Patents of the American Telephone & Telegraph Company, and Western
Electric Company. Incorporated.

Crystals licensed under patents of the Brush Development Company
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. TUBE PRODUCTION {continued)

to the opposite end of the room
| where the face is baked in an oven.
Next, they go to an automatic
spraying machine. The operator
places the bulb in position, pulls the
trigger, and an oscillating spray
gun coats the face of the rotating
tube with fluorescent powder.
Another conveyor takes the tube to
an inspector, to a rough wiper, to
a fine wiper, to an operator who ap-

Cathodes, 165 of them, are coated with a
spray gun while they are held in a special
platen. The operation is one step in mass
production of cr tubes at the Philips plant

plies Dixonce to the inner surface,
and finally to a rotating oven. The
oven operator inspects the bulb and
then places it in the oven. Here it
passes through four compartments
where it is baked at 320, 480, 520
and down again to 320 C. When bak-
ing is completed, the bulb is rein-
spected and sent to the sealing de-
partment.

In this bulb-coating set-up, every
operation is completely mechanical.
No operator needs to transport bulbs
from one place to another—in fact,
he need not move from his position.
The capacity of this system is tre-

| mendous, considering the faét that it
occupies a floor space measuring only
16 by 70 feet. Capacity of the bulb
coating room with 10 operators is
1400 tubes per day or more.

,
—e—

HERTZ discovered in 1887 that cer-
tain metals give off electrical energy
under the influence of light, the
basic principle of phototubes.
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FEDERAL'S
INDUSTRIAL

POWER TU BES ... Built to perform better

and last longer

FEDERAL'S 7C25 is especially designed
for hard working conditions. It with-
stands not only the abuse of extreme load

... in industrial electronic

variations in electronic heating opera- equipment such as this 5K W
tions...but mechanical deterioration as dielectric heating unit
well.

Widely spaced, unusually tough fila-
ment and grid elements, positioned with-
out ceramic insulators, resist shocks and
constant vibration from adjacent ma-
chinery. In addition, electrical ratings are
conservative,with a wide margin of safety
{ ...insuring still further the long, trouble-
i free service you can expectfrom this tube.

PRSI \i\\\"l'w'
E

¥
Y.

In 37 years of Federal tube making
and research, longer tube life has always
been a prime objective. Federal’s success
in the 725, as well as in a broad line of
rectifying and transmitting tubes, means
lower tube costs to you. Write for your
copy of Federal’s 68-page Handbook of
Tube Operation.

5KW Dielectric Heating Unit manufactured by
Nlinois Tool Works, Chicago. Two Federal 7C25
Tubes are more than ample to produce the
rated output of this unit.

TECHNICAL DATA FOR TYPE 7C25

Filament Voltage. .. .. ... ... . ... 11.0 volits
Filament CUITent. . . . ..« otvw oo 27.5 amps.

Maximum Ratings for Maximum Frequency of 50 Mcs

DC Plate Voltage. .. ... . ..covonaioarn 4500 volts

DCPlate Current . . . . .. ..o 1.25 amp.

Plate Dissipation. . . ... .. .. oo oo 2500 watts

Overall Height. ... ... .. .. ... ... . App. .7 inches

Maximum Diameter. . ... ... ... 31/ inches

Supplied with 6” flexible copper leads, 2 on each terminal.

Type of Cooling. .. ... .. c.oorvnrenoner s Forced-air

£xport Distributor: Newark 1, New Jersey

International Standard Electric Corporation
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TUBES AT WORK

F-M and A-M Receiver for Comparison Tests. .. .
Facsimile to Moving Train via VHF. ...
Mechanical Modulation of Electron Flow .

Improved Modulated-Oscillator Pickup. .. ..

168
176
180

F-M and A-M Receiver for Comparison Tests

By WiLLiaMm

Desion
Campton

THE RECEIVER TO BE described wus
designed to tune over the range ol
15 to 170 megacycles and to have an
overall sensitivity of two microvolts.
It receives amplitude-modulated sig-
nals having high adjacent channel
interference and also receives wide-
band [requency-modulation signals.
It was used for making direct com
parisons between frequency modula-
tion and amplitude modulation reli-
ability-of-communication tests.
The receiver had to be stable, of
known sensitivity, known passband
characteristics and rapid changeover
from a-m to f-m. It is also suitable
for the determination of maximum
frequency and minimum phase devi-
ation and of the mean carrier fre-
quency tests as described by Crosby
(bages 85-87, Hund, “Frequency
Modulation”). For these tests.
receiver that has narrow passbund

F. FrANKART

F'ugineer
Califarnia

characteristics on a-m is necessary
and no commercial communication
receiver in this frequency rance was
found suitable,

Craygstal  Diodes

Two  separate i-f channels are
used. tuned to ten megacycles. The
a-m channel has a pass band of six
kilocyeles, Of special interest in this
channel is the uxe of Sylvania 1N34
germanium erystal diodes. The crys-
tals are used in a eircuit that is, in
addition to being the second detector.
i noise limiter that is very effective
on pulses of steep wave front and

short duration such as automobile
ignition interference.
The second detector and noise-

limiter cireuit operation was greatly
improved because the germanium

crvstal diode starts 10 work at much
the typical

signal level than

loxs

6116 diode. Also, the electrostatic
capacitance of the crystal diode is
much less than the 6116. The blocking
characteristic of the cryvstal is an-
other factor that contributed to oper-
ation as a peak pulse noise limiter-.

The f-m i-f channel has a passband
of 300 kilocyeles, this being wide
enough for f-m reception. The circuit
features the use of bifilar-wound
single-tuned i-f transformers and
germanium crystals in the Seely
ratio detector. By using the bifilar-
wound i-f transformer, certain ad-
vantages were had; more gain per
stage, a high degree of stability, less
compotients necessary, one cirecuit to
align, and wider passband character-
Isties.

All bypass capacitors under 0.001
uf are silver mica and all capucitors
below 0.011 f are low-loss mica. The
a-m i-f transformers are Aladdin
No. 1201 with capacitors as called for
in the schematic. These transformers
are normally designed to operate on
12.6 megacyeles and the eapacitance
increase was necessary to obtain the
characteristics desired. The ratio de-
tector i-f transformer is a Bendix
No. ATl. 73026-1.

Facesimile to Moving
Train via VHF

FIRST TRANSMISSION of a facsimile
message to a speeding train was done
from the Capitol Building in Wash-
ington, in the same room that Samuel

VRIOS 83 ——F
Q
5 o & IN5SF5 & meTER

8. ) v F-M ,3_04 8

Y B+ 270V S ) S
&4 2 o5 J
|- _ ]

L]

Circuit of the r-f and if stages of the combination receiver designed for convenient comparison of fm and a-m signals
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- Photos courtesy Control Equipment Company. 547 Brushton Hvenue, Pittsburgh 21. Penna.

na Ban B
whe BuBuBs |p this interesting application a
B B B G B B B G, grdian Relay, the Series 150-A,
regulates the duty cycle of a Thyratron tube to control the
time involved operating a testing tool for metal sorting.
Unit shown is the Metalsorter which emplcys the tribo-
electric effect on metals, steel and non-ferrous alloys. The
principle is simple. An acceptable or standard metallic speci-
men is placed in the holding chuck of a reciprocating tool,
and the test is made by rubbing the standard against the
unknown for a controlled time.

When a chemical or metallurgical dissimilarity between the
chuck-held specimen and the unknown material occurs, a
minute electrical current is generated and registered by an
indicator on a calibrated dial. If the metals are alike, there
is no current flow. Consequently, the operator is enabled to
quickly identify, sort, or accomplish non-destructive testing
of each item.

Again the association of a Guardian Relay and an electron
tube solves an intricate control problem.

GUARDIAN(@ELECTRIC

1625-H W. WALNUT STREET

CHICAGO 12, ILLINOIS

A COMPLETE LINE OF RELAYS SERVING AMERICAN INDUSTRY

ELECTRONICS — July 1946
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TRAIN FACSIMILE (continued)

” F. B. Morse flashed his famous mes-
sage, “What hath God wrought”, 102

= years ago. The same message, writ-
* ” ten by Miss Margaret Truman, the
A President’s daughter, was transmit-

ted to a moving train of the Balti-

FOR ALL LOW LEVEL SOUND more &dOhio.t t
€ demonstration was staged b
TRA "s M I s SI o " c IR c u lTs Press Wireless Manufaciursinz;g%orp}f

in cooperation with the Baltimore
and Ohio Railroad and Bendix Radio
Division of Bendix Aviation Corp.
and employed facsimile equipment
consisting of a scanner and page re-
corder of their own design in the
demonstration of radio facsimile
transmission between fixed stations
and a moving train.

AMPLE YOLTAGE AND
AMPERAGE CAPACITIES

COMPRESSION GLAND WITH CABLE
RELIEF SPRING OR CABLE CLAMP

LATCHLOCK FOR CONVENIENT

POLARIZING BOSS

PIN CONTACTS
MACHINED OF
SOLID BRASS—
SILVER PLATED.

9/32 CABLE
ACCOMMODATION

-l

EXTREMELY LIGHT WEIGHT AS
LOW AS 1Y; OUNCES

Transmitting Equipment

15 AMP CONTACT (R
}

X311 PLUG  o5peamUNED 2ZINC SHELL DESIGN
LIST PRICE $1.25 BRIGHT NICKEL FINISH

, The scanner unit at the transmit-
’ ter contains two seven-inch rotatable
drums measuring slightly less than
three inches in diameter and placed
end to end on a common axis. To
these is fastened the subject copy.
The drums may be operated singly or
in tandem to accommodate large

copy.

THREADS TAPPED IN METAL FOR
INSERT RETAINING SCREW

HIGH QUALITY MOLDED
INSULATION

Type XL is the new low-price “radio universal — .,
Precision Cannon Connector. Boran of the de- | | e
mand for more compact fittings, the Type XL l
connector is a precision product of the highest l)

Teases

PuOTO CAL
w0DuL 4108

Cannon quality. And its design is based on .
sound engineering ... for Cannon Plugs have [_ - bl i
a 15-year background as standard equipment
he £ £ . Block diagram of facsimile transmitter
on the finest of broadcast equipment. when using frequency-shift modulation.
The Type XL is a balanced design: It contains Similar stages are used for amplitude
modulation but a re-keyer circuit is sub-

all the features that spell convenience and utility stituted for the frequency-shift oscillator

-..and it is a product of precision craftsmanship.

111 ti i t the feat that
ustration above pomts ou € reatures a At the rear of the unit, a small op-

establish Type XL as a typical Cannon product. tical scanning head controlled by a
precision-threaded lead-screw moves

across the instrument from left to

\’\ i g a ' right. The scanning head contains a
J ol "" = -~ tungsten filament, constant-intensity
- exciter lamp, a photoelectric cell and

= a precision lens assembly.
XL-3-13N RECEPTACLE l The lens before the exciter lamp
is so arranged that a minute pinpoint

c A “ N o N E l E c T R I c of light strikes the revolving copy at
right angles, while another lens as-

I sembly picks up only the angular re-
flected or incident light which is then

| focused upon the photoelectric cell.

Copy variations from black to white
are thus converted to variations in

" XL-3.12 PLUG

Cannon Electric Development Co., Dept. G-120,
- Los Angeles 31, Calif. « Canadian Factory and
.-,5@.-.-:; Engineering Office: Cannon Electric Co., Ltd.,
éfs"c'#.?.’é' Toronto, Canada o Representatives in Principal

Cities . . . Consult Your Local Telephone Book
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achievements of today

tomorrow’'s routine

Achievement indeed was Samuel B. Morse's invention of the Telegraph, Actual synchronization between this
symbolized by his first message ""What Hath God Wrought" ...  unit and the recording equipment is
and today 102 years later another achievement takes form ...  not necessary due to the precision
reproduced above is the message Miss Margaret Truman,  frequency-controlled circuits employed.
daughter of President Truman, wrote and which was Press Wireless
Photo-Facsimilied from the Law Library of the Capitol to a train CHARACTERISTICS

speeding from Baltimore to Washington, D. C. ... today's achievements are  Index of cooperation .. 289.5
tomorrow's routine . . . and so it is and will be with Press Wireless Drum Speed ... ... 100 rpm
Photo-Facsimile Communications . . . letters, memoranda of instruction Drum Diameter ........ 2.83 inches
and commerce, newspaper copy, charts, maps, graphs, photos and Dram " fangfhl, = Tw°d 7 d|"""s. (r:ayd -
anything that can be put on paper will be split-second :;eac:::;:;;:e T:"em
transmitted and received by this communication system. copy.)
Lines per inch ... 102.3

lllustrated is Press Wireless PHOTO-FACSIMILE SCANNER FT-1 ... subject copy size . . 7" x 8.5"
a precision instrument which is the sending part of the Photo-Facsimile  Frequency Control ...Compensated Tuning
Communication System. The equipment is simple o operate ' Fork
and works on a standard 110-220 volt, single-phase power source. Either AM Carrier Frequency.. 1800 cps
. . . FS Frequency Range...2100 to 3000 cps
an amplitude-modulated 1800-cycle signal or a frequency-shifted Output Level (AM)...8 fo 28 vu

audio tone is available at the output. Output Level (FS) .8 vu

PRESS WIRELESS MANUFACTURING

.01 35th AV E, LONG ISLAND CITY 1, NEW YORK

(e S e
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Brush Magnetic Oscillographs

make
direct-writing
recordings from

D. C. t0 100 cycles
per second!

The remarkable new Brush Magnetic Re-
cording Pen Motor — heart of the Brush
Direct-Inking Oscillograph. Highly stable.
May be used under virtually any climatic
or temperature conditions. Exceptional
accuracy.

® Instantaneous, permaneni, ink-on-paper recordings by Brush Oscillo-
graphs make their use almost unlimited. Accurate recordings of strains,
pressures and couniless electricel phenomena can be made over a fre-
quency range of D.C. fo 100 c.p.s. Either A.C. or D.C. circuits can be
measured. Whenever desired, racordings may be stopped for notations
on chart-paper.

Brush Oscillographs are compact. portable and ruggedly constructed
for ease of handling and operation. Investigate them now. Brush engi-
neers will gladly co-operate in determining their application to your
problems. Write for technical bulletin No. 593 for complete details of
this equipment.

—p—

BrushDouble-ChcmnelMagneﬁcOscillo~
graph for use where two simultaneous
recordings are desired -as in synchro-
nizing problems. Three-speed paper
drive, 5, 25, 125 mm per second. Chart
paper 3154, wide.

Brush Single-Channel Magnetic Oscillo-
graph with amplifier. Especially suited
tor counting, temperature recording,
surface analysis—and similar applica-
tions. Three-speed paper drive, 5, 25, 125
mm per second. Chart paper 23" wide.

Brush Six-Channel ‘Magnetic
Oscillograph. Excellent for
strain-gauge recordings. Dust-
proof case. Interchangeable
gear paper drive, Your choice
of paper speeds from 14" to
5" per second. Chart paper
12" wide.

THE BRUSH DEVELOPMENT (0.

3405 PERKINS AVENUE - CLEVELAND 14, OHIO

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

light intensity arriving at the cath-
ode of the photoelectric cell in a mod-
ulator eircuit of the scanner unit,
As the copy revolves, the thread on
the lead screw advances the scanning
head approximately 1/100 of an inch
for each rotation of the drum so that

| the copy is scanned by approximately

100 lines per inch as the head travels
across the subject matter. Thus each
line consists of sequential series of
picture elements resulting from the
photo-optical analysis of the copy by
the scanning head which are then
translated to electrical impulses in
an electronic circuit and, after suit-
able amplifieation. transmitted hy

” | CEE (o] (e} (5T |
| | |
’1
|

| veas Ty
s H e - e - 2] |
o

A-M SYSTEW I
B

Tatgucacy
creree

( F~$ SYSTEM

|

Essential stages of Press Wireless fac-

simile recording equipment for both am-

plitude modulation and the frequency-shift
method

wire o1 radio using  frequency-
shifted or amplitude-modulated siy-
nals.

Synehronizing

A mechanical tuning-fork oscil-
lator circuit, accurate to 1 part in
100,000, is used to govern the drum
speed on the units. The output of the
oscillator is amplified and sub-har-
monics of the fundamental frequency
are locked up in multivibrators. The
output of the multivibrators is then
amplified and supplies the constant
frequency a-c voltage and current re-
quired to drive the small synchron-
ous motor which in turn drives the
drums.

This method is comnion to both
units and since the frequency toler-
ance is held very close it is not neces-
sary to synchronize the transmitting
and receiving equipment except at
the start of transmission when push-

| button phasing or framing insures
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aintain ten-

n a

Stove manufacturers face difficult assembly prob-
lems.The severe vibration and shock that stoves are
subjectto during transportation to the ultimate con-
sumer must be met. Allowance must also be made
for expansion and contraction of porcelain enamel
parts when the stove is heated up to 500 degrees.

The Cleveland Cooperative Stove Company select-

TINNERMAN PRODUCTS, INC. * 2106

In Canada: Wallace Barnes Co., Ltd., Hamilton, Ontario
In England: Simmonds Aerocessories, Ltd., London

ELECTRONICS — July 1946

lone bY -
eliminating

They Changed to
Speed Nuts

§ ASSEMBLY I\DVI\NTI\(?.ESj
L~

Prevent vibration loosening

Protect fragile materials
against damage

Eliminate lock washers

inate

Eliminate handling of
material

a
Applied faster
Perform multiple functions

Will not “clog” or “freeze”

Reduce assembly costs

Weigh less

o

ed Speed Nuts to solve their fastening problems,
for Speed Nuts provide a spring tension lock that
holds tight under severe vibration and yet is suf-
ficiently resilient to prevent damage to porcelain
enamel surfaces. In addition, Speed Nuts eliminate
lock washers, reduce assembly time and weigh less.

Speed Nuts will pay you big dividends, too. In
writing for samples, please give complete assem-
bly details, as Speed Nuts are made in more
than 3000 shapes and sizes.

FULTON ROAD, CLEVELAND 13, OHIO

In France: Aerocessoires Simmonds, S. A., Paris
In Australia: Simmonds Aerocessories, Pty. Lid., Melbourne

PATENTED * lrade Mark Reg. U. S. Pal. Off.
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HAS BEEN ‘OUR

e
o Y

RS LN

Long ago designers who insiste
on dependable components adapted
Leach Relays into their circuits.
Today—more and more engincers
are specifying Leach Rclays, and
are submitting their Relay prob-
lems to us.

As a result, daily output is ahead
of previous peace-time schedules.
Our greatly expanded plant facili-
ties, plus the recognized depend-

Ry

“FOR_OVER 28 YEARS

ability of Leach products, make it
possible for us to offer the most
complete line of control Relays
ever produced at Leach.

A large variety of Relay types are
listed in our new 40-page catalog
—just published. Contact load rat-
ings range from fractional to 30
Amperes. Write for your copy
today. Leach assures

BETTER CONTROLS THROUGH BETTER RELAYS

LYEFAYCRHERRELFIIFARY

5915 AVALON BOULEVARD,

174
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TRAIN FACSIMILE {continued)

centering the recorded copy on the
record sheet.

The recorder contains a revolving
insulated drum which is driven in
similar manner to the scanner drums.
A fine, stainless steel wire stretched
over a spiral helix on the drum com-
prises the positive signal electrode.
The negative electrode consists of a

Engineers watch the facsimile reproduc-
tion of Margaret Truman’s handwriting as
it is traced out on the recorder paper

printer blade positioned in an axis
parallel to the drum axis and across
the unit immediately above the scan-
ning helix.

An automatic puller draws a con-
tinuous eight-inch-wide strip of pre-
moistened chemically treated paper
from the humidor at the front of the
recorder. This paper passes between
the two electrodes (under the printer
blade and over the drum and helix)
and emerges at the top of the unit.

Facsimile audio signals arriving
at the input to the recorder pass
through the circuits of the unit and
appear as direct-current signal
pulses on the helix wire. Since the
drum is revolving, the helix scans
the recorded sheet passing under the
printed blade. When these d-c pulses
appear on the helix, they pass
through the moistened paper to the
printer blade, and in passing through
the recorded page, the chemical in
the paper is darkened by the current
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When Your Product Calls for MlNlAT“RE METERS g~

Here are 5 REASONS WHY you should specify MB

Because They Are:
] SMALLEST IN SIZE!

The MB moving coil element is only one inch in diameter. Housed
in anodized aluminum I-inch cases, you get the smallest instru-
ments made today. And in only a /-inch -case, there’s room to
self-contain rectifier, shunt or multiplier.

2 ACCURATE!

Built to conform to AWS specifications, accuracy of + 2% of full
scale deflection at any point is standard with all MB instruments.

SENSITIVE!

dense, uniform air-gap flux...and the resultant torque from even
microampere currents provides MB instruments with sensitive, fast
response. What’s more, damping characteristics are excellent, for
easy reading.

3 Powerful Alnico No. 5 magnet with soft iron pole pieces provides

DEPENDABLE!

MB instruments are built to last. Not only will the lighter move-
ment withstand shock and vibration better. .. but, steel-pivoted
in sapphire bearings, it also resists wear indefinitely. Sturdy anodized
cases are sealed against dust and moisture.

AVAILABLE IN MANY RANGES!

1-inch instruments produced in DC ranges from 0-100 microamperes
to 0-10 milliamperes. 1%-inch instruments available completely
self-contained in all standard ranges, including rectifier AC types.

MODEL 151

Let us send you additional information. Write . ’ -
for the new MB catalog with full details and ¥
prices on the complete line of MB miniature THE

=t MANUFACTURING COMPANY, INC.
331 East Street, New Havem {_Ll, Conn.

MINIATURE ELECTRICAL INSTRUMENTS FOR ANY PURPOSE
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TRAIN FACSIMILE {continued}

to correspond with the minute orig-
inal picture elements.

A manual switching control per-
mits inversion of the recording proc-
| ess so that a white image will appear
on a black background. When the
facsimile copy is completely recorded,
the paper may be withdrawn from
the rear of the page recorder and
torn off.

Radio Equipment

i The facsimile equipment can be vp-

, erated from either amplitude-modu-
| | lated or frequency-shift signals in
which the amplitude of the trans-
mitted carrier is held essentially
constant while the frequency is
shifted above or below that of the
assigned carrier.
i The frequency shift method of im-
| pressing intelligence on an r-f car-
rier minimizes selective fading, in-
terference, and static disturbances.
This method is preferred by Press
Wireless for radio service and, in
many cases, may be more desirable
for land-line use. Amplitude modu-

j lation is recommended only for land-
SELENIUM RECTIFIERS /e oy foriad

—

contact.
For AC-to-DC conversion where minimum maintenance costs and Radio Units
maximum efficiency are required, circuit designers write - . ) )
SELETRON into their specifications . . . right at the start! i¥ie radlp equipment used in th‘f
demonstration was composed of
These precisely engineered selenium rectifiers are available in standard units of Bendix railroad
a wide range of sizes and output needs. SELETRON can be made radio system and operated on an ex-
LARGE (thousands of amperes), or small (milliamperes) . . . perimental frequency of 156.525 mc-.
tailored-to-fit the special circuit you are now designing. The facsimile signals from the Cap-
Let a SELETRON engineer consider your problem. His service and itol were amplified and fed by land
counsel are, of course, free. line to three transmitters located

along the route from Washington to
Baltimore. FKach of these is equipped
with a broadband biconical antenna.,
Aboard the train, a ground-plane an-
tenna, nicknamed the “cartwheel”,
was used.

The communications equipment

MADE ON accomplishes phase shift of the car-
ALUMINUM rier by injecting signals from the
audio system onto the grids of a pair
of mixer tubes connected 90 degrees
out of phase. Output from the paral-
lelled plates of these tubes is fed into
the grid of a quadrupler stage. The
carrier frequencv is shifted in pro-
portion to the applied audio voltage
and the equivalent frequency devia-
tion is proportional to the audio fre-
quency and phase shift.

The cartwheel antenna is an arti-
fically shortened quarterwave radi-

HERE’'S WHY "“IT'S SELETRON!’’

- Minimum weight and size for a given output.

. Maximum heat-dissipation value.

. No fragile or wearing parts . . . trouble-free service life.
- Uniformly high efficiency over a wide range of loads.

1
2
3
4
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NEW...SEAMLESS

Now—for
commercial use

WAVE GUIDES

$

.o MERICAN FLEXIBLE WAVE GUIDES
: . A are made in various types. mating
N clectrically and mechanically with

£

common sizes of rigid guide, for oper-

4“"

ation at wave lengths from 20 rto less
than 3 Cm.

These high precision units are sutt-
able for use where relative motion is
involved, such as with shock-mounted
or vibrating units, to provide for mis-
alignment, for the fabrication of com-

plicated twists and bends, as flexible

Seamless Flexible Wave Guide made from thin-wall rectangular metallic tube. Can be extended, C()uplmgs to fraglle components, and

compressed, or bent in two planes to small radii. Withstands large number of flexures of moderate fOl' Othel' applicati()ns.

amplitede. . 3 .
The various types of American Flex-

ible Wave Guides differ principally in

Vertebra type...a series of choke-plate wafers in- : . .
. e . mechanical properties. We will gladly
serted in synthetic rubber jacket. Flexes easily, with- ' ' prot gladly
stands large number of repeated deformations, such aid in selecting the most appropriate

os bend, shear, twist, stretch or compression. ty pe, based on specific requirements of
the installation.

Y, : e P
Moldlock’’ type made of spirally wound, formed Write for our "Electronics Data
metallic strip with interlocked edges. Ordinarily fur- Book.”
nished with rugged, pressure-tight synthetic jacket.
Can be bent in any plane and twisted appreciably.

METAL HOSE
THE AMERICANM BRASS COMPANY
American Mietal Hose Branch
General Offices: Waterbury 88, Connccticut
Subsidiary of Anaconda Copper Mining Contpeairy

1 Canadea: ANACONDA AMERICAN BRASSLTD
N e Toromnto, Ont.
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=TT
AIR EXPRESS is like
a warehouse on wings!

Whatever you need to keep your business rolling —
you've got it in just a matter of hours when you

get it by Air Express.

Yes, delivery speed by air is so fast, it’s the

next best thing to having your supplier’s warehouse
right next door.

Rates are drastically down from prewar days —
a new economy that makes this service a greater
money-maker than ever for thousands of firms
throughout the nation.

Specify Air Express-a Good Business Buy

Shipments go everywhere at the speed of flight
between principal U. S. towns and cities, with cost

including special pick-up and delivery. Same-day ks | 2100 | 8 tbs. 25 bs. [0 s, [Orer 40 Ton
delivery between many airport towns and cities. :: ’::‘: "l‘l’: ’;:‘; ’;:: :;"’
Fastest air-rail service to and from 23,000 ofl- se0 | o7 | 14| sea| ora | Tsze

airline communities in the United States. Service
direct by air to and from scores of foreign countries

RATES CUT 22% SINCE 1943 {U.5.A)

AlR Over 40 Ibs.|

1049

117

198

7.68

12.28

30 70¢

2249

1.45

353

17.65

28.24

7061¢

Ovee

1.47

368

18.42

29 47

73.68¢

2350
INTERNATIONHAL RATLS ALSO RFDUCED

in the world’s best planes, giving the world’s best
service.

- GEIS THERE FIRST —

Write Today for the Time and Rate Schedule
on Air Express. It contains illuminating facts
to help you solve many a shipping problem.
Air Express Division, Railway Express Agency,
230 Park Avenue, New York 17, N.Y. Or ask
N for it at any Airline or Railway Express office.
¥, Phone AIR EXPRESS DIVISION, RAILWAY EXPRESS AGENCY
=N\ Representing the AIRLINES of the United Stotes
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TRAIN FACSIMILE (continued)

ator worked against a quarterwave
radius ground plane and is designed
for mobile equipment where over-
head clearance is small.

Mechanical Modulation
of Electron Flow

A METAL electron tube weighing only
1/15 of an ounce, which converts
mechanical motion directly into vari-
able electron flow, will find wide ap-
plication in future designs of phono-
graph pickups. It can also be used
in microphones, and in industrial
equipment where translation of
mechanical motion to electron ecir-
cuits is desirable for purposes of con-
trol or measurement. The new elec-
tron tube is not yet in production,
but a limited number are available
to manufacturers of electronic equip-
ment who are interested in experi-
menting with it for use in future
products.

Called the Vibrotron, the tube is

Construction of the new Vibrotron tube.
Motion of the movable anode E in direction
M-M is transterred through the thin metal
diaphragm D to produce a proportional
change in electron flow of the triode
formed by K, G. and E. The envelope S is
metal and leads such as L are brought out
through a vacuum-tight glass header H
with exhaust tip T
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ANY RESISTANCE-ROTATION
CURVE IS AVAILABLE

The resistor of the Type J Bradleyometer is a
solid molded ring. During manufacture the re-
sistor materialis varied throughout the circumfer-
ence of the molded ring to provide any desired
resistance-rotation curve. (See chart below.)

The resistor unit is molded as a one-piece ring
with terminals, face plate, and threaded bushing
imbedded in the ring. The contact between brush
and resistor unit improves with age.

1 ‘ T
100,000 | v_._L ! — e

w v
=10000 S
T =)
=) 2
(1] B z
Q 1,000 et
z \ 5
<C z
= ¢
) ) =
o

-

«

|001 | \
[AREEERN

0 50 100 150 200 250 300 350
DEGREES CLOCKWISE SHAFT ROTATION
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These A-B Adjustable Resistors
are solid-molded for permanence

The resistor is a thick ring of solid-molded material, heat-
treated under pressure to produce a unit that is unaffected
by heat, cold, moisture, or length of service.

Since it is not a film or paint-type resistor, its resistance-
rotation characteristic remains permanent. Moreover, the
Type J Bradleyometer is the only continuously adjustable
composition resistor having a 2-watt rating with a good
safety factor. Bradleyometers are available in single-, dual-,
and triple-unit type, with or without line switch. Complete
specifications on application.

Allen-Bradley Company, 110 W. Greenfield Ave.
Milwaukee 4, Wis.

ALLEN-BRADLEY

FIXED & ADJYUSTABLE RAD RESISTORS
=AU
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any specification.

Peerless maintains many ¢
specifications on file — many #
already set up .. . thus youy
development cost can ofte
through modification of Pe
tooling. Call or write

-1

A M

NON-CORROSIVE

I

il m

E‘Eﬁ%Mﬁb

INCORPORATED

WWW_americanradiohistorv. com

i

6427 RAVENSWOOD AVE, CHICAGO 26
MANUFACTURING METALLURGISTS

ol

. MECHANICAL MODULATION (continued)

a metal triode about one inch long
and about 1 inch diameter. Leads
are brought out through a glass seal
at one end. The other end consists
of a tlexible metal diaphragm that
transfers external motion to a mov-
able anode within the tube. Details
of the construction are shown in the
drawing.

Difficulties were experienced with
the selection of a suitable diaphragm
|f01' transmitting the external me-

| | chanical motion to the inner elec-
| | trode without introducing distortion

|| of the motion. This problem was
solved by using a thin metal dia-
phragm, about half the thickness of
a human hair, as a flexible window
in the tube envelope. Through thix
vacuum-tight metal diaphragm, the
rod used as a lever is free to vibrate

Close-up of the Vibrotron tube for convert-

ing mechanical motion {o a variable elec-

tron flow. The movable anode appears
at the top

without distortion over a wide range
of audio frequencies.

Life tests have shown the tube
withstands severe treatment over
long periods of time, and is stable
under temperature and humidity
changes. It operates as an integral
part of the pickup head and the
radio phonograph amplifier, without
the need of a preamplifier or coup-
ling transformer.

Preliminary work on the Vibro-
tron was done by Dr. Harry F. Olsen
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GENERAL PLATE
Laminated Tubing

Meets Design and Operations
Specifications...Reduces Costs

A thin layer of precious metal, permanently bonded to inex-
pensive base metal . . . then cupped and drawn into tubes . ..
that is General Plate Laminated Tubing. which gives vou
precious metal performance at the lowest possible cost.

Versatile General Plate Laminated Tubing gives vou corrosion
resistance from chemicals, alkalies, acids and fumes . . . it in-
creases performance in electrical and physical instruments and
other apparatus.

General Plate Laminated Tubing is available in a wide range of

shapes and sizes, in practically any laminated metal combina-
tion. Write for information today.

GENERAL PLATE DIVISION

of Metals and Controls Corporation

50 Church St.,New York, N.Y.; 205 W. Wacker Drive, Chicago, lil.; 2635 Page Drive,
Altadena, California; Grant Bldg., Pittsburgh, Pa.

ATTLEBORO, MASSACHUSETTS

ELECTRONICS — Julv 1945
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LAMINATED ... Silver. gold or platinum on copper,
bronze or brass, silver-covered—or lined—or both—for elec-
trical contacts, chemical industries, high frequency conduc-
tion, radio and signal apparatus, and other applications re-
quiring non-corrosive surfaces.

LAMINATED BASE METAL CCMBINATIONS—nickel or
monel on several base metals, etc.—This 1ype of wbing is
used in high pressure applications and special devices.
SILVER ON ALUMINUM tubing is used in high frequency
and other electrizal applications and airceaft and signal
control apparatus.

PRECIOUS METALS ... gold, silver, platinum and their
alloys. This tubing finds wide application in the chemical
industries, clectrical and physical instruments, electeical
contacts and high frequency conductors.

PURE NICKFL TUBING—for cathode tubes, electronic and
precision instruments.

MONEL AND INCONEL—scamless or seamed—for the
chemical and process industries.

ODD SHAPES—General Plate offers a wide range of odd-
shaped tubing for use in many applications requiring special
construction and performance.
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MECHANICAL MODULATION (continued)

at the RCA Laboratories at Prince-
ton and was later transferred to the
RCA tube laboratories at Harrison
where the development progressed
under George Rose.

A tube apparently similar to the
one described has been announced
by Bendix Radio Division of Bendix
Aviation Corp. but no technical de-
tails have been released.

i T GO (o 0
U sy

Improved Modulated-
Oscillator Pickup

By HENRY KALMUS

Lngineering Department
1N Zenith Radio Corp.
Chicago, 1.

[EXACT ANALYSIS OF the original cir-
| cuit of the Cobra pickup described in
| ELECTRONICS, Jan. 1946, showed that
|

50,000
§ 500,000

b

15 MEG

i l_ “l

} Fig. 1—Circuit arrangement of the modu-
lated-oscillator pickup

|if a circuit modification is made the
audio output increases by 15-20 db,
the hiss is reduced by the same ratio,
and microphonics are reduced by 6
db. In addition, any volume change
due to gap-width variation is can-
celled out entirely in the electrical
system and a longer pickup lead can
be used.

In the old circuit, grid detection
was used, counteracted in part by
plate-bend detection. In the new cir-
cuit, only plate-bend rectification
takes place.

Figure 1 shows the circuit; the
difference between the old and the
new one consists in different time
constants for R and C. The new time
constant changes operating condi-
tions entirely. In the new circuit,
the time constant of R and C is large,
say, R of five megohms and C of 0.05
microfarad.

If the time constant of R and C
is too small, grid rectification may
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H % ;} ; : 56, 50//[” RETAINING RivGs

NINE TRUARC RINGS ELIMINATE

EXPENSIVE MACHINING ON
ACCMATOOL ‘‘TRUPAN’’ TRIPOD
Use of 9 TRUARC retaining rings in manufac-

ture of the TRUPAN Tripod has resulted in a
light, compact design—with reduced production

costs. Truarc rings eliminate expensive machining
required for nuts, threads, screws and shoulders,

A Truarc Bowed ring and a standard Truarc ring
position the vital center pivot pin. The bowed
ring exerts a downward pressure of 50 Ibs. —gives
two-way spring action—Zakes up end-play resili-
ently. "Shimmy” from cumulative tolerances in
manufacture, or from constant wear is eliminated.

Each leg is positioned on its hinge by a spring
" washer and a standard Truarc ring mounted at
either end of a small steel hinge pin. This con-
struction assures constant tension. The Tripod sets

up accurately without adjustments, indefinitely.

o=
Trupan

i~ : 5

Tripod Manufactured by Accmatool Co., Inc, N. Y. 25

External Type
National Aircraft
Standard 51

Waldes Truarc precision retaining rings eliminate costly

machining by replacing nuts, shoulders, collars and cotter

FREE!

Mail this coupon
today for technical
data shects describ-
. ing the Bowed and

pins. They allow lighter, more compact units—make assem-
bly and disassembly quicker, easier. Truarc rings give better,

more dependable retention because their mathematically pre-

cise construction insures lasting, perfect circularity—insures tormal Type | < I
s . q Nationa! Aircraft /
% never failing grip. There’s a Truarc ring for every mechan- Standard 50 ‘}'::‘),p_e d R-,r“’”c
N ctaining Rings.

ical product.
Waldes Kohinoor, Inc., Dept. 18D, Long Island City 1, N. Y. Please |

WALDES
sendme technical data sheets on the newlydevelopedTruarcRings. |

TRUARC "o - |
|
1

TRADE-MARK

RETAINING RINGS Address

1 City Zone State —a——
WALDES KOHINOOR INC., LONG ISLAND CITY 1, NEW YORK Fe o e o . o o o o s o —— — —— at
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When Electrical Contacts
MUST NOT FAIL - . .

.

The Choice of Experience Is
KESTER R33N SOLDER

CORE

Two generations of holding tight in the thousands of jobs industry has called on
them to do . . . they've helped fight two world wars . . . prove Kester Cored

Solders are ready for the big production job ahead.

Kester Rosin-Core Solder—the result of 47 years' specialized experience—is vir-
tually mistake-proof in application. The flux, right in the core, is scientifically
balanced with superior alloys to assure a quick, simple, smooth job in one appli-
cation. The solder bond is clean, tight and highly resistent to deterioration due

|

to bending or contraction and expansion from temperature extremes. The |

rosin-flux will not harm insulation nor cause corrosion.

Equally outstanding for general work is Kester Acid-Core Solder. Both are avail-
able in a wide range of strand and core sizes, flux and alloy combinations, Kester
engineers will gladly cooperate with you in the selection of a Kester Cored

Solder custom made to solve any special soldering problem you may have. Write

fully.

No obligation, of course.

KESTER SOLDER COMPANY

4204 Wrightwood Ave., Chicago 39, 1.
Eastern Plant: Newark, N. J. Canadian Plant: Brantford, Ont.

STANDARD FOR

INDUSTRY
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IMPROYED CIRCUIT {continued)

oceur near 100 cycles and counteract
plate-bend detection. In calculating
the time constant, it must be con-
sidered that the generator imped-
ance for the audio voltage at the grid
is much smaller than B because the
grid current-grid voltage character-
istic has the curvature of an e-funec-
tion and not a sharp cutoff. The
generator impedance is actually 250,-
000 ohms if the r-f amplitude is two
volts and R is five megohms. The
crossover frequency for these values
is 32 cycles, and the audio range is
therefore not affected. The eccen-
tricity frequency of 1.8 cycles (cor-
responding to 78 revolutions per
minute) produces voltage fluctua-
tions on the grid, counteracting the
plate-bend detection.

The electrical nonlinearity de-
pends on the r-f amplitude on the
grid. If it is smaller than 1.8 volts,
the audio-output increases for a
smaller gap (as in the old circuit) ;
if larger than 1.8 volts, it decreases.
For 1.8 volts we obtain no volume
changes at all and the pickup be-
haves like s well-balanced dyvnamical
system.

Advantages

The stability of the oscillator for
line voltage changes or aging tubes
is not affected by the large time con-
stant. If the oscillator voltage is too
high or if unsuitable tubes are used,
superregeneration may occur. The
TF7 triodes are free from superre-
generation if the plate is not by-
passed for audio frequencies and if
the grid amplitude is smaller ihan

| 2.6 volts,

Twenty TF7 tubes were tested in
order to find out whether the new
circuit is safe for mass production.
The tubes were still oscillating at a
line voltage of 85 volts and minimum
gap between coil and vane. They did
not show superregeneration at a line
voltage of 135 volts and maximum
gap.

The higher audio output of the
new circuit is not only due to the
higher modulation percentage but
also because plate bend detection
alone is used. The hiss in the new
circuit is inaudible even if the vol-

ume control is set above overload
level.
There are two kinds of micro-
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Regardless of size or capacity, a
SoLa Constant Voltage Transformer
does just one thing. It takes line
voltages coming in like this

and feeds them to your equipment
like this swesewsres .

If there is any doubt as to the need
for voltage regulation, hook a re-
cording volt meter to your supply
line. The tracings may provide the
answer to much unsatisfactory
equipment performance.

Voltage from a supply line may
vary as much as 30 % from its rated
value. Against these sudden lags
and surges no electrical or electronic
equipment can perform at peak effi-
ciency, no matter how much leeway

Transformers for: Corstant Voltage - Cold Cathode Lighting - Mercury Lamps »

Oit Burner Ignition + Radio « Power + Controls ¢ Signal Systems - etc.
Manufectured 1r Condda under license

ELECTRONICS — July 1946

condiany
| weunasn

| Tnansesamans

R
SOLA!

..

has been provided in the label rating.

Without manual supervision (no
dials to turn or adjustments to
make), a Sora Constant Voltage
Transformer instantly corrects sup-
ply line variations as high as 30 % to
within =1% of the label rating.
Sor.a Constant Voltage Transform-
ers have no moving parts, no tubes
or networks—nothing to get out of
order. They protect both themselves
and your equipment against short
circuit.

Standard designs are available for
any electronic or electrically oper-
ated equipment requiring capacities
from 10VA to 15KVA—many de-
signed specifically for chassis mount-

Conittert Volliage

TRANSFORMERS

www.americanradiohistorv.com

ing. As a built-in component they
elimninate other, more expensive ele-
ments, and reduce the cost of equip-
ment maintenance.

If standard designs do not meet
your reqiirements, special units can
be built to your exact design speci-
fications.

Write for New Handbook

Here's the answer to a problem
that confronts every manufac-
turer or user of electrically oper-
ated or electronic equipment.

Ask for Bulletin DCV-102

Series Lighting « Fluorescent Lighting » X-Ray Equipment + Luminous Tube Signs

SOLA ELECTRIC COMPANY, 2525 Clybourn Avenue, Chicago 14, lllinois
by FERRANTI ELECTRIC LIMITED, Toronto
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esigns NEW Pickup Cartridge
with NYLON Chuck and REPLACEABLE,
Long-Life, Sapphire-Tipped NYLON Needle

® Constantly alert to the possibilities for improvement
in the design and performance of phonograph pickup cartridges. Astatic
research has unearthed a material. other than metal. for the better
transmission of signals from the record grooves to the crystal element.
That material is NYLON! No other known substance possesses all the
properties which make Nylon ideal for this purpose. Astatic. therefore,
has employed this revolutionary material in the manufacture of a new
crystal pickup cartridge known as Astatic Nylon 1-J . . .
wide-range, general purpose cartridge incorporating a Nylon chuck and
Nylon, sapphire-tipped needle.

CONTROL OF QUALITY OF REPRODUCTION

In using this Nylon |-J Crystal Pickup Cartridge. the phonograph manu-
facturer, as well as the user, is assured that the quality of reproduction will
REMAIN CONSTANT regardless of needle replacements, because the
cartridge is matched to the needle, and the Nylon needle designed
for this particular Cartridge is the ONLY one that can be used with it.

a low pressure,

PARTIAL VIEW of cartridge, showing knee-ac-
tion Nylon needle and metal needle guard. The
cushioning action of Nylon affords additional
protection for the sapphire stylus.

INTERIOR VIEW showing crystal element, Nylon
chuck and sapphire-tipped Nylon needle.

PHANTOM VIEW showing how tapered shank of
Nylon needle fits into tapered hole in Nylon

chuck.

Astatic Crystal Devices
manufactured under Brush
Development Co. patents.

CORPORATION
CONNEAUT, OHIO

IN CANADA: CANADIAN ASTATIC LTD, TORONTO, ONTARIO

TAS T‘\T_Eﬂ

——a—a P
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IMPROVED CIRCUIT {continued)

phonics: Production of audio voltage
in the first triode and modulation of
the oscillator. The first kind is re-
duced by 15 to 20 db. The second
kind, which amounts unfortunately
to 80 percent of the total micro-
phonics, is not changed because the
improved detection efficiency affects
desired and undesired modulation to
the same degree. The total improve-
ment of microphonics is about 6 db.
A real remedy would be to use tubes
with a stiffer grid structure. The
type TF8 double triode looks promis-
ing.

If the new circuit is used with the
pickup coil between grid and ground,

Fig. 2—This simplified circuit provides less
hum sensitivity than that shown in Fiq. 1

it is more hum-sensitive than the old
one. The new R-C combination does
not prevent low-frequency hum from
controlling the first system and all
voltages induced magnetically or by
common ground in the pickup circuit

| become audible.

Connecting the pickup coil be-
tween plate and ground as shown in
Fig. 2 is an improvement. The values
shown form an effective low-cut filter
and the pickup coil and lead are not
hum sensitive,

The stationary coil must be well

| shielded from the motor field because

any hum voltage induced in this coil
can now control the first system. It
was found that a drawn steel can
prevents hum induction even if the
amplifier unit is mounted one inch
from the motor.

The increase in audio output of
the new circuit makes it now possible
to use a 3-foot pickup lead. The pre-
amplifier can then be mounted far
away from the motor field so that
hum induction can be entirely

| avoided.
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THE TOOL YOU WANT

and a Plastics Story

you should know

Slip the proper bit into the swivel chuck and you are ready
for the job at hand! These Hallowell kits are time and space
savers for industrial workers, repairmen and home mechanics.

To match the ruggedness of the metal section, the plastic
handles are injection molded of LUMARITH ethyl cellulose.
This battle-tested Celanese synthetic is outstandingly tough
even at temperature extremes...is color clear through...
is comfortable to the touch in cold weather...is electrically
shockproof.

These kits show how Celanese plastics can do a job for
product improvement and exert sales influence with the con-
sumer. Handles are stamped, “MADE OF CELANESE PLAS-
TIC"—a phrase that means something to the buying public.
Celanese Plastics Corporation, a division of Celanese Cor-
poration of America, 180 Madison Ave., New York 14, N.Y.

*Reg. U. 8. Pat. Off.

j factured by Stondard Pressed Steel Company

W/ of lenkintown, Pa., includes the Auto Kit,
! the Socket Wrench Kit, the Socket Screw

Kit, Home Kit and others. They are obtain-

/ able ai suppliers throughout the country.

Lumarith hondles are molded by Arnold

{ Brilhart, Ltd., Great Neck, Long Island.
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THE ELECTRON ART

SMPE Spring Technical Conference. . . . . . .. 188

German Industrial Techniques. . .

SMPE Spring Technical Conference

PAPERS PRESENTED at the conference
of the Society of Motion Picture En-
gineers held in New York from May
6 through 10 contained much infor-
mation on television and sound per-
tinent to electronic engineers. Of
special interest was a paper outlining
improvements in studio equipment.
which are equally applicable to tele-
vision, and which producers hope
manufacturers will soon develop.
Throughout the meeting desirable
improvements in equipment were

outlined. In abstracting speakers’
comments these requirements have
been given special emphasis as they
suggest paths for further study and
development.

Inspection trips were made to tele-
vision studios of DuMont and RCA-
NBC, in addition to the holding of
business meetings and social events.
A scroll of achievement was pre-
sented by the SMPE to Warner
Brothers Pictures, Ine. for pioneer-
ing leadership in development of

Meusuring Radioactive Seawater

Radioactivity of seawaier caused by atomic bomb test at Bikini will be measured

by this electronic equipment. Geiger counter output is amplified and used to

operate an indicating meter. Col. S. Warren, Radiological Satety Advisor to

Joint Task Force One. shows Capt. A. C. Thorington what the indications will
mean in terms of personnel satety

188
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sound motion pictures. Thomas Ar-
mat, father of the motion picture
projector, was awarded a scroll in
commemoration of the fiftieth anni-
versary of his introduction of a
practical projector.

Concurrently with the SMPLE
conference was the annual meeting
of the Inter-Society Color Council
and a 16-mm industry show, the lat-
ter illustrating growing interest in
compact equipment for use with
visual aids to teaching. National
meeting of the Acoustical Society of
America was held in New York on
May 10 and 11. In addition, engi-
neers en route to New York were
shown General Electric Co. television
studios in Schenectady.

Abstracts of Papers

Modernization Desired in
Studio Equipment

By LoreN L. RYDER

Director of Recording
Paramount [Pictures, Ine
Hollywood, Cualif.

REALISTIC RENDITION is the objective
of the producer. Three-dimensional
color pictures with stereophonic
sound, already tested by Twentieth
Century Fox, may be the ultimate
goal. Opinions differ as to whether
truly three-dimensional or subjec-
tively stereophonic sound will best
match stereoscopic pictures. Techni-
cal developments are more certain
than other improvements, however
the diversity of equipment required
by producers has hampered manufac-
turers. More unified equipment re-
quirements would enable the manu-
facturer, who does most of the basic
research bearing on equipment and
techinques, to concentrate on essen-
tial needs.

Servo - controlled gyro - stabilized
camera mounts are being developed
to free cameras from location re-
strictions. Such mounts will simplify
the building of costly tracks for
dollies, coordination of foreground
and background shots, and repetition
of camera movement in shooting
special effects.

A microphone that is directional at
low frequencies but non-directional
at high frequencies is needed. A
microphone boom by which directiv-
ity of the microphone, as well as its
orientation, can be controlled and
that does not cast a shadow, or at
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FOR THE

BROADCAST

88-108 mec.

AND

EMERGENCY
SERVICES

152-162 mc.

DIRECT READING =

MEET FCC REQUIREMENTS

Now it is possible for you to check the new frequencies with utmost speed, ease
and precision. These new FM Frequency Monitors meet the FCC requirements
for the new 88-108 mc. Broadcast and 152-162 mc. Emergency Service bands.
No charts or complicated adjustments are needed—reading is direct. Many other
DOOLITTLE features assure consistent accuracy and rugged, long life. Write, wire,
or 'phone RADcliffe 4100 for full information.

RADIO, INC.
7421 SOUTH LOOMIS BLVD., CHICAGO 36, ILLINOIS

Builders of Precision Communication Equipment
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PRODUGT RE-DESIGN

The versatility of The
Richardson Company is

Problem: To re-design bear-
ings in bottle vending ma-
chine. Must be non-corrosive
to withstand moist atmos-
Phere. Bore of finished part
must serve as a non-lubri-
cated bearing, while the outer
periphery must resist abra-
sive action.

Solution: Using Laminated
INSUROK, Grade CG,
Richardson Plasticians fur-
nished precision plastic
bearings having therequired
characteristics. For Grade
CG INSUROK contains a
high percentage of natural
graphite, has excellent
strength qualities, resists
abrasion and the action of
moisture.

L LUQ E!:[:C’: [G Precéaton Plastics

e RICHARDSON COMPANY

FOUNDED 1858 Sales Headquarters: MELROSE PARK, ILL,

LOCKLAND, CINCINNATI I5, OHIO

Sales Offices: NEW YORK 6

Factories: MELROSE PARK, ILL.

190

00 000000000000000000000000000000000000000060000000000sae

CLEVELAND I5
NEW BRUNSWICK, N. J.

at your service no mat-
ter what the plastics
application may be.
Through the correct use
of INSUROK, both
molded and laminated,
Richardson Plasticians
have shared in the rapid
growth of many indus-
tries. Tell us your plas-
tics problems . . . and let
us help you solve them!

DETROIT 2
INDIANAPOLIS, IND.

www americanradiohistorv com

SMPE CONFERENCE

{continued)

least casts a shadow wth a soft edge,
would be welcome.

Use of the image-orthicon both to
eliminate noisy film handling equip-

‘ment on the lot and to effectively in-

crease film speed would facilitate
photography. Just as the sound is
recorded at a remote location after
handling through mixers, so the pic-
ture could be recorded at a central lo-
cation after monitoring, Smaller
mixers are needed.

Equipment could be made smaller
if 400-cps power were used. Higher
voltages for power sources would im-
prove the lighting. Brighter lights
are needed. Simpler, cheaper set
construction, possibly using plastics
and laminated wood, and a fast-dry-
ing paint with high gloss are also
needed.

Theater Television
By L. B. Isaac

Director of Projection and Sound
Locw’s Inc.
New York, N. Y.

TELEVISION in motion picture thea-
ters will be accepted by the public on
the basis of its entertainment value,
not on its novelty. Theaters, in the
opinion of the author, will not inter-
rupt features to show televised news
events. Only scheduled events could
be fitted into the program, but these
the public would stay home to watch
on their own television receivers.
Film image-storage is just another
news-reel service. No projector giv-
ing an adequately large and bright
image and operating from the regu-
lar projection booth has been dem-
onstrated to date.

Unified Approach to Film Piclkup
Tubes, and the Eye

By ALBERT ROSE

RC1 Laboratorie.
Princeton, N. J.

EXAMINATION of fundamental fae-
tors that determine performance of
photographic film, television pickup
tubes, and the human eye indicates
ultimate limitations of these devices.
The halftone discrimination of the
eye requires that pictures must be
photographed or picked up at in-
creased brightness if the brightness
of reproduction is increased.
Departmentalization of science
has separated study and recording;
hence notation used by physiologists
studying the eye, photographers
studying film, and electronic engi-
neers studying televisionr pickup
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CircuiT ENGINEERING EDITION

JULY Prepared by SYLVANIA ELECTRIC PRODUCTS INC., Emporium, Pa. 1946
ﬁ;ﬂw—:ﬂ—mw e = R R
i.f RUGGED ELECTRONIC TUBE TINY ENOUGH

|
N
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More compact tlevision receicers will be
made possible by the T-3.

Much Smaller Sets Possible

Radical reductions in the size and
weight of many types of elec tronic
equipment are seen asa distinel pos-
51b111rv arising from Sylvania Elec-
tric’s devclopmenr of the extremely
small T-3 tube. The T-3 is the com-
mercial version of the peanut-sized
electronic tube of proximity fuze
fame.

Tiny as it is, the T-3 tabe is char-
acterized by exceptionul rugedness.
It has a life of hundreds 01 hours,
and is ideally suited for operation
at high frequencies.

Savings in Space and Weight

The small size of the T-3 contrib-
uted dlmclly to compactness and
lightness in the destan of vadio and
television receivers and other types
of electronic equipment. Other fea-
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~ T0O REVOLUTIONIZE DESIGN OF RADIO
RECEIVERS AND OTHER EQUIPMENT

The T-3 tube is shown here

int its uctual size.

Weight-swing features of the T-3 will be
l of specicl vulue in air-borne equipment.

1

tures of the tihe mmake possible still
' further reductions in space and
weight.

Range of Applications

The design possibilitics ope ned
by the T-3 are naturally ol greatest
interest in the case of poxla])lc and
air-horne equipment. llowever, iis
potentialities are not Jimited to
these ficlds. Write Sylvania Ilectric

| Products Ine., meorlum, Pa,

Emporium, Pa.
MAKERS OF RADID TUBES; cATHODE RAY TUBES; ELECTRCNIC DEVICES; FLUORESCENT

1 -
n ‘i
1 l |
1l |
e
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Equepment for motor bouts
and vachts can he made
smaller and lighter.

LAMPS. FIXTURES, WIRING DEVICES: EL;CTRIQ LIGHT BULBS
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ANDREW
DRY AIR

for
pressurizing
coaxial cable
lines

TYPE 1800
AUTOMATIC DEHYDRATOR

A compact, completely antomatic unit that pressurizes coaxial transmission lines
with clean, dry air. Starts and stops itself. Maintains steady pressure of 15 pounds.
A motor driven air compressor feeds air through one of two cylinders containing
a chemical drying ageat where it gives up 2ll moisture and emerges absolutely
clean and dry. Weighs 40 pounds; 14 inches wide, 14 inches high, 11 inches deep.
Power consumption, 210 watts, 320 watts during reactivation.
TYPE 720

PANEL MOUNTING
DRY AIR PUMP

Specially designed for use in equip-
ment requiring a small, built-in source
of dry air. Only 2 inches in diameter,
G inches long. Pressures as high as
30 pounds are easily generated. Piston
type compressor drives air through a
chemical drier. Pump supplies dry air
with only 7 to 10% relative humidity.
Additional silica gel refills available
at reasonable cost.

|

TYPE 876-B

Designed over the simple tire pump principle, this all-purpose
dry air pump has numerous applications. Output of each stroke
is about 26 cubic inches of free air. Transparent lucite barrel
holds silica gel. Supplied complete with 7-foot length of hose.
Height 2515 inches. Net weight 814 pounds.

Andrew Dry Air Equipment is used in a multitude
of other opplications. Write for further information.

AN

ANDREW CO.

<363 E. 75th ST., CHICAGO 19, ILLINOIS

Pioneer Specialists in the ‘Manufacture of a
Complete Line of Antenna Equipment
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tubes differs. Rather than compar-
ing the eve, whose performance is
measured in terms of the distance at
which it can distinguish a candle,
with a film, whose performance is
given in object resolution and grain,
or a television pickup tube, whose
characteristic is given in micro-
amperes output per lumen input, on
their individual methods of meas-
urement, they can be compared on
the basis of their signul-to-noise
ratios.

Random fluctuation in the conver-
sion of light to an image signal is
dependent on the quantum N inci-
dent on the picture area, taken as a
square of fixed size and having di-
mensions . The S/N, represented
by R, equals Ni Scene brightness,
represented by B is given by a con-
stant K times N/h. Thus B
K(R/R) from which, given R and
B, one can find A, the resolution of
the device. The constant contains
factors of the lens system and photo
efficiency.

On the basis of this relation,
Super-XX film at a vresolution of
525 lines has a signal-to-noise ratio
of 25, Panatomic-X has a signal-to-
noise ratio of 35. These figures,
rather than the ultimate line resolu-
tion of which the film is capable,
form the basis for comparison with
television pickup tubes.

Using the relation derived, photo-
efficiency of various devices can be
compared: Film, 0.5 percent; Tele-
vision tube, 1.0 percent; Eve 1 to
10 percent, depending on scene
brightness, As scene brightness en-
hances the halftone discrimination
of the eve, a greater contrast range
is required of devices that reproduce
bright images.

Instead of comparing the three
mediums on the bases of limiting
resolution of film, frequency re-
sponse of a pickup tube, and mini-
mum resolvable angle of the eye,
all should be compared on the basis
of picture elements obtainable at a
given signal-to-noise level.

{continued)

Color

By P. C. GoLpyARK

Columbia Broadcasting Suystem,
New York, N, ).

Television

Inec.

AFTER REVIEWING reasons for using
an additive color system and describ-
ing techniques of picture transmis-
sion and reproduction presented else-
where, the speaker outlined the pos-
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Sy oy HUNDREDS OF THOUSANDS
see oo ARE NOW BEING PRODUCED
0GR’ JEOW FOR SOME OF THE LARGEST
MANUFACTURERS OF
RADIO RECEIVERS.

loops are bottlenecking your assembly lines? § Compare these AIRLOOP valves

with conventional loop values and

; e you too will SPECIFY AIRLOOPS.
ou are cost conscious :
: ¢ Qptimum sensitivity

Wét Wn ® High uniform “Q” over entire
- band

you want the best loop for your set?

for large scale delivery of ® Inductance to close tolerance
EFES fr i without adjustable turn
FEEEEEEAES = ® Low distributed capacity
A radio engineer’s dream come true! The ® 27% greater effective loop area
greatest develiopment in loop antenna design ® Hlectrical and mechanical siability
and manufacture since 1920! Flat sheets of ® Backboard and loop in one
copper die-stamped into perfect supersensitive ® lower cost
loops . . . air dielectric throughout their entire & Elimination of individual loop

length . . . being rectangular they have 27% adjustment on assembly line
more effective area . . . better performance at

® No haywire

Maximum space utilization
lower cost . . . no set builder can afford to over-

look the significance of the AIRLOOP.

175 VARICK ST., NEW YOR
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The Difference Between
“We Think So” and

g
] Ry R :
11335352553

... dre Engineered for Application in
this Stalactite Acoustical Chamber

In this completely saundproof raom, asymmetrical walls and carefully designed mass-
interval baffles effectively reduce traublesome resonant harmonics and reflected sound
to an insignificant value. Response curves are plotted which represent true perform-
ances so that Permoflux engineers can say "We Know So.” Its use ot Permoflux is
characteristic of the many factors which make it possible to substantiate the fact that
Permoflux Speakers pravide the finest possible sound reproduction.

PERMOFLUX CORPORATION
4900 WEST GRAND AVE., CHICAGO 39, ILL.

e e

PIONEER MANUFACTURERS OF PERMANENT MAGNET DYNAMIC TRANSDUCERS

194

wwWwW americanradiohistorv com

[ SMPE CONFERENCE

{continued)

sibilities of an electronic color sep-
arator and synthesizer.

The electron beam would have to
change the effective dye concentra-
tion, not the transmissivity. Known
photoconductive crystals lack proper
dye color and storage. An electronic-
ally controlled sheet that changes its
color for each frame would accom-
plish the required result. For repro-
duction, luminescent material of the
tube could be formed in narrow
stripes of different colors, or a stripe
filter could be placed over the tube.

‘The scanning beam would then be

made to register with appropriately
colored stripes for each color frame,.

Before color television progresses
further it is desirable, and possible,
to standardize colors, color repeti-
tion, image repetition, resolution,
and sound quality. As the choice be-
tween a color repetition of 40 or 48
cps is arbitrary, it would be desir-
able to operate at a whole-number
myjltiple: of the color motion picture

4. rate, that is, at 48 color frames per
' second. Flicker, which becomes more

Neticeable with ihcreased image
brightness, is not noticeable at this
rate until the picture is reproduced
at 8 foot-lamberts; 4 foot-lamberts
is the highest brightness currently
economical.

Because invention of electronic
color scanning will in no way affect
the transmitted television signal,
standardization on the present me-
chanical color disk system can be
made. When electronic scanning is
developed it will merely replace the
color wheel. (For material included
in this paper readers are referred to:
Color Television on Ultra High Fre-
quencies, ELECTRONICS, p. 109, April
1946, and Color Television by P. C.
Goldmark et al, Part I, Proc. I R E, p.
162, April 1942; Part II, Proc. IRE
Sept. 1943.)

Factor Governing
Frequency Response

By M. RETTINGER AND K. SINGER

RCA Vietor Div, RCA
Ilo[Iyu'ood,_ Calif.

THEORETICAL characteristics of the
sound recording channel can be ob-
tained for designing equipment
rather than relying on empirically
derived characteristics currently
used. The characteristics are
reached by considering high fre-
quency loss due to the finite slit
width of the light gate in the vari-
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5 é\/\ Manufacturers of hundreds of different
" things have brought their spring design
y problems to Accurate engineers. And,
'\ Accurate engineers have been able to design o
springs that were exactly right for the jobs. Olften, s

their suggestions have improved product performance,
reduced spring costs and even speeded up assembly time.

Could you use practical help on your spring

engineering problems? Would you benefit by the services
of a specialized engineering department . . . one with millions
of springs of experience? Ask an Accurate representative to call.

ACCURATE SPRING MFG. Cco.
?1830 W. Lake Street
Chicago 24, llinois

/ccwm&‘e

Spnings  JPTIHNTITONE
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1. BASIC
MODEL “M".

3. MODEL “M" WITH
A-18-M ROLLER LEAF BRACKET.

2. MODEL “M"
WITH A-18 LEAF BRACKET.

In keeping with the ever-widening demand for small ACRO
Snap Action Switches, built with the patented Beryllium
Rolling Spring and with the experience gained in building
hundreds of thousands, ACRO now adds a sturdier,
more durable housing for its popular long life Model “M*.
NEW FEATURES
Y. New stronger molded case — cover recessed into case,
clear of the four 3/32” mounting holes. ® 2. Sturdier barriers
between terminals, affording generous electrical clear-
-ances. ® 3. Heavier solder terminals with .082"" terminal
holes for easier wiring. ® &. Greater compactness for multiple
assemblies—four can be mounted in a space of less than 1%".
This better built, better performing switch is made with
single pole, single or double throw contacts—rated at
10 amps. 125 volts A. C. Can be fitted with leaf actu-
ators illustrated above. For immediate help on your switch
problems, send full details of operating characteristics
required and proposed assembly.

ACRO ELECTRIC COMPANY

1316 SUPERIOR AVENUE - CLEVELAND 14, OHIO
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able-area film recording head, need
to compensate for changes in voice
quality at different levels, effect of
set reverberation on intensity of
different frequencies reaching the
microphone, and the fact that theater
reproduction is five decibels above
normal, which means that the lis-
tener’s ear is operating at a differ-
ent constant-loudness contour than
it would be, were the sound repro-
duced at its original level.

From these and like considerations
of microphone response, it turns out
that microphone equalization should

A graphical method is used to find
overall characteristic of channel when
transfer characteristic of each element is
known, or to determine required character-
istic of an equalizer to produce desired
overall characteristic. For example, if the
microphone has characteristic A. the film
gamma a character B, and the reproducing
system a character C, then the overall
channel characteristic of a film recording

system is as shown

be introduced ahead of the compres-
sor; that is, compensations for such
variables as actor’s voice, set rever-
beration, and particular microphone
are made to bring all signals to the
same spectrum content. Then comes
the equalizer, which is designed to
have an acting time of 0.002 sec. and
a release time of 0.5 sec. Fixed
equalizations such as those for film
gamma curve are introduced after
the equalizer. Following stages are
all flat except for the 100 to 8,000
cps filter.

Compression avoids over-shooting
in recording—comparable to swing-
ing tube beyvond cutoff, decreases
sibilance, and permits overriding au-
dience noise without resorting to
painfully loud levels. The dynamic
range between what is necessary to
override audience noise and the level
of pain is about 15 db. Compressors
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Only 8 Watts Drive
for V2 K.W." Phone Input

with NEW UNITED
GRAPHITE TRIODES

Highest Ratings On Record for Graphite Anode
Tubes Made Possible by New Getter Trap /

A great development in. graphite anode tubes
...the United Isolated Getter Trap...has re-
sulted in new, clear glass tubes free from the
familiar dark metallic deposit on the bulbs, and
utilizing for the first time all the superior advan-

tages of graphite. 812-H

The net result of this United achievement in
the two types illustrated is a very low cost re-
placement for lower rated tubes of the 40 or 55
watt plate dissipation class as well as original
tubes for new equipment with minimum driver
construction cost.

Choice of two types, V-70-D and 812-H bridge
many replacement needs with little or no circuit
changes.*A pair of either type will take 2 K.W.
phone input at 30Mc—up to 60Mc with reduced
input. Available now at all leading Radio Parts
Distributors.

Filament | Max. Plate|Copacitances vut| Max. input | Mox. Plate

Type .
Volts| Amps| Dissipation| cgp | caf | cpf | per tube | Volts | Mils !
v.70.0| 7.5] 3.25| 85 Watts| 4.5 { 4.5 | 1.7 | 300 Watts | 1750 | 200 ' 2 .
8121 | 63| 4.0 | 85 Wotts] 5.3 [5.3]0.8 | 300 Watts | 1750 ] 200 . ‘/3_
lOOK FOR 'HIS actual size

gy  GETTER TRAP

=eas= in all UNITED FUBES

UNITED ELECTRONICS COMPANY
AMATEUR RADIO DEPARTMENT Transmitting Tubes EXCLUSIVELY Since 1934

42 SPRING ST. ® NEWARK 2, N. J.

ELECTRONICS — July 1946 197

www.americanradiohistorv.com



DESIG

HIS TRANSFORMER

The unique differences in the design of an electronic product
often call for components that are slightly different than so-called
standard. Here is an Acme Electric transformer which may give
expansion to your ideas — to take advantage of all the "extras”
for better performance.

We call this “Mounting Type 130" — two hole
horizontal mounting, with lead holes on bot- yz
tom or side of shell. It is developed in ratings
from 15 VA to 100 VA to the exact electrical
characteristics that you require. Made from
standard parts to specia!l specifications and
produced by straight line volume production
methods. For further details, write for Bulletin
168, or better still, tell Acme Electric transfor-
mer engineers about your problems and let
them assist you.

THE ACME ELECTRIC & MFG. CO.
31 Water St. CUBA, N. Y.
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must, therefore, reduce dynamic
range to this range.

Theuter Servicing
Test Equipment

By Epwarp STANKO AND P. V. SMITH

RCA Service Co.

Camden, N. .J.
PORTABLE METERS can be made
smaller and sturdier by using alnico
magnets in indicating instruments.
The greater flux density of these
magnets use of higher torque
springs, increasing ruggedness of
the meters. Subminiature, shock-
proof tubes decrease size of the
equipment and have made possible
a VoltOhmyst containing its own
battery power supply.

An audio amplifier with sufficient
gain and output power to give
speaker output from lowest level
channels finds wide uses both in sig-
nal tracing and as an auxiliary am-
plifier,

Technical Highspots

OTHER TECHNICAL information
presented at the conference included
effects of spectral distributions of
light sources, which, although they
may combine to give apparently the
same color light, do not result in the
same color rendition of objects be-
ing illuminated. Sound dubbing
studios were built to reduce out-
side noises to acceptably low levels.
By placing an intervening hallway
between the noisiest outside wall and
the studios and leaving a 6-in. dead-
air space flanked by celotex sheath-
ing between studio inside and out-
side walls, a 45 db attenuation was
obtained. Reverberation in studios
was controlled by placing reflecting
surfaces opposite absorbing surfaces.

A concentrated-arc light source
consisting of an inert gas and
refractory cathode inside a glass
bulb gives a bright white light hav-
ing a continuous spectral distribu-
tion. The light source can be made
small enough to approach a point
source thereby improving projector
Image sharpness and depth of focus.

Using photocells to measure light
in an integrating sphere and to ob-
tain a balance on an optical bench,
the absolute photometric lens aper-
ture can be found. Because of sur-
face reflections in the lens system
this aperture has a larger f number
than the geometrically determined
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G-E mycalex = precision-molded
for rockef® ignitors

@ Here is an experimental redesign
of the Rocket Ignitor Bushing,
precision-molded in G-E mycalex
with a very thin wall section to
save assembly operations in the
manufacture of the original com-
ponent. The few parts molded be-
fore the end of the war proved
successful. And the molded Rocket
Ignitor Bushing is an example of
how an intricate part can be
molded to close tolerances in G-E
mycalex.

General Electric engineers who
solved tough wartime insulation
problems with G-E mycalex will
be glad to give you the benefit of
their experience. They may show

GENERAL

ELECTRONICS — July 1946

you how precision-molded G-E
mycalex parts can save on your
over-all insulation costs by elimi-
nating off-size rejects.

Find out more about G-E myca-
lex —a stone-hard, gray-colored
material, produced by fusing spe-
cial glass and powdered mica. It
is now available in standard sheets
and rods . . . fabricated parts . . .
parts molded to your own design.
Send for our new bulletin, “G-E
Mycalex”—it tells the whole story
of this unique insulating material.
Write to Plastics Divisions, S-11,
Chemical Department, General
Electric Co., 1 Plastics Avenue,
Pittsfield, Massachusetts.

WWW americanradiohistorv com

How The G-E Mycalex Services

Can Benefit You Now

You may order fabrication of sample G-E
mycalex parts at surprisingly low cost. Test
them yourself in- your own equipment. Then,

if

you decide to specify G-E mycalex, your

design can be converted to a molding
process which permits speedy and economi-
cal production runs.

o
" T L ™)

l\ 1

Get This Unique Combination of
Properties with G-E Mycalex

1. High dielectric strength

2. Low power factor.

3. Prolonged resistance to elecirical arcs

4. Chemical stability—no deterioration with
age

5. Dimensional stability—freedom from warp-
age and shrinkage

6. Impervious to water, oil, and gas

7. Resist to sudd temperature changes

8. Low coefficient of thermal expansion

9. High heat resistance

Samples Supplied on Request

“ ELECTRIC

CDI-46-M11
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Now Better Than Ever

' 4

HOLLYWOOD

Tlustrated — RA116 combination portable recorder phonograph and public address system S mpp—mt

@ HERE'S GOOD NEWS ! Radiotone is back in commercia
models, made by Ellinwood Industries, famous for Design Si
years recording experience with thousands of units in servica is combined with precision
Check these features —

know-how and the latest production equipment.

—then send for name of local representative and complete

RA-1 'l6undo'hermodels,including theR-116,
16” dubbing table and tha TP-1 16,

DUAL SPEED—-78 or 33% rpm. instantly se-
lected by an improved lever shift.

LEAD SCREW — Positive feed overhead lead
screw. Direction of cut can be changed instantly
and run-in grooves may be made when desired.
VARIABLE LINES—Number of lines perinch on
the disc may be varied from 90 to 130.

DRIVE SYSTEM—Radiotone haos perfected a
positive silent drive insuring perfect motion, cor-
rect pitch, and stability. Speed accuracy is main-
tained within.3%at78 rpm.and .4% at 33 V3 rpm.
DUO-CHROMATIC EQUALIZERS ~Two con-
trols allow continuously variable response over
both high and low registers.

MULTIPLE INPUT CHANNELS — Two high
impedence input channels are provided. (Low
impedence also available.) Two jacks for micro-
phone. The other two for phonograph pick-up
or a zero level line.

MIXERS ~Two independent volume controls are
provided and may be operated simultaneously,

DEALERS — A few good territories open to qualified dealers having better-class

16”dual speed recorder withoutamplifier,the D116,
16” transcription player and TP-112, 12”transcription player.

FEATURES:

new. e e
improved
portable

| product.on with new, improved
mplicity —Dependability. Now 10 |

note the improvements
illustrated catalog describing the

VOLUME INDICATOR-A volume indicator meter J
is provided for accurate monitoring of recording
level. 1

RADIO —an optional extra.
OUTPUTS —All output impedences are 8 ohms,

AMPLIFICATION STAGES —The amplifier has
four stages as follows: one 7F7 duyal pre-omplifier
tube, one 7F7 tube for duo-chromatic equalizer
stage and two 7F7 tubes in push-pull stage driv-
ing two 7C5 tubes in push-pull class “'A”’. Power
output is 14 Watts, Harmonic distortion less than
1%; inverse feed back is employed,

POWER REQUIREMENTS —110-120 Volts. 50
or 60 cycles AC.150 Watts. May be used on DC
by addition of converter,

SPEAKER — Heavy duty 12-inch high fidelity
speaker of the permanent magnet dynamic type.

FINISH—~Hondsome leatherette case with chro- |
mium hardware. Exterior metal ports finished in
baked crackle lacquer with chrome trim.

clientele and reputation for superior service. Write and tell us about yourself,

Name.

ELECTRONICS DIVISION

150 WEST SLAUSON AVENUE - LOS ANGELES 3, CALIFORNIA - DEPT. R- 200
Please send illustrated Catalog on portabie Radiotone Recorder

Company —

City.

wwWwW americanradiohistorv com

industry, some new.

SMPE CONFERENCE {continued)
aperture as given by f,* — I YAVA)
where f,* is the photometric aper-
ture, f, is the geometrical aperture,
and 7 is the effective lens transmit-
tance. This calibration technique
might lead to new standards.
Matched photocells are needed. It
was found that the cells differed in
fatigue characteristics. Phototubes
gave similar problems. More uni-
form characteristics in these photo-
electric transducers would facilitate
the measurements.

Film for photographing television
tubes was described. It was devel-
oped to have sufficient sensitivity to
record the image on a P4 screen
with a 1/30-sec exposure, to give
resolution of 33 lines per mm on 16
mm film, as required to record the
lines of the television image, and
to have a contrast ratio of 1:10
which is consistent with contrast of
television images.

The optical system whereby color
film is scanned for televising was de-
scribed.  The equipment uses an
image dissector tube to avoid over-
lapping of stored images produced
through the previous color filter,
Five coplanar lens segments are suc-
cessively exposed to the continuously
moving film by a rotating slit gate.
Image motion as it enters the dis-
sector tube is compensated by scan-

; ning motion of the dissector itself.

German Industrial Techniques

ALLIED TECHNICAL MISSIONS have
learned from interrogation of Ger-
man personnel and study of their
equipment the techniques and prod-
ucts that had been kept secret dur-
ing the war. Reports of these mis-
sions, some containing material of
interest to electronic engineers, are
becoming available through the Tech-
nical Industrial Intelligence Branch
of the Joint Intelligence Objectives
Agency, Office of the Joint Chiefs of
Staff, and printed by the Publica-
tions Board of the Department of
Commerce (ELECTRONICS, p. 316,
April 1946).

The following abstracts of some of
these reports indicate the kind of
material being found, report number
and number of pages follow each ab-
stract. Most reports give in detail
the manufacturing processes and ma-
chinery, some familiar to American
Among other
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Precision grinding of fired ceramic parts
assures uniformity.

ELECTRONICS — July 1946

fewer headaches
for you

Ceramic parts that are dimensionally accurate
and mechanically strong are “headache elim-
inatcrs’” for your production men. Stupakoff
takes special precautions throughout all steps
of design and manufacturs io see that every
item is as nearly perfect as modern precision
mass-manufacturing methods can make it. As
a result, your producticn of assemblies is
speeded, and you have less waste af labor
and materials.

The dependable high quality of Stupakoff
ceramics assures complete satisfaction.

Electrolimit ganging checks dimensions
to the fifth decimal.
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"UAKER CITY GEAR WORKS, |

1918 NORTH FRONT ST.

~ PHILADELPHIA 22, PENNA.
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GERMAN TECHNIQUES (continued)

interesting processes found by the
17 industry units collecting informa-
tion in Germany is the manufactur-
ing of metallized capacitors (ELEC-
TRONICS, p. 303, May 1946) which is
covered by U.S. Patent 2,244,090 held
by the Alien Property Custodian and
available for licensing (ELECTRONICS
p. 306, July 1945), manufacture of
high dielectric ceramies used in the
form of paint to reduce radar reflec-
tion from submarines, tape recording
equipment, and selenium rectifiers.

The Germans developed a na-
tion-wide wired broadeasting system
using telephone lines and modulated
carriers of between 100,000 and
200,000 -cps.

Studies of the effects of ionization
of air on peoples’ health and sensa-
tions indicated that positive ioniza-
tion is physiecally and psychologically
deleterious. However, negative ion-
| 1zation lowers blood pr essure, reduces
| rate of respiration, and exhilarates
the spirits of individuals. The report
suggests that production of equip-
ment to ionize the air negatively
could become as great an industry as
manufacture of air conditioning
units.

]

Wl

Depositing Metallic Filmns

Glow discharge bombardment of
| glass mirror base surfaces has been
I developed for production of mirrors
| up to three meters in diameter. After
the surface is cleaned, the gas cham-
ber is evacuated to high vacuum and
aluminum evaporated onto the sur-
face by low-frequency ecurrent.
Quartz to a thickness of one micron
is evaporated over the aluminum to
prevent tarnishing. In another evap-
orating process, titanium dioxide
films are applied to glass to reduce
| reflection of light (C-1;3 p).

Vacuum-tight glass to metal seals
were produced by heating pyrex un-
til the sodium light appeared in the
flame, removing the glass and spray-
ing it with molten aluminum from a
metallizing gun until an opaque coat-
ing was obtained. Masks controlled
the area of application. To this coat-
ing copper or other metal was
sprayed at room temperature giving
a surface to which solder could be
applied. Hydrogen voltage regu-
lators were built using these seals.
Selenium rectifiers using an alumi-
num electrode were built by evapo-
rating the selenium into the electrode

1

NC.
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srevpase AR-T0-GROUND scerren

. . . vith Pederal &/ Hew
VHF RADIO RECEIVER 139A

Ordered in Quantity by Eastern Airlines

FEDERAL’S NEW single channel ground station receiver
139A is especially designed for post-war commercial
aviation service, in the band from 108 to 132 Mc; this
range covers the recently assigned band for air-to-ground
communication. This receiver offers many time- and
trouble-saving features, with emphasis on reliability and
simplicity of operation and maintenance.

This compact unit permits clear, dependable AM voice
reception for airport control towers or remote unat-
tended stations. Airlines and airport owners will find it a
valuable means of safeguarding their vital communica-
tion systems. Eastern Airlines has already ordered a
quantity of these units.

Front view, showing panel in operating position. Hinged at
the bottom, this panel, when open, allows voltage measure-
ments and inspection of all components to be made while
set is operating, without removing it from the rack.

Design Features of the FTR-139A

Rear view, showing transformers and tubes horizontally
1. Designed for compact mounting in standard 19-inch relay mounted on back, for free ventilation and ready accessi-
rack bility.

2. Front panel is hinged at bottom, giving unobstructed ac-
cess to wirirfg for checking or maintenance

DATA
3. Designed for expected 100 KC channel separation Power Output . . . . . . Max. undistorted, 750 MW
4. Crystal-controlled superhet circuit gives high performance Max. output, 1000 MW
Frequency Range...... 108 to 132 Megacycles

5. Either heated or unheated crystal holder can be used

6. Has carrier-operated noise-suppression circuit with adjust-
able threshold control

7. Includes provision for remote rf gain control
8. Amplified AVC

Federal Telephone and Radio (orporation

Power Input
70 Watts, 105-125 Volts, 50 to 60 Cycles
Dimensions. . . .19” long by 7 high by 9” deep

Write today for complete information and per-
formance data.

Newark 1, New Jersey

In Canada:—Federal Electric Manufacturing Company, Ltd., Montreal
Export Distributor:—International Standard Electric Corporation
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This illustration shows a typical response curve

Meet the Many Requirements
Demanded of an All-Around Good Cartridge

The demands placed on cartridges are varied and many, depending upon
the tone arm and equipment. The Webster Electric Company has taken
these factors into consideration when designing and manufacturing the
Webster Electric Cartridge. As a result, you can select a cartridge to
meet your specific requirements with respect to:

o Weight

» Response Characteristics

e Voltage Output

e Dimensions and Mountings

» Type of Terminals

» Type of Ground

» Tracking Pressures

All models offer exceptionally uniform response over the desired range of
frequencies, with low distortion and minimum needle noise.

Complete tone arm assemblies of improved design, in a wide selection of
models, are also furnished for incorporating in new equipment, and for
the replacement market.

For full information write Wehster Flectric Company, Racine, Wis.

(Licensed under patents of the Brusih Developmen: Company)

WEBSTER ELECTRIC

RACINE WISCONSIN

ATy

i ELECTRIC{
Established 1909
Export Dept. 13 E. 40th Street, New York (16), N. Y. Cable Address "ARLAB" New York City

“Where Quality is a Responsibility and Fair Dealing an Obligation’
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GERMAN TECHNIQUES {continued)

at a critical temperature. For ‘high-
frequency or low-voltage circuits, a
thin layer of polystyrene wus depos-
ited between the selenium and a low
melting-point alloy used as second
electrode. About 50 times the cur-
rent of other units was obtained by
this design. By cooling in liquid
bath, these rectifiers could be used
at 50 times their rating. High di-
electric constant and magnetic ce-
ramic materials were developed. This
report also describes production and
molding of ceramics, making resis-
tors of carbon deposited on ceramic
tubes, production of steatite and high
dielectric materials for capacitors,
the manufacture of high-voltage in-
sulators and carbon film resistors,
and use of glass as a binder for car-
bon resistors (C-58: 21 p).

Radar

Radar calibrating shells of various
types were tested by the Germans.
Shells loaded with dipoles and
equipped with time fuses to explode
the shells at predetermined ranges
were shot. On explosion the shell
ejected the dipoles which served as a
radar target. Aluminum foil dipoles
were unsatisfactory because they did
not straighten out and were torn on
ejection. Wire proved satisfactory.
Little difference was observed be-
tween aluminum and iron wires,
(C-6: 5 p).

Radar test equipment for 30,
10, and 3-cm bands including fre-
quency meters, power meters, range

| calibrators, and phantom targets
| followed the same fundamentals

and designs as American equipment.
Extremely stable thermistors with
fast reaction time were manufac-
tured from uranium oxide and
Traganth (C-8: 4 p).

Transmit-receive boxes followed
two general designs. A glass dough-
nut containing water vapor, main-
tained by an internal heater, filled
the cross section between two coaxial
tubes of a cable. The other form con-
sisted of plates within a box filled
with water vapor. The wave passed
between the plates. A potential point,
200 volts, introduced into the box ac-
celerated ionization of the vapor
(C-13: 1 p).

Magnetic cores were injection
molded from mixtures of iron and
bakelite for cores of coils. Had cobalt
been available, magnets for mag-
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For many years, the Schweitzer Paper Co.
has been a leader in.the manufacture of
thin gauge insulating papers for capacitors,
coils, transformers, and other equipment
where top quality and performance

are so necessary. Your requirements,
regardless of how exacting, will not shock
us for our specialty has been the production
of thin gauge insulating papers ranging

in thickness from .0002” 1o .004”

to meet the most siringent requirements.

e

SCHWEIIZER PAPER CO.
182 Cornelison Ave., Jersey City, N. J.
Plants: Jersey City, Mt. olly Springs, Pa.
Rescarch Laboratories: Chrysler Bldg.

New York, N. Y.

paPER®
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4 TallanZine
LECTRONIC VULTMETER

-Q\

For every requirement

ALL MODELS HAVE THE
siweupED |
LOGARITHMIC | usee
SCALE

Ideal for the Accurate measure-
menl of AC voltages in the Audio,
Supersonic, Carrier Current and

Television ranges.

Use of Logarithmic voltage scale as-
sures uniform accuracy of reading
over whole scale while permitting
range switching in decade steps.

Each Voltmeter equipped with an
output jack so that the instru-
ments can be used as a high-
gain stable amplifier.

SPECIFICATIONS
MODEL 300 Model 304
RANGE=—.001 to 100 volts, R-F
VOLTMETER

FREQUENCY—10 to 150,000 cycles,
ACCURACY—2% at any point on scala.
AC OPERATION—110-120 volts.

MODEL 304

RANGE=—.001 to 100 volts.
FREQUENCY-—30 ¢.p.s. to 5.5 megacyeles
ACCURACY—O0.5 DB.

AC OPERATION—110-120 volts.

MODEL 302

RANGE=—.001 to 100 volts
FREQUENCY-—5 to 150,000 cycles.
ACCURACY-—2% at any point on scale.
DC OPERATION—seclf-contained batteries.

Send for Bulletin for further description
Model 302

BATTERY
OPERATED

BALLANTINE TABORATORIES, INC.

BOONTON, NEW JERSEY, U.S. A
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GERMAN TECHNIQUES (continued)

netrons could have been reduced to
half their size. Mixing with ceramics
to stabilize carbony! mixtures with
respect to time and temperature did
not produce an improvement com-
parable tothe extra effort (C-38:
1p).

Oscillators  having wavelengths
from 30 cm down used a triode or
magnetron eoupled to a cavity. Two
plungers provided tuning; a large
one for coarse adjustment; a small
one for fine adjustment. Wavelengths
were measured using a Michelson in-
terferometer. A mirror, about 40 ¢m
square and with a 200 mm travel, was
used for the movable reflector. Ac-
curacy was estimated to be 2 x 10
parts in one (C-18:3 p).

Cyclotrons were used mostly to
prepare tracer materials for biologi-
cal research. Some of the tracers so
produced were radioactive phos-
phorus, copper and bromine. Bom-
barded bromine was used as tracer in
a bromine compound intended for
uses similar to those of penicillin
(C-49:10 p).

Quartz crystals were grown arti-
ficially by many experimenters in the
development of improved optical,
piezoelectric, and electro- -optic prop-
erties (C-65:7 p).

German Ceramic Secrets

Methods of loading cellulose ace-
tate films with ceramic powder for
use as capacitor dielectrics, a special
technique for making extremely thin
ceramic samples, production of high-
permittivity ceramics, and other de-
velopments at Lutz and Co., Lauf-
Pegnitz, Germany, are desulbed in
a 29-page report, PB- 497, available
from Office of the Publicuation Board,
Department of Commerce, sthmg-
ton 25, D. C. at $2.00 for photostats
and $.50 for microfilm.

The finished elastic plastic film re-
portedly has a dielectric constant of
10. TIts softening temperature is
about 90 C. Ceramic samples as thin
as 0.3 mm, with permittivity values
in excess of 100 and as high as 2,000
were made by this Germun firm, with
titanium oxide reportedly playing
an important part. Capacitor micro-
phones with an element consisting
of a plate of high- -permittivity ce-
ramie, silvered on both sides, are
claimed to have greater output than
normal types of capacitor micro-
phones,
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Meal strap inserts
maided in place at
This msistor spool each end of piece.
ts maesfer molded
of Melmac. (Showa
acrom] size)

Special mold design
permitted flanges to
be cut solid into
each half of the
split cavity section.

Note clean sharp
finish and align-
ment of slots in
flanges. Noote sharp-
ly defined longitud-
inal body siot.

We who ive sleép and even dream plastizs molding, maintain the most profound respect for
Resistors! “hese Mricky tantalizers, by reason cf their infricate pattern and precise specifications,
begn demsnstrcting their resistance powers long Erior to entering service. The minute they leave the
drciting boards they seem to say . . . “Double-dar= you to mold us”. We know . . . because we do

mdd ther . . . di types . .. and with a success that can come only with experience, facilities and a

3
Y

&

INJECTION
mciding

TRANSFER
melding
COMPRESSION 4l+ouga His odrievement illustrates Consolidoted quolity at work for cthers, we invite the opportunity

melding to cpply s plastics know-hcw to your own product. Inquiries invited!

thcrough nderstandding.
For he Pesistor Spool, shown here, Consclidated also engineered ond constructed, in its own

slast, the specicl feur-covity, semi-automatic type of mold required for the part's quantity production.

1 | > MOLDED PRODUCTS Corporclion
i nnso l a e 309 CHERRY STREET, SCRANTON' 2, PA,
“*§OBF_BLUEPRINT -

® PLASTIC”

Bzzeches: NEW YORK - CHICAGO « DEVEOIT  BRIDGEPORT - CLEVELAND
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NEW PRODUCTS

Latest developmenis in new apparatus,

components, materials. New literature

Facsimile Equipment

FINcH TELECOMMUNICATIONS, Inc.,
10 E. 40th St., New York 16, N. Y.
New facsimile equipment designed
primarily for f-m broadecasters has
just been announced. Chief among
these is a complete studio facsimile
transmitter-monitor system (type
FBC 147-A) which consists of two
broadcast facsimile scanners, each
with associated monitor receiver,

power units, amplifiers and selective
switching arrangements for insur-
ing uninterrupted transmission for
any number of facsimile pages.

with

Provided automatic copy

loading and ejection it also includes
4 receiver operating on the outgoing
signal of the unit thus making it
possible to observe the program.
Two complete scanning units are
supplied with control console to
facilitate an uninterrupted flow of
programs. Switching is provided to
enable the operator to control the
installation in the same manner as
the output of a studio.

The single facsimile scanner
shown (type FB-146-A) is sufficient
for limited facsimile broadcasting.

Regulated Output Amplifier

SCHUTTIG AND Co., Ninth and Kearny
Sts., N. E., Washington 17, D. C. The
Series S189 amplifier has been de-
signed for use in airways and other
voice communications circuits to pro-

208

vide automatic noise suppression and
level control.

Basically, it is a high gain push-
pull amplifier with two additional
features; one holds the rms output
level to within 1 db with input level
variations as great as 40 db, and an-
other automatically reduces the gain
by a factor of up to 22 db during
periods of circuit idleness. The fre-
quency response is uniform to within
1 db over a range of 100 to 4,000
cveles, and for a condition of 40 db
compression the distortion does not
exceed 3 percent. The output level
may be adjusted to regulate at any
point within the range of —10 to
+10 db and the noise suppression
circuits may be adjusted over a range
of 0 to —22 db. There are no sus-
tained transients caused by abrupt

input level changes, full automatic
control being established within ap-
proximately two voice cycles at any
frequency. Hum and noise level are
over 45 db down from zero level.
This equipment is available for use
as a 75 db microphone amplifier or
as a 50 db line amplifier. Physically,
it consists of a vertical panel and
chassis combination with all compon-
ents, controls and adjustments
mounted on the rear of the chassis.
The panel and one side of the chassis
may be removed to facilitate servic-
ing.

Visual Curve Tracer

RaymonDp M, WILMOTTE, INcC., 236
West 55th St., New York 19, N. Y.
New production testing equipment
for rapid adjustment of i-f coils is
now available. Unskilled personnel
can accurately adjust overcoupled
types at about ten per minute by
means of a cathode-ray oscilloscope

wWww americanradiohistorv.com

which presents at the same time
traces of upper and lower limit
standards and a trace resulting from
the coil under adjustment. The
Visi-Limit unit can be operated in
the range 85 kilocycles to 11 mega-
cvcles by simple replacement of the
standard oscillator assembly., It is
arranged to plug into any normal
commercial oscilloscope for viewing
and can be rack-mounted or left in
its cabinet for bench use. The unit
measures 21 x 10} x 14 inches and
weighs 35 pounds. Price of the basic
unit is $475 fob Washington, D. C.,
with an additional charge for stand-
ard or special coil-testing jigs or
additional oscillator assemblies.

Communications Receiver

THE ALLEN D. CARDWELL MFG. Corp.,
97 Whiting St., Plainville, Conn. The
model CR-54 deluxe communications
receiver gives complete coverage
from 0.54 to 40 megacycles in six
bands, with provision for replacing
the broadcast band by a 40 to 54
megacycle range. Power output to
the separate speaker is 8 watts with
less than 5 percent distortion. Elec-
trical band spread is provided for six
amateur bands. Some of the major
features which make the receiver
different from most of those at pres-
ent on the market are 18 miniature
tubes, including rectifiers, a second-
ary frequency standard (built-in 100
and 1,000 kilocycle calibrator), tem-

perature-compensated oscillator, new
type noise limiter, and mechanical
coupling to the shafts brought out
at the rear for linkage to other units.
An unusually high signal-to-noise
ratio is claimed as a result of using
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A few of the many important construction and operat-
ing features that make HAR-CAM Emergency Com-
munications Equipment standards of quality and per-
formance:

FM-AM RECEIVER

13 tube, crystal controlled double conversion super-
heterodyne

Either AM or FM available by throwing toggle switch
Frequency Range: 30-44 megacycles

Selectivity: 40 kc off resonance (adjacent channel)
greater than 60 db down.

Selectivity: 80 kc off resonance greater than 120 db
down

Image response greater than 100 db down

FM Quieting Signal: not greater than .3 microvolts
Greatly improved squelch control for the FM receiver
equally effective when receiver is used on AM. Squelch
control adjustable from .1 microvolt to 1 microvolt.

FM TRANSMITTERS

Power Outputs — 25, 40 or 70 watts

Frequency Range — 30 to 44 megacycles

Frequency Modulation — deviation 15 kc either side
of center frequency

HARYEY RADIO LABORATORIES, INC.

CAMBRIDGE 38, MASSACHUSETTS

439 CONCORD AVENUE -

ELECTRONICS — July 1946

RECEIVER POWER SUPPLIES

<R

—u
A.C. D.C.
TRANSMITTER POWER SUPPLIES

A

LY} }zur ]

A.C. D.C.

HAR-CAM POWER SUPPLIES

Either AC or DC operation is made available in-
stantly with HARVEY'S plug-in type power sup-
plies like those shown here. No other electrical
or mechanical changes in the circuit are required.

Characteristics of 152-162 mc equip-
ment essentially similar. For further
information on HAR-CAM Trans-
mitters and Receivers write for Bul-
tetins H-35 and H-36.

HARVEY OF CAMRRIOGE

D
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two grounded-grid radio-frequency
amplifiers. Necessary beat-frequency
oscillator and crystal filter have been
furnished for code reception. The
self-contained power supply operates
on 105 to 125 volts, 60 cps, and con-
sumes 120 watts.

Small Oscilloscope

WATERMAN PropuCTS Co., INC., Phil-
adelphia, Pa. The Pocketscope is a
compact cathode-ray oscilloscope,
complete with amplifiers, employing
a 2-inch cathode ray tube. All other
tubes are miniature types. A double-
triode multivibrator produces a sub-
stantially linear trace from 10 cps to
50 ke. Amplifier response is within
0 to minus 2 db from 20 cps to 100 ke

and within minus 6 db to 200 kc.
With maximum gain, vertical and
horizontal deflection sensitivities of
about 0.1 volt rms per inch are ob-
tained. Input vresistance is 0.5
megohms and shunt capacitance is
36 microfarads. The self-contained
power supply operates on 105 to
125 volts, 50 to 60 cps with a power
consumption of 23 watts under nor-
mal operating conditions. The unit
measures 63x37x10 inches and
weighs only 5% pounds.

Resistor Limit Bridge

ASSOCIATED RESEARCH, INC., 231 S.
Green St, Chicago 7, Ill., has an-
nounced production of the Model
81-A bridge for the accurate, rapid
testing of large quantities of resis-
tors or other devices having an ohmic
resistance. Limits are set up by a
supervisor before a production run
and the components are accepted or
discarded on the basis of a simple
meter reading. The device is com-
pletely self-contained, powered by

210

three No. 6 dry cells. Resistance
from a fraction of an ohm up to 20,-
000 ohms can be checked to toler-
ances of from plus or minus 1 per-
cent to plus or minus 20 percent. An
external battery can be connected if
greater sensitivity is desired.

Photoeleciric Lighting
Control

FISHER-PIERCE CoMPANY, 82 Ceylon
St., Boston 21, Mass., hus developed
a photoelectric unit for individual
control of multiple street lighting
systems and similar purposes which
operates on low voltages (105 to 130
volts) and can control up to 500
watts of lamp load (a capacity of
30 amperes can be provided on pro-
duction quanity orders). The new
control unit permits individual street
lights to be connected, through it,
directly to the 120-volt distribution
line. It can be set to turn on the
light when north sky illumination
is reduced to any preset value be-
tween I and 6 foot-candles, and to
turn off the light when the illumina-
tion intensity reaches 2 foot-candles
above the turn-on point. A time de-

lay of 15 seconds is incorporated in
the circuit to prevent operation of

the unit by temporary brightness
from lightning or passing lights,

WwWWW americanradiohistorv com

and provision is made whereby the
light stays tuwrned on in the event
of any funectional failure of the unit.
The control consumes 6 to 7 watts
of current, is 47 inches in diameter
by 10% inches high, and has a brac-
ket for mounting directly to the
distribution pole.

Power-factor Corrector

TOBE DEUTSCHMANN CoRP., Canton,
Mass. A new power-factor correction
block providing up to 2 kva at 230
volts, 50 to 60 cycles, is constructed
of 10 uuf center-tapped units bolted
into rigid steel housing. Accurate
load balancing ecan be obtained by
disconnecting individual sections,
and the assembly as a whole may be

connected for either single-phase or
three-phase operation. The capaci-
tor sections, which are impregnated
with mineral oil and hermetically
sealed in oil-filled metal cases, show
little drift through wide ranges of
temperature, and are said to be cap-
able of continuous operation at tem-
peratures ranging as high as 75 C.
Overall dimensions of the unit are
3 x61x14 inches.

Frequency Calibrator

BROWNING LABORATORIES, INC., 742
Main St., Winchester, Mass., has re-
cently developed a frequency cali-
brator, Model RH-10 which depends
upon the transmissions from the
National Bureau of Standards radio
station WWYV. The equipment is
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MORE COMPACT COILS WOUND FASTER

FORMEX MAGNET WIRE
AIDS DESIGN ENGINEERS
SPEEDS MANUFACTURE

Many design improvements that
depend on the size, shape, and con-
struction of coil windings are made
practical by the unusual qualities
of Formex magnet wire.

Replacing fibrous-covered wire,
Formex puts more turns and more
copper in a given coil cross-section
area, particularly if square or
rectangular Formex wire is used.
Coil shapes requiring “acute-angle”
bends and other severe distortion
of the wire can be adopted with
reduced insulation failure.

In production, too, you can go to
higher winding speeds without in-
creasing rejects. Time-saving steps
in coil assembly that you wouldn’t
dare to use with ordinary magnet
wire become practical because of
the toughness of the insulation on
Formex wire.

FIRST COST IS LOW

In most sizes, Formex magnet
wire brings you these extra design
and production advantages at lower
first cost than fibrous-covered wire,
and only slightly more than plain
enameled wire.

Ordering G-E Formex magnet
wire is the first step toward faster
winding of better, more uniform
coils, and long apparatus life. For

complete information on what For-
mex can mean in savings to you,
call in your local G-E representa-
tive or write for Bulletin GEA-
3911. Apparatus Dept., General
Electric Co., Schenectady 5, N. Y.

d Types and Sizes of FORMEX

insvlation thickness. Formex wire
is available throughout the entire
standard range of wire sizes
with single (F) and heavy (HF)
insulation. Triple Formex (TF) is
available in sizes from 25 AWG
to 40 AWG, and quadruple
Formex (QF) in sizes from 8 AWG
to 34 AWG.

Round Formex. Round Formex wire
is supplied in oll the standard sizes
from 8 AWG through 40 AWG,
ond in Ulirafine sizes from 41
AWG through 44 AWG, and in
diameters of 0.00175 inch, 0.00125
inch, and 0.100 inch.

Rectangular and Square Formex.
These two types of Formex wire
possess all the desirable charac-
teristics of round Formex, such as
winding space factor, toughness,
flexibility and resistance to abra-
sion, moisture and shock. It is avail-
able in a wide range of narrowly
separated sizes, from 100 mils
wide and 0.025 inch thick (3.50
ohms per M ft) to 284 mils wide,

0.180 inch thick (0.168 ohm ‘per
M ft). /

Why Formex magnet wire stands up

Enlarged photograph showing the ab-
sence of cracks in the insulation of For-
mex magnet wire stretched 20 per cent,
then wound upon its own diameter. This
tough wire may be hammered flat with-
out damage to insulation, and shows no
shelf or heat aging to lower the insula-
tion’s initial dielectric strength. Meas-
ured on the repeated scrape abrasion
tester, Formex is 30 times as resistant to
abrasion as conventional enameled wire.

This enlarged photograph shows enam-
eled magnet wire stretched 10 per cent—
half as much as the Formex wire in the
top iltustration—and wound upon tuwice
its own diameter. Note the cracks in the
insulation, the absence of cracks in the
Formex wire.
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search in action i

insulation greatly superior,
enamel. Full-scale production techniques were d
production engineers. The result is G-E Formex magnet wire; more

brous-covered enameled wire, more “windable,” Q
¢ that no further moisture-resistant treatment

compact than fi
and so non-hygroscopi
is required.

GENERAL

e Another G-E Achievement Resulting from
"FI.I“-I'CI"QQ" Research An example of G-E full-range re-
s the developmentof Formex magnet wire. Realizing
that no major improvement in enameled magne
as long as drying oils were a
turned to resins. G-E laborato

WWW americanradiohistorv com

t wire was probable

principal ingredient, G-E research

ries developed the first polyvinyl-

acetate resin ever to be applied as an insulation for magnet wire; an

in most important characteristics, to any ‘
eveloped by G-E
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pretuned for 5 and 10 megacycles,
either of which may be selected.
Provisions are made for coupling
secondary standards or other r-f
sources and comparing their funda-
mentals or harmonics with the stand-
ard frequencies transmitted by
WWV. A cathode-ray indicator per-
mits frequency comparisons to be
made to at least 0.1 cycle. A dual
filter allows the selection of either
the 440 or 4,000 cycle modulation.
This allows these audio frequencies
to be employed as a primaryv stand-
ard.

Sensitivity of the RH-10 is better
than 0.5 microvolt and the image-
rejection ratio is more than 50 db.
The unit is supplied in a cabinet as
shown or rack mounting with dust
cover. Dimensions are 9 x 19 x 11
inches and the weight is 30 pounds.

Dielectric Plastic Preheater

GENERAL ELECTRIC COMPANY, Sche-
nectady, N. Y., announces a new di-
electric preheater developed princi-
pally for plastic preforms, which is
designed to operate at 40 megacycles.
The unit makes use of a water-cooled
oscillator tube with a short-time
overload capacity, which permits the
use of an average full-power 5-kilo-

watt output during the entire heat-
ing cycle and thus speeds up the pre-
heating operation without the use of
complex control equipment. Opera-
tion of the heater is largely auto-
matic, and to prevent tampering, all
controls except the pushbutton
starter are located behind a locked
front panel. The plastic preforms
are placed on the electrode of the
heater, the cover is closed, and the
preheat cycle is started. The rest of
the operation is entirely automatie,
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and the oven cover opens auto-
matically at the end of the heating
cycle,

Antenna Switchover

LEACH RELAY Co., Los Angeles,
Calif. announces the models 1723 and
1723-89 a-c operated and the 1623
and 1623-89 d-c operated relays
which are particularly designed for
high-frequency switching operations

such as antenna changeover. The con-
tacts and contact arms contain no
loops, are insulated with Mycalex and
Isolantite, The 89 types inclide a
spst auxiliary contact for signal or
other purposes. The spacing limita-
tions often experienced with this
tvpe of relay are overcome by using
two units, one in each feeder line as
illustrated.

Vibrator Replacement
Converter

OHIO0 TooL Co., Cleveland 11, Ohio.
The Dynectron rotary converter is,
in effect, a small electric motor oper-
ating a sealed mercury contactor
which interrupts current in a man-
ner claimed to be superior to that
of the conventional vibrator. Ex-
tremely long life is guaranteed. List
price of the plug-in unit is $6.15.

Electronic Safety Switch

UNITED CINEPIIONE CORP., 13 New
Litchfield St., Torrington, Conn.
Pressureless limit switching and
floatless control of liquid levels is
possible with a new electronic switch
model 8336, It can be operated
safely in the presence of explosive
gases. A glass-enclosed plunger-
type mercury relay, rated at 30
amperes, is energized from a 2050
thyratron. Operation is controlled
by a voltage applied to the grid of
the thyratron tube. The control cir-
cuit current is limited to a few

WWW_americanradiohistorv. com

microamperes by the high grid-cir-
cuit resistance, Controlling is ac-
complished through switching of
precision or delicate contacts or by
conduction through a conductive
medium such as water, acid or salt
solution. The minute current used
in the input circuit prevents arcing
and welding of operating contacts.
Input circuit can be modified to oper-
ate from control voltages developed
in a Wheatstone bridge or special
apparatus.

The glass-enclosed thermal time-
delay unit prevents injury to the
thyratron if it is operated before
normal temperature is reached. A
mercury-type relay reduces mainte-
nance to a minimum.

Wind Velocity Indicator

SCHUTTIG AND Co., Ninth and Kearny
Sts., N. E., Washington 17, D. C. The
Type S116A electronic anemometer
responds to velocities of less than one
mile an hour and gives aceurate in-
dication of velocities up to 100 miles
an hour,

Basically, the circuits consist of an
accurate  audio-frequency  meter
which measures the frequency of
audio pulses generated in the ane-
mometer head by interrupting a
light beam with a rotating perfor-
ated disc. The mechanical system is
practically frictionless, and the elec-
tronic tubes used in the head are of
the filamentless type, thus minimiz-
ing maintenance problems. Exten-
sive tests have shown that the per-
formance and reliability are unaf-
fected by adverse weather conditions.
Recordings may be taken by merely
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MAXIMUM CLAMPING POWER
CUTS LEAKS...LOSSES...REPLACEMENTS

For maximum clamping power on hose lines
where you want to cut leaks...reduce losses
...and eliminate costly replacements—specify
Diamond G Hose Clamps. For connections in
automotive, pneumatic, hydraulic, electric,
marine, railway, and other applications, they
are the economy clamp for every industrial use.
Diamond G Hose Clamps have been de-
signed, developed, and proved in service to
be the ideal clamp where low cost and high
operating efficiency are the key factors.

GEORGE K. GARRETT CO,, INC.

1421 CHESTNUT STREET, PHILADELPHIA 2, PA.
MANUFACTURERS OF

Each and every Diamond G Hose Clamp is
rust proof for protection and long life under
all operating conditions. The “captive’ nut,
guarded by sturdy flanges, assures a positive
tight grip. Heavy duty reinforced shoulders,
plus powerful spring action provide uniform
pressure and grip around the circumference.

Whatever your need in hose clamps, Dia-
mond G has the answer for you. A complete
range of sizes for delivery of air, water, gaso-
line, oil, and chemical. For full details write—

DIAMOND << PRODUCTS

LOCK WASHERS

« FLAT WASHERS

ELECTRONICS — July 1946

e o STAMPINGS ¢ + SPRINGS ¢ + HOSE CLAMPS ¢ « SNAP AND RETAINER RINGS
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PANEL INSTRUMENTS

L J
The heart of every Burlington Instrument —
and the reason for its high degree of depend-
ability —is the Burlington Precision Move-
ment.

Design, material, and manufacturing proc.
esses are selected in such a manner that
Burlington gives you a rugged instrument —
which may be subjected to rough usage — and
still retain its original calibration characteristics. All DC instru-
ments employ Alnico magnets which are known to be more highly
resistant to shock, heat, vibration, and stray fields than any other
magnetic material.

All ranges AC & DC are available in 214", 314" and 414" sizes,
both square and round, flush mounting.

N

3 >
oiobenes %

Engineering Service Furnished for Specialized
Applications. No Obligation. Write Today for
Further Information,

BURLINGTON INSTRUMENT CO.

111 rourtH sTreer BURLINGTON IOW_A_ £ == ]

PANEL INSTRUMENTS ¢ VOLTAGE REG
ULATORS ¢ AUTOMATIC SYNCHRO-
NIZERS e FREQUENCY REGULATORS
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connecting a standard 5 ma d-c Es-
terline-Angus recorder. The ane-
mometer may be located at a point
distant from the electronic measur-
ing circuits and its output energy
fed to one or several indicating in-
struments through wire lines. Be-
cause of the low mechanical inertia,
it responds quickly to gusts and lo-
calized air disturbances. Also, sev-
eral anemometers may be connected
through a selective switch to a com-
mon indicator so as to provide a local
area velocity pattern for airport
traffic control work.

Motor Starting Capacitors

CORNELL-DUBILIER ELECTRIC CORP.,
South Plainfield, N. J., announces the
Type ETW a-c electrolytic motor

Q&V\\“_\\.\\\‘h\\\i\
i\
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starting capacitor which is designed
for mounting in a clip-tvpe bracket.
The capucitor is enclosed in a plastic
case. Capacitance range is 25 to 450
microfarads.

Mugnetic Control Tube

GENERAL ELECTRIC Co., Schenectady,
N. Y. A new magnetically-controlled
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You can get FIBERGLAS advantages in

laminated plastics parts

Fiberglas-base laminates afford many advan-
tages and a unique combination of characteris-
tics. Made with many different kinds of resins,
laminates with Fiberglas Cloth or Fiberglas Mat
as a base are used to solve a wide range of
electrical and mechanical problems.

The finished materials—available in sheet
form, in rods or tubes, or molded or shaped
into special forms—are used in motors
and generators as slot sticks, armarture or
stator end laminations, as brush holders,
spacer blocks, in dry-type transformers, etc. The
low-electrical-loss properties of several types of
Fiberglas-base laminates have led to their

wide use for radio and electronic applications.

If the products you are designing or manufac-
turing require a material with high dielectric
strength, dimensional stability, moisture and
temperature resistance and /or adequate mechan-
ical strength for high-frequency, low-electrical-
loss parts—investigate Fiberglas-base laminates.

Most manufacturers of laminates make one
or more types of Fiberglas-base products. If
your supplier can't furcish the type you
need, write—Owens-Corning Fiberglas Corp.,
Dept. 860, Toledo 1, Ohio. Branch Offices in
Principal Cities.

In Canada: Fiberglas Canada Itd., Oshaw.s, Ontario

FI'.-_ —_— —— e —

- (:f'W Ellﬁ S‘|:rI

T
},0'@ ING

— =

TM REG US PAT OFF

L FIBERG LAS
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When is a B-L Rectifier
NOT a Rectifier?

When it’s a
SPARK SUPPRESSOR!

i Aircraft Servo Motor
- o manufactured by the
i White-Rodgers Electric
Company, St. Louis. A
compact B-L Selenium
Rectifier across the rap-
idly operating relay
contacts provides an
important safeguard for
pilot and plane by elim-
inating arcing and
its resultant radio inter-
g ference.
Unusual resistance-voltage characteristics make

B-L Metallic Rectifiers ideal for overcoming

‘® RAPID WEAR OF CONTACTS

® RADIO AND TELEPHONE INTERFERENCE
® DAMAGING OSCILLATORY SURGES

® CORROSIVE OXIDATION

The above example is only one of many applica-
tions where the unique characteristics of B-L
Metallic Rectifiers have offered an ideal solution
to an unusual problem.

Whether similar or entirely different problems
confront you in the performance or operation of
electrical and electronic equipment it will pay to
investigate the ability of B-L Rectifiers to meet
your needs.

Unusual electrical characteristics plus long life
and compact construction make B-L Rectifiers
ideal for many applications not ordinarily associ-
ated with their name.

~B 1 COPPER
SELENIUM METALLIC
RECTIFIERS SULPHIDE

SENCE 1923

THE BENWOOD-LINZE COMPANY

1815 LOCUST STREET ST. LOUIS 3, MO.
Long Distance Telephone CEntral 5830

Designers and Manufacturers of Selenivm and Copper Sulphide
Metdllic Rectifiers, Battery Chargers and DC Power Supplies
for practically every requirement.

wWwWwW americanradiohistorv com

diode tube, type 2B23 has been de-
signed to supplement the advantages
available with conventional grid-
control tubes in d-c amplifier applica-
tions. Low-voltage high-current or
high-voltage low-current cireuits can
be used for the control, depending
upon the proper choice of the control
solenoid. When used as an electronic
switch, the tube has a d-c plate volt-
age of 150 volts and a plate current
operating range of 30 milliamperes.

Remote Cuioff Pentode

SYLVANIA ELECTRIC PRODUCTS Inc,,
500 Fifth Ave., New York 18, N. Y.
A new semiremote cutoff pentode
amplifier has been designed for use
in portable receivers in which the

.

D
lgl’

ek

plate supply voltage may drop as low
as 45 volts. The type 1LG5 is better
suited for ave cirecuits, for instance,
than the tvpe 1LC5. Typical opera-
tion with d-e filament voltace of 1.4
volts and filament current of 0.05 am-
pere at a plate voltage of 45 shows a
plate current of 1.5 milliamperes,
screen current of 0.45 milliampere
and mutual conductance of 800 mi-
cromhos. Plate resistance under these
conditions is approximutely 0.35
megohm,

Marine Radar

WESTINGHOUSE ELECTRIC CORP., Box
868, Pittsburgh, Pa. Marine radar
for pilotage and collision protection
operable from 100 yards to 32 miles
has just been announced.

Provided with a plan position indi-
cator scope, the equipment has range
scales of 2, 8, and 32 nauticual miles.
Range discrimination is sufficient to
indicate as separate targets any two
objects lying on the same bearing but
differing in range by 100 vards or
more.  General performance will
show high coast lines at the maxi-
mum range of 32 miles, cargo vessels
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DUREZ
PHENOLIC

PLASTICS...
INSIDE AND OUT

Style and performance make this new
Zenith radio. The wide traverse dial
and the excellent, rich tone quality
that make this 1946 model outstand-
ing are recent developments of Zenith
engineers.

Durez phenolic plastics permit its at-
tractive cabinet design...contribute to
its physical and electrical qualities.

Why Plastics ?

In addition to...and more important
than...the tuning knobs and cabinets
which are quite often molded of plas-
tics, are the vital but “hidden” opera-
ting parts of radios.

These unseen items make the differ-
ence between good and bad perform-
ance. Many of them are constructed
in whole or in part of plastics because
plastics are better suited for these im-

portant jobs than any other material.

Why Phenolic Plastics ?

Excellent moldability, heat resistance,
diversity of finish, moisture resistance,
good dielectric properties...all are in-
herent characteristics of phenolic plas-
tics. Add to these their practicability
for economical mass production, their
long-wearing, non-warping qualities,
and you have the ideal material for the
radio field, where versatility is the

prime requisite.

Why Durez Phenolic Plastics ?

As specialists in the production of
these most - versatile - of - all - plastics,
Durez technicians, backed by more
than a quarter century’s successful
product development experience, are

equipped to counsel the design engi-

neer wisely on all phases of the molded
phenolic picture.

Add to this rich background the more
than 300 Durez phenolic molding com-
pounds . .. each carefully developed for
a specific purpose...and you can readily
understand why custom molders and
radio manufacturers everywhere look
to Durez for the plastics which fit
their jobs.

Experienced Assistance
Available

Any aid which the Durez staff can give
towards solving your plastic material
problems is available to you and your
custom molder for the asking. Durez
Plastics & Chemicals, Inc,, 87 Walck
Road, North Tonawanda, N.Y. &Export
Agents : Omni Products Corporation, 40 East
34th St., New Vork, N. Y

I moDING COMPOUNDS |

T INDUSTRIAL RESINS |

\LBQL sownm:smsJ

PLASTICS THAT FIT THE J0B
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at a range of from 12 to 15 miles, and
standard buoys at a range of ap-
proximately 3 to 4 miles.

Operation is from 115-volt. single-
phase, 60-cycle power with a voltuge
regulation of plus or minus 5 volts,
and a frequency stability of plus or
minus 2 cycles. Not more than 1,000
watts of alternating current at 85
percent power factor are required.
Peak power output is over 15 kw at
a repetition rate of 2,000 cyvcles per
second. Operating frequency is
9,320-9,430 mec.

Heuring-aid Microphone

TIBBETTS INDUSTRIES, INC., Camden,
Maine. First of a new line of piezo-
electric devices to be manufactured
by this company is a crystal hearing-
aid microphone which comprises sev-

eral developments including metal-

) (4 clad construction and moisture
MILPORD proofing. Output of the normal

hearing aid equipment can be in-

ATALOG creased by the sensitivity of the new
c microphone.

Yours for the asking Terminal Mounting Strip
YATES ENGINEERING SERVICES, Two
Revised and completely up-to-date data on types, sizes, Hampton Road, Cranford, N. J. A
materials and prices of Milford semi-tubular, deep straight new type of component mounting
hole, split, and compression rivets. strip providing good electrical char-
acteristics and mechanical strength
SEE ESPECIALLY PAGES 11 to 15 has been developed for either pro-
duction assembly or replacement use.
for detailed description of characteristics of all types of Milford Mounting strips can be had in glass,
Rivets; where, how and.why they save time and money. Indis- ceramics and rubbers in addition to
pensable information for designers, engineers, purchasing agents the laminated plastic board shown.
and all executives concerned with production and especially With this choice of insulations these
with fastening problems. component terminal strips are adapt-

able to most types of r-f circuit
assembly as well as audio, power sup-
" ply or industrial electronic applica-
tion. Strips come in various stand-

For your personal copy, please write directly to the Milford,
Conn. address below. ‘

THE MILFORD RIVET & MACHINE CO.

859 Bridgeport Ave. 1002 West River St. ,
MILFORD, CONN. ELYRIA, OHIO

Inquiries may also be oddressed to our subsidiary:
THE PENN RIVET & MACHINE CO., PHILADELPHIA 33, PENNA.

Designers and Manufacturers of: SPECIAL COLD-HEADED PARTS; SPLIT, SEMI-TUBULAR AND DEEP- l
DRILLED RIVETS; RIVET-SETTING MACHINES: SPECIAL MACHINE SCREWS AND.SCREW MACHINE PARTS,
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One of these Chatham tubes may

solve your rectifier problem

L BB MEDIUM POWER RECTIFIERS BOO-R 7

Operating in a full wave rectifier circuit either of these types will
deliver an output of .5 amps ot 3200 volts. The type 3828 mey be
mounted in any position, will operate safisfactorily throughout an
ambient temperature range of —75°C to +90°C, and does not
require blowers, heaters or controls to regulate the bulb temper-
ature. Both types feature very rugged construction.

PIAH G éAs FILLED THYRATRONS 2050 ..

Operating as grid controlled rectifiers, these two types are adapt-
able to a wide variety of applications. The 2A4G filament requires
only 2 seconds fo reach operating temperature and will supply
1.25 amperes peak plate current. The 2050 may be used with high
values of series grid resistors and is rated at 1300 volts peak in-
verse plate voltage. Average plate current of either type 100 MA.

Type 122 is a small bulb high voltage rectifier tube suitable for
television receivers. Its low filament heating power, low capacitance

und low dielectric loss simplify the design of R. F. power supplies.
Two tubes in- a voltage doubler circuit will supply 2 MA. D. C. ot
20,000 volts. |

Rating: Inverse Peak Valtage—20,000 volts; Fifament Voltage—2 volts; Peak Anode
Current, Max.—10 MA; D. C. Load, Max.—2.MA; Bulb—Long Miniature 23%” long.

rite for the new Chatham Catalog!

The new CHATHAM catalog—just off
the press—contains technical data on all
CHATHAM rectifiers now available for
prompt delivery from stock., All tubes
listed are ruggedly designed for long serv-

ELECTRONICS — July 1946

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

Also included are grid controlled recti-
fiers and inert gas rectifiers. Several of
the latter operate under unusual extremes
of ambient temperature and offer par-

wwWw americanradiohistorvy com

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

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

") CHATHAM ELECTRONICS

475 WASHINGTON ST., NEWARK 2, NEW JERSEY
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de SPECIALISTS IN

SPECIAL CRYSTALS

TRADE MARK REG. U. §. PAT. OFF,

Our Develop-
ment Laboratory
invites your diffi-
cult control or ul.
trasonic  crystal
problzms.

ORYSTAI.

LABORATORIES
28 ALLYN ST., HARTFORD, 3, CONN.,

RESEARCH

INC.

PHONE 7-3215
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ard and in special lengths and widths
for any desired grouping of compo-
nents. No spacer posts or standoffs
are required for direct mounting on
a metal chassis. For subassembly

| production tube socket terminals can

be brought through the base plate
of the strip for direct wiring.

Ten-inch Television Tube

THE RAULAND Corp., Chicago 41, III.,
announces the type R-6025 virtually
flat-face cathode ray tube for direct
viewing television reception. It em-

ploys electromagnetic focusing and
deflection. Face of the tube is 10
inches in diameter.

Navigator’s Radar
g

RAYTHEON  MANUFACTURING Co.,
Waltham 54, Mass. The DMariners
Pathfinder is a 10-centimeter radar

with four range scales, 0-1.5 miles up
to 0-50 miles employing an indicator
14} x 14} x 24 inches and a 7-foot
parabolic reflector weighing less
than 150 pounds. The indicator
illustrated carries the seven active
controls necessary for operation.
Transmitting and receiving equip-
ment is contained in an enclosed
cabinet, Ranges are accurate to
within 2 percent or 100 yards, which-
ever is greater, The equipment
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FAINGT
(&) IRVIN

Irvington Fibron Plastic Tape is a “natural” for wrapping
intricate. many-branched wire harnesses. Flexible and elastic,
it wraps smoothly and evenly over irregular surfaces and will
not bulk in sharp corners. Fibron Plastic Tape is tough —
having superior abrasion resistance, excellent weathering
qualities, high resistance to oils, acids, and alkalis. After
wrapping, the harness can be hcat-scaled, forming a homo-
geneous mass of insulation.

Irvington Silicone-coated Fiberglas cloth — totally inorganic
flexible insulation — can be used at operating temperatures
up to 175 deg. C. It is highly moisture resistant and has
excellent dielectric strength. The best heat resistant flexible
insulation yet developed, Silicone-coated Fiberglas is added
protection against overload failures. Available: 3G” wide,
tapes, and bias strips.

Immediate deliveries can be made on Irvington Varnished
Silk for any application. Combining high dielectric strength,
excellent oil and water resistance with extreme thinness and
elasticity, its return will be welcomed for insulating very small
coils and for taping over irregular surfaces.
-

‘Additional Information and Generous Samples of these Prod-
ucts will. be sent on Request.

om0 &0 onis
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NEW USE FOR PLASTIC TAPE!

SILK NOW AVAILABLE!

GCTYCN Yawish and Fnsalalo (gorn/z'an o

IRVINGFON 11, NEW JERSEY, U.S A.
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® Every magnet individually tested
in loud speaker structure before
shipping . . .

*® Every magnet meets R. M. A.
proposed standards . . .

® Every magnet meets Arnold’s
minimum passing standards of

4,500,000 BHmax.

Here’s what the individual touch
means. Thousands of the nine
different sizes of speaker mag-
nets shown at right are now be-
ing turned out daily. Each one is
individually tested in a loud
speaker structure before ship-
ping. Each magnet is made to
meet R. M. A. proposed standard
for the industry. Each magnet
must meet Arnold’s own mini-
mum passing standard of 4,500,-
000 BHmax for Alnico V ma-
terial. Thus by careful attention
to the important “individual
touch” in volume production can
Arnold promise you top quality
in each individual magnet you
select.

s

THE ARNOLD ENGINEERING (OMPANY

147 EAST ONTAR|O STREET, CHICAGO 11, ILLINOIS
Specialists in the Manufacture of ALNICO PERMANENT MAGNETS
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operates on 115 volts, 50 to 70 cycles.
Power required is less than 2 kva.
An interesting feature of the sys-
tem’s use is the intended employ-
ment of Mackay Radio and Tele-
graph Co. field representatives as
well as those of Raytheon for preven-

| tive maintenance of the equipment.

|

Regulated Power Supply

ELECTRONIC MEASUREMENTS Co., Red
Bank, N. J. The Model 204A power
supply furnishes 300 milliamperes at
0-500 volts d-c (continuously vari-

| able) and 6 amperes at 6.3 volts a-c,

center-tapped and unregulated. Regu-
lation of the high voltage is within 1
percent between 30 to 500 volts from

no load to full load. The equipment
employs 14 receiving tubes and con-
sumes about 525 watts full load from
a 105 to 125 volt, 50 to 60 cps line.
Adequately equipped with two
meters, three controls, output ter-
minals and fuses, the unit is suit-
able for table or relay-rack mount-
ing. It measures 19 x 103 x 15
inches and weighs approximately 70
pounds.

' F-m Signal Generator

MEASUREMENTS CORPORATION, Boon-
ton, N. J. The Model 78-FM fre-
quency-modulated signal generator
operates directly, without the use of
frequency-multiplying stages, across
the range of the 88-108 megacycle
f-m broadcast band. A mutual in-
ductance attenuator which provides
constant output. impedance of 17
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General Sherman..

WHAT
wWOuULD YOU
CALL THE
POST-WAR

ELECTRONICS — July 1946
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After all, you picked out a nice tart word for your
own war ... give us a name for this mess we're in now!

Tell us what to say when our suppliers are unable to
give us half the material we need to fill our urgent orders!

Tell us what to say when our customers are disappointed—
our suppliers, due to no fault of their own, are unable to
fill our requirements—and we're in the middle of the muddle!

Tell us ... weren’t we happier back in the nice, calm depression
days when all we had to worry about was losing our shirts?

One of these days when things get back to normal we're
going to be giving that old-time, fast, high-speed,
we-mean-right-now, Lenz service again. Then we're
going to take time out to study Webster's Unabridged
and find out what to call this POST-War.

In the meantime, General ... give us a word for it!

LENZ ELECTRIC MFG. CO.

1751 N. WESTERN AVE., CHICAGO 47, ILL.
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CREI Home Study Training Can Equip You to Step Ahead
of Competitionand Gainthe Confidence Bornof Knowledge

CRE[ technical home study training prepares you for the

secure radio jobs that pay good money for ability.

CAPITOL RADIO ENGINEERING

Yes, YOU cun be ready to enjoy the security of an

important technical position and take advantage of
new career oppottunities . . . if you prepare yourself
now.

Join the thousands of other ambitious radiomen who
have enrolled with CREI to assure themselves of secure,
good-paving jobs with a planned program of advance-
ment made possible by CREI home study training in
practical Radio-Electronics Engineering. You can study
at home—in your spare time—develop your technical
ability-—increase your knowledge to keep pace with im-
portant developments now taking place in the industry.

By adding CRE] training to your present radio experi-
ence you can safeguard your future and keep pace with
such new developments as U.H.F. Circuits, Cavity
Resonators, Pulse Generators, Wave Guides, Klystrons
and Magnetrons. Are you equipped to handle them?
CREI is equipped to help you by providing the technical
background that is required.

In our proved method of instruction you learn not
only how but why! Easy-to-read-and-understand les-
sons are provided well in advance, and each student
has the benefit of individual guidance and supervision
from a trained instructor. This is the basis of the CREI
method of training for which many thousands of profes-
sional radiomen have Enrolled during the past 19
vears . . . and which has resulted in large numbers of
promotions to more responsible positions.

It costs wou nothing to read the interesting facts

. fo learn how CREI can help you enjoy the security
you want . . . the better paying job that can be yours.
Write for particulars now! (CREI training for veterans
is approved under the “G. 1. Bill.)

E. H. Rietzke, President

Just Off the Press!

WRITE FOR
FREE 36-PAGE
BOOKLET

'Your Opportunity
in the New World
of Electronics'”

Tells how CREIl
Courses can be
adapted to your
particular needs.

If you have had profes-
sional or amateur radio
experience and want to
muke more money, let
us prove to You we
have something you
need to quality for a
better radio job. To
help us intelligently an-
swer your inquiry —
PLEASE STATE
BRILFLY YOUR
BACKGROUND OF
EXPERIENCE, EDU-
CATION AND PRES-
ENT POSITION.

INSTITUTE

Dept. E-7, 16th and Park Road, N. W., Washington 10, D. C.

New York (7}: 170 Broadway
San Diego (1): 316 C Sireet

Branch Offices:

Chicago (Z): 30 N. LaSalle Street
San Francisco (2}: 760 Market Street

Member: NATIONAL HOME STUDY COUNCIL; NATIONAL COUNCIL OF TECHNICAL SCHOOLS
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ohms is calibrated directly in micro-
volts. Frequency deviations up to 500
kilocycles over most of the tuning
‘ange are accompanied with only a
slight amount of amplitude modula-
tion, and at the standard deviation
of 75 kilocycles, there is less than 5
percent.

Aircraft Transmitter-receiver

HALLICRAFTERS Co0., 43 East Ohio St.,
Chicago 11, Ill. The Skyfone model
CA-2 covers all radio-range frequen-
cies and the standard broadcast band
as a receiver and transmits on the
frequencies assigned for personal
aircraft contacts with airfields. De-

signed for foolproof operation in the
hands of private fliers, the equip-
ment weighs only 8 pounds.

Sealed Plug-in Relay

WaRrRD LEONARD ELECTRIC Co., Mount
Vernon, N. Y. has developed a new
relay designed for a-c or d-c opera-
tion in equipment where space is
limited. Completely encased in a
cylindrical can, these midget relays

provide protection against adverse
atmospheric conditions such as mois-
ture, dust, and corrosion. Relay coil
and contact connections are totally
enclosed within the metal housing
and are brought to the prongs of a
standard octal-plug base. Plug-in
relays are available in contact com-
binations to double-pole, dsuble-
throw with a-c contaet ratings (at
commercial frequencies) of 4 am-
peres from 0 to 115 volts and d-c
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i LOOKING FOR SOMETHING UNUSUAL IN PLASTICS?

A glance at these photographs, which
show a few of the plastic forms avail-
able from Plax, may indicate to you that
Plax is a good source of unusual
things, some of which are original Plax

developments.

From dress decorations to high fre-
quency electronic applications, Plax pro-
ducts are daily proving themselves in a
wide variety of industries. In many
cases, Plax engineers assisted in the se-
lection of the proper material and Plax
experimental and development labora-
tories have been instrumental in making
a practical reality out of a design en-

gineer’s desires.

For illustrated literature on proper-

ties, prices and application suggestions

for Plax plastic products, please write
Plax.

PLAX SPECIALTIES

Polys-mrzre, Polyethylere Methacrylare, Ethyl Cel-
lulose Ce lulose Acetate, and Cellulose Acetate Bu-
i tyrate cre among the materials Plax produces in
the fcllowing forms: Rod, Tube, Sheet, Slab, Film,
I Fiber. Spacial Extruded Shapes, Blown ltems, and
Mach n2c Paris. Not cil materials cre available
in all forms listed.

Betwaen the resources of Plax and the Shaw Z=>
, Insuleycr Company, Invirgton 11, N. J., you can
obta:1 help and counsel in the use of most plastic
materic Is and processes. For interesting literature

on the materials listed above . . . write Plax. 133 WALNUT STREET % HARTFORD 5, CONNECTICUT

BT T e
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flnch facsimile

+850009

This first postwar Finch Telefax facsimile broad-

casting installation soon will be ready for delivery’

SL'RPRISINCL\‘ low priced. its moderate initial cost and maintenance budget
are due partly to Finch experience and know-how, and partly to the fact that,
in many details, it is closely related to the Finch family of proved facsimile
communication equipment — which means that the cost of jts careful develop-
ment was held down and the savings passed on to the purchaser.

Provided with two transmitting scanners to facilitate continuous flow of
program material to the radio transmitter, the installation includes a monitor
control desk for convenient, comfortable, and accurate control by the operator.

Only Finch Telefax brings you these advanfages:
1. Simple. reliable, time-saving. push-button operated, automatic, copy loading
and unloading.
2. Automatic scanner-carriage return at the end of each page.

3. Separate monitor recorder built into each scanner for convenient, easy
adjustment and observation.

4. An additional monitor recorder conveniently placed on the control desk
for recording the complete program under the watchful eye of the operator,
and to provide a complete, accurate file copy of the program transmitted.

5. Convenient centralized control of scanner operation comfortably handled by
a seated operator.

6. A license authorizing use of the applicable Finch patents for facsimile broad-
casting, and a guarantee protecting you against necessary infringement of fac-
simile patents are embodied in our sales contract.

After FCC facsimile standards have been established, units purchased now will
be modified, if necessary, at moderate cost.

* * *

Finch Telefax special receivers are now available in limited quantitics to purchasers of Finch broadcast-
ing equipment: Finch Telefax home receivers, for use with FM radio sets, will be available to the public
in « few months.

FINCH TELECOMMUNICATIONS, INC.
10 EAST 40th STREET, NEW YORK 16, NEW YORK

Also manufacturers of Finch ROCKET Antennas for FM Stations.

wWwWwW americanradiohistorv com
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contact ratings of 0.5 ampere from
25 to 115 volts.

Special Connectors

H. H. BuGGIE & Co., Toledo, Ohio.
A new type of connector with built-in
capacitors is now available for use
in radio and other electronic devices.
Units can be supplied in either water-
tight, pressurized or nonpressurized
types. The bypass feature in these
new units is such that currents of
undesirable frequencies are filtered
from the leads. Each pin is provided
with a bypass to the aluminum shell
(ground or chassis) at capacitances

from 50 to 1,800 micromicrofarads,
350 working volts, using tubular
ceramic capacitors. The unit is
available with various AN pin ar-
rangements as well as with special
pin arrangements to meet other
specifications.

Industrial Circuit Tester

PRECISION APPARATUS Co., INC.,
92-27 Horace Harding Blvd.,, Elm-
hurst, N. Y. The industrial circuit
tester, Series 856-J, is essentially a
double - meter  a-¢/d-c  volt - ohm-
milliammeter which can be used on
25 up to 60 cps. D-c and a-c volt-
ages up to 6,000 volts, d-c up to 12
amperes and a-c up to 60 amperes

can be measured. The double meter
| allows simultaneous measurement of
[ e voltage and current. The overall
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ANNOUNCING ANOTHER SANGAMO H“S]‘l

PAPER TUBULAR
“CAPACITORS

TWENTY-THREE years

ago Sangamo was first to announce the de-
velopment of Molded Mica Capacitors. Today
Sangamo scores agcin with another “First'"s
New Paper Tubular Capacitors which are
molded in a thermo-setting plastic. Molding
in plastic means th: same thing in paper
tubulars as it does in micas —more stable
capacity values. Other advantages of this
new molded produci are apparent at once:
all moisture is permanently kept out—capacity
values are sealed in. This means loager life:
lower power factor; cpplication at higher tem-
peratures. The molded finish is smooth—less
susceptible to catching dust. From a cost
standpoint, too, comes good news: Sangamo
Plastic Molded Paper Tubulars are priced only
sligthly higher than ordinary types. Use them
in all circuits whick. call for paper tubular
capacitors.

e MOLDED Paper Tubulars

® Metal-Encased Tubulars (Paper)

o Transmitting SII-Fllled

e Bathtub (Oil or Wax-Filled)

@ Diaclor {A Paper Transmitting)

® Mineral Oll (For 'E Characteristics)

e Ballast Capacitors::(Paper)

e Motor Starting, for A. C. and .D.C.

@ Tubular- Transmitting (Ofl-_ﬂlled Paper)
o Tubular Transmitling (Diaelor, Paper)

® Receiving Micas
o Transmitting Micas

| W ELECTRIC () COMPANY

@ Silvered Mica Butions SPRINGFIELD e ILLINOIS E
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YOU CAN NOW GET THESE
DAILY ESSENTIALS

(32-JP)

y/ 4
/
& 65052 )
L‘!llui PER SITIND
N s

(31-FE}

{(70-PO)

INSTRUMENT & TESTER
SWITCHES

12.14 and 20 position.
Shorting; non-shorting
1-6 decks.

OPERATING
TEMPERATURE TESTERS

Automatically compensated,
typical range for ovens,
0-650°F.

400 CYCLE PORTABLES.

Accuracy to *0.3%; pocket
size metal case; other ranges.

VACUUM-TUBE
FREQUENCY METERS

Accuracy, *0.25%; six
specific bands, to 3600 cps.
No drift.

MOST COMPACT
FREQUENCY METERS

Matches standard 2%z panel
instruments. 60, 120 cps.

ELAPSED .
TIME—FREQUENCY METERS

3%" mounting; encourages
periodic servicing and tube-
life checking.

MULTIPLE RANGE PORTABLES

Standard—4 frequency groups
at 3 voltages. Many special
order variations,

POTENTIOMETER-PYROMETERS

Measures and follows tem-
peratures continuously after
initial balancing.

(55-14-2)

(60-FP)

.-.many of these, and others from the J-B-T

line, are now stocked by leading jobbers. '

J-B-T INSTRUMENTS, INC.

431 CHAPEL STREET o NEW HAVEN 8, CONNECTICUT
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size of the hurdwuod case is 11 x 15
X 6 inches.

Energy Storage Capacitors

AEROVOX Corp., New Bedford, Mass.
A line of capacitors for energy-stor-
age applications has been designed
for the fields of flash photography,
discharge welding and impulse gen-
eration,

Maximum watt-second energy and
minimum weight and cost for indi-
vidual applications are achieved in
these capacitors by special ratings
consistent with the duty cyele. Euch
unit is provided with an extra large

!
b

number of internal connections in
order to minimize induetance. Also,
to handle the high currents involved,
units are divided into many sections
to further reduce the currents in
individual connections. This new
line of capacitors covers watt-second
ratings from 50 to 540, in voltages
from 2,000 to 4,000 inclusive.

Clock Switch

GENERAL ELECTRIC Co., 1235 Boston
Ave,, Bridgeport 2, Conn., is now
producing the Select-O-Switch, an
electric clock which will control ap-
pliances or equipment drawing
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HERE’S a war development that may offer an answer to
vour shielding problers in high-frequency equipment.

Tt is shielding rings of resilient Monel mesh. They
were first used by the U. S. Army Signal Corps.

The resiliency of Monel mesh assures continuous
contact at all points. And, Monel’s corrosion resistance
minimizes any loss of over-all conductivity from attack
by moisture-laden air or sea water.

When used in place of fabricated sheet metal shields,
these rings speed production and assembly ... reduce
space requirements . .. simplify disassembly.

And. where fluid seal attachments are needed, design-
ers find that Monel can be satisfactorily bonded to
rubber-like materials.

Most important, Monel mesh shielding rings do a fine
job of “frustrating” straying h-f currents. Currents that
“want oul” have to run around in circles until they
crawl back into the box.

Investigate this new shielding method. Knit Monel
mesh can he made into rings of all types and sizes to fit
individual requirements. For more information write:

Metal Textile Corporation, Orange, New Jersey.

THE INTERNATIONAL NICKEL COMPANY, INC.
67 Wall Street, New York 5, N. Y.

ELECTRONICS — July 1946

One of several inferesting pos-
sibilities for knit Monel mesh
is in the “plumbing’ on high-
frequency equipment. Knit
Monel mesh can be used be-

tween the concentric metal tub-

ing uszd for tuning.

TRADE MARK

INCONEL* » NICKEL * ““L“ NICKEL* * "Z" NICKEL*

wwWw americanradiohistorvy com

NICKEL é@: ALLOYS

MONEL* * K’ MONEL* * “R"”" MONEL* * "KR" MONEL* ¢ S MONEL*

“Teg. U. 3. Fat. OfF
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RELIABLE PLUG-IN OPERATION

for

LIMITED SPACE APPLICATIONS

Winchester monosLock

Reliable plug-in operation is assured with
the new Winchester rectangular connec-

tor. This compact unit occupies a mini-

mum of space. It can also be supplied

with a self-contained locking device.

® MONOBLOCK CONSTRUCTION
® MOLDED OF MELAMINE

® PRECISION, MACHINED
CONTACTS

® POLARIZED
® SELF.-ALIGNING
® SURFACE CREEPAGE — I/, in. min.

between adjacent contacts.

Available in 12 & 18 conductor sizes—

Type RE18 — 18 contacts
Type RE12 — 12 contacts

For further information write for Bulletin 134-K

The Winchester Company w = = &

L]
1
i
i
i
i
R
.\

CONNECTORS

6 EAST 46th STREET - NEW YORK 17, N.Y. U.S.A.
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| power up to 1,660 watts for pre-

selected intervals over any 12-hour
period. The clock measures 63 x 5 x
3 inches and is enclosed in a plastic
case,

Fluorescent Lighting
Capacitors

AEROVOX CorP., New Bedford, Mass.,
offers a new line of capacitors suit-
able for fluorescent lighting service.
Extra ruggedness has been attained
by a careful selection of tissue and
foil, followed by thorough impregna-
tion of sections using long pumping
cycles. The impregnant is Hyvol,
a synthetic high-dielectric compound
with stable characteristics. These
fluorescent capacitors are now avail-
able in all standard types, and also
in special sizes and shapes, to suit
any requirements. Some of the
more popular items have a capaci-
tance of 3.5 uf at 330 volts in a
2 x 2-inch round can. Others have a
4.75 pf capacitance, 115 volts, oval
can, size 1#: x 2% x 3% inches.

Sheet-metal Fastener

TINNERMAN PRrODUCTS, INC., 2106
Fulton Road, Cleveland 13, Ohio, is
producing the J-type speed nut use-

Loe B e

ful in junction-box assembly. The
nut snaps over the screw hole in a
self-retaining position and is pro-
vided with a cap which prevents in-
jury to wiring.

Laboratory Tester

REINER ELECTRONICS Co., INC., 152
West 52nd St., New York 1, N. Y.
The Model 333 volt-ammeter is par-
ticularly designed for schools and
laboratories as well as for amateur
use. It comprises a hermetically
sealed meter and a drawerful of
shunts and multipliers, the combina-
tions of which are guaranteed to
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THE SCOPE OF THE

SORENSEN REGULATOR .. . is amazing'

Compensates in LESS THAN 1 10 of a

second for
e Frequency variations of =15%.

e Input voltage fluctuations of 95-130
volts.

¢ Load changes of =75%.

OUTPUT VOLTAGE CONSTANT TO

0.2%

Unretouched photograph of output . . . even at extremes of rated ]011(‘, fre-
waveform of illnstrated Model 1000

under full load.

quency, or input variation.

* No moving parts.

¢ Independent of load power
factor.

e Wave form distortion less

than 5%.

¢ Readily adapted to current
regulation.

e Regulators available in load

ranges from 25-15,000 va. The MODEL 4

1000 (range 100-1000 va.)

For precision measurements—

SPECIFY SORENSEN REGULATORS

Write for descriptive literature.

SORENSEN & COMPANY, Inc. STAMFORD, CONN.
Dl ——— e —— B d
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//————— within 1-percent accuracy. Volt-

ages to 1,000 and currents from 2.5

WHEN_MAXIMUM EFFICIENCY IN milliamperes to 10 amperes can be

(FREQIIENOY CONTROL

IS DEMANDED

measured. This model is used for
d-c measurements. Other models are
available for a-¢c or a-¢c/d-¢ use.

Resistance Comparator

CLIPPARD INSTRUMENT LARORATORY,
INC., 1440 Chase Ave., Cincinnati 23,
Ohio. The type PR-4 resistance
! comparator has been designed for
production testing of resistors over
the range 100 ohms to 100 megohms.
The resistors under test are checked

minus 25 to plus 30 percent. The
accuracy of the instrument is guar-
| anteed within plus or minus 1 per-
I cent over the entire range. Maxi-

mum wattage across the resistor
under test is 0.36 wuatt for the 100-
ohm size, less for larger types. The
apparatus operates from a 105 to 125
volt a-c line and is independent of
line voltage within this range.

Type VDO — a compact unit utilizing two
crystals in the same holder with or without tem-
perature control — is a 5-pin mount designed to
fit the standard S-prong tube socket. Particularly
adaptable for use in transceiver equipment where
both transmitter and receiver channels are crystal
controlled.

Send for Bulletin No. 8, giving complete
specifications and details of various applications.

VALPEY CRYSTAL CORP.
HOLLISTON, MASS,

it’ VA L I EY =
It s l with a standard within the limits
23

Oscilloscope Calibrator

PoLARAD ILECTRONICS Co., 135 Lib-
erty St.,, New York 6, N. Y. The
Voltascope is used to supply peuak-to-
peak voltages of 0.1, 1.0 and 10 volts
to a cathode-ray oscilloscope for ~ali-
bration purposes or to compare a
signal of unknown amplitude with
the standard through muanipulation

CRAFTSMANSHIP IN CRYSTALS SINCE 1931
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5.5 WHITE FLEXIBLE SHAFTS

GIVE YOU THE BIG ADVANTAGE OF
/]

Saceability’
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"Placeability” is a word we coined to repre-

sent an important advantage you get when you
use S.S.White flexible shafts in conjunction

with any circuit element requiring powar drive
or remote control.

dddidddaaiil]

The thaft serves to give you full freedom in
locating both the element and its control. You
can place the element where you want it to
satisfy space, operating, and servicing require-
ments. And you can also group the control

knobs for convenient operation and harmonious
appearance.

TR

The "placeability” that is gained through
the use of S.5.White flexible shafts opens up
new possibilities in electronic equipment design

Write for Flexible Shaft Bulletin 4501

This bulletin gives
basic information
and technical data
about S5.5.White
flexible shafts and
) their application.
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5 SSWHITE

THE S. S. WHITE DENTAL MFG. CO.

- INDUSTRIAL ...

10 EAST 40th ST., NEW YORK 16, N. Ve
FLEXIBLE SHAFTS + FLEXIBLE SHAFT TOOLS
SMALL CUTTING AND GRINDING TOOLS
MOLDED RESISTORS

AIRCRAFT ACCESSORIES
SPECIAL FORMULA RUBBERS
PLASTIC SPECIALTIES -

CONTRACT PLASTICS MOLDING

Oue of Amenicas AAAA Tnductrial Ewternprisee
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IN PRODUCTION

ROTOBRIDGE

Checks a Circuit a Second

W Use the Rotobridge as insurance against returns, rejects
and troublesome service calls.

This automatic instrument checks wiring errors, resistance
and reactance values—right on the assembly line!

Designed for continuous 24-hour duty, the Rotobridge
serves you where and as vou direct. A 10% resistance
tolerance at one point? A 259 capacity tolerance at
another spot? Trust the Rotobridge to do the job with
unfailing accuracy—-and completely automatically!

Versatile, the Rotobridge is adaptable either to several
smull-sub-assemblies, or a complete set comprising as many
as 120 circuits. Two or three Rotobridge units, working
simultaneously, will inspect a 30 or 40 tube set up ... in
five minutes. WRITE FOR BULLETIN AND PRICES

Communication Measurements Laboratory

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

SALES }
OFFICES

Chicago: 612 N. Michigan Avenue
Washington: 924 19+h Street, N. W.

of the oscilloscope gain control. OQut-
put of the device is dependent upsn
line voltage from the 115-volt 50- to
60-cps line to which it is connected

VOLTASCOPE

G, TV

e S0 &%

for operation. The unit measures
3 x 4 x 5 inches, weighs 2 pounds
and costs $15 in New York.

Phone—C-W Transmitter

TRANSMITTER EQUIPMENT MANUFAC-
TURING Co., 345 Hudson St., New
York, N. Y. The Model 75GA 75 to
100 watt amateur radio transmitter
is suitable for operation on all bands
from 3.5 to 28 megacycles, using

| either crystal or variable frequency
| oscillator control. The unit can also
be used as the driver for a 500-watt
power amplifier. Circuits are pro-
vided for break-in operation, includ-
ing grid-block keying and an antenr
transfer relay.

| Power Triode

MACHLETT LABORATORIES,
Springdale, Conn., announce
dition of an improved type
high frequency, water-cooled
to their line of high power trar
ting tubes. This tube feature:
use of heavy sections of Kovar
the glass seals rather than th-
ventional type of feath

per seals. The gré
structures are me
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S.WHITE FLEXIBLE SHAFTS
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GIVE YOU THE BIG ADVANTAGE OF
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— IN EQUIPMENT DESIGN
E "Placeability'" is a word we coined to repres
:-. % sent an important advantage you get when you
- use S.S.White flexible shafts in conjunction
— with any circuit element requiring power drive
EE or remote control.
a The shaft serves to give you full freedom in
- locating both the element and its control. You
% can place the element where you want it to
5 satisfy space, operating, and servicing require-
-
-
-

¥

ments. And you can also group the control

knobs for convenient operation and harmonious
appearance.

The "placeability’ that is gained through
the use of S5.5.White flexible shafts opens up

new possibilities in electronic equipment design

Write for Flexible Shatt Bulletin 4501

i

o O 4 2P 14

This bulletin gives
basic information
and technical data
about S.5.White
flexible shafts and
their application.

SSWHITE

THE S. S. WHITE DENTAL MFG. C

* INDUSTRIAL ...

10 EAST 40th ST., NEW YORK 16, N. Yienm
FLEXIBLE SHAFIS < FLEXIBLE SHAFT TOOLS AIRCRAFT ACCESSORIES
SMALL CUTTING AND GRINDING TOOLS

MOLDED RESISTORS

SPECIAL FORMULA RUBBERS
PLASTIC SPECIALTIES CONTRACT PLASTICS MOLDING
ELECTRONICS — July 194€
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PERFECTION
~ IN PRODUCTION

ROTOBRIDGE

Checks a Circuit a Second

Use the Rotobridge as insurance against returns, rejects
and troublesome service calls.

This automatic instrument checks wiring errors, resistance
and reactance values—right on the assembly line!

Designed for continuous 24-hour duty, the Rotobridge
serves you where and as you direct. A 10% resistance
tolcrance at one point? A 25% capacity tolerance at
another spot? Trust the Rotobridge to do the job with
unfailing accuracy—and completely automatically!

Versatile, the Rotobridge is adaptable either to several
small-sub-assemblies, or a complete set comprising as many
as 120 circuits. Two or three Rotobridge units, working
simultaneously, will inspect a 30 or 40 tube set up ... in
five minutes. WRITE FOR BULLETIN AND PRICES

Communication Measurements Laboratory

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

SALES s Chicago: 612 N. Michigan Avenue
OFFICES Washington: 924 19¢h Streef, N. W.
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of the oscilloscope gain control. Qut-
put of the device is dependent upen
line voltage from the 115-volt 50- to
60-cps line to which it is connected

S

¢ e ———
b INPUT
s VOLTASCOPE
wosL ¢

D BACTROWES CQ
4 wEW TOM K

YOLTAGE
PEAK TO PEAX

for operation. The unit measures
3 x 4 x 5 inches, weighs 2 pounds
and costs $15 in New York.

Phone—C-W Transmitter

TRANSMITTER EQUIPMENT MANUFAC-
TURING Co., 345 Hudson St., New
York, N. Y. The Model 75GA 75 to
100 watt amateur radio transmitter
is suitable for operation on all bands
from 3.5 to 28 megacycles, using

]

|
|

either crystal or variable frequency
oscillator control. The unit can also
be used as the driver for a 500-watt
power amplifier. Circuits are pro-
vided for break-in operation, includ-
ing grid-block keying and an antenvia
transfer relay.

Power Triode

MACHLETT LABORATORIES, I, C.,
Springdale, Conn., announce the ad-
dition of an improved type 889-A
high frequency, water-cooled triode
to their line of high power transmit-
ting tubes. This tube features the
use of heavy sections of Kovar for
the glass seals rather than the con-
ventional type of feather-edge cop-
per seals. The grid and filament
structures are meunted from one-
piece high-conductivity copper sup-

July 1946 — ELECTRONICS



| &
Selenium Rectifiers, 4 volis, 0.1 g
milliamperes d-c 1

R

Seleninm Stack, 110 volts, 5 amp, d-¢

. s R ZONE ﬁ

ELECTRONICS — July 1946

G-E SELENIUM RECTIFIERS

Savings in both space and weight are features of G-E Selenium
Rectifiers. Engineered and produced in a wide choice of sizes
and capacities, they do a big job where limited space is a
factor. They're designed to withstand extreme variances in
ambient temperatures, humidities, atmospheric pressures.
They can be depended upon to deliver faithful service in
series, parallel, and series-parallel circuits. G-E Selenium Rec-
tifiers are noted for long and economical service. Write for
booklet, “G-E Selenium Rectifier Stacks.” Section A1l1-7119,
Appliance and Merchandise Department, General Electric

Company, Bridgeport, Connecticut.

GENERAL @ ELECTRIC

www.americanradiohistorv.com
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WELCH METERS
D.C. PANEL INSTRUMENTS

are the product of over
fitty years’ experi-
ence in designing
and building high-
grade instru-
ments.

* K

NOW AVAILABLE
PROMPTLY
Special Features

* Alnico Magnets

® Sapphire Jewel Bearings

® Selected Steel Pivots

® Fume-proof Metal Scales

® Extremely Rigid Mount-
ing

® Sensitive Movement

*® High Torque Ratio

® Stable and Well-Damped

® Cases Moulded Bakelite
for Flush Mounting

MODEL NO. 350

MODELS

350-—3'% inch round—2.4 inch scale
351-—3 inch square—2.4 inch scale

451-—41; inch rectangular—
5 inch scale

MODEL NO. 3571

TYPES

Microammeters
up to 0-500
Milliammeters 0-1 up
to 0-500

Ammeters 0-1 up to
0-30

Voltmeters,
ranges,
50,000
volt

Zero Center Amme-
ters

DB Meters

Rectifier Instruments

Thermocouple Me -
ters

Special Sealed Me-
ters

0-20

vdrious
100 to
ohms per

MILLIAMPERES

DIRECT CURRENT

Write for
CATALOG OF
ELECTRICAL
MEASURING
INSTRUMENTS MODEL NO. 451

W. M. WELCH SCIENTIFIC COMPANY

Established 1880

) tions are made.

—

| borts which also form the contacts
| to which grid and filament connec-
Being gold plated
externally, minimum contact and
lead resistance are obtained. This

o e ey s e e

tube finds use in radio transmission
for frequencies up to 50 megacycles
at full-power input and for dielectric
heating purposes.

Multivoltmeter

RAWSON ELECTRICAL INSTRUMENT
! Co., 111 Potter St. , Cambridge, Mass.
hdb developed t\\o new multirange
d-¢c voltmeters. Range of the type

501F is 0.01 {0 1,000 volts full scale
and that of type 501G, 0.1 to 100
volts full scale. All resistors are
wire wound and an accuracy of 0.5
percent is guaranteed for the instru-
ments.

| Two- and Three-pole Relays

1515 Sedgwick Street, Dept. H, Chicago 10, Illinois, U. S. A.
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KURMAN ELECTRONICS CORP., 35-18
37th 8t.,, Long Island City 1, N. Y.,
announces « new line of two- and
three-pole relays, Series 16. This
tvpe is designed so that the arma-
ture is insulated from the contact
arms by a bakelite link providing
insulation good to 1,500 volts be-
tween all contacts and ground.
Rated for 2-watt operation, the coil
will dissipate as much as 4 watts
continuous operation without
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BH SPECIAL TREATED FIBERGLAS SLEEVING

s

lr-' You NEED an electrical insulation that’s not
affected by temperatures up to 1200°F., yet is
unusually flexible, workable and durable, you’ll
find it in BH Special Treated Fiberglas Sleeving.
Even in direct contact with heat units this re-
markable sleeving won’t burn.

Reason? it’s made of inorganic Fiberglas and
treated by the exclusive BH process. No saturant
is used, yet the sleeving won’t fray when cut and
it is permanently flexible. In addition to many
other properties it is moisture, oil and grease re-
sistant . . . works easier, simplifies assembly and
lasts longer. Made in natural color only—all
standard sizes. Get your free samples today and
compare!

HERE'S ANOTHER NON-BURNING SLEEVING

BH Extra Flexible Fiberglas Sleeving won’t
burn because both yarns and impregnation are
non-inflammable. This high quality sleeving has
all the advantages of pure Fiberglas, is toughened
against abrasion, is non-fraying and non-stiffen-
ing. It lasts indefinitely without rotting or crack-
ing—the ideal all-purpose electrical insulation for
all kinds of industrial equipment and home appli-
ances. Available in all standard colors and sizes
from No. 20 to 34", inclusive. Put it to the
toughest tests you know and watch the results!

‘ALL BH PRODUCTS AVAILABLE IN STANDARD
36” LENGTHS AND 500-FT. COILS

Dept. E Conshohocken, Penna.

ELECTRONICS — July 1946 2
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overheating. Any two- or three-pole
contact combination is available.
The contacts are rated to carry 2

4

| amperes at 100 watts. A coil may

be selected for any d-c voltage be-
lween 0.5 and 150 volts, and any a-c
voltage between 8 and 500 volts. The
approximate dimensions are 2 x 1+
x 13 inches. The weight is approxi-
mately 4 ounces. Additional informa-
tion may be obtained in Bulletin
| 1646.

Microwave Tubes

SYLVANIA ELECTRIC Probucrs, INc.,
Two new vhf triodes are particularly
suitable for application to relatively
simple wave-guide systems for many

SOLDERING

Sqldering efficiency reaches a new high with TRI-CORE solder
wire.

The unequalled performance of this remarkable Alpha-

developed product makes it a must for radio, electronic and
electrical work.

TRI-CORE speeds up production as no single core solder can. industrial electronic control, inspec-
TRI-CORE prevents empty flux sections. It provides the flux- tion and sorting applications. The
Ing you need. No corrosion. No manpower waste. new tubes feature streamlined cath-

What’s more, with TRI-CORE solder you may use an alloy g ode assembly, planarh grids, v 1
of smaller tin content—and still produce results superior to : interelectrode capacitance, minimum
solders having a tin content 159}, to 66%, greater than ' transit-time effect and low power-
TRI-CORE’S. | input requirements. The type 2C36,

at right, measure only 234 inches over-

| shown at left, and type 2C37, shown
On every count, TRI-CORE will get your OK for better, Sion at ell, and yp
g all.

faster soldering. Try TRI-CORE!

SEND FOR TEST SAMPLE AND
DESCRIPTIVE BULLETIN

ALPHA METALS, INC.

Single Core, Rosin and Acid Filled, Special Core Solder,
Wire, Bar, Sheet, Preforms. Lead and Tin Products.
371 Hudson Avenue, Brooklyn 1, N. Y.

Export Div: 25 Warren St., New York 7
Cables: Simontrice, New York

. Welding Timer

| WELTRONIC Co., 19500 West Eight
Mile Road, Detroit 19, Mich. The

i ' Model 120-75 timer-contactor for re-
sistance welders uses only two re-
| lays and is built to mount on either

238 July 1946 — ELECTRONICS
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 Yodel 2405 Volt* Ohm - Milhammeter
o~ 250000kms
pervolt DC.

NEW “SQUARE LINE” metal case,
attraetive tan “hammered”” baked-
on enamel, brown trim.

Vv PLUG-IN RECTIFIER

Replacement in case of overloading
is as simple as changing radio tube.

vV READABILITY

The most readable of all Volt-
Ohm-Milliameter scales—5.6 inches
long at top arc.

Vv RED ¢ DOT LIFE-
TIME GUARANTEE
on 6¥ instrument protects agatnst

defects In workmanship and ma-
terial.

New ENGINEERING o New DESIGN |
New RANGES o

(50 RANGES)

Voltage: 5 D.C. 0-10-50-250-500-1000 at 25000 ohms per volt.
5 A.C. 0-10-50-250-500-1000 at 1000 ohms per volt.
Current: 4 A.C. 0-.5-1-5-10 amp.

6 D.C. 0-50 microamperes
4 Resistance 0-4000-40,000 ohms

0-1-10-50-250 milliamperes—0-10 amperes
4-40 megohms.

6 Decibel —10 to +15, +29, 143, -+49, +-55.
Output Condenser in series with A.C. volt ranges.
Model 2400 is similar but has D.C. volts Ranges at 5000 ohms per volt.

WRITE FOR COMPLETE DESCRIFPTION.

&, Triplett

ELECTRICAL INSTRUMENT CO. srurrron, ouro

+ELECTRONICS — July 1946 239
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ELECTRONIC
REGULATED-VOLTAGE
POWER SUPPLY

oW
.”bvo
¢

O

Built for the U. S. Army as Power Supply RA-57A.

Adapted to civilian use by mounting on 21" chassis, ' brackets, standard 19"
x 124" steel (black or grey crackle finish) rack panel, and installing milliammeters,
voltmeters, pilot lights, switches, fuses, gower cords, etc.

Fits any standard 19" rack or cabinet. Built from equipment which is either
new or never used. Each unit unconditionally guaranteed.

IMMEDIATE DELIVERY—LIMITED QUANTITY

TYPE A:—Variable from 210 to 350 Y.D.C., at 400 M.A.
TYPE: B:—Variable from 535 to 9I5 V.D.C. at 125 M.A.

Specifications

Input:—115 V. 60 cycle.

Regulation:—Less than 1/10 volt change in output voltage with change of
from 90 to 140 V.A.C. input Vo|fage and from no load to full load {over
wide latitude at center of variable range see graph).

Ripple:x—Less than § millivolts at all loads and voltages.

Overall dimensions:—19" wide; 121/," high; 11" deep.

Tube complement, Type A: 2-836; 6-4Lé; 2-65F5; 1-VRI50; 1-YRIOS
Tube complement, Type B: 2-834; 2-6L6; 2-85F5; 1-VRISO; 1.YRI0S

Note constant D.C. output voltage over wide range; straight line regulation
COMPONFENT PARTS ALONE LIST FOR MORE THAN $400.

NET PRICE: Type A:—$138.00:; Type B:—$135.00 F. O. B. Baltimore

NATIONAL RADIO SERVICE CO.

Reisterstown Rd. at Cold Spring Lane Baltimore 15, Md.

www.americanradiohistorv.com

the right or left side of the welder.,
Brackets are provided for B- or

C-size ignitron tubes and adapters
for A-type tubes can be supplied.
The timing element itself can be
plugged in or removed easily. A
glass cover allows viewing the posi-
tion of controls without their being
immediately accessible. The unit
measures 8% x 20 x 40 inches.

Turntable Motor

ALLIANCE MANUEACTURING Co., Alli-
ance, Ohio, has announced the Phono-
motor, Model 80, which features uni-
form table speed. Motor and idler
plate are shock-mounted to reduce
vibration and forced ventilation is
achieved by a fan. The motor turns
at 78 rpm, operating from a 110-volt
60-cps line.

High Frequency Probe

ALFRED W. BARBER LABORATORIES,
34-14 Francis Lewis Blvd,, Flushing,
N. Y. A practical answer to the
problem of measuring voltages in
very high frequency circuits is
offered in the Model 29 high fre-

quency probe.
have an input capacitance of 5 micro-

Most existing probes

microfarads or more, The effect of
loading and detuning of very high
frequency circuits is therefore
greatly reduced in the new probe
which has an input capacitance of

July 1946 — ELECTRONICS



Here’s another Styron in the form of cast rods that challenges heat
distortion ai new heights! This plastie, now made commereially
available by Dow, will withstand heal of a soldering iron; or even
immersion in molten lead for short periods! Tis ability 1o resist heal
gives Styron significant superiority in machining operations. It can
be fabricated by the usual metal machining methods. It accommo-
Jdates metal inserts better 100. Extreme clarity and high relractive
index make it adaptable 1o lenses and other optical equipment. And
its low power factor makes it broadly useful in electrical applications,
especially in the high frequency field. Stvron 200 is available only

in cast rods from 4" 1o 124" in diameter. It is nol a molding material.

Success in plastics is best measured in end products. It calls for
the combined efforts of manufacturers. designers, fabricators

and raw material producers. Dow is ready to do ils part. Save
time and money—call on Dow and get the most out of plastics.

PRESENT AND POTENTIAL USES—Insulators; knobs; switches; switch plates; fixtures;
machined parts for radio and radar installations and high frequency electrical equip-

ment: windows for instrument panels; simple lenses and other optical products.

PROPERTIES AND ADVANTAGES—F.xcellent resistance to heat distortion; high dielectric
strength; unusually low power factor; low water absorption; unusual hardness; high

refractive index; low specific gravity; excellent resistance to acids and alkalies; excellent

machineability; extreme clarity. Pg = rE A\
A - 1d

IHE DOW CHEMICAL COMPANY e MIDLAND, MICHIGAN o i, S
New York o Boston o Philadeiphia = Washington » Cleveland o Dotroit = Chicago e St Lowie STYRON o SARAN e SARAN FILM

Houston e« San Francisco « Los Angeles » Seattie

www.americanradiohistorv.com



The No. 10012
RIGHT ANGLE DRIVE

*"Designed for Application,' Extremely com-
pact. Case size is only 114" x 1%4" x Y.
Uses bevel gears. Mounts on adjustable
“'standoff rods,"" single hole panel bushing
or tapped holes in frame. Ideal for operating
switches, potentiometers, ete., that must be
located, for short leads, in remote parts of
chassis.

JAMES MILLEN
"MFG. CO,, INC.

MAIN OFFICE AND FACTORY

MALDEN
MASSACHUSETTS

M

0.5 to ! micromicrofarad, extending
the range of measurements ten |
times, from 50 to 500 megacycles.
The new probe, replacing the stand- |
ard probe of the Model VM-27
vacuum tube voltmeter, is adjusted
accurately to one-tenth the sensitiv-
ity of the standard probe. Conse-
quently, all voltage readings are
exactly ten times the indicated
values. Thus the voltmeter has
full-scale ranges of 10, 30, 100, 300
and 1,000 volts.

Frequency Meter and
Tachometer

COMMUNICATIONS MEASUREMENT
LABORATORY, 120 Greenwich St., New
York 6, N. Y. The Model 1800 is a
visual frequency meter which can
be used to determine frequencies in

the range of 10 to 20,000 cps with
an overall accuracy of better than
1 percent. The addition of a strobo-
| scopic lamp allows its use as an
| electronic tachometer. Pulses of
practically any wave form up to 50
‘micro-seconds duration can also be
measured. External recorders or
‘ meters can be used for graphical or
| remote indications.

!
|

Vacuum-tube Voltmeter

GENERAL ELECTRIC Co., Schenectady
5, N. Y. announces a new vacuun- |
tube voltmeter identified as Type
AA-1. Tt has ten calibrated voltage
ranges, the lowest being 10 millj-
volts full scale for readings as low |
as 1 millivolt, and the highest 300
| volts. The complete rating is from
| 0 to 0.01 up to 0 to 300 volts so that
| a wide range of measurements can‘
|

be made without reading below one-
third of the full-scale value. For |
all frequencies between 15 cycles and |
'500 kilocycles the accuracy is —3
percent; and between 500 kilocyclesl
l'and 1 megacycle it is —5 percent. |
The instrument can be used with rea- |

wWwWwW americanradiohistorv com
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SERIES 950
SINGLE POLE RELAYS

General Circuit control unit, inexpensive,
vet highly efficient. Available in either
single or double throw, open or closed
contacts. Coils—1 to 115 v A.C. 2 to
60 v D.C. Size — Vo-in. x 1V .in. «x
2-21/32-in.

SERIES 960 i
DOUBLE POLE RELAYS

yet powerful relay suitable for
light ar power transfer systems. Availoble
in either single or double throw, open or
closed contacts. Coils— 1 to 115 v A.C.
— 2to 60 v D.C. Size — TYz-ine x 18-
in. x 2-21./32.in.

Small,

SERIES 970

THREE POLE RELAYS
Very rugged, small relay. Available in
either single or double throw, open or
closed contacts. Coils— 1 fo 115 v A.C.
— 21to 60 v D.C. Size — 2% -in. x 2Y,-
in. x 2-15/16-in.
A similar Four Pole Relay (SERIES 980)
is available in full range of contact
combinations.

Write for catalog and price list

ﬁo’vaﬂcem/ays

ADVANCE ELECTRIC & RELAY CO.

1260 W. 2nd St.. Los Angeles 26, Calif., U.S.A.
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oni nts-
heisy METALTEX i
e screening
oS\“o o\“\\OT\ oul o ® is p-cduzed by the elzc-
tmoplatieg process,
ot wanizh aisures maximum

azcu-acy in perfcra-
t om amd pattern.

THE HEADDEN COMPANY
17 Academy St., Newark 2, N. J.

Send samples as checked below:
[ METALTEX Non-Woven Screening
O Circuit Connectors

P il

Compary. ..
Judge the quality Add o
for yourself. Mail s
coupon at right. Signed ... ... e
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0 BRADLEY

SELENIUM

RECTIFIERS

Modal Se-4P20F

Full-wave  rectifier
rated  ac 110 voles
A.C.. 80 volts D.C., 35
D.C.

Single hole mounting;

milliamperes
pressoldered  texible
feads:
lated housing.

sealed in insu-
Rectificadion  prob-
lems in  instcruments,
electronic devices, and
power
have been readily met

applicadons

by Bradley engineers,
who can quickly speci-
fy the proper selenjium
rectifier for your appli-
cation, or design and
produce a special unit

for vou.

Mustrated nterature,
ovailable on request,
shows more models of
selenium rectifiers, plus
a line of cooper oxide
rectifiers and chotocells.
Write for “The Bradley

Line.”

luna 4|

BRADLEY |

LABORATORIES, INC.

82 Meadow St. ‘New Haven 10, Conn.
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cycles, and 1 to 1.5 megacycles.

The instrument is also graduated
in . decibels and covers a range of
minus 65 to plus 45 from a reference
level of 6 milliwatts into 500 ohms.
The input resistance is 2 megohms.
A ten-position pushbutton switch
mounted on the front panel allows

any working range to be selected
without passing through intermedi-
date ranges.

The vacuum-tube voltmeter is con-
tained in an aluminum case having
a sloping front panel which supports
the indicating instrument. For con-
venience in carrying, a leather
handle is attached to the top of the
case,

Flexible Wave Guides

TITEFLEX, INC., 500 Frelinghuysen
Ave, Newark 5, N. J. Because it
is frequently desirable to substitute
4 flexible section of wave guide for
a more complicated fitting composed

N e -

400 7¢

WAVEFLEY

the various
made from

angles,
microwave conductors
| flexible tubing are necessarv. Illus-
| trated are a section of tubing and |
| below it, a finished wave guide,

bends and

‘of

I
Railroad Antenna

AMERICAN PHENOLIC Corp., Chicago
I 50, 1Il., has designed a broad band
| 160 megucycle ground plane antenna

WwWWW americanradiohistorv com

sonable accuracy between 10 to 15 |

ar
1

Firm fastenings for

your finer apparatus

Tiny hex-socket Cap Screws and Set
Screws steeled to stand amazingly tight
set-ups. Cap Screws in the numbered
sizes from 1 to 10 inclusive; Set Screws
from No. 2 to 10.

The Cap Screws are Allen “pressuy-
formd” for maximum strength of head
and socket. Threads also formed by
pressure-process to a high Class 3 fic.

The Set Screws have die-cut threads
accurate to a high Class 3 fit, with per-
fectly-formed hex sockets. The screws
can be held on cither end of the handy
hex keys and turnecd into the tapped
hole without fingering. Allen Hand
Drivers are available to facilitate fasc
assembling.

In radio and television sets, radio telephoanes,

radar equipment, clectronic controls. these

screws HOLD finc adjustments and intricage
assemblies.

Order of your local Industrial Distributor

THE ALLEN MFG. CO.,
HARTFORD 7, CONN., U. S A.
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the first really new communications receiver in years

The crowd was so dense around the
Cardwell Fifty-Four at the Radio Parts
Show in Chicago that we thought it
would be only fair to give you another
look at it. Here it is. Check and compare
these 18 outstanding features—then plan
to order by September.

1. Full Turret Type R.F. Section.

(Sturdy cast aluminum construction assures abe
solute mechanical and electrical stability.)

2. Wide Frequency Coverage.

(Range .54 to 54.0 mca.‘Basic turret covers .54
through 40 mcs. Extra coil strip supplied with set
extends range to 54 mcs. and can be installed n
ten minutes using only a screwdriver.)

3. Secondary Frequency Standard.
(Unique type crystal calibrator provides check

points of either 100 or 1000 kcs. and can also be
used to check sensitivity or realign set.)

4. “Custom Built” Gang Condensers by
Cardwell.
(STANDARD OF COMPARISON.)

5. Variable Selectivity Crystal Filter.
(Combined with variable selectivity I. F. ampli-
fier circuit allows choice of 5 degrees of selec-
tivity—three ‘with crystal, two without.)

6. Exceptionally Good Signal to Noise
Ratio,

(Two grounded grid R.F. amplifier stages as-
sure actual receiver noise less than 6 db-above
thermal!)

ELECTRONICS — July 1946

7. New Type Noise Limiter.

(A really effective aid in reducing local 1gnition
interference and similar noises.)

B. Electrical Band Spread.

(Band spread scales, excluding standard broad-
cast, calibrated directly. Arbitrary scale 0-100
also visible on each setting.)

9. Large Direct Reading Precision Dials.
(Excellent visibility—pointer travel better than
1014 inches on every range—velvet smooth dial
action that is a pleasure to use.)

10. Temperature Compensated Oscillator.
(Stabitity is better_than 25 parts per million per
degree centigrade. V.R. tube maintains maximum
frequency stability against line voltage tuctua-
tions.)

11. Mechanical Coupling Provisions.
(Control shafts are brought out at rear for linkage
to other units such as a transmitter exciter.)

12. All Miniature Tubes.

(18, including rectifiers.)

13. Threshold Squelch.

(Operating level controllable from $ to 100,000
micro volts.)

14. Panoramic Adaptor Jack.

(Provision is made for connecting a panoramic
adaptor unit.)}

15. All Aluminum Unit Coastruction.
(Receiver and power supply combined in one
sturdy lightweight unit 184" wide x 16” deep x
11" high. Weight approximately 70 Ibs.)

16. Heavy Duty Speaker.
(Compact tilting unit 9%4" wide x 814" deep x 11"

high for wall or table moanting. Angle of sound
projection adjustable to individual preference.)

17. Eight Watts Audio Output.

(Push-putl class AB—with four output imped-
ances. Connections are provided for feeding the
audio section from an external source such as
phono pick up or microphone.)

18. Rack Mounting Model.
(Will be available.)

WRITE FOR COMPLETE TECHNICAL BULLETIN

THE ALLEN D. CARDWELL MANUFACTURING CORP.

MAIN OFFICE
& FACTORY:

97 WHITING STREET
PLAINVILLE, CONN.

www.americanradiohistorv.com

245



FOR RADIO AND
ELECTRONIC APPLICATIONS

ONAN ELECTRIC GENERATING PLANTS
supply reliable, economical electrical service
or electronics and television applications as
well as for scores of general uses.

Driven by Onan 4-cycle gasoline engines, these
Power units are of single-unit, compact design
and sturdy construction. Suitable
for mobile, stationary or emer-
gency service.

Capacity range: 350 to 35,000
wotls; 115 1o 660 volts A.C.,
5010 800 cycles; 610 800 volts
D.C.; combination A.C.—D.C.
types.

Model shown is from W2C
series:. 2000 ‘to 3500 watts;
powered by Onan .two-cyl-

D. W. CNAN & SONS

3553 Royalston Ave.

inder, water-cooled engine.

Minneapolis 5, Minn.

&

Allied’s 1946
CATALOG

of Radie and

LARGEST AND MOST COMPLETE
STOCKS...Under One Roof

You'll find this new Buying Guide
extremely helpful and valuable today!
Places over 10,000 items at your
finger tips—for research, mainten-
ance and production. Includes parts,
tubes, tools, books, test instruments,
public address and communications
equipment. Concentrates all leading

to give you faster, more efficient, more
complete service—saves you time,
work and money. Whatever you
need. .. it pays to check with Alljed.
Write, wire or *phone Haymarket 6800.

makes here in one large central stock l

ALLIED RAD!O CORP.

833 W. Jackson Blvd., Dept. 24 G-6, Chicago 7, lllinois

e B S

ol

el

246

WWW americanradiohistorv com

for two-way communication between
train and fixed station and end-to-
end service. This antenna utilizes
the metal top of the car for its
ground plane. It is fed by armored
52-ohm coaxial transmission line.
The radiation pattern in the hori-

zontal plane is circular in shape and
the voltage standing wave ratio is
less than 1.5 to 1 from 152 to 162 me.
The gain of the antenna is 0.5 deci-
bel less than a dipole. The assembly
is constructed of steel, heavily cad-
mium plated and has an overall
height of 143 in. It is secured to the
car by three 1-20 bolts.

F-m Railroad Equipment

WESTINGHOUSE ELECTRIC Corp., Box
868, Pittsburgh 80, Pa., has designed
f-m equipment for short-range com-
munication, as between locomotive
and caboose, using the 152-162 mega-
cycle band. There are fixed station
assemblies for use in stations and
yards, and mobile assembljes equip-
ped with rotary converters to make
equipment operable from either 32
or 64-volt d-c¢ supplies. The equip-
ments are crystal controlled and
otherwise designed for foolproof
operation In this exacting service.

Airveraft Transmitter

MAGUIRE INDUSTRIES, INC., 1437
Railroad Ave., BEridgeport, Conn., an-
nounce the Skyline aireraft radio
transmitter, Model ART-1 compris-
ing an 8-watt, 3,105-kc crystal-con-
trolled unit with a working range
of from 15 to 30 miles on a fixed
antenna. The necessity of a trail-
ing wire is eliminated by an antenna
loading coil, adjustable for reso-
nance with any fixed antenna from
11 to 40 feet long. Storage battery
drain is 5 amperes while actually
transmitting.” The transmitter and
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presenting the

OUBLE

BEAM

OSCILLOGRAPH

Model 339 D. B. OSCILLOGRAPH, PRICE £40 Net F.O.B.
PERFORMANCE DATA
TIME BASE . . . 5— 250,000 c.p.s.

Frequency Band Sensitivity
AMPLIFIER Gain in c.p.s. mY.RMS/m m
stage 28 10 — 100,000 43.0
2 stage High Gain 900 10— 100,000 1.3
Wide Band 106 10 — 2,000,000 10.0

Seven years after its appearance in 1938, the Cossor Double Beam Oscillograph is still unique. The
intrinsic value of the technique introduced by this instrument, which provides frue simultaneous indi-
cation of any effects on a common fime axis, has long been proved in all fields of research and
production testing—both on recurrent and transient work. |t is an understatement to say that prac-
fice has revealed no sphere of investigation where its use is not at least advantageous. Although of
enhanced performance, the instrument is in essence, an oscillograph of conventional design in which,
through the interchangeability of COSSOR single and double beam trapezimum-corrected tubes, true
double beam technique has been provided without inherent limitations or distortions. These funda-
mental qualities have been responsible for its selection as the standard Oscillograph for most of the
Allied Nations' Armed Services. Thus precluded earlier from acquainting American users of the
"double beamer", we are now able fo make good this omission and satisfy also the friendly urging
of A.E.F. Technicians who have all wanted “the folks back home' fo know about it.

v OO 9% OB v

INSTRUMENT DIVISION

HIGHBURY LONDON N.5. ENGLAND
CABLE ADDRESS: Amplifiers London CABLE CODES: Bentley's
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NOW YOU
CAN SEE
THE TROUBLE

g
—_——

ALTEC LANSING

What happens when a string bass
and piceolo sound out together?
Any distortion? Intermodulation?
This intermodulation analyzer, de-
signed by Altec Lansing for mea-
suring the efficiency of their own
amplifier and loudspeaker systems,
will let you see the results at a
glance. No calculations are neces-
sary. A five-minute check on the
Altec Lansing Intermodulation
Analyzer gives you the information
it takes hours to get by other
methods. Avwailable for Prompt
Delivery.

LANSING CORPORATION

1161 ‘NORTH VINE ST,
HOLLYWOOD 38, CALIF

250 West 57th St.
*New York 19, N.Y.

"KEEP ADVANCING WITH ALTEC LANSING™

power supply are incorporated in a
single housing and are remotely con-
trolled. This feature facilitates the
mounting of the equipment since the
unit may be fastened in any out-of-
the-way place and only the remote
control box need be placed within
reach of the pilot,

Beam Antenna

THE WORKSHOP ASSOCIATES, 66 Need-
ham St., Newton Highlands 61,
Mass. Designed primarily for opera-
tion in the amateur 2-meter band,
a G-element beam antenna is now

available for either point-to-point
use or adapted to rotary motion.
The radiating and reflecting ele-

ments are made of half inch alumi-
num tubing sealed at the ends and
| supported in two heavy plastic heads.
The half-power angle of either the
vertical or horizontal pattern is be-
tween 60 and 70 degrees. Fifty-ohm
coaxial line is used to feed the array.

|

|
Film Dictating Machine
f

| MILES REPRODUCER Co., INc, 812
Broadway, New York 3, N. Y. The
Filmgraph Model HM electronic dic-
tating machine is completely self-
contained. The recording medium is
a film, I inch wide, which provides
100 sound tracks. A numbered dial
allows quick selection of the desired

| track and a footage dial completes
the indexing mechanism. Each film
roll provides about 33 hours of re-

WWW americanradiohistorv com

Is your soldering
equipment

) OUTDATED?

Kwikheat is as modern as
tomorrow—the only solder-
ing iron with built-in ther-
mostat plus the many other
valuable features shown be-
fow. Compare your present
soldering equipment with
Kwikheat and you'll agree
—from tip to plug Kwikheat
is in @ class by itself!

tist .. $11.00

KWIKHEAT -
is modern in
every respect! .

SoLBER NG 1R
e A R 220 WA

® HOT IN 90 SECONDS
® HEAT CONTROL

. E | EE BUILT.IN s
§ 2
. CitE e sAFE. . caN'T 5
E OVERHEAT
L] -
) ® LESS RETINNING
E S NEEDED S
. \ 1.3 ® LIGHT WEIGHT — C
. 1 ; | 13% OZ. 5
. i @ e coolL prOTECTING .
1@ "B HANDLE
£ i | ® HEAVY POWER — *
. 225 WATTS .

® EXTRA.DURABLE TIPS o

TIP STYLES

VANATTA

S -
. cth

\R/JQMOSTATIC

=-ESOERTNE e .

Kwikheat Division - Sound Equipment Corp. of Calif.

3903 San Fernando -Rd., Glendale 4, Calif:
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Improved Performance
Greater Convenience
Longer Life

@ This new Type V-5 VARIAC replaces the popular Type
200-C. Through entirely new design and rzdical changes in
basic structure the new model is 25% lighter, with the same
rating of 860 va. This is achieved both through improved
magnetic performance of the core and less copper, and through
use of aluminum in most of the structure.

Some of the new VARIAC's many features are listed at the
right. Externally, the new VARIAC has been streamlined to
eliminate all sharp corners. The cord on'the mounted model is
arranged to be wound around the VARIAC, plugged into the
outlet, and then used as a carrying strap.

This is the first radical change in basic design of the VARIAC
since it was introduced by G-R almost 15 years ago. These
many changes were made not to dress up the VARIAC in a
new case but to provide real improvements to better its per-
formance, increase its convenience and lengthen its life, and
to be sure that when you use a VARIAC you are using the best
means possible for controlling any alternating-current oper-
ated device where perfectly s-m-o0-o-th variation in voltage is

desired.
TYPE V-5 860 va VARIAC

TYPE STYLE PRICE
v-5 Basic (115-volt input) unmounted model $16.50
V-5M Above with protective case around winding 17.50
V-5MT A V-5 with protective case, terminal cover,

6-foot cord, switch and outlet 20.00
V-5H Same as V-5, except for 115- or 230-volt

input 21.5C¢
V-5HM Same as V-5M, except for 115- or 230-volt

input 22.50
V-SHMT Same as V-5MT, except for 115- or 230-

volt input 25.00

WRITE FOR COMPLETE DATA

90 West St., New York 6 920 S. Michig

" NEW

an Ave., Chicago 5 950
www.americanradiohistorv.com

V ARIACS
with these

12

New G-R Unit Brush — low sprang weight reduces ham=
mering and arcing under vibration — correct pressure pro-
vided by coil spring — holder cannot make contacr with
winding and cause shors-circuit — brush changed quickly
without tools.

New grain-oriented core of cold-finished silicon-steel with
guaranteed maximum core loss — strip wound.

Three rubber feet prevent marring table sop and make it
unnecessary 10 screw units down to prevent slippage.
Aluminuwm structure contributes to greatly increased out=
put per pound.

Only rwo screws hold both case and terminal cover — &
screwdriver or @ spare dime remove each in a second.
Heavy-duty switch breaks both sides of the line, in mounted
models.

Polarity indication provided in convensence outlet — useful
if one side of line is grounded.

Improved molded terminal plate protected by a metal,
fiber-lined cover — molded barriers between terminals pre-
vent short-circuits from whiskers on stranded wire — both
screw and solder ‘terminals — engraved circust diagram
shows normal VOLTAGES between terminals — 2 extra
terminals for use with auxiliary transformers.

New resilient stop allows brush arm to bounce instead of
break if you are too vigorous in rotating knob.

BIG calibrasion figures and extra posnts on dial — casy
10 read at a distance — casier to reset — pointer provided
for panel mounting.

A single screw, readily accessible under dial, loosens shaft
Jor reversing dial and knob to change from table to panel

monnting without affecting brush or stop sertings.
Newly designed, larger knob — easier 1o bold — casier )
to turn.

GENERAL RADIO COMPANY

Cambridge 39,
Massachusetts

N. Highland Ave., Los Angeles 38




SPINS With
Ease and Speed

¢ Encourages nimble hands
along the assembly line.

Made in eleven sizes from
3/16" to 5/8" square, hex
or knurled

| 115-volt, a-c outlet, the equipment
| measures 13% x 144 x 10 inches and

|

Ug Ty il

| POPULAR
SPINTITE Weood

T-73 SET Handles

A useful Tool in every
Radio and Electrical Shop.

Deluxe T-8 SET the same
with Plastic Handles

3
il

UL 1

1
|

Send for Catalog

141 picturing Aur- WALD E N

craft Radio and WORCESTER

¥ Automobile Tools. P ENCHES

STEVENS WALDEN, INC.
468 SHREWSBURY STREET

WORCESTER, MASSACHUSETTS

250

[

cording at a cost of about five cents
an hour. Various features, such as
the rapid rewind, automatic voice-
actuated starter and hearing-aid re-
ceiver (which can be used in place of
the loudspeaker) make the device
practical for operation by inexperi-
enced personnel. Operated from a

weighs 25 pounds.

Tower Beacon

ANDREW Co., 363 E. 75th St., Chi-
cago 19, IIl., has designed the type
300MM code beacon required by CAA

for radio towers over 150 feet high.
The fixture accommodates two 500-
watt prefocus lamps and is equipped
with red pyrex filters and cylindrical
fresnel lens. The beacon is 32!
inches high.

Literature

Chemicals and Hardware. Walter L.
Schott Co., Beverly Hills, Calif. an-
nounces that Catalog No. 46 is ready
for distribution. The 16-page cata-
log contains a complete line of elec-
tronic hardware items and radio
chemicals and may be obtained free
of charge by writing to Dept. 125.

Stage Switchboard. Ward Leonard
Electric Co., 81 South Street, Mount
Vernon, N. Y. has prepared a 12-
page bulletin describing a new line
of electronic reactance dimmers for
control of modern stage lighting.
Bulletin 74 includes simple equip-
ment suitable for a school auditor-
ium and more complicated desk type |
switchboards for large theatres.

Quartz Crystals. Standard Piezo
Co., Carlisle, Pa., manufacturer of
quartz crystals has published a

wwWwW americanradiohistorv com

TRACING CLOTH
for

HARD PENCILS

@ Imperial Pencil Tracing Cloth has the
same superbly uniform cloth foundation
and transparency as the world famous
Imperial Tracing Cloth, But itis distinguished
by its special duil drawing surface, on
which hard pencils can be used, giving
clean, sharp, opaque, non-smudginglines.

Erasures are made easily, without
damage. It gives sharp, contrasting prints
of the finest lines. It resists the effects
of time and wear, and does not become
brittle or opaque.

Imperial Pencil Tracing Cloth is right
for ink drawings as well.

F--———_—_-----
|

; IMPERIAL
! PENCIL

I

i

I

I

|

|

|

i

I SOLD BY LEADING STATIONERY AND

l DRAWING MATERIAL DEALERS EVERYWHERE,

=t
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GOVERNMENT- OWNED

ELECTRON TUBE PLANTS

FOR SALE or LEASE

Your local War Assets Administration Real Property Division maintains engineering,
architectural and other current information concerning these and many other govern=

ment-owned surplus plants,

Competent personnel will assist you in arra

nging for personal inspection of properties,

the study of detailed technical information, and the negotiation of a mutually advan-
tageous agreement for the acquisition of these or other surplus facilities.
These plants have machinery and equipment especially designed for the manufacture

of radio receiving tubes.

Bowling Green, Kentucky (Navy NOBs 2021)

General Electric Co.

{Ken-Rad Division)

LAND: Approx. 815 acres, approx. 1 mile from business
district.

FLOOR AREA: Total approx. 80,943 sq. ft.
MACHINERY AND EQUIPMENT: Standard and
special production machinery for making radic receiving
tubes including laboratory and testing equipment.
UTILITIES: Complete.

RAILROAD: The nearest available shipping facilities
by rail are approx. one mile from the plant. War Assets
Administration, LOUISVILLE, KENTUCKY.

Montoursville, Pennsylvania (Plancor 399)
Sylvania Electric Products

LAND: Approx. 18 acres.

FLOOR AREA: Approx. 99,441 sq. ft.

MACHINERY AND EQUIPMENT: Standard and
special production machinery for making radio receiving
tubes including laboratory and testing equipment.
UTILITIES: Complete.

RAILROAD: The Phila. & Reading R. R. has a siding
at Montoursville, about 1 mile from plant. WRITE OR
CALL FOR ILLUSTRATED BROCHURE. War Assets
Administration, PHILADELPHIA, PENNSYLVANIA.

Brookville, Pennsylvania (Plancor 1479)
Sylvania Electric Products

LAND: Approx. 614 acres.

FLOOR AREA: Total approx. 36,447 sq. ft.
MACHINERY AND EQUIPMENT: Standard and
special production machinery for making radio tubes.
UTILITIES: Available.

RAILROAD: Siding a few blocks fzom plant served by
Penna. R. R. WRITE OR CALL FOR ILLUSTRATED
BROCHURE. War Assets Administration, CLEVELAND, OHIO.

[
Wakefield, Massachusetts (Plancor 1479)
Sylvania Electric Products
LAND: Approx. %3 acre.
FLOOR AREA: Total approx. 30,463 sq. ft.
MACHINERY AND EQUIPMENT: Special produc-
tion machinery for making radio tubes.
UTILITIES: Available.
RAILROAD: Boston & Maine R. R. sidings 2 blocks

from plant. WRITE OR CALL FOR ILLUSTRATED
BROCHURE. War Assets Administration, BOSTON, MASS.

Towanda, Pa. (Plancor 1479)
Sylvania Electric Products

LAND: Approx. 1 acre.

FLOOR AREA: Total approx. 18,560 sq. ft.
MACHINERY AND EQUIPMENT: Production ma-
chinery for the manufacture of small tungsten rods and
small wire for radio tubes. Laboratory and testing equip-
ment.
UTILITIES: Available.
RAILROAD: Siding from the Lehigh Valley R. R. War
Assets Administration, PHILADELPHIA, PENNSYLVANIA.

®
Tell City, Indiana (Plancor 1668)
General Electric Co.
Ken-Rad Division
LAND: Approx. 16 acres.
FLOOR AREA: Total approx. 80,992 sq. ft.
MACHINERY AND EQUIPMENT: Standard and
special production machinery for making radio receiving
tubes.
UTILITIES: Complete.
RAILROAD: Branch line of the Southern Railway Co.
about 1 mile from plant. WRITE OR CALL FOR IL-
LUSTRATED BROCHURE. War Assets Administration,
LOUISVILLE, KENTUCKY.

®
Newton, Massachusetts (Plancor 1796)
Raytheon Manufacturing Co.
LAND: Approx. 1 acre.
FLOOR AREA: Total approx. 42,371 sq. ft.
MACHINERY AND EQUIPMENT: Standard and
special production machinery for making radio receiving
tubes including laboratory and testing equipment.
UTILITIES: Complete.
RAILROAD: Boston and Maine and Boston and Albany
R. R. within short distance from plant. WRITE OR
CALL FOR ILLUSTRATED BROCHURE. War Assets
Administration, BOSTON, MASSACHUSETTS.

CREDIT TERMS MAY BE ARRANGED FOR THE
PURCHASE OF THESE PLANTS

The War Assets Administration, a disposal agency, invites
proposals for the purchase or lease of the properties described
in this advertisement in the interest of continued employment.
These properties were acquired by various agencies of the
Government for production in the war effort, and are now, or
shortly will be, declared surplus to Government needs. Listing
of these plants by name of lessee is for identification purposes
only, and has no connection with the lessee’s own plants or
facilities. All data contained herein are necessarily abbreviated
and subject to correction. They are not intended for use as a
basis for negotiations. WAR ASSETS ADMINISTRATION re-
serves the unqualified right to reject any or all proposals or
offers received for the above properties.

Address all inquiries and proposals to:
OFFICE OF REAL PROPERTY DISPOSAL

WaRr AsSETS ADMINISTRATION

PRINCIPAL OFFICES LOCATED AT: ATLANTA - BOSTON - CHICAGO - CLEVELAND - DALLAS - DETROIT - KANSAS CITY, MO. - LOS ANGELES - NEW YORK

PHILADELPHIA - PORTLAND, ORE. - RICHMOND . ST. LOUIS . SAN FRANCISCO - Local Regional Offices located ai: Birmingham - Charlotte - Denver
Helena « Houston » Jacksonville « Little Rock - Louisville - Minneapolis + Nashville « New Orleans » Oklahoma City - Omaha « Salt Lake City « San Antonio

Seattle - Spokane « Cincinnati + Fort Worth 582-T
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PRECISION PROJECTED!

SMALL FINE PITCH GEARS
FROM 1/16” DIA.
UP TO 220 DP.
HELD AS CLOSE AS .0005”

Actual gear production requirements such as these, with forms
and sizes shown exaggerated, are only a few typical examples of
work produced by Beaver Gear craftsmen. Finely finished, ac-
curate blanks are prepared and inspected, providing controlled
quality all the way through the final gear cutting operation.
Consult Beaver Gear Engineers for your precision gear re-
quiremeats in Radio, Communications, Electronics, and Instruments.

i

Write for copy of onr new bulletin describ-
ng Beaver Gear facilities wund wrethods.

prket Y.

An invitation to All Electrical Designers to

TRY SILVER GRAPHALLOY

FOR BRUSHES

High current density, low contoct drop, low
electricol noise, ond self-lubrication ore
chorocteristics of this silver-impregnoted
molded grophite thot moy be the answer
to your electricol brush problems

FOR CONTACTS

Low contoct resistonce ond non-welding
when breaking surge currents are inherent
properties of this unique combinotion of
conductive silver and self-lubricating
grophite

SAMPLES of Silver Graphalloy will be gladly furnished for test on your applications,
Silver Graphalloy is usually silver ploted to permit easy soldering to leof

springs or holders. Why not WRITE NOW for your test samples? v
) A

GRAPHITE METALLIZING CORPORATION

1055 NEPPERHAN AVE « YONKERS, NEW YORK

SLIP-RING AND COMMU:I"ATOR BRUSHES AND CONTACTS

wwWwW americanradiohistorv com

16-page illustrated catalog describ-
ing its product. Standard units are
available and a new midget series
operating in the frequency range
900 to 20,000 kc and measuring 7,8
inch in diameter, 7/32 inch thick
and weighing 1/2 ounce is featured.

Panoramic Handbook. Panoramic
Radio Corp., 242-250 W. 55th St.,
New York 19, N. Y. Although this
booklet is designed as an instruec-
tion manual for the use of the Model
PCA-2 DPanadaptor, it serves to
show how the panoramic system of
visual reception operates. Its 34

| well-illustrated pages describe the

various functions which can be per-
formed, such as measuring the devi-
ation caused by modulation in a fre-

quency-modulated signal, as a
modulation indicator and for the
analysis of keving transients, as

well as the accurate determination
of carrier frequency. The price is
50 cents.

Electronic Pyrometer. Bailey
Meter Co., 1050 Ivanhoe Road,
Cleveland 10, Ohio. A 16-page

bulletin No. 232 describes the new
Pyrotron electronic potentiometer
pyrometer and illustrates various
indicating, recording and control-
ling combinations. Performance
data and principles of operation are
included in this bulletin.

Research Report. Armour Re-
search Foundation of Illinois Insti-
tute of Technology, Chicago, IlI.
The 9th annual report of this Foun-
dation occupies 20 pages and
touches upon many electronic de-
velopments such as the magnetic
wire sound recorder, cathode-rav
tube screen, voltage regulator, radio
and radar components and the a-e¢
network calculator. In this pub-
lication are described other bulle-
tins issued by the Foundation of
interest to industry.

Resistor-Capacitor Catalog. Sprague
Products Co., North Adams, Mass.,
has just issued a new 40-page cata-
log describing its line of resistors
and capacitors, testing equipment
and radio interference filters for ra-
dio service and experimental use.

Flow-Rate Meter. Fischer & Porter
Co., Department 2N-4, Hatboro, Pa.
Catalog 52-A describes an electronic
low-flow-rate measuring instrument
which indicates accurately drop by
drop flow rates down to less than 5
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more efficient
...1n miniature

With the aid of a little hand micro-
phoue, the ship’s officer, speaking in a normal voice,
can be heard by any vessel in the fleet. Contrast this
to the ineffectual bellowings through the huge
megaphone of yesterday. The trend of science has
been to develop greater efficiency in miniature: It
was true ol the megaphoue, it is true of the elec-
tron tube.

TUNG-SOL Miniatures offer many advantages,
especially in high-frequency currents. They are
more impervious to shock and vibratious. The glass

lower lead inductance, lower inter-
element capacitance and higher
mutual inductance.

TUNG-SOL engineers will be glad |
to help you interpret your tube re-  ACTUAL SIZE
quirements in terms of Miniatures.

TUNG-SOL is a tube manufacturer, not a set
builder. The disclosures of your plans you make
in consultation will be held in strictest confidence.

TUNG-SOL

vebralior - lesled

bases have better dielectric properties. They offer ELECTRONIC TUBES
TUNG-SOL LAMP WORKS, INC., NEWARK 4, NEW JERSEY
Sales Office Atlanta - Chicago « Dallas » Denver « Detroit = Los VAngeles «+ New York

Also Manufacturers of Miniaiure Incandescent Lamps. All-Glass Sealed Beam Headlight Lamps and Current Intermittors

ELECTRONICS — July 1946
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HARVEY

has greatly needed

components for
engineers and
experimenters

Full line of
Shallcross Instruments

Harvey has Shallecross Measuring  Instruments,
well known in both laborafories and classrooms,
in stock for immediate delivery. listed are ©
fow of the more popular numbers:

No. 630 Wheatstone Bridge—Measures resls.
tance from .1 to 1,100,000 ohms. Accuracy between
10 and 1,000,000 ohms normally better than | per
cent. With built-in galvanometer having sensitivity
of | microampere per millimeter division. In carry-
ing case with removable cover............. $75.00

Portable ‘Galvanometers —Sensitive galvanometer
housed in sturdy case with binding posts on panel
for external connection. Movement has lock to pre-
vent free swinging. No. 310, in oak case..$27.50

Series 500 Decade Resistance Boxes
Accuracy 0.1% to 1%

No. Ohm Steps Ohms Total Resistance Price
543 0.4 f $13.50
544 1.0 0 13.50
545 10 i00 13.50
546 100 1,000 13.50
547 1,000 10.000 15.00
548 10,000 100,000 17.50
549 100,000 1,000,000 27.50
550 1,000,000 £0,000,000 45.00

Test Equipment

Now available—a complete selection of test
equipment, including miliivoltmeters, micro-
and milliammeters, AC and DC voltmeters,
and RF meters, produced by Weston, West.
Inghouse, and other guality manvufacturers.

Voltage Regulating Transformers

Harvey can supply the Sola constant-voltage, self-
fegulating transformers. No moving parts, no bal.
fasts, no tubes. Qutput voltage maintained within
=1% for a total primary variation of 30%. Elimi-
nates manual voltage adjustments: results in better
cperation, less trouble, longer life for important
parts. May be operated in parallel for greater out.
put. Regularly supplied in single phase, but alse
available for 3.phase. Stock models provide output
voitaces of 6.3, 115, or 230 voits. input veltages
range 95-125, 190.250, 95/190-125/250, and 190/
380-250/500. Power rating ranges from 15 VA to
10,000 VA. Typical types, all 95-125 volt input:

No. 301002—15 VA, 6.3 v. output........... $18.50
No. 30806—120 VA, [15v. output.......... $32.00
No. 30807—250 VA, 15 v. output........... $52.00

Remember, HARVEY has full stocks
prices. Send us your arder now!

Telephone:

S 77—

DIOCOMPANVANC:

West 43rd St., New York 18, N. Y.

103
. — =i e—

254

2w way, Brooklyn, N. Y. Any service

milliliters of liquid per minute and |
gases to less than 25 milliliters per
minute. The Rota-Tronic remote in- |
strument utilizes a servo motor and
an electronic power relay as itsl
principal indicating element.

CUSTOM
MADE

COAXIAL
CABLE

and

Audio Publication. Audio Devices,
Inc., 444 Madison Ave., New York
22, N. Y, publishes a 4-page monthly
bulletin known as Audio Record,
containing items of interest to those
using transcriptions. Among the
items of interest in the current is-
sue is a glossary of disk-recording
terms.

Vhf Antenna. Radio Corporation of
America, Camden, N. J. The type
CA-la (non-directional) and type
CA-2a (directional antennas are de-
scribed in a 2-page leaflet issued by
the company. The antenna, which is
of the ground-plane type, can be
used in the frequency range 30 to
170 me.

Loran Publication. The Bureau of
Ships, Navy Department, has an-|
nounced that it will place on public
sale a 60-page profusely illustrated
handbook entitled “Loran Handbook
for Shipboard Operators.” Origi- |
nally confidential, the pamphlet is |
now available from the Superin-
tendent of Documents, U. S. Govern-
ment Printing Office, Washington,
D. C. at 30 cents a copy. ‘

Development of for-
mulations rigidly tested
to meet exact specifica-
tions has made Surprenant
a leader and authority in
the field of plastics insulated,

Amateur Publication. General Elec- |
tric Co., Schenectady, N. Y. Titled |
Ham News, Vol. 1, No. 1 of a new

publication addressed to the ama-'
teur radio man leads off with a

high frequency, low loss co-
axial cable and tubing. A diver-
sity of facilities, wide range re-

search and engineering service,

ten-meter transmitter description .
featuring the type 813 tube. Two | unexcelled laboratory equipment,
half-page departments, Questions| and o wealth of experience

and Answers, and Tricks and Topics
may well prove of interest to engi-
neers. The four-page leaflet will be
published bi-monthly.

enable us to match in every

detail the requirements you
name. We would oppreciate

Microphone Catalog. Universal Mi- the opportunity to furnish
crophone Co., Inglewood, Calif., has
published its first new catalog since
1941; eight pages in standard loose-
leaf size list the entire line of mi-
crophones and recording compon-
ents. A preview of the 1947 line is
also given.

complete technical data.

Belt Manual. J. F. D. Manufactur-

ing Co., 4111 Fort Hamilton Park- | {SIAZ Il

84 Purchase St.,

INSULATION CO.
Boston 10, Mass.
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fully engineered e
for hetter -
industrial testing

ultra sensitive multitester mooev 4ssa

Dual D.C. sensitivity of 1,000 ohms per volt and 20,000 ohms per volt. Design
and construction have been field-proven for sustained performance by many of
the country’s largest manufacturers of radio, electrical and electronic products.

* A.C. sensstivity 1,000 obms per volt %
Wide-scale, 2% accurate, 41/," meter with
movement of 50 microamps. % Readings
as low as 1 microamp. and 0.25 obms
Y All multipliers are maiched and ac-
curate to 19 ¥ Batteries are readily ac-
vessible and easily replaced J¢ Overall
accuracy of 3% on D.C. and 5% on A.C.
voltages and currents ¥ Long, insulated
bigh voltage test leads Y Plug-in type
copper oxide rectifier

Here are two fine RCP instru-
ments that will serve a wide va-
riety of test applications in your
plant. Developed through years of
scientific research and engineering,
these testers represent the most

Supplied ready to operate, complete with self-contained
battery, test probes and a convenient carrying case with
removable cover. Price: $71.50

pocket multitester mooer 440

This highly accurate, vest pocket size model is custom-built for general circuit
testing and fast trouble shooting. Despite its small size, this meter gives you the
accuracy of any large instrument. It will perform dependably anywhere in your

advanced types of instrumentation
for modern industry. Greater than

ever in technical refinements, man-
ufactyred to close tolerances in
every detail—RCP instruments
make testing casier, faster, more
exact. Write for Catalog No. 128
and see why RCP gives you more

factory.

instrument value—feature for fea- * High and low ranges * :ﬁﬁrN ES oo v
3" sqnare, high-visibility v Y 0/5/50 joen YOM-

ture, dollar for dollar. -:‘n(ei(’tzl—aut’wu'u‘[,e 1o 2% ‘A/' 0(}{;5/56/2’;6/4’065?:?';@22?
Nensitivity movement of o;’;g““ antmete‘,)-e o"/"'sfs g
200 microamps. (5,000 Mim{,..“";',ev?ns . D_/50/
ohms per volt) % Readily mé?oo m.mar,,'.,,s5/lo/100/
accessible battery, mounted 100, 360"/' 71000 7 1 Shm
in spring clipsk Combines ecibel ,32‘;-;” el
G instruments in one min- o {2-4[714 to 4g5 0 fo
iature unit % Metuallized, Range ;40 to 15,728
matched voltage multi- line of 500°:’/”b'°fed P
pliers awith telerance of ance. For orh:;‘ imped
1% % Nensilive zero meter orses, Correction gped:
adjusting screw supplied. arts
Housed in black metal case, complete with

self-contained batteries, Price: $24.50

RADIO CITY PRODUCTS COMPANY, INC.

127 West 26th Street, = " New York 1, N. Y,

Manufacturers of Precision Electronic Limit Bridges « Yacuum Tube Voitmeters « Volt-0hm-Milliammeters » Signal Generators » Analyzer Units » Tube Testers. Multitesters
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Talk About

| PRODUCTION

withO‘I‘)tIES /

£,000 Parts Per Day

with DI-ACRO Bender

Here is an example of “DIE-LESS DUPLI.
CATING” typical of a great variety of
formed parts readily made with DI-ACRO
Precision Machines,—Benders, Brakes,
Shears. Picture below shows an acute right
angle bend and photograph above shows the
finished part formed to die precision. Women

showing

operating DI-ACRO units
maintain a high out-put on
production work.

Send for CATALOG

Machines and many examples
of parts made with “DIE-
LESS DUPLICATING.”

“Enclosed pictures in our plant prove the
DI-ACRO Bender will do a real production job.
We are making 4,000 completed parts per day
which is competitive to most Power Presses.”

(Name on request)

DI-ACRO Precision

 To test
over-all
. performance

@ This unit, generating its own
frequency or synchronized from an
external source, will be found in-
valuable in many fields. FM, AM
and Television Broadcasting—
Telephone and Telegraph Commu-
nications—Manufacture of Trans-
mitting and Receiving Equipment
and Parts,

256

@ Many additional functions will
recommend it for use in school and
college research projects and in
scientific laboratories.

L] [ ) L[]
For additional information write:
Electronics Department,
General Electric Company,
Syracuse, New York.

Electronic Measuring Instruments

GENERAL @ ELECTR

LE_"'“‘_‘““_

164-81
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]

.

| man or dealer may obtain a copy of
the 64-page catalog which contains
iinformation on replacing woven
‘fabric radio dial belts for over 1,500
models of radio receivers.

Mycalex Booklet. General Electric
i Co., Pittsfield, Mass. A new 24-page
!booklet describes the properties,

|available types, fabricated parts
(and machining factors for six
| grades of Mycalex, the stone-like
lmica and glass insulator.

Transformers. Acme Electric &

|| Manufacturing Co., Cuba, N. Y. A

12-page well-illustrated catalog de-
scribes the complete line of power,
audio and luminous tube trans-
formers together with the manufac-
‘turing facilities available. Bulletin
LT-156 describes the luminous tube
transformers in more detail.

Strain Gages. Statham Laboratories,
8222 Beverly Blvd., Los Angeles 36,
Calif. A price sheet and catalog
pages are available describing the
strain gage operating on the prin-
ciple of a change in the electrical
resistance of a stretched wire. A
line of pressure transmitters, and
accelerometers are fully explained
and described.

E & i R N B N F R 0 K X 1} .
- 1 Resistor Catalog. International Re-

sistance Co., Philadelphia, Pa., has
Ijust started distribution of Service
l Catalog No. 50 describing the stand-
|ard line of fixed and variable resis-
tors now in manufacture.

'Variable Autotransformers. Super-
ior Electric Company, Bristol, Conn.
Powerstats in the 2-kva range are
described in the new Bulletin 30.
These variable autotransformers
provide outputs of zero to somewhat
higher than line voltage and feature
fuse protection. A price list of all
types is included with the catalog.

Audio Components. Altec Lansing
Corp., 250 W. 57th St., New York 19,
N. Y. Components such as loud-
speakers, audio transformers and
package units like amplifiers are
described on separate sheets or fold-
ers furnished by the company which
are available upon request.

Insulating Tubing. Industrial Syn-
thetic Corp., 60 Woolsey St., Irving-
ton, N. J. Voltron is a flexible plas-
tic for electrical insulation. When
used as a transparent sleeving insu-
lation, it permits the immediate in-
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If you have any manufacturing
or industrial problem that could or
might be solved by a special fabric,
the chances are we can make a cloth
to meet your requirements.

Just tell us what you want the
cloth to do. — Give us the specifi-
cations. What tensile strength
(pounds per square inch) do you
want? What tear strength (Elmen-
dorf) should it have? What caliper
(thousandths of an inch)? What
stiffness (Gurley) ? Do you want it
waterproof? What temperatures

must it withstand? How about sol-
vents, acids and alkalis? What di-

Cloth Bound

electric characteristics are necessary? These are the things A cloth bound book is bound fo be
kept — bind your
we want to know. CATALOG — SALES MANUAL —

INSTRUCTION BOOK, ETC.

in HOLLISTON Book Cloth — dur-
able, impressive, hord-to-soil, easy-
to-clean.

By filling, impregnating or coating various fabrics
(from sheer cambric to coarse burlap) with plastics,
resins, starch and pyroxylin we can produce a cloth Write for samples.

Consult your printer.

with almost any wanted properties. Write our Research

Decpartment today. SPECIAL FINISH
HOLLISTON special finish cloths meet
speciol needs —

TRACING  CLOTH — PHOTO
4 i ! CLOTH — RUBBER (PROCESSING)

CIOTH — BOOK CIOTH

[o} PY SHADE CLOTH — SIGN CIOTH

£ M&L&/‘L& M o i
o o Cloth combined with speciol com-
pounds, filled, impregnated, coated
to form a material with charac-
teristics of a plastic and the flexible
strength of a woven fabric.

The Holliston Mills, Inc.

Norwood, Massachusetts

ELECTRONICS — July 1946 257

WWW americanradiohistorv com



PRECISION PARTS

PRECISION
IN THE NEWS

Tlash! A dramatic news event. Pictures
are needed across the country for a late

cdition. Rapidly and aceurately, these
pictures are flashed the breadth of Amer-
ica over a thin thread of wire by modern
telephoto equipment. Here is an essential '
part of such equipment—a motor shaft—
precision-made by .\ce to take its part in
the rapid transmitting of news.

Tirst it was precision-formed on auto-
matics from bar stock centerless ground in
our own shop. At the same time, a tiny
drill rod insert 4” long and Y% in diam-
eter was formed, heat-treated, and center-
less ground. This was then press-fed into a
16" reamed hole at the end of the shaft,
never to be removed. Now, the 4 main
diameters were cylindrical ground on

centers to a concentricity of +.0025",
with an 8-12 microineh finish. Finally, an
Acme thread was ground, also concentric
to the other diameters.

For precision in production quantities
- . . for small parts and assemblics that |
require stamping, machining, heat-treat-
ing and grinding . . . you need go no
farther than Ace. Send a sketch, sample
or blueprint for quotation

ACE MANUFACTURING CORPORATION I
for Precision Parts

1255 E. ERIE AVE., PHILADELPHIA 24, PA,
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spection of soldered or solderless
connections without removal of the
sleeve. It has high abrasion and

wear resistance. Test data is pre- |

sented in a brochure available from
the company.

Testing Plastics Parts. Society of
the Plastics Industry, Inc., 295 Madi-
son Avenue, New York 17, N. Y. Ad-
vance chapter No. 4 of the SPI
Handbook has been designed as a
guide to industry in setting up its
own performance tests on plastics
parts. The general principles of
product testing are set forth in a
14-page booklet.

Galvanometers. Leeds & Northrup
Co., 4934 Stenton Ave., Philadelphia
44, Pa. Catalog ED comprising 37
pages of complete specifications,
prices and illustrations for the ex-
tensive line of d-c and a-c galva-
nometers and astatic dynamometers
is now available,

Meter Catalog. Burlington Instru-
ment Co., Box 589, Burlington, Iowa,
has recently issued Catalog No. 46
describing a complete line of indi-
cating instruments and auxiliary
equipment. Complete dimensional
drawings and layouts, ranges, scale
divisions, resistances and list prices
are included.

Power Transformers. Jefferson
Electric Co., Bellwood, Ill. Bulletin
461-PCT describes in twelve well-
illustrated pages how to choose the
proper power circuit transformers
for certain capacity requirements.
Transformer dimensions and wiring
diagrams are included.

Platinum-Gold-Silver. The Ameri-
can Platinum Works, Newark 5,
N. J. A 4-page bulletin describes
the various uses of the noble metals
particularly those in the platinum
series with their industrial applica-
tions.

Switchboard Meters. The Norton
Electrical Instrument Co., Man-
chester, Conn. Catalog No. 17 de-
scribes in as many pages the line of
switchboard and portable meters
now available to the public by the
company. Ordering information and
prices are given.

Wire-Wound Resistors. Shalleross
Manufacturing Co., Collingdale, Pa.
A series of bulleting and sheets
describes the complete line of wire-
wound resistors, resistance stand-

www americanradiohistorv com

Thermador is a name
remembered when the ut-
most in transformer qual-
ity is desired, and when
exceptional engineering

skill is required.

THERMADOR

THERMADOR

THERMADOR ELECTRICAL MFG. CO.
5119 District Bivd., Los Angeles 22, Cailfornta

July 1946 — ELECTRONICS



ards, low resistance test sets, pre-
cision switches, d-c bridges and
measuring apparatus manufactured
by the company.

Tube Characteristics. General Elec-
tric Company, Schenectady, N. Y.
has filled 37 pages in publication
ETR:-15 with characteristics and
ratings, base connections and out-
line drawings of receiving-type
electronic tubes.

New Microphone. Electro-Voice,
Inc., 1239 South Bend Avenue, South
Bend 24, Ind. A 4-page bulletin de-
scribes the new Model 950 Cardax
microphone, a crystal type with car-
dioid response. A filter can be
switched in to change the flat re-
sponse to a rising response at high
frequencies.

X-Rays in the Foundry. North Amer-
ican Philips Co., Inc., 100 E. 42nd
St., New York 17, N. Y. offers a new
4-page booklet No. R1023, titled
X-Ray As a Foundry Control Tool.
The booklet is a reprint of an ar-
ticle which appeared recently in a
trade publication.

Conductivity Cells. Industrial In-
struments, Inc., 17 Pollock Ave.,
Jersey City 5, N. J. A compre-
hensive survey of conductivity
checking equipment for laboratory
and plant use has been provided in
a catalog which deals primarily
with a large selection of conductiv-
ity cells for the checking of various
liquids under different conditions.

Servomechanisms. G. C. Wilson &
Company, Box 389, Chatham, N. J,,
has prepared a memorandum de-
scribing the uses of servomechan-
isms for control, indication and
computation. A single page con-
tains the basic information and a
prief history of wartime use of the
servo.

Supersonics. G. C. Wilson & Com-
pany, Box 389, Chatham, N. J. Sup-
ersonics is the science dealing with
sound-like waves above the audible
range; it is usually considered be-
ing 'above 20,000 cycles per second.
‘A miemorandum summarizing sup-
ersonic phenomena and methods of
generating supersonic waves is pre-
sented.

Radio Encyclopedia. Howard W.
Sams & Co., Inc., 2924 E. Washing-
ton St., Indianapolis, Ind., will be-
gin distribution of a radically dif-
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New! Complete!
REE  Concorp
 Radio

"EW RADIO SETS
NEW AMPLIFIERS
NEW RADIO. PARTS
Electronic Equipment

HAM GEAR

STANDARD LINES! LARGEST STOCK!
IMMEDIATE SHIPMENT!

For the newest, the latest, and the best in radio sets, radio parts, amateur Kkits, and
test equipment, mail coupon below for your free copy of Concord’s first post-war
Catalog. It offers a huge storehouse of everything that’s new in radio and electronics

. including the sensational, talked-about line of exclusive Concord Multiamp
ADD-A-UNIT amplifiers. It contains thousands of items . . . all standard lines . . .
war-born discoveries and improvements . . . all ready for same-day shipment
direct to you from CHICAGO or ATLANTA.

History-Making ADD-A-UNIT Line of Amplifiers

Typical of Concord leadership is the completely revolutionary line of Multiamp
ADD-A-UNIT Amplifiers, designed and engineered by Concord, sold only by
Concord. Built on entirely new principles, these Amplifiers offer startling innova-
tions not available elsewhere . . . new high standards of flexibility, fidelity, power,
economy, and all-round performance almost beyond belief. Mail coupon now for
Concord’s New Complete Catalog showing full amplifier line ...and complete

assortments of “everything that’s new in radio and electronics.”

r------------------------"
1 CONCORD RADLO CORPORATION 1
901 W. Jackson Blvd., Dept. G.76, Chicago 7,111,

f ’ = Yes, rush FREE COPY of the comprehensive :

3 1 new Concord Radio Catalog. 1

RADIO CORPORATION D Name . H

LAFAYETTE RADIO CORPORATION 1 ]
5 AdAreSS. . .. vovvrirattrrasnserarsarrr oo

CHICAGO 7  ATLANTA 3 i .

901 ‘W fackson Blvd 265 Peachtree Street L C:&;----;;----;.-.-..-. . .-Stnt-e. SITIPLLIR

- - - - - .- - - -
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IMMEDIATE
DELIVERY!

*

Write for
BULLETIN
AND PRICES

HIGH FREQUENCY PROBE

with INPUT CAPACITY of 15 to 1 MMF

Extends Measurement Range 10 Times
—50 to 500 Megacycles!

Measurements once impractical are now made simple and
routine. Monel 29 High Frequency Probe bridges the gap
in measuring voltages in the range from 50 to 500 mega-
cycles. Designed specifically to replace the standard probe
of the Model VYM-27 Vacuum Tube Voltmeter, this new
High Frequency Probe is adjusted accurately to one-tenth
the sensitivity of the standard probe. As a result, voltage
readings are exactly ten times the indicated values. Thus
with the High Frequency Probe, the Model YM-27 has full
scale ranges of 10, 30, 100, 300 and 1000 volts. No multiplier
is required to measure voltages up to 1006 volts. Frequency
range 0.5 to 500 megacycles.

ALFRED W. BARBER LABORATORIES

34-02 FRANCIS LEWIS BLVD. FLUSHING, N. Y.

. radio dials,
W'NDOWS PLASTIC Rt:noﬁon. Altractive and d.umb‘eéizur:\cnufodurers.
NA'ME CO‘T C°':‘e preferred by many leading Ra rical appli-
scoles O

PLATES
SCl;lES
GAl;GES
(HiRTS

CALCULATORS -
ETC.

260

Nat only for dials,
cotians, Laminated P

i n
Cansult with our artists a

particut

|ferent radio service encyclopedia
(after June 15. Subscribers to the
new service have been assured de-
livery of a complete service folder
within 90 days after a given set goes
on sale.

Powder-Metallurgy. North Ameri-
can Philips Co., Inc., 100 East 42nd
St., New York 17, N. Y. offers a. new
4-page booklet R1022, titled Geiger-
Counter Used in Powder Metallurgy.
Data is presented to illustrate how
analysis time has been reduced in
l some cases from two days to 35 min-
| utes. This booklet is a reprint of an
article which recently appeared in
a trade publication.

I]nstrument Rectifier. Conant Elec-
trical Laboratories, 6500 O Street,
Lincoln 5, Neb. A 39-page booklet
| priced at 35 cents is now available
which describes the use of instru-
| ment rectifiers with particular em-
| phasis on types manufactured by
| this company. Several pages are de-
| voted to characteristic curves of
]these rectifiers.

'Switches. Centralab Division of
Globe Union, Inc., Milwaukee 1,
Wis. Selector switches of all kinds

i nd
ities in design, size, shape © :
windows an

DIO DIALS have endless possibil

but for nume Qus other electronic Ond elect
ut to r

|astics ore preferable.

arding opplications for your

ineers reg ion.
s or samples for quotetio

urpose. OF . send blueprints
ar p L

THE HOPP PRESS, INC.

93
ESTABLISHED 18
|, N.Y.
h STREET, NEW YORK 1,
460 WEST 34th STRY W Y
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are described in a 32-page catalog

] recently issued by the company.

{ | Complete dimensional and mounting
f information is given for each type.
| | Interstage shielding, mounting
straps and other hardware are in-
cluded.

Enamel Resistors. Ward Leonard
Electrie Co., 31 South Street, Mount
Vernon, N. Y. has compiled Catalog
D-2 describing wire-wound vitreous
enamel resistors used by the radio,
television and radar industries.
Complete ordering information and
list prices are given for fixed, ad-
justable, plaque, non-inductive and
other types of resistors in various.
wattage ratings.

Wire Gage Comparer. American
Smelting & Refining Co., 120 Broad-

! 1 way, New York 5, N. Y. A conven-

ient table with sliding scale com-
pares wire gage numbers with the
diameter in inches according to
Brown & Sharpe and Birmingham
gages. The other side shows the

solders with varying tin and lead
content.

bl

|

{ melting and solid temperatures of
3

Precision Resistors. Ohmite Manu-
| lfacturing Co., 4835 W. Flournoy St.,
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Chicago 44, I11. Bulletin No. 126 just
issued gives detailed information on |
the complete line of Ohmite Rite-

ohm % watt and 1 watt nonconduc- l
tive wire-wound precision resistors.
These resistors are accurate within ‘
plus or minus 1 per cent. ‘l

Lever Switches. General Control
Company, 1200 Soldier’s Field Road,
Boston 34, Mass. Catalog No. 200
describes an interesting line of
lever switches, multiple spring con-
tact, pushbutton and multiple cam
switches. Contacts can be furnished
in locking and non-locking posi-
tions, and in many combinations of
multipole, make-before-break and
other special types. Complete or-
dering information and prices are
furnished. |

Snap Switches for Gaging. Micro
Switch Division, Freeport, 111.
Bulletin No. 36 treats the special
application of Micro Switches in the
measurement of tolerances, go and
no-go indications, high-speed mica
gages and for automatic graduation
engraving. The 16 pages are well
illustrated.

Industrial Frequency Chart. Sher-
man Industrial Electronics Com-
pany, 503 Washington Avenue,
Belleville 9, N. J. A convenient
chart is available which indicates
the industrial frequency spectrum
from 60 cycles through X-ray fre-
quencies. Various frequencies are
identified with equipment used
therein such as motor generators,
spark-gap generators, and elec-
tronic high frequency generators.
Formulas relating frequency to
wavelength in meters as well as
Angstrom units are given. The
chart is black on white, smooth-
coated Dblotter stock, size 4x7
inches.

Service Manual. Hoffman Radio
Corp., Los Angeles, Calif., is now
publishing a service manual in
loose-leaf form covering all its prod-
ucts. Leaflet supplements keep the
information up to date. Topically
arranged, with schematic diagrams
and line drawings, they are edited
by the firm’s technical publications
gection, and include descriptions,
specifications, tube complement,
normal operating voltage, normal

operating currents, alignment pro-
cedure and other pertinent data.
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Choose The Source

CRER: L
COMPLETE FACILITIES \\

MANUFACTURING KNOW-HOW\

At Chicago Transformer, facilities for every '\
step in transformer manufacture —from
production of coils, cores and mounting
parts thru final assembly —are combined
with plant-wide manufacturing know-how,
gained during C.T.'s years of experience
in the specialty transformer field.

Thus, in selecting a source for your
transformer components, consider
Chicago Transformer, an established
manufacturer in the Electronic Industry.

.

CHICAGO TRANSFORMER

DIVISION OF ESSEX WIRE CORPORATION

350! ADDISON STREET - CHICAGO,

TAADE MARK REG.

WwwWwW americanradiohistorvy com

261



NEWS OF THE INDUSTRY

Synchrotron; radio in Britain; French radio
budget; Signal League; history of sonar;
precipitation static; industrial news

Radio Station Census

TOTAL NUMBERS of standard broad-
cast, nonstandard broadcast, safety,
and special radio stations in service
as of June 30, 1945 are given as fol-
lows in the latest annual report of
the Federal Communications Com-
mission :

Class of Station

Number
Standard broadeast 9

................ 31
High-frequency broadeast, f-m 53
Low-frequency relay ....... 261
High-frequency relay ...... 299
Television (experimental) .. 47
Television (commercial) . ... .. . 9
International broadecast ....... ... "’ 38
Developmental broadeast ... ..... . " 27
ST (studio-transmitter) ............ 8
Facsimile ....... ... . .. 9000600000 3
Noncommercial educational ... . ’. 12
Aeronautical ............

Aeronautical fixed
Ajreraft .........
Airport control ...
Flying school .......

Marker beacon ,..... . . ./ 1’7"
Municipal police ..
State police ...,.... ..... .. .
Zone police ...........

Interzone police ......... ... .. """ 30
Forestry ......... 940
Special emergency 566
Muniecipal fire ..". . e
Geological ....... 411
Motion picture ..... ... . 8
Provisional ........... .. """ 142
Mobile press ........ ... . 1 Tt 3
Relay press ........ . . 5

V-2 Rocket Tests

SIGNAL CORPS radar equipment espe-
cially modified for the purpose suc-
ceeded in tracking a 15-ton V-2
rocket throughout its entire hun-
dred-mile-high trajectory during a
recent test at White Sands Proving
Ground, New Mexico. Radar im-

A V-2 rocket taking off from White Sands
Proving Ground, New Mexico, It could eas-
ily carry a man up a hundred miles since
the maximum 6.G acceleration is below
that at which pilots black out, but getting
down safely is another problem
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Master control room for V-2 tests, in block-

house with concrete walls 10 feet thick.

Each rocket has 20 channels for sending

back by radic and radar the readings of

the various instruments being carried into

hitherto unexplored regions of interstellar
space

Control desk from which rocket can be
fired and its fuel cut off by radio if trouble
develops during flight

pulses from a self-powered radio
beacon in the nose and reflections
from three tail surfaces were ntilized
in this first test. During flight, the
receiver is triggered from a ground
radar set by pulses picked up by an-
tennas in plastic housings on the fins,
causing the transmitter in the rocket
to repeat the pulses back to the
ground radar. This permits the com-

wwWwW americanradiohistorv com

Ground radar used for tracking V-2 rockets
! in flight

plete trajectory to be recorded pho-
tographically. Conventional radar
equipment also tracks the V-2 for
its entire tlight without the aid of
beacons, simulating conditions of
warfare,

Nerve center of the test area is a
blockhouse with 10-foot-thick con-
crete walls and a pyramidal roof 27
feet thick =t the apex, located 350
feet from the firing points. Narrow
slots containing heavy flameproof

Almost ready to go, with technicians mak-

ing final adjustments. The vertical support

and firetruck-type ladder are both part of

the trailer used for transporting the rocket
to its launching site
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REDUCED SIZE - YES
But Not Reduced Quality!

UNBRAKO

Reg. U. S. Pat. Off.

So finy you can hardly see them, yet perfect in every detail, the reduced size of
the "Unbrako' socket set screws with knurled point makes them invaluable in
the electronics and small instrument field. Yet, they are made with all the
accuracy, strength, and dependability of their larger counterparts, and like them
they have the added feature of their points being knurled . . . the knurled point
digs-in and holds firm . . . against even the most stubborn vibration! It can
easily be backed-out and used again and again! The internal wrenching feature
facilitates tight screws and compact designs, too. In sizes from #4 to 14"
write for the ''Unbrako" Catalog.

The "Unbrako" Socket Cap Screw (far right) and "Unbrako" Socket Set Screw
with Knurled Thread, (right) which is also a self-locker, regardless of the style
of point.

“Unbrako” and "Hallowell" products are sold entirely through
distributors.

OVER 43 YEARS IN BUSINESS

STANDARD PRESSED STEEL CO.

.. . This extremely
smalil "UNBRAKO"
Socket Set Screw
has the Knurled point

- = Qe -

Woygaeess

JENKINTOWN, -PENNA., BOXETY + BRANCHES: BOSTON « CHICAGO - DETROIT + INDIANAPOLIS - ST. LOUIS '+ 'SAN" FRANCISCO
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SWITCH BOX made by

azing copper and steel
outlets to stamped steel
box with. EASY-FLO. &

e SIl-FOS 0t

EASY-FLO iy

is the fast, low-cost
way to fabricate
ELECTRONIC equipment

Electronic equipment chassis and many
other parts are made today by SIL-FOS or
EASY-FLO brazed construction — typified by
the two jobs illustrated. They have been
redesigned, or newly designed, for this
simple fabricating method because —

1. SIL-FOS or EASY-FLO brazed assemblies
equal the solid metal in strength, water-
tightness, and ability to take vibration,
shocks and extremes of temperature.
They are also highly resistant to corrosion,

2. SIL-FOS or EASY-FLO brazed construction
is economical—for it can be produced
with considerable savings in man-hours,
machine hours and metals.

GET FULL FACTS QUICKLY
WRITE TODAY FOR
BULLETIN 12-A

This Electrical Fix-
ture, formerly an
aluminum costing, is
now made fasfer
and more economi-
cally by brazing
steel stamp-
ings and
brass rings

with EASY-
FLO.

HANDY & HARMAN

82 FULTON ST., NEW YORK 7, N. Y.
-

Bridgepers, Conn. o Chicago, Il » Lo1 Angales, Col

* Providence. B. 1. + Yaronts, Cancda

Agents in Principal Cities
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gluss permit direct observation: dur-
[ing launching, and periscopes pro-
| vide indirect views, Here is the
electric timer that sends signals
accurate to 0.00001 second to track-
ing equipment, and radio equipment
’ for communication with observation
posts as well as for cutting off fuel
| to the rocket by radio in the event
Ithat something goes wrong. This
radio remote control was used during
an earlier test of a smaller American
rocket, the WAC Corporal, when a fin
broke off soon after launching,

Synchrotron Whirls Elecirons

A VARIATION of the cyclotron that is
capable of accelerating electrodes to
energies of 300 million volts, by
whirling each one 200,000 times in-
side a hollow doughnut, is now un-
der construction at the University
of California. This newest atom-
smashing machine is the result of a
phase stability theory developed by
Professor Edwin M. McMillan, co-
discoverer of element 93.

The new machine, called a syn-
chrotron and scheduled for comple-
' tion early next year, will enable
atomic scientists to circumvent limi-
tations imposed by the theory of rela-
tivity on the energies which can be
reached in the acceleration of par-
ticles. In accordance with this
theory, particles become heavier as
their energy is increased. This in-
creased weight results in a tendency
of the particles to lag, arriving at
the eyclotron-type gap too late to be
pushed by the magnetic field. In the
synchrotron the magnetic field is in-

NEWEST THEATRE
TELEVISION

Rauland television projector installed in
Civic Playhouse at Schenectady, N. Y.
fills an 11 by 16-foot screen. The program
is carried by microwave radio relay from-
¢ General Electric television station WRGB

wWwWwW americanradiohistory com

SMOOTH YOUR
SELLING ROAD WITH

When you equip your new

phonographs and record-
|| changers with Smooth Power
motors, youre adding a defi-
nite asset to your line. That's
because every motor in the

wide GI line has built into it

that quick pick-up, quietness
and smooth-as-velvet perform-
ance that users demand.

Then too, their modern de-
sign and accurate manufacture
gives them long, trouble-free
life ... to add reliability to
your products.

You can smooth your sell-
ing road if you standardize on

Smooth Power motors.

e GENERAL

| INDUSTRIES <o

| DEPT.ME « ELYRIA .+  OHIO
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AN MOLDED
PLASTICS PARTS

FOR THE ELECTRONICS INDUSTRY |

"Midget" model 7"7{
is especially de-
signed for crowd-
ed apporatyus or
portable equip-
ment.

® Solld sllver contacts and stainless silver
alloy wiper arms.

o

® Rofor hub pinned to shaft prevents un-
authorized tampering and keeps wiper
arms in perfect adjustment.

® Can be furnished in any practicol
impedance and db. loss per step upon
request.

Lompression IHolded . 1o meet specific | \\

requirements... by an experienced organization

| ... tooled for the production of plastics parts l STANDARD

for electrical or general applications. Inquities TYPE ©® TECH LABS can furnish @ unit for every
ocknowledged prompily. | 700 purpose.
| ] ® Write for bulletin No. 431.

Manufacturers of Precision Electrical Resistance Instrumerits

337 CENTRAL 7v5. o JERSEY CITY 7 N.J

BOOKS

; SIMPLIFY METHODS

OF ASSEMBLING AND SERVICING
«in WALKER-TURNER
FLEXIBLE SHAFTING

ENGINEER

 UNDERSTANDING
MICROWAVES

(Chapter Heads)

-

The Ultra High Frequency Concept
Stationery Charge and its Field « Mag-
netostatics s Alternating Current and
Lumped Constants » Tr ission Lines
Poynting’s Vector and Maxwell’s
Equations « Waveguides < Resonant
Covities + Antennas e« Microwave
Oscillotors « Radar and Communica-
tion « Section Two is devoted to de-
scriptions of Microwave Terms, ldeas
ond Theorems. Index.

400 PAGES
Student engineers will find this book

involuable. Simplifies ond speeds

\
\ work. Covers all AC calculations

PRICE $6.00

e ————

"A-C CALCULATION
CHARTS

from 10 cycles to 1000 megacycles.

160 PAGES PRICE $7.50

JOHN F.RIDER, Publisher, Inc.
404 FOURTH AVENUE. NEW YORK 16, N V.
EXPORT-01V : ROCKE - INTERNATIONAL ELEC. CORP

13'E. 4QTH STREET, NEW YORK CITY.  CABLE ABLAB
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® You can put controlled elements
wherever good design dictates . . .
when you use Walker-Turner Flex-
ible Shafting in your products. It
goes around and over obstacles—
takes up minimum space — central-
izes controls for convenient opera-
tion, no matter where the condens-
ers, rotary switches, etc., are
located.

Scientifically engineered and care-
fully wound to produce smoother
power flow, sensitive control and
frouble free operation. Write for
further information,

WALKER-TURNER CO., Inc.
PLAINFIELD, NEW JERSEY

FLEXIBLE SHAFTING

company, Inc
PLAINFIELD, .4
vsa
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FOR REMOTE CONTROL AND POWER TRANSMISSION
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,"/'“l;l-—lél;-o—L AND VULCANIZED N \
;’ FIBRE FABRICATIONS
\\ y 4

~

HAEIR

A

i

Available now
to your exact ™
specifications! /G

PUNCHED, STAMPED, SHAVED, SAWED,
DRILLED, MILLED, TAPPED, THREADED

If you have stiff production schedules investi-
gate BAER facilities for volume production and
accuracy. Orders for any quantities, shapes
and sizes to your specifications. For details,
write today for descriptive Bulletin 120.

N.S. BAER COMPANY
Craftomen in Fibre Fabrication f
7-|| MONTGOMERY ST e HILLSIDE N. J.

|

N—

MESCO IHS'I'RIIMEH'I' RESISTORS CO. |

25 AMITY STREET, LITTLE FALLS, NEW JERSEY
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creased as the energy of the particles
increases, compensating for the
change in mass.

The synchrotron borrows the cy-
clotron idea of repeated acceleration
in a circular path, but differs in con-
struction and operation because the
mass or weight of an electron is very
small compared to that of the heavy
particles—protons, deuterons, and
alpha particles—accelerated in the
cyclotron. Because the electron is so
light, the increase in mass as the
electron gains energy is proportion-
ately huge, and appears at relatively
low energies. At 300 million electron
volts energy, an electron weighs 600
times as much as it does at rest.

There is no limit to the number of
times the electron can be accelerated,
but the strength of the magnetic
field limits the ultimate energy at-

| tained. When the field is no longer
‘ able to jerk the lagging projectiles

up to the pushing point at the cor-

| rect time, projectiles fall out of step

and lose their acceleration. In the

| synchrotron now being built, this

limitation will become effective at

I 300 million electron volts.

The machine will operate as a
betatron up to 2 million electron
volts, at which point it will begin to
operate as a synchrotron. At 300
million electron volts the particles
will have traveled around the circular
pathway 200,000 times before emerg-
ing in a beam. With this electron
energy, atom-smashing will mount a
threshold. It may be possible to split
protons and neutrons, and it will
definitely be possible to study cosmic
rays or mesotrons. A 300 million
electron volt electron is itself a
cosmic ray, and such a particle will
produce cosmic ray showers such as
occur in nature, under controllable
conditions permitting studies here-
tofore impossible.

Empire State Building Gets
New 61-Foot Antenna

THE LONG-FAMILIAR four-football an-
tenna atop the Empire State Build-
ing has been replaced with a 61-foot
steel mast supporting three antennas
which will radiate on four different
frequencies. A 16-element array
serves both for 67.25-me¢ video and

i 71.75-me sound of NBC television

station WNBT in its newly-assigned
channel 4. Another antenna serves
NBC’s f-m station WEAF-FM, and a
288-mc television test antenna at the
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MANUFACTURERS OF RADIO
HARDWARE ard ANTENNAS

Also Carrying a

COMPLETE LINE of
h WIRES, CABLES LL
and HOOK-UP \
WIRES
Inquiries
Inoited!

BIRNBACH RADIO CO. Inc.

145 HUDSON ST. - NEW YORK. 13, N. Y.
o et gt e e e e

ARGON  HELIUM  KRYPTON
NEON XENON . MIXTURES

T

o
R

<8

o « o Spectroscopically Pure

oakes
TURES

. . . Easily removed from bulb
without contamination

Scientific uses for LINDE rare gases include—
1. The study of electrical discharges.

2. Work with ectifying and stroboscopic
devices.

3. Metallurgical research.

4, Work with inertatmospheres, where heat
conduction must be increased or decreased.

Many standard mixtures are available.
Special mixtures for experimental purposes
can be supplied upon request.

The word *'Linde’” is a trade-mark of

THE LINDE AIR PRODUCTS COMPANY
Unit of Union Carbide and Carbon Corporation

30 E. 42nd S1., New York 17 [Hd Offices in Principol Cities
In-Canoda: Dominion Oxygen Company, Ltd., Toronto
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Eﬂle Most Indispensable Reference in Radio-Electronics

Electronic Engineering Master Index

A master compilation of over 15,000 titles,
articles and texts selected for their value to the
research engineer, this INDEX covers the years
1925-1945 and enables you to survey twenty
years of research literature on any subject in a
matter of minutes!

Vitally Needed in Every Laboratory and Library
COMPLETE IN ONE YOLUME

3 PART 1 PART II
January 1925 to January 1935 to
December 1934 June 1945

*

PARTIAL LIST OF PERIODICALS INDEXED:

SVIY §INT O S TN

Bell Laboratories Record Journa! of LE.E.

Bell System Technical General Electric Review
C(;Itg::::ilcations Physical Review
Electrical Communication ’};‘:-g:)i;(;!:?g:s {)fRAEl E.E

Electrical Engineering Transactions of A.S.M.E

| Engineering .
|Cl°'=‘o| Electronics Radio News
12110 Electronic Industries R.C.A. Review

320 pages Jour. of Applied Physics  Wireless Engineer

A $500 Reference Library in One Volume for §17.50
Descriptive circular on request.

ELECTRONICS RESEARCH PUBLISHING COMPANY

2 West 44th Street New York 19, N. Y.

G-fesfed Par-Metal
line presents superior fea-
tures of styling, design, and
construction. True to policy,
Par-Metal continves to
specialize ' in Electronic
Housings exclusively...and
is therefore able to offer
leadership in value. Com-

pare! Write for Catalogue.
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A major

advancement
in the

recording blank

field . ..

70 %o
GUARANTEE

GOULD-MOODY
"Blact Seal”

ALUMINUM
RECORDING BLANKS

e oo af NO increase
in price!

The GOULD-MOODY co.

395 BROADWAY-

268

After prolonged research and experi-
mentation, we have introduced techno-
logical improvements into 'Black
Seal" blanks that not only increase life
span, but materially enhance the other
finer characteristics of these blanks.
And so positive are we of the worth
of these perfected ‘'Black Seals' that
we're offering them 'to youv on an un-
conditional ten-year guarantes basis.

You can’t afford to be a
recording isolationist . . .

“Black Seal” blanks will not rip up,
disintegrate or powder after the first
playing if kept in storage for any
long period of time. You are in no
danger of losing valuable recordings
In what, up until now, you have con-
sidered your safe library of recording
blanks. No matter how well you may
be satisfied with your present blanks,
you can't afford to be a recording
isolationist. Try "Black Seals'—if, for
any reason whatsoever, yau aren't
satisfied, return them at our expense.

NEW YORK 13, N.Y.

pinnacle of the mast completes the
array.

Erection of the antenna was ac-
complished by assembling the upper
portions, raising them gradually
through a hole in the top deck of the
building, and adding the lower por-
tions. The working deck for this op-
eration is only nine feet in diameter,
1,250 feet above the sidewalks. Basic
design of the new broadband televi-
sion antenna, delivering an effective
radiated signal 100 percent more

powerful than its predecessor, was

| atories.

worked out by Raymond F, Guy,
NBC radio facilities engineer, and
Dr. George H. Brown of RCA Labor-
New sound and picture
transmitters are also being installed
on the northeast corner of tne 85th
floor.

Highway Radiophone Rates

THREE CLASSES of radiotelephone
service for vehicles are now being
offered in St. Louis by Southwestern
Bell Telephone Co. on an experimen-
tal basis but under regular commer-
cial conditions: (1) general two-way
telephone service between any vehicle
and any regular telephone or other
mobile unit; (2) two-way dispatch
service between a customer’s office
and his own mobile units only; (3)

Slide-out type telephone set being used in
St. Louis mobile radiotelephone system.
Operation is in the 152-162 mc band, with
a 250-watt central transmitting station and
a 20-watt transmitter in each vehicle. Fixed
receiving stations are located in various
sections of the city for reliable pickup of
the low-power mobile transmitters

one-way signaling service to notify
the driver of a mobile unit that he
should comply with prearranged in-
structions.

Rates for a three-minute general
service message are from 30 to 40
cents depending -on the location of
the lund telephone within the St.
Louis mobile service area, with toll

wwWwW americanradiohistorv com
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It Costs v, ou [ess

To Pay q
Little More For
SILLCOCKS - myyep

The nameplate that identifies
your product should reflect the
quality you build into it.

Recognizing this, manufacturers
all over the country have made Sill-
cocks-Miller their source for name-
plates fabricated of plastic. These
companies know that quality is a
tradition here at Sillcocks-Miller . . .
that every job must conform to our
rigid standards of accuracy and per-
fection.

From long experience, our en-
gineers can readily meet your name-
plate requirements. There is no lost
motion, no delays to you because of
“trial and error” production.

That’s what we mean when we say
it costs you less to pay a little more
for Sillcocks-Miller quality.

Write for complete details
THE SILLCOCKS-MILLER €O.
10 West Parker Avenus, Moplewood, M. 1.
Mailing Address: South Orange, N. ).
HIGH QUALITY, PRECISION-MADS

p FOR COMMERCIAL,
L REQUIREMENTS.

SPECIALISTS IN
RICATE

PLASTICS FAB

TECHNICAL AND INDUSTRIA
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Optical Glass
Specialties

L

Television Reflectors

Precision-polished optical
face plates for cathode ray
tubes

Optical lenses, prisms
and flats

FS Precision-Bore Glass Tubes
with bore exact within .0002"

Contact us for
such requirements

FISH-SCHURMAN CORPORATION
230 East 45th St., New York 17, N, Y.

IMMEDIATE DELIVERY!

WRL Multitester
e Sturdy Steel Case
e 30-60 Degree Angle
e Stand it up or Lay
it Down
CAT. NO. 16-491

TEST LEADS

CAT. NO. 17-459$'60
Ranges: DC Volts-——0/5/50/250/500 V, AC Volts—
0/10/100/500/1000V, DC Mills—0/10/100 Mills,
Ohmmeter—Low Range 0-300 Ohms. IHigh Range—
0-100,000—1 Meg. 3’7 Meter. Size 5%x8x3%.

LEQO'S SENSATION
OF THE YEAR!
3 WRL
GLOBE TROTTER
40 Watts Input
TRANSMITTER KIT

500 $59.95

chassis pancl, cabinet,

Complete including all parts,
less tubes, coils, and meter.
Wired by our engineers, Cat. No. 70-312....$75.00
All necessary accessories . ............ $13.85 extra
Tt has evervthing! Capable of 10 Watts input on C.W.
and 25 Watts input on phone on alt bands from 1500
KC through 28 Megaeycles. Ilas three bands, all pre-
tuned and available at the turn of a Switch, 10, 20,
and 80 meters and uses two power supplies.

WE INVITE INQUIRIES FROM AGENTS,
IMPORTERS, BROKERS!

KREE! Our latest c¢atalog packed
with radio and electronie savings.

Address Dept. E-7 Council Bluffs, la.

Formerly Wholesale Radio Laboratories
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For advertising and

IWalcliNalels
Blue Boolk

A DIRECTORY OF AMERICAN INDUSTRY

29 E. HURON ST. CHICAGO 11, ILL. i

book rates, call your

agency or write . .,

For 25 Years . z » Janette Converters have given dependable
service under the most adverse, varied climatic conditions in all parts
ofthe world. These machines are.designed especially for supplying
A.C. powerfor operating electronic devices when only D.C. poweris
_available. You Can Rely on a Janette Converter.
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FOR BETTER

SOLDERING

."—"3'*“-' .
! Ney,
o

Select the NEW G-E
CALROD SOLDERING
IRONS with the ‘““non-
freezing,”” easy-to-
replace, calorized-
copper tips. They
simplify maintenance
in your shop. Gen-
eral Electric Com-
pany, Schenectady
5, New York.

WRITE FOR BULLETIN
GEA-4519.

GENERAL (46 ELECTRIC

676-134

MANUFACTURERS OF RADIO, ELECTRICAL

AND ELECTRONIC COMPONENTS

7300 HURON RIVER DRIVE
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(60-1/@010/{'0//@
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DEXTER, MICHIGAN

rates applying outside this area. The
charge for a one-minute two-way dis-
patch call is 15 cents. The radio
equipment on the vehicle may be pro-
vided either by the customer or the
telephone company; if by the latter,
the installation charge is $25 and

| the monthly service charge is $15.

Harbor Sonar

HARBOR ECHO-ranging and listening
sonar developed by RCA Victor in
1942 provided a means for detecting

! the approach of enemy surface and

submersible vessels at harbors and
at entrances to inland waterways.
The equipment was installed on
shore except for the projector and
training gear, which were installed
under water and connected to the
shore station by cable for remote
training control and conduction of
signals.

Rural Radio Telephone

THE FIRST CONSTRUCTION permit for
radio stations authorized to handle
commercial traffic in the proposed
rural telephone service has been
granted to Mountain States Tele-
phone and Telegraph Co., Cheyenne
Wells, Colorado. To determine the
practicability of radio for telephony
in this sparsely populated part of
Colorado, a 60-watt central fixed
station will operate on 44.5 me in
Cheyenne Wells, and four 10-watt
subscriber stations will be installed
on ranches within a 20-mile radius,
using 48.3 mc and 48.5 me. A sixth
station will be operated as a portable
transmitter for testing the effective-
ness of the system.

LONDON NEWS LETTER
By JounN H. Jupre

London Correspondent

Free Radio Servicing. A new
radio company in Britain is making
big capital out of the fact that buy-
ers of its sets will get free mainte-
nance for two years by the firm’s
engineers, with tube replacement
included as well. No radioc man in
his senses believes that the service
is truly free but the company, which
is in the hands of good engineers,
has struck a sound psychological
chord in giving the buyer confidence
in his purchases.

Many people believe that the suc-
cess or failure of television will rest
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KIRKLAND Pioneer

FNDICATING LAMPS

TYPE T2 UNITS

T2 LAMPHOLDER

With T2MC Lens

RS ).
For Your Jobr. vi—

... BUILT IN FIVE SIZES,

YR

T2 lampholder, molded of bakelite, .

holding lip, dia. 11;/1.6"' Tip of lamp ranging from 3 K. W. to 15 K. W,, Models Range from
bulb protrudes sufiiciently (o be re- these portable electric power plants 3000 to 15000 Watts,
moved from front of pancl without R A.C. 120 to 440
use of special tool. are manufactured to give dependable Volts, 50 and 60
Very low current consumption bqlb service under the most rugged con- Cycles, Single or
(0.038 max. amp. on 24 volts). Series . . A . Three Phase.

resistor of small size on 120-220-440 ditions. Write today for specifications.

volts, etc.
T2PC Lens-cap, molded in plastic. DEALERS sSomeprofitablefran.
T2MC Lens-cap, metal with glass lens. WANTED:! chises still available.

Write today for catalogue Write or wire

THE H. R. KIRKLAND CO. . = v
§ King S, Morristown, N, J. Pioneer ELECTRIC Co. 3 b oy S remia
roromat ¢S WASHERS
g0 - STANDARD AND SPECIAL
HIGH Every Type

| Every Material
‘ Every Purpose
l Every Finish

Over 22,000 Sets of Dies

STAMPINGS

OF EVERY DESCRIPTION

TC
Permalloy
dust core’
toroids

Blanking
Inductance up to 3 Hys. ; F .
“Q" as high as 150 at l orming
3000 cy. Drawing
also Extruding
Toroids in Filters | Let us quote on

and Equalizers your requirements.

L AN WROUGHT WASHER MFG. CO.

10-12 VAN CORTLANDT AVE. EAST THE WORLD’S LARGEST
BRONX 58. N. Y. SEdgwick 3-1593 ' _ - - L e
2118 SOUTH BAY STREET e MILWAUKEE 7, WISCONSIN
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WIRE & RIBBON
for

VACUUM TUBE
¢ FILAMENTS & GRIDS

%ony sizes and alloys for a

range of applications such as
miniature tubes, hearing aid
tubes, low-current-drain bat-
tery tubes, receiving tubes . ..

'Aalfed and worked to as-

sure maximum vuniformity
and strength. WIRES drawn to
.0004” diameter; RIBBON
rolled to .0001"” thickness ...

Wollosfon Process Wire

drawn as small as .000010";
made to your specifications
for diameter and resistance.

lA’ECIAL ALLOYS made to

meet individual requirements.
. Write for list of stock alloys.

SIGMUND COHN & €O.

44 GOLD ST. NEW YORK
1901

SINCE

272

entirely on satisfactorily solving the
servicing problem. In a sound re-
ceiver the listener can tolerate a
surprising amount of distortion and
noise, but with vision only a tiny
amount can be stood. Now this
means that the sets have to be kept
up to concert pitch, and whether the
average radio serviceman will be
able to tackle it properly is a ques-
tion. The alternative is service or-

ganizations run and controlled by |

the set manufacturers.

To Sponsor or Not. Now that the
question of renewing the Charter of
the British Broadcasting Corp. is the
number one radio problem in Brit-
ain, listeners are more or less taking
sides in the argument as to whether
sponsored programs should be al-
lowed. Those in favor generally
quote the U. S. A. as the shining
example of how advertising pro-
duces better programs. It may or
may not, but sponsored radio is
naturally part of the American way
of life, whereas a nonsponsored ether
is naturally part of the British way
of life and to compare the results of
one with those of the other is point-
less.

The average American listener ap-
parently likes to be courted by the
manufacturers. He is an important
fellow from their point of view and
there is no reason why he should not
enjoy it.

British, on the other hand, look
on advertising in a different way.
They feel that the whole aim of ad-
vertising is to sell something they
do not want, and in rather a vulgar
manner at that. Maybe it is just
plain snootiness, but a great many
British listeners just do not want
sponsoring in radio. That, however,
does not prove that it is a bad thing
in the U. S. A.

French Radio Budget

MceGraw-Hill World News
Paris, France
THE FRENCH GOVERNMENT has budg-
eted a $19,000,000 program of radio
construction and research, of which
about $3,700,000 will be spent in
1946. Most of the 1946 appropriation
will be spent on the national radio
network, with $1,800,000 going for
new equipment and $850,000 for con-
struction. The short-wave station
Paris-Mondial and various middle-
wave stations will get new equip-
ment. Reconstruction work will be
begun on the long-wave stations

wWwWwW americanradiohistorv com

CURRENT
CONVERSION

WITH

BATTERY ELIMINATORS

FOR CONVERTING A.C. TO D.C.
New Models . . . designed for testing
D.C. electrical apparatus on regular
A.C. lines. Equipped with full-wave
dry disc type rectifier, assuring noise-
less, interference-free operation and
extreme long life and reliability.

® Eliminates Storage Batteries and

Battery Chargers.

® Operates the Equipment at Maxi-
mum Efficiency at All Times.

Fully Automatic and Fool-Proof.

LOW POWER INVERTERS

FOR INVERTING D.C. TO A.C.
Another New ATR Model . . . designed
for operating small A.C. motors, elec-
tric razors, and a host of other small
A.C. devices from D.C. voltages
sources,

ATR

STANDARD AND
HEAVY DUTY INVERTERS

FOR INVERTING D.C. TO A.C.
Specially designed for operating A.C.
radios, television sets, amplifiers, ad-
dress systems, and radio test equip-
ment from D.C. voltages in vehicles,
ships, trains, planes, and in D.C.
districts.

WRITE FOR NEW CATALOG =
JUST OFF THE PRESS!

( AMERICAN TELEVISION & RADIO c\&-

Quality Products Since 1931
J.5 A

ST. PAUL Y, MINN,
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MICROPHONE NEWS

The
NEW

St. Louts
OUTDOOR

. RUGGED
MICROPHONE

One of the "Finest Line of Modern
Dynamic Microphones." Each engi-
neered to fit your specific applica-
tions. Modern design—Rugged con-
struction. Range: 40-9000 Cycles.
Built to take the toughest treatment
under the worst operating and cli-
matic conditions. Alnico-Y Magnet.
Variable impedance output adjustable
to low, 200, 500 or high. Gunmetal
Gray, Black Lacquer or Olive Drab
Finishes.

Write today for further information
on the Complete St. Louis Line.

Licensed under Patents of the
American Tel. & Tel. Co. and
Western Electric Company, Inc.

ST. LOUIS MICROPHONE CO.
2726-28 Brentwood Bivd.
St. Louis 17, Missouri

— |

o. STEATITE

Z > GERAMIC

Properties and Characteristics of Our
LAVITE S1-5 Steatite Ceramic Body

Compressive Strength .....96,000 lbs. per square inch
Tensile Strength e . 200 lbs. per square inch
Flexural Strength . 110,500 Ibs. per square inch |
Modulus of Rupture. .. 20,000 bs. per square inch
Dielectric Strength - .235 volts per mil

Dielectric Constant . ... .. .6.42 } Frequency of

Loss Factor .......... ... l2.90
Power Factor . ........... 446 1 megacycle

Bulk SpPecific Gravity. .. .. .. ...... ... ... ... 2.664%
Density {(from atove gravity)..0.096 Ibs. per cubic inch
Hardneéss (Mohr scale}........ [
Softening Temperature ... . .. 0.0 00 2.350°F
Linear Coefficient of Expansion...... ... . .8.13x10—-8
Moisture Absorption (ASTM D-116-42-A). 0.009%
Design engineers and manufacturers in the radio,
clectrical and electronic fields are finding in
LAVITE the precise qualities called for in their
specifications . . . high compressive and dielectric
strength, low moisture absorption and resistance
to rot, fumes, acids, and high heat. The exceed-
ingly low loss-factor of LAVITE plus its excel-
lent” workability makes it ideal for all high fre-
quency applications.
We will gladly supply samples for testing.

D. M. STEWARD MFG. COMPANY

Main Office 8 Works: Chaltonoogo, Tenn
Needhom, Mecss.

Chicags  Los Angeles

ELECTRONICS — July 1946

T AU oathion Resistors

Noiseless in operatio
Strong and durable

Good performance in all
climates

STANDARD _RAN_QE
1000 ohms to 10 megohms
e NOISE TESTED o

At slight additional cost, resistors in the
Standard Range are supplied: with each
resistor noise tested to the following stand-
ard: “For the complete audio frequency
range, resistor shall have less noise than
corresponds to a change of resistance of
1 part in 1,000,000.”

HIGH VALUES
15 to 1,000,000 megohms

SSWHITE,\ hystriaL ...

THE S. S. WHITE DENTAL MFG. CO.
DEPT.

FLEXIBLE SMAFTS
S$MALL CUTTING AND GRINDING TOOLS

10 EAST 40th ST, NEW YORK 16, N. YVicem
+ FLEXIBLE SHAFT TOOLS - AINCERAFT ACCESSORIES
SPECIAL FORMULA RUBBERS

MOLDED ZESISTONS « PLASTIC SPECIALTIES = CONTRACT PLASTICE MOLDING

Doughnut Coils for electronic and telephone purposes.
High Permeability Cores are hydrogen annedled and
heat treated by a special process developed by DX engi-
neers. Send us your "spe'cs" today —ample production

facilities for immediate delivery. .

DX RADIO PRODUCTS CO.

GENERAL OFFICES 1200 N. CLAREMONT AVE., CHICAGO 22, ILL., US.A.
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New. .. “DIALCO™ PLN-843 Pilor Light

New Neon NE-51 Bulb

with

BUILT-IN
RESISTOR

For 110 Volts (and higher)
A RUGGED UNIT. Consumes a small amount of current
(under one milliampzre) and has dependable long life. =N
Note these important features of the PLN-849 Pilot Light: |
(1) RESISTOR INTEGRAL with socket assembly. Value
to suit supply voltage. (2) Moulded Bakelite Socket. (3)
Full-view Jewel Plastic Cap for visibility at all angles. (4)
Rugged terminals, binding sctew or permanent soldering type.

]l RESISTOR

(5) High resistance to vibration or shock. (6) Supplied HOUSED
complete with General Electric Neon IN SPRING
NE-51 Bulbs. May also be adapted CONTACT
to accommodate General Electric EYELET

Radio Panel Bulbs such as 47, 44,
etc., for low voltage circuits. Bulbs
removable from front of pancl.

Write today for samples and prices.
There is no obligation.

DIAL LIGHT (0. .

900 BROADWAY . NEW YORK 3, N. Y.
wi-  Telephone: ALgonquin 4-5180-1-2-3

WRITE FOR NEW
ILLUSTRATED
BROCHURE

The FINEST MICROPHONES
N forP.A./RECORDING

DYNAMIC
WITH NEW
SUPERIOR
ELIPSOID
PICK UP
PATTERN!

T

AMPERITE .
VELOCITY
MICRO.PHONE
WITH |
PATENTED ‘
AcousTic NN
COMPENSATOR 'I _»

Y AMPERITE KONTAK MIKES
IDEAL FOR AMPLIFYING
STRINGED INSTRUMENTS

USED ‘WITH ANY AMPLIFIER
AND WITH RADIO SETS,

= ASK YOUR JOBBER ... WRITE FOR FOLDER

-
///‘/

\

56) BROADWAY NEW YORK

274

www americanradiohistorv com

Strasbourg and Allouis, and a new
powerful station at Nancy is to be
started. Several new studios will be
built.

For television about a third of a
million dollars is scheduled for this
year, principally for the Paris sender
and studio and for a program of re-
search. Research on radar and wide-
band transmission will take a quar-
ter-million dollars, and small sums
are provided for other research.

The French African radio net-
work will be expanded considerably
in 1946, at a cost of about $400,000.
Receipts from the tax on radio re-
ceiving sets are estimated at $11,-
000,000 for 1946.

Signal League Organized

| A CIVILIAN ASSOCIATION of wartime

communications officers and manu-
facturers, to be known as the Signal
League, has been organized in Chi-
cago with Major General James A.
Code. Jr. (retired, and now vice-
president of Automatic Electric Co.)
as chairman of the board of govern-
ors, William J. Halligan of Halli-
crafters as president, and S. I.
Neiman (wartime director of public
relations for the Signal Corps) as
executive secretary.

The League’s charter is written to
admit as members manufacturers
who made “a significant contribu-
tion” to production for the armed
forces, other civilians who contrib-
uted time, services or support to the
communications branches, and for-
mer members of the armed forces
who contributed leadership or helped
expedite production.

Early Echo Ranging Sonar

The first experimental echo rang-
ing sets operated at frequencies be-
tween 20,000 and 40,000 cps. These
supersonic voltages were generated
by a transmitter that fed the trans-
ducer (the combined radiating and
receiving unit) which protruded
through the ship’s bottom. The four-
inch thick transducer consisted of
quartz slabs sandwiched between
steel discs about 16 inches in di-
ameter. It “pinged” out one-quarter
second pulses of energy which
traveled horizontally in a cone-

shaped path. When part of the sound

wave struck the target submarine,
a small portion of the energy was
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KURMAN
RELAYS

FOR KEYING and CONTROL COMPLETE ELECTRONIC
TIMING AND SWITCHING -

IN ONE PACKAGE. ...

DOUBLE * FULL - WAVE SYNCHRO -
THROW NOUS 2JPERATION . ..
AND APPLICABLE TO ANY
NEW OF OLD RESISTANCE:
TRIPLE WELDER UP TO 15 KVA
THROW
*
New Type A.C. or DC. Relay f;:,.,j ;e:;ro:i:id Yci::le;
Maintains Adjustment under Stress on 5 KVA Eigler-press b

Series 16 A.C. & D.C. Relays are
specified for aircraft and similar
applications where shock and vi-
bration are severe. Main features
include:—

1) Contacts will hold adjustment and ‘

position under stress of acceleration
up to 8 times the pull of grovity.

l type walder

NEW E-I ELECTRONIC

WELDING TIMER

SYNCHRONOUS - FULL-WAVE

2) 1500-volt dielectric strength be-
fcwelen all con:a:fs and 'gro;;ndi‘ 5 ¢
3) Coil impregnated against attacks by
molisfur:rd?‘d heat. No specigl skill is required to operate an E-l timer. Single knob
For complete details request a copy of control gives precision timing from Y, and 1 cycle to 20 cycles
Bulletin 1646 in single cycle steps. Circuit incorporates avtomatic splash
Write for details on Kurman line quench if electrodes are opened prematurely. E-l control elimi-
of Relays and Timing Controls nates mechanical contactors and their troubles . . . gas tubes
KURMAN ELECTRONIGS CORP. handle all current. Unit is housed in sturdy steel case
AL TE L ELECTRICAL INDUSTRIES
LONG ISLAND CITY 1, N. Y. TS B e D ,4EIV
— 42 SUMMER AVENUE NEWARK 4, NEW JERSEY L2ZT
\ |
DAWN of » DISC!
Reeves Sounderaft—a name new in record-
ing discs—an organization of men ex-
perienced in sound recording.
These experts, associated for many years
with both disc and film recording, know
the shortcomings of the past. From their
knowledge you profit in the present.
During the war Reeves Soundcroft per- _ - =
sonnel were fighting the shooting war, win-
ning the equipment war and turning out
blank records for the manifold wartime ] PLAST'C FABR'CAT'NG ®
uses of broadcasting.
N . PUNCHED AND FABRICATED PARTS, SPEED AND ACCURACY IN
ow united, they represent a solid front—
i R el ek ol TOOL CONSTRUCTION AND PRODUCTION REQUIREMENTS
and specialized distribution.
Hribunen e BAKELITE SHEETS, RODS, TUBES o
Experience counts, . . .
Over 20 years of fabricating experience
REEVES SOUNDCRAFT CORP. ELECTRICAL INSULATION CO., INC.
10 EAST 52 ST., NEW YORK 22, N.Y. 12 VESTRY ST., NEW YORK 13, N. Y.
PROGRESS ALONG SOUND LINE§ ===
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A MOST COMPACT RHEOSTAT

ANOTHER
SPECIAL BY
PROGRESSIVE

1., 10

746 wooD $

50 NOR

PR.BERESS‘WEGPQE. °°NN"

Type 2462F is designed for rela-
tively low wattage, and it fits into
an exceptionally small space.
From the back of the panel it
measures only 34 of an inch.
Its terminals are ideal for easy,
rapid crimping and soldering.
The shaft and bushing are fully
insulated from the contact mech-
anisms, so the rheostat can be
mounted on a metal panel. And
this little 10 watt rheostat is tested
for 1500 volt breakdown.
‘Other types of Hardwick-
Hindle rheostats, and our many
resistors offer you valuable ex-
clusive advantages also.
Write us today. Our engineers
are always at your service.

ACTUAL SIZE OF RHEOSTAT

@ HARDWICK, HINDLE, INC.
RHEOSTATS and RESISTORS
Subsidiary of THE NATIONAL LOCK WASHER COMPANY

NEWARK 5, N. J.

ESTABLISHED 1886

U.s. A.
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reflected back to the transducer,
which in turn fed the echo through
an electronic amplifier to earphones
and a range, or distance, indicator.
The direction in which the transducer
was facing indicated the target’s
bearing. Only about 20 watts of
power was transferred to the water
and echoes were obtained from a few
hundred feet distance. The equip-
ment gave results while the ship in
which it was installed was underway
at speeds below three or four knots,
In 1927, several naval vessels com-
menced sea trials with echo ranging
sonar.,

At the same time, the Submarine

Locations ¢f major components of modern
echo ranging sonar installation on an
escort ship. Attack plotter and bdi (bear-
ing deviation indicator) are developments
of World War II that greatly increased the
etfectiveness of sonar in action

Signal Company was producing
water-depth indicators, called fath-
ometers. The transmitter consisted
of an electromagnet which banged
a piston against a diaphragm facing
the ocean bottom, thereby emitting
a 1,000-cycle sound wave which was
reflected from the ocean bottom to a
button-type microphone. This echo
was fed to a calibrated scale where
neon light flashes indicated the depth.
Fathometers were eventually in-
stalled in most naval vessels.

The JK Hydrophone

By 1929, NRL had produced a lis-
tening sonar device which replaced
the acoustical SC tubes in sub-
marines. It was designated JK, and
was in effect the listening portion
of the echo ranging sonar. The lis-
tening head had the shape of crystal
transducers, but in place of the
quartz crystals used in echo ranging,
the newly developed Rochelle salt

July 1946 — ELECTRONICS



A SPEECH
= AMPLIFIER

This is a complete
peech amplitier
minus tubes ana
power supply work-
ing from dynanic
or carbon_micro:

less than —535 db.
Designed for use in
Collins ART 12
Auto-tune Lrans-

mitter.
$7.95

Uses 2 6+v6G's and one 12847

BUY THE NIAGARA WAY!!
T —

DYNAMOTOR

12 volts DC input-
delivers 230 volts at
90 mils, Complcte
with  filter — mounted
in can. 614x534x314

$2.95

ADDITIONAL NIAGARA ITEMS

Combination Special 315 29/8241 and R.C.A. Shiclded
Sockit U7 107 with huilt in hy-pass condense

FOUP COSU  ovrnos oo s o0 $6.95
Hewlett-Packard Audio Oscillator =200 I3 fre
range 20 eveles to 20,000 cyeles in ranges.  Com
plete with tubes and power supply, use b [CSCH
lition -« and guarantecd,  $75.00
Cramer ranning tims meter. 110 Volts 60 eveles
reads 10 8909.9 hirs. $4.95
Westinghcu~e =NADT-H127 0-1580 Volts AC.. $4.95
....... sooooang $4.95
BReanas A $5.95
200 . ... $10.95

Plat- Transformer 200 Voit CT- 700 Mils 110
Valts 60 cyrle tapped primary 2 KVA Amertran.
Limited Quantity ................ ...$39.95

NIAGARA RADIO SUPPLY

160 Greenwich S¢t. New York 6, N. Y.
Send for our fatest bulletin 4E

CAPACITORS -

OlL, PAPER and
ELECTROLYTIC

s SRS e T T _..u‘wf»

~
,/;"j\..mm‘,vrm‘__w d
Illinois

(o]
1616 N

v
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HAS MANY USES
IN RADIO

1. Coating cabinet interiors dissipates re-
flections and adds acoustical qualities.

2. Coating the edges of adjoining parts
before assembly eliminates vibration.

3. Coating wire grills adds a smart finish
at low cost.

Both Cotton
Flock are

and Rayon

&

. Coating phonograph turntables adds a
soft nom-scratching cushion for records.

available im-

mediately in a variety of

[

. Coating cabinet bases lends a soft
velvety '‘feel’’ and protection to table
and desk tops.

colors.

A trial application will show
you how easily this versatile
material may be handled . . .
how practical it is for the
above mentioned uses.
Write for Booklet, Celor

Card, Samples and

Prices

Preforsed

as a source of pre-
cision - made
WASHERS and
STAMPINGS
manufactured to
your specifications

CUP WASHERS
for Binding Screws

WHITEHEAD STAMPING CO.

1691 W. Lafayette Blvd. Detroit 16, Michigan

ARGON.NEON
HELIUM.KRYPTON
XENON

HYDROGEN
NITROGEN.-OXYGEN

COMPLETE FORMING MIXTURES
CARBON DIOXIDE
ACETYLENE

HIGHEST QUALITIES » ANY QUANTITY
DELIVERED ANYWHERE

GAS PRODUCTION
PLANTS INSTALLED
FOR LOWEST COST
OPERATION .

AMERICAN GAS & CHEMICAL CO.

HARRISON, NEW JERSEY o Contracted Complete Service on All Gases
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Ri h’ wh crystuls were employed since they
g ere were movre sensitive. The transducer
N was mounted topside to permit use
’f be'@ngs of the sonar only when the sub-
marines were submerged. The JK |
increased listening ranges to about |

l
PUTT'NG THE HORSE ( five miles under average water con- l
BEFORE THE CART ; ) ki e e S

|

Hero's Your Opportunity: 1o "be. First to

to within a few degrees. Shortly ;

afterwards they were modified by Start Your .own
RADIO SERVICE

the ‘addition of a small transmitter
which provided a feature similar to
Victoreen sub-miniature vac- the ping feature in echo ranging. SHOP
Complete Starting-in-Business
Package Stocks of

for finer instrumentation

This feature was used for com-
uum tubes, series VX with 10

eg.
Size 3"'x574"x2 15"

- _ . | —— TEST EQUIPMENT
milliampere filament operation, ; b é 2 TUBES, PARTS, TOOLS ) "
1 Wt : g' (‘, ¢ ’ (4
gl‘ld current of 10-14 amperes ,' e )49 uiiﬁ r Act quicklyl Meet the pent up demand for
. .‘ ) Erﬁ? tadio sevvl'ge.b'l'urg your sp?cialsgvvicenaining
and grid resistance of 1016 2 @é”; 'ﬁ'?:o':::'ﬁe::s’e?:th?n::‘:umnedrrsg%
,ai ‘ (o w\ﬁ P up. Details upon request!’ Write, wire or phone
ohms or greater, offer tubes | ;:. 11341 \;3 :
. I ] 2 4 S Gl |
especially designed for exact- | éé B ls }g 9 RepiNas
. L ) w 1 )}y%! A LA #POCKET" VOM
ing circuit requirements—rather | b YIS A S50 o0
) , &
y ) s '”‘q""!”:i’ C. Mills
than the expediency of using wj‘! 3 TR J on5-10-100-1000
W d ¥ 2t mg
) ) ] L, { | ey 0-2,000-20,000-200,
circuits designed around ex- .\\(“': | ' Nieg o
i |
|

isting tube characteristics. [ - — $24.50 net

’ Diaphragm of sonar transducer, showing

AVAILABLE AS PENTODES, TETRODES,

nickel magnetostriction tubes. Energizing

TRIODES AND DIODES coils are wound around the individual tubes RECORD CHANGERS
UTAH-DETROLA »550C... .. . . . $18.27
WEBSTER-CHICAGO #56.. .. . . 27.20

| munication between submarines. A
few JK’s also were modified for un-
derwater voice communication. For |
many years the JK remained as the
most valuable listening equipment |
in submarines.

QB Sonar for Submarines -
SUPER DEFIANT .......... . .. SX25 $94.50

. SKY CHAMPION '’ /'’ SR 60.00
The QB echo ranging sonar for I SKYRIDER MARINE ... SR  74.50
| submarines was developed by NRL | SKYRIDER 95 i - Approrimately 35

N about 1931. It was practically identi- l

« o« and fl"mg another | cal to the surface vessel sonar except
long recogn,‘zed need | that it employed Rochelle salt cry-
\ stals instead of the quartz crystals
used in surface ship transducers.
The QB’s were subsequently installed
in new submarines where the trans-

. ducer protruded through the keel,
sealed resistors supply the thereby enabling use of the QB at

HAMMARLUND HQ-129-X$129

TRIPLETT 625-N
20000 ohms per volt D.C.
10000 ohms per volt A.C.

3" Scale-TOPMOST QUALITY
(12) D.C. Volt Ranges to 5000
(6) A.C. Volt Ranges to 5000
(3) OHM Ranges 0-400-50000-

10 Meg.

(5) D.C. Current Ranges 1 Ma.
to 10 Amp.

PLUS OUTPUT and DB,
RANGES

Victoreen Hi-meg vacuum

demand for a stable preci- ship speeds up to about five knots $45.00 with test leads.
. . . whether the submarines were sur-
sion resistor in a range of ‘l faced or submerged. PHILCO BEAM OF LIGHT
100 to 10,000,000 megohms. The QB sonar operated satisfac- l SelemumCell.onIy..no holder .............. 1.80
torily up to ship speeds of about ruamngoton g L COD: arder, 2%
Write for technical data on five knots, but beyond that the roar fore acoompanied by payment i full

|Write for |
FRES CATALOG

and crackle of water noises drowned ]
out target noises and echoes. To re-

NANO
rbulence cause e | WY 2
THE VICTOREEN INSTRUMENT €0,  meorin o el AL\ suppiy &

VX tubes and resistors.

movement of the flatfaced trans- 4 : Ay
3800 PERKINS AVENUE ducers through the water, a spherical | ENG NEER'NG (0.,'|n.(.

CLEVELAND 14, OHIO cover about 19 inches in diameter, 127 SELDEN AVE. DETROIT . 1; MICH.
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FindOutNowAboutl P y -. | 1”% w
* STAR » U 2 B

CERAMICS

There are many kinds for
special uses, such as appli-
cations calling for resistance
to electricity. heat, moisture,
chemicals or weathering
agents. There are more than
a score of formulas in ac-
tual production at one time
in our factory.

Send for “A Brief Survey
of Technical Characteristics
of Molded Ceramic Prod-
ucts.” It is right to the point.

*
The STAR
PORCELAIN CO.

Electronics Dept.

Trenton 9, N. J.

.9 pecialists in intricate
electrical mechanical assemblies

Wllustrated above is an example of the type
of work Gray knows how to do —and do
well. We're open now for contracts and sub-
contracts in this highly specialize d field.
Write to Laurence McCulloch, address below.

RAY MANUFACTURING CO.

W. E. DITMARS, President
230 Park Ave., N.Y. 17, N.Y. o 16 Arbor St., Hartford 6, Conn.

(" Solves the Problem of |
Mailing List Maintenance!

Would a vibration meter
locate trouble in your
WASHER?

Electrical equipment requires super-precision
rigidity — dependability. Make sure with

Probably no other organization Is as
well equipped as McGraw-Hill teo

WS
solve the complicated problem »f
list maintenance during this period I ;
of unparalleled change in industrial ua lty as ers
personnel.
h R e Washers to specifications, of any type, purpose or material: which can ®be
rn:::(?r:'\r:i:l)rHilrlmldu:friaellsquheLls?ra ’i:‘:’""‘_' fabricated by punch press, Flat, Special Dimensions, Irreqular Contour, Tension
piled from exclusive ‘s0urceys and are and Spring, Formed and Drawn, Cupped and Finishing, etc. Wire Terminals.
based on hundreds of thousands of Send for complete catalog.

mail questionnaires and the reporis Also SMALL METAL STAMPINGS, any design Prompt dellvery

of a nation-wide field staff. All names n—— ' e e
THE QUADRIGA ' MANUFACTURING CO..

are guaranteed accurate within 2%.
inc, 1894 "‘N'a!;‘a Century, "22)-AW. Grand Ave.. Chicago 10 It

When planning your direct mall
advertising and sales promotion, con-
sider this unique and economical serv-

Ice in relation to your product. Details |
on request,

—

ML
GRAW-HILL

Mo
DIRECT MAIL LIST SERVICE

McGraw-Hill Publishing Co., fnc. |

DIRECT MAIL DIVISION
L330 Woest 42nd St., New York, 18, N. Y.

ELECTRONIC USE

~ FOR YEARS A LEADING SUPPLIER OF PRECIOUS METALS
o TO THE ELECTRIC AND ELECTRONICS INDUSTRIES.

i

| THE AMERICAN PLATINUM WORKS **aars”

PRECIOUS METALS SINCE 1875

ELECTRONICS — July 1946 279

www.americanradiohistorv.com



ersonnel Experience
lus

ersonalized Supervision

LECTROHM
ADJUSTABLE
RESISTORS

for
Varying
Resistances,
Voltage
Dividers,
and
Experimental

Work

Request complete data
on these and other Lec-
trohm Resistor styles.

Division of

5127 West 25th Street,
The National Lock Washer Co., Newark, N. J.

—Performance

Accurately spaced windings integrally embedded
in vitreous enamel,
® Dependable ratings on every individual unit,

® Resistance wire silver soldered to lugs by special
process for positive electrical contact,

Available with one or more adjustable bands.
Ratings from 10 watt to 200 wat,

Cicero 50, lllino’s

280

&ara 6xcc][ence m QyorL‘manslu'[) . @uanlily Qrm]uclion

Backed by 15 years of experience in production for many
leading radio manufacturers, we invite your cabinet prob-
lems for solution. Authoritative “'know-how" with all woods

and all finishes. May we have your specifications.

MOUNT VERNON CABINET CO., Inc

¢ 47 SOUTH FIFTH AVENUE, MOUNT VERNON, NEW YORK e«

www americanradiohistorv com

|

made of sound-transparent rubber,
was developed by NRL in colla-
boration with the Goodrich Rubber
Co. This dome permitted 10-knot
speeds before water noises became
excessive, and was subsequently in-
corporated in all transducers.
About this time a transducer was
invented in which magnetostriction
tubes replaced the quartz or salt
crystals. These tubes were small

| electromagnets consisting of a three-

| wound a coil of wire.

inch long, #-inch diameter nickel
alloy hollow tube, around which was
The tubes
elongated or contracted when their
magnetic flux was changed. The elec-

| trical energy from the transmitter

caused movements of the magneto-
striction tubes which vibrated the
diaphragm of the transducer, there-

| by emitting pings. Conversely, when

J

sound waves which struck the di-
aphragm caused a change in the
magnetic flux of the magnetostric-

Driver unit of modern echo ranging sonar,

being checked with portable iest mon:ter.

This unit energizes the magntostriction

transducer that sends the sound signal into
the wa'er

ticn tubes, an electric current was

| . . .
generated which resulted in signals

corresponding to the sound source,
i.e, propeller noises, echoes from

' pings, etc. In 1934, the Bureau of

|
|
|

Ships designed and the Submarine
Signal Company commenced produc-
tion of the magnetostriction echo
ranging equipments. Magnetostric-
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Merej com.
reial Produets

Absolute thoroughness in design and manufacture is one part of Electronic
Engineering Company policy. The other part is detailed inspection at every
manufacturing phase. This is your assurance of dependable performance—

because every Electronic Engineering transformer gets

this Inspection Plus.

Write s
: od,
. /Hamm/any 2"

“SPECIALIZED

4 ENGINEERS”

4311-13 RAVENSWOOD AVE
CHICAGO 13, ILL.

Y calT R 3223-9 WEST ARMITAGE AVENUE

41 Venice Bivd.; Los Angeles s, Cal,

CHICAGO 47, ILLINOIS

ANENT MAGNETS

Alloys: COBALY «+ CHROME « ALNICO

PERMANE

The making of permanent magnets is
an alloy, too . . . of experience, engi-
neering, facilities. We'll be glad to

SMALL PARTS

tell you more. Write for bulletin.

~ SN Th
Filaments, anodes, supports, 2 ?mas &
springs, etc. for electronic tubes. THOMAS & SKINNER STEEL PRODUCTS CO. Sklnner

Small wire and flat metal formed 1116 E. 23cd St., Indianapolis 5, Ind.

parts to your prints for your as-

semblies. LUXON fishing tackle — S e
accessories, double pointed pins.
fine size wire straightened. \

Inquiries will receive prompt
attention.

ART WIRE AND
STAMPING CO.

227 High St. Newark 2, N. J.

TR |
?TEQ e

- [

XCELITE tools will soon be back! Sales of these quality-built XCELITE
tools (such as the XCELITE nut driver above) have outpaced produc-
ton . . . but will soon be available {o you again for {aster, easier,
more accurate work!

P:ARK METALWARE CO., INC.
0 1 T Dept. C, Orchard Park N New York
%Y/ 74/ c0ts PREFERRED BY EXPERTS
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M-32A

® Motor Type KS-837
* Model I-S 2258
® Approx, 1/20 H.P.

Specifications

®Speed 1140 R.P.M.
®115 V. A.C. 60 cycles
® Split phase induction

® Continvous duty

Where quiet, vibrationless operation
and long life are essential, we recom-

mend this special 041&”10{02

for your continvous-duty fan and
blower applications, such as oil,
gas, or steam unit heaters—oil burn-
ers — air-conditioning units — etc.

Construction features: Motor is total-
ly enclosed. Tubular steel stator
housings are rabetted to fitdie cast end
bells, providing perfect alignment.
Bronze sleeve bearings are grooved for
best oil distribution. Oversize felt oil
retainers feed oil to shaft through two
spring tension wicks at each bearing.

John Oster Mfg. Co., 4 Main St., Racine, Wis.

Resilient neoprene motor mount-
ings absorb vibration — are not
affected by oil and grease. Can be
furnished with stzandard motor
mounting dimensions. Finished in
black, baked enamel. Length over
bearings, 83%”. Housing diameter
4-27/64". Weight 15 Ibs,

Orders for this motor are now in
production. If you need special mo-
tors for your products, write for in-

formation,

Specialists in special motors —
series, split phase, capacitor,
synchronous, end shaded pole
in fractional h.p, ratings.

FOR SAFETV'S SAKE

Safety first for personnel is of the utmost importance.

This protection can be guaranteed through the use of

G-E Interlock Switches on radio transmitters, X-ray and thera-
peutic machines, burglar alarms, and signal controls for fire doors.
Safety first for equipment is important, too. G-E Indicator
Lamps give visual evidence of what is going on inside equipment,
and circuit troubles can be corrected before they become serious.
Write: Electronics Departmen t, General Electric Company,

Syracuse, New York.

GENERAL @ ELECTRIC
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tion echo sounding equipment for
measuring water depth gradually re-
placed the fathometer in naval
vessels. To provide more equipment,
the Radio Corporation of America
was placed under contract by the
Bureau of Ships and commenced
production of echo ranging sonar in
the summer of 1939.

Report on Precipitation Static

ONE OF THE THREE great problems
of bad-weather flying, the interrup-
tion of aireraft radio communica-
tions by precipitation static, has
been overcome. As a result of three
vears of intensive research by Army
and Navy physicists under the lead-
ership of Dr. Ross Gunn, aircraft
radio communication, radio aids to
navigation, and radar can be used
with little fear that static will block
them out.

Since precipitation static is largely
caused by corona on antennas and
nearby points, the way to eliminate
static is to eliminate corona on or
near the antenna. This can be done
in three ways:

(1) The electric field on the air-
plane can be reduced by the use of
electrostatic dischargers which re-
duce the amount of stored charge
and thereby lower the field. The

Installation of up to a dozen elecirostatic
wick dischargers like this at strategic
points on an average plane will reduce
charge on airplane by 50 percent, with cor-
responding reduction in precipitation static

project has developed a silver-im-
pregnated cotton wick, about 13
inches long, covered with a plastic
material for mechanical protection.
Wicking is frayved at the outer end
by the air stream, producing a multi-
tude of small fibers on which the
surface field is very high. The dis-
charge from these wicks is corona
but the amplitudes of the associated
voltage transients are so greatly
attenuated by the high resistance of
the wick fibers that they produce a
negligible amount of static noise in
aircraft radio receivers. Ten to
twelve wicks should be installed on
average airplanes, the exact number
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and location being determined by the
type of airplanes.

(2) Antennas may be placed in
shielded positions on the airplane.
Since corona always breaks out first
on the exposed points of small radii
of curvature the corona can be trans-
ferred away from the antenna to a
more exposed point if the antenna is
brought within the area shielded by
more exposed points.

(3) Antennas and antenna masts
may be covered with insulation of
high dielectric strength which will
prevent corona discharge from the
antenna even though the surface
field is high. The best insulation
material for this purpose found so
far is polyethylene, a tough, flexible
plastic of high dielectric strength,
low dielectric loss, and relative in-
artness to sunlight and solvents.
The wire now being used is 51-mil
solid Copperweld wire covered with
polyethylene to an outside diameter
of 183 mils.

All bare portions of the antenna
system should be insulated. A poly-
ethylene tape may be used for this
purpose, if applied with considerable
tension to avoid air pockets. After
first removing any sharp projections
and building up any irregularities

10000 |
|
| - -~ BARE-WIRE |
@ ANTENNA |
5 1000 — —~ l
3 f . ‘ |
4 POLYETHYLENE -
2 0o r_ INSULATED |
ANTENNA .
£ %
" S
R 1
| | |
0 100 200 300 400 500
ELECTRIC FIELD INTENSITY IN VOLTS PER CM |
- amme——t |

Effect of antenna insulation on radio noise
due to precipitation static

with tape, a smooth spiral with % to
% overlap should be wound, extend-
ing 1% inches over adjoining in-
sulators.

The polyethylene covering of the
antenna system will prevent corona
until the intensity of the electric
field becomes so great that a punc-
ture the size of a pin hole will de-
velop. A device has been developed
which will indicate when any punc-
ture has been made.

Nearby Corona

Even though the antenna system
be perfectly insulated, any corona in
the immediate vicinity will be cou-
pled into the system in sufficient
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PULSE GERERATOR
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MODEL 79-B

SPECIFICATIONS:

FREQUENCY: continuously variable 60 to 100,000 cycles.

PULSE WIDTH: continuously variable 0.5 to 40 microseconds.

OUTPUT VOLTAGE: Approximately 150 volts positive.

OUTPUT IMPEDANCE: 6Y46G cathode follower with 1000 ohm load.

R. F. MODULATOR: Built-in carrier modulator applies pulse modulation to any

| r.f. carrier below 100 mc.

MISCELLANEOUS: Displaced sync output,

pulse width dials, 117 volt, 40-60 cycles operation,
wt. 31 [bs.

——

individually calibrated frequency and
size 14''x107x10”,

Immediate Delivery

EMENTS CORPORATION
BOONTON + 'NEW JERSEY

|
l For commercial airline, civilian aircraft, marine, police, railway,
| automotive, and other communication equipment.
l Complete line for the amateur bands.
‘ Custom units for laboratory, experimental, and
specialized applications.
Let us engincer your frequency control problems.
‘ Write for free catalog and other information.

\ STANDARD PIEZO COMPANY

|

| -Established 1936
|

|

Quartz Crystals and Frequency Control Equipmént
O ffice and Development Laboratory
CARLISLE, Pa., P.-O. Box 164

SCRANTON; Pa, ‘CARLISLE, Pa,
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Transmitting Coils
Are Dependable!

When you need a radio frequency
coil that can be depended upon to
give you the utmost in service and
quality, make your selection from the

BUD line.

Since one of the most effective means
of varying the loading of an R.F.
stage is by the use of a variable link
to the plate tank, this line of induc-
tances has this feature incorporated
in it.

These coils are distinguished by their
rigid construction, attractive appear-
ance, convenient mounting base and
conservative power rating. The ce-
ramic mounting base permits easy re-
moval without disturbing the winding.

Ask your local distributor to show you
these coils. He can explain them in

detail to you.
Bud
Can Supply All Your Needs! . .

with the latest types of equipment in-
cluding: condensers—chokes—coils—insula-
tors —plugs — jacks —switches — dials — fest
leads—jewel lights and a complete line of
ultra-modern cabinets and chassis.

D RADIO, INC.

N
BUD

CLEVELAND 3, OKIO
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degree to cause some interference.
Metal antenna masts and pitot tubes
are frequently used on airplanes. A
metal antenna mast should be re-
placed by plastic if possible, or if
not possible, should be smooth and
well-rounded, all edges having a ra-
dius of at least 1 inch, and all sharp
points smoothed off and wrapped
with polyethylene tape.

Portions of antenna wire used only
for support should be removed wher-
ever possible. Both grounded sec-
tions and floating sections in the
antenna system may nullify the ef-
fort in improving the antenna to
eliminate corona,

MEETINGS TO COME

SEPT. 10-14; NATIONAL CHEMICAL
ExposiTioN; Coliseum, 15th and Wa-
bash Ave., Chicago, Tl1.

SEPT. 16-20; INSTRUMENTATION FOR
TOMORROW—EXHIBIT AND CONFER-
ENCE; Wm. Penn Hotel, Pittsburgh,
Pa.; daily technical sessions and pro-
gram of short educational courses.

OcT. 3-5; NATIONAL ELECTRONICS
CONFERENCE; Edgewater Beach Ho-
tel, Chicago, Ill.; technical programs
under three main heads—communi-
cations, industrial electronics, and
scientific and medical developments.

OcT. 10-11; TELEVISION BROADCAST-
ERS ASSOCIATION CONFERENCE; Wal-
dorf-Astoria Hotel, New York City:
latest television equipment will be
exhibited.

BUSINESS NEWS

ST. JoHN X-RAY LABORATORY has
moved all facilities to its own build-
ing in Califon, N. J.

AIREON MFrG. Corp. of Kansas City
has transferred its Cinaudagraph
Speakers, Inc. subsidiary from Chi-
cago, Ill. to Slater, Missouri, where
additional facilities are available
for the manufacture of loudspeakers.

AIRBORNE INSTRUMENTS LABORATORY,

INc., Mineola, Long Island has been |

set up to carry on for both commer-
cial and military interests some of
the research projects begun during
the war at MIT’s Radiation Labora-
tory, Harvard’s RRL, and Columbia’s
Airborne Instruments Laboratory.
All stock is owned by Aeronautical
Radio, Inc. Personnel now numbers
171, of whom 65 are scientists and
engineers and 20 are skilled techni-
cians. Air traffic controls and radar

www.americanradiohistorv.com

rAnswering your questions on

How ELECTRONIC
DEVICES WORK
L IN INDUSTRY

— tubes — circuits

. /
— the split-second [
operations — clear- [N /
ly diagrammed and kt"‘* B 1
explained in  this ‘\“’ ELEC
defailed manual. o,
® Here is what you want | J
to know about the elec- i c
tronic devices used in > '
your plant. The book By
gives you a quick look e

inside vacuum tubes—to

complete tubeg working in proven circuits.
shows you how each part of the circuit acts
durm_g the split second and reveals the real
magic' of electronics.

® Plain description is used throughout. No
long words—no difficult math—no technical
descriptions are used. Everyvthing is explained
‘clearly and carefully with the help of almost
300 diagrams. Every effort has been made to

ELECTRONICS
IN INDUSTRY

By George M. Chute
Application Engineer, General Electric
Company, Detroit

103 pages, 6 x 9, 292 diagrams, $3.00

This book offers unusually thorough coverage
of electronics. It supplies a much more de-
tailed and simplified description of the subject
than is normally given. Every type of elec-
tronics tube and tube-operated circuit is treated
with completeness, from the simplest tube to
the most complex eireuit developed during the
war and in wide use today.

Just
Out

These 28 chapters help you understand
the industrial uses of electronics

. Choosing  electronics 15. Tube control of a D.C
for your needs moter

2. How electricity passes 16. Arc-welding control
through an ‘electron 17. Voltage and speed
tube regulaters

3. Control of electron 18. Large - current recti-
flow within a tube fiers

4. Time-delay action 9. High frequencies and

3. Tubes in A-C circuits shorter wave lengths

6. The A-C time-delay 20. Inverters, escillators
relay and the electronie

7. Kinds of high vac- heater
uum tube 21. Temperature recorders

8. Light and heat relays 22. High-speed light ro-

9. Controlling large cur- lays
rents with tubes 23, Register controls

10. Obtaining D-C power 24. Thy-mo-trol — Auto-
supply for tube cir- matic tube control of
cuits D-C motors

i1. Thyratron tubes 25. Thy-mo-trel for small

2. Resistance . welding motors
controls 26. Resulators of welding

13. Gradual control of voitage and current
thyratrons by phase 27, Electronic service in-
shifting struments

14. Heating and light- 28. Non - electronic  de-

| dimming controls vices

For 10 days FREE TRIAL mail coupon

McGraw-Hill Book Co., 330 W. 42ad St.,
N. Y. C 18

Send me Chute—ELECTRONICS IN INDUSTRY for 10
days’ examination om approval, In 10 days I will send
$5.00, plus few cents postage, er return buook postpaid.
(Postage paid on cash order.)

Name ....

Address .

City and State ............... ... ... .. ... ...

l Company

Position ... . AT . S L.
Kor Canadian price, write: Embassy Book Co.,
12 Richmond $t. E., Toronto, 1
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warning devices are among imme-
diate projects sponsored by commer-
cial airlines.

KELLOGG SWITCHBOARD AND SUPPLY

Co., Chicago, has purchased Select-O- |

Phone Co. of Providence, R. 1., manu-

|

facturers of automatic telephone sys- |

tems.

CORNELL-DUBILIER ELECTRIC CORP.,
South Plainfield, N. J. has purchased
an eight-story building in Worcester,
Mass., three floors of which it had
leased during the war for production
of the tiny capacitors used in prox-
imity fuzes.

FEDERAL TELEPHONE AND RADIO
CoRrp. announces that construction is
well under way for its new manufac-
turing plant and administration
building at Clifton, N. J. When com-
pleted, the company will have ap-
proximately 20 acres of floor space
at Clifton.

RCA VicTor DivisioN purchased
from the U.S. Navy Department for
$4,362,500 the Lancaster, Pa. tube
manufacturing plant which they

Considered the most modern electron and
television tube manufacturing plant in the
world, this Lancaster, Pa. one-floor air-con-
ditioned building purchased from the Navy
by RCA provides 326,000 square feet of
manufacturing space

built and operated for the Navy
during the war, and will invest an
additional $2,000,000 to expand and
further modernize the plant’s high-
speed production equipment for
cathode-ray tubes.

McQuAY-NoRrIS MFG. Co., St. Louis,
producers of the v-t proximity fuze
during the war, have purchased the
L. M. Persons Corp. and the South-
ern Electronics Co., both also in St.
Louis. Expansion plans are under
way for entry into the post-war elec-
tronic and electrie products field.

ELECTRONIC ASSOCIATES INC., Long
Branch, N. J., organized by officers
and men of the New Equipment In-
troductory Detachment in the Office
of the Chief Signal Officer while they
were still in uniform, is now pro-
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with new Transformer Type

SPEED IRON'

~ (»,AT\SI
8 \\

——= &
J ~ l‘\of?
Secow
Release trigger and circuit breaks
automatically. Intermittent heat saves
power when continuous use is unnec-
essary. Fast heating, SPEED IRON is

always ready for use.

o SOLDER IN TIGHT PLACES—AROUND CORNERS

o PERFECTLY BALANCED—EASY TO HANDLE

o STAYS TINNED—NO TIP BURNING

o LOW VOLTAGE, HIGH CURRENT FROM BUILT-IN TRANS-
FORMER

o IMPACT RESISTANT PLASTIC CASE AND HANDLE—STAYS
cooL

WELLER MFG. CO.

510 NORTHAMPTON ST. « EASTON, PA.

*¥TRADE MARK REG. U, 5. PAT, OFF,

Don’t Overlook C1.C's New
I-F Slug Tuned INDUCTOR

This compact, ecasy-to-mount
LS-3 coil is available in four wind-
ings (see below). Total possible
frequency span is from !z mc. to
better than 150 mc. You'll find
them ideal for many applications.

The chart gives the individual
characteristics:

100 WATTS

115 VOLTS

. T

60 CYCLES

NEW TRANSFORMER .-

PRINCIPLE FOR

TEMP.

FAST HEAT R

TAME

~
- SEE WHAT

YOU SOLDER

Ask for SPEED [RON at
your RAOIO PARTS DISTRIBUTOR

bC INDUCTANCE VARIATION TYPE & NO. OF TYPE OF
RESISTANCE OF SIZE OF TURNS WINDING
INDUCTANCE WIRE
1 meg. 56 18.14 ohm 420 micro- 32510750 #38 SCE 198 Multiple
unit @23°C. henries + 5%  microhenries
10 meg. 44 1.90 ohm 8.4 micro- 47510 14.25 #38 SCE 245 Multiple
unit @19.5°C. henries+ 5% microhenries
30 meg. 46 126 ohm 0.7 micro- 350 t0 1.0 #28 E 7 Single
unit @20°C. henries+ 5% microhenries loyer
60 meg. 46- 126 ohm 921 .065 10 .095 #28 E 2 Single-
unit 50 @20°C. 102 micro- microhenries layer
henries+5%

If these standard LS-3 don’t meet your requirements,

439 Concord Avenue

awe'll be pleased to submit quotations on coils built
to your specifications. Write for C.T.C. Catalog No. 100.

CAMBRIDGE THERMIONIC CORPORATION.

. Cambridge 38, Mass.
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New Plant to Speed Pro-
duction of R.F. Coils,
Windings, Sub-ussem blies

and Radio and Electrical
Test Equipment!

YOUR INQUIRIES INVITED

The recent

|
|

Clippard, with 25,000 ad
square feet of prm!u(‘llona S o

now In an ideaj Position to handye

U}
L Do you need precision R.F. Coils, i‘g:v:-:lily?,'t?ub‘-‘xis';mﬁ'ff‘:,':bfq’;ﬁfﬂf
= Electro-magnetic windings, Sub-assem- AT e m,':l“(;g'x”':'n:h.Dmhld‘ms with
blies, or Specialized Zlectrical and Additional inquiries are cordially
Electronic Test Equipment for the lab- ?::ftl;::;':“ ':;Tklt'i,i*scrimlnanng manu.
oratory or production line? Have you Ry 0t
B a tricky engineering, ass2mbly or pro-
duction job on which yos need help?
] Take advantage of Clispard's repu-
™ tation for "“know how™ axd Clippard’s
enlarged production fadlities. Skill,
= accuracy and dependability remain our
[ | creed, and we can now give service
and delivery heretofore. impossible. INSTRUMENT
o let us know your R.F. Coil and LABORATORY.
- instrument needs, TODAY!

EE@aEE NS RERESS Q@

- - T = - — - . gy . . —
T

} -

ave you a Hgh
Temperatane [ N
Capacitor

Applicaticn

Plusticon Types AS are silicone

 impregnated plastic film dielectric capac-
itors. They will operate from —80°F. to +256°F.

e e oA

with less than 10% capacitance change. Plasticons are

small in size as they are not ;‘_vohuge- derated.”’

— -
- e =

Condenser
Products Company

1375 NORTH BRANCH STREET CHICAGO 22, ILLINOIS

v e L

286

www americanradiohistorv com

|
|

{

viding electronic consulting, engi.
neering, design, and development
services for industrial firms and gOoVa
ernment agencies,

RESISTORS, INC., Chicago, IIl, has
been organized by Joseph J. Cerny,
formerly president and general man-
ager of Lectrohm, Inc., to manufac-
ture a complete line of resistors and
associated products.

ARMOUR RESEARCH FoUNDATION, Chi-
cago, has established a Magnetic Re-
corder Division headed by Carl L.
Titus. Thirty companies are now
licensed to produce its recorders, the
last four being Garrard Engineering
and Mfg. Co., Ltd. of Englangd,
| Ateliers de Constructions Elec-
| triques de Charleroi of Belgium,
Avery Sound Instrument Corp. in
| New York City, and Magnicord, Inc.
in Chicago.

| SERDEX, INC., Boston, Mass., has been
formed to do development work in
meteorological instrumentation, elec-
tronics, and communications. D. C.
Bradford, formerly with Radiation
Laboratory, is chief engineer.

FEDERAL ELECTRIC MFG. Co., LTD. OF
CANADA has been organized in Mont-
real as a wholly-owned subsidiary of
Federal Telephone and Radio Corp.,
Newark, N. J. to produce telephone,
radio, and electrical equipment for
Federal’s customers in Canada. Nor-
man E. Wunderlich, new executive
sales director of Federal, announces
receipt of an order from CBRC already
for two 50-kw a-m broadcast trans-
mitters, one for Winnipeg, Manitoba,
and the other for Edmonton, Alberta.

EMERSON RADIO AND PHONOGRAPH
CorP., New York, N. Y., received the
Naval Ordnance Development Award
for its contribution to the radio prox-
imity fuze research and development
| program.

| ANACONDA WIRE AND CABLE Co. re-
ceived the Naval Ordnance Develop-
ment Award for development of a
j still-secret device used in connection
with magnetic underwater ordnance.
It involves a gradiometer coil so
sensitive that a piece of steel no
larger than a penny is sufficient,
when in the field of the coil, to de-
tonate the associated explosive
charge,

APPLIED PHYSICS LABORATORY, Silver
Spring, Md., was presented with the
Naval Ordnance Development Award
for outstanding research and devel-
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opment work on the radio proximity
fuze, gun directors Mark 57 and 61,
a torpedo explorer, and guided mis-
siles.

PHILIPS Co., Eindhoven, Holland, has
recovered from Germany the com-
plete equipment of its radio tube fac-
tory, consisting of 1,200 machines,
and is now operating at better than
60 percent of prewar capacity. Labor
shortages at Kindhoven are forcing
removal of some operations to other
parts of the country, with one new
plant for processing radio tubes be-
ing scheduled for Sittard. The pres-
ent labor force of 17,000 is consid-
ered inadequate to handle the orders
coming in.

CROSLEY CORPORATION, Cincinnati,
Ohio, received on behalf of its Prim-
rose Plant 9 the Naval Ordnance De-
velopment Award for contributions
to the success of the variable-time
fuze for projectiles. By Feb. 1943,
the 5,000 employees in this plant were
turning out 5,000 fuzes a day. A
total of 5,250,000 units of 47 differ-
ent tyvpes of v-t fuzes were produced
at Crosley, and 500 different types
of fuzes were engineered.

PERSONNEL

H. RUSSELL BROWNELL, formerly with
the engineering department of West-
ern Electric Co., has opened his own
offices and laboratory at 188 West

Fourth St. in New York City and |

offers consulting services on electri-
cal, electronie, and magnetic testing
and measurement problems, along
with calibration and repair of special
measuring equipment.

RoseEL. H. HYDE, with the FCC and
its predecessor since 1928, has been
appointed Commissioner to fill the
unexpired term of the late Governor
William H. Wills.

WILLIAM HEBAL succeeds Dan Gel-
lerup as broadcast technical super-
visor for the Milwaukee Journal ra-
dio stations WTMJ and WTMJ-FM.

FRED P. ANDREWS, commanding of-
ficer of Alaska Communications Sys-
tem for the last five years, was made
assistant to the president of Press
Wireless, Inc., New York City.

KENNETH G. MORRISON, chief engi-
neer of radio station KRE in Berke-
ley, California for four years and on
the engineering staff of NBC in San
Francisco for three years prior to
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2% to 106 lbs., capacity from Y2 tc-

20

GALLONS / MINUTE

The performances chart shown above typifies the wide range of performance
available through the selection of Eastern. Midget Pumps. These pumps can provide
the right equipment for your needs where small size and light weight, combined
with high performance and economy of operation are factors, They may be
adjustable stuffing boxes or rotary seals and will
not leak at several times the maximum working pressures. Weights are from
70 G.P.M. and pressures range up to 250
Standard models of many pumps are available in Mone]l Metal,. Stainless
“C”, Cast Iron, Bronze and other metals and alloys. Models
are motor driven, including Underwriters’ approved ex-
plosion-proof motors, air driven or belt driven, Write for
NEW CATALOG describing entire line of pumps.

EASTERN ENGINEERING CO.
84 Fox Street, New Haven 6, Conn.

25 30 s 4

TERMINAL

ELECTRIC WIRES

CONDENSER PLATES
SMALL METAL STAMPINGS

in accordance
with Customer's Prints
®
ACCURACY e PRECISION
REASONABLE DIE CHARGES

[ )
Modern Equipment and Factory
No Screw Machine Parts

PATTON - MacCUYER COMPANY

7 VIRGINIA AVENUE

PROVIDENCE, R. I

www.americanradiohistorv.com

TEST YOUR
MAGNETIC CIRCUITS

RAWSON FLUXMETER TYPE 504
The only portable fluxmeter available which
returns rapidly to zero when a single button
is depressed. Simple and fast in operation.
Convenient and light in weight.

Not limited to a single type of measure-
ment. Has universal application for laboratory
or production, Measures strength of magnets
and electromagnets, permeability and hys-
teresis loops for iron and steel, total flux
lines in circuit, flux lines deveolped in air
gap, etc.

Has a mechanical clamp to protect the

pivots and jewels when in transit.

Low price $125 net FOB Cambridge, Mass.

RAWSON ELECTRICAL
INSTRUMENT COMPANY

111 Potter Street, Cambridge 42, Mass.

Representatives
Los Angeles New York City

Chicago
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wartime work on the Manhattan

Project, has been made assistant ra-
| dio sales manager of the Graybar

Electric Co., New York City.

Specially Designed To Meet Your Needs :

\
ield has
Westfield
For years ¥ =  istom-
jalized in €452
sa:)(:emnuts for leading
m

manufacturers:

K. G. Morrison M. B. Lamont

| M. B. LAMONT, one of the pioneers
| in auto radio development, hecame
| products manager for Bendix Radio
Division in Baltimore, in charge of
electrical detail in radio, f-m, and
television.

! WILL WHITMORE of Western Electric

l Co. is a member of the electronics
staff of Captain C. L. Engleman,

;Electronics Coordinating Officer of

| Joint Army-Navy Task Force One,

| and will participate in electronics ac-
tivities in connection with the atomic
bomb tests.

HENRY C. SHEVE becomes a staff en-
| gineer for Stromberg-Carlson Co.,
Buffalo, N. Y. At the time of his re-
| lease from active service in March,
| 1946 he was assistant director of the
electronics test division of the U.S.
Naval Air Test Center at Patuxent
| River, Maryland.

L. M. LEEDs has been made consult-
ing engineer in the Transmitter Di-
vision of General Electric Co. in
Syracuse, N. Y. In 1938 he super-
vised development of the first G-E
television station, W2XB, in the
Helderberg Mountains outside Sche-
nectady.

JOHN P. KEARNEY terminated three
EmE. SN S — years of cathode-ray tube design for
Hand Fitting  Incorporating the Electronies Division of the Bu-
2t ok eguanc liiode reau of Ships to become assistant
A manager of the Industrial Products
Division of the Libbey Glass Co.,

RANGES: _ FREQUENCY RANGE: Toledo, Ohio, where he will special-
DC 0-1, 2.5, 10, 50, 250, 500 Negligible frequency error from ize in glagsware for the electronics
AC 0-1, 2.5, 10, 50, 250 50 cycles to 100 megacycles. field.

EXTENDED TO 5000 VOLTS BY EXTERNAL MULTIPLIERS

INPUT RESISTANCE:
DC—80 megohms on 1 volt range; 40 megohms on 500 volt range
AC—40 megohms on | volt range; 20 megohms on 250 volt range

INPUT CAPACITY OF PROBE: 5 micro-micro farads

SUPREME INSTRUMENTS CORPORATION

WALTER ALBERT RusH, Controller of
Radio in the Department of Trans-
. | port, was awarded the 1946 Adminis-
tration medal of the Professional
Institute of the Civil Service of
Canada for his wartime work in or-
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% Would you like to control indi-
vidual loud-speakers without upset-
ting the multiple-speaker network
and introducing distortion? If so.
this Clarostat Series CIB Attenuator |
is the happy solution, because . . . |

1 nt-
This compact: 'mexpenswe,tg:ns;;s.l-
ttenud
i ance output «@ t
mped 0 watts at any setting.
without distor
attenuation in ) dl:>1
9 db, and then fina
Zero insertion loss.
an individ-
Jti-speaker

pates 1

Operates noiselessl?,

i ded as
Highly recommences,
uaql speaker control in mu
P-A sys.ems.
Can also be v
control for powe
Available in 8, 15, 50, 200,
500 ohm impeddances.
2 dia % 2%’
114" bar

ged as an output level
r amplifiers.
250 and

long.
Dimensions: . knob
One-hole mounting.

standard equipmenl.

% Write for DATA ...

Engineering Bulletin No. 111 describes Series
CIB Constant-Impedance Attenuator. Write for
your copy.

CLAROSTAT MFG. €0., Inc. - 285-7 N. 6 St., Brooklyn, N.Y,
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ganizing the work of Canadian scien-
tists, especially in the field of radio,
the monitoring of enemy messages,
and the establishment of long-range
high-frequency radio d-f stations.

ARTHUR L. SAMUEL is leaving Bell
Telephone Laboratories after 18
vears of vacuum tube research and
development work there to become a
member of the electrical engineering
faculty at the University of Illinois,
where he will direct the work of
graduate students in research and
development of electron tubes.

PauL WITTLIG has been named man-
ager of technical operations for CBS
television station WCBW. He has
been with CBS since April 1934.

Luis pE FLORES, deputy chief of the
Office of Research and Inventions,
and H. Struve Hensel, Assistant Sec-
retary of the Navy, headed a group
of experts that has been in London
coordinating the work of ORI here
with research and development activ-
ities now being carried on in Eng-
land.

R. A. MONFORT, formerly with NBC
in New York, has been appointed
chief engineer for the Times-Mirror
Co. in connection with color televi-
sion and f-m activities of the com-
pany on Mt. Disappointment near
Los Angeles.

L. GRANT HECTOR, who was director |

of engineering for National Union
Radio Corp. before taking charge of
the OSRD group responsible for de-
veloping the subminiature tubes
used in proximity fuzes, has been ap-
pointed director of research and en-
gineering for Sonotone Corp., Elms-
ford, N. Y.

L. G. Hector R. B, Albright

ROBERT B. ALBRIGHT now heads lab-
oratory operations of the Bendix
Radio Division of Bendix Aviation
Corp., Baltimore, and will concen-
trate on the electrical design of
broadcast radio receivers. l
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THE WORLD’S
LARGEST RADIO
SUPPLY HOUSE!

— since 1922,

pliers of the world’s

sup-

radio and electronic

oo (% needs

At RWT we continue to offer the largest
and most complete assortment of nationally
known radio and electronic parts. Each
different item from our stock of over
10,000, represents the finest value of its
particular kind. Our Superspeed Service
ships your order out the same day it is
received. Our Engineering Service assists.
you with your special equipment require-
ments. This means comprehensive service
for you. Make RWT your centralized source
for all radio and electronic supplies. d

SPECIAL
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Transmitter tube now
sold at $50
elsewhere —

-
S TN
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I
RWT’s PRICE TO YOU,

i

Another RWT achievement! Use this versa-
tile transmitter tube as a modulator-oscillator-
amplifier! Filament wvoltage: 5 or 10 wvolis.
Plate rvoltage: 3,000 volts. Plate current: 900
ma. Plate dissipation: 300 watts. Limited
quantity only.

A SERVICE FOR: Industrial Organizations X
Laboratories & Purchasing Agents X Radio
Dealers & Servicemen X Training Schools
* Amateur Operators and Experimenters.

Latest Bargain Guide
includes a host of
radio and electronic
items you need today!

L[Mze//e /%(//o

Hadio Wire
Television Inc.

New Yark 13. Boston 10. Newark 2

USE COUPON 1O ORDER!. [

RWT Dept. EG-6

100 Avenve of the Americas, New York 13.
Enter my order for xmitter tube(s).
[ Check enclosed. [ M.O. [JSendC.0.D.
] Send me FREE copy of your latest BAR-
GAIN GUIDE C37 and place my name on
list for your New Super Catalog.

Originators,a
Marketers of

the Famous

Address. ... il

Zone .State..........
Paste on penny ao‘ugr.d. Mll;-‘l’qpﬁ!l
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EISLER EQUIPMENT"

]

;
... COMPLETE AND DIVERSIFIED FOR EVERY PHASE
OF ELECTRONIC MANUFACTURE!

~ TRANSFORMERS ..

of all types — furnace, distribution, power, phase
changing, air, oil, induction, water cooled, plate, filament and auto-trans-
formers. Filter chokes and inter-phase reactors.

k TRANSEORMERE FOR LOERATION IR COMMUMICATION CIRCUIT.
; =TNTERPHASE REACTORS ol FHAMENT Wamravﬁx' |<-—-g! PHASE #A’vsﬂwﬂ"gs ot
= iy

EISLER Compound
Vacvuum Pump.

*EISLER machines are in
use and in production
by 99 % of all American
radio tube and incan-
descent lamp manufac-
turers and throughout
the world.

EISLER Spotwelders
from Vs to 250 KVA.

~-CHAS. EISLER
EISLER ENGINEERING CO.

751 5O. 13th ST. (Near Avon Ave.) NEWARK 3, NEW JERSEY

e R

24 Head Radio Tube
Exhausting Machine.

T
B

i
]

|

e e

Specializing in the production of highest
quality Alnico Magnets in all grades
including new triple strength No. 5.

Production material checked to assure
highest uniform quality of product.

Castings made to customer's special
order on the basis of sketches or blue
prints furnished.

Information and suggestions furnished
on request.

10001
DETROIT 5 MICHIGAN

NEW BOOKS

The Development of
Mathematies

By E. T. BELL, Professor of Mathe-
matics, California Institute of Tech-
nology. McGraw-Hill Book Co., Inc.,
New York, 1945, second edition, 637
pages, $5.00.

- THIS CRITICAL historical summary of
mathematical concepts was written
to tell students where advanced
mathematical study could lead them.
It also surveys the field in broad
sweeps that orient one’s mathemat-
ical thinking. It is a book about con-
cepts, not techniques. Although sa-
tirical at every turn, it serves admir-
ably to place mathematics in its
relative position in logical and social
thinking, as well as to orient the
divisions of mathematics in the mind
of a novice. Mathematicians will
take sides with and against Professor
Bell’s comments, but all will agree
that his irony is well written.—F.R.

The Birth and Death
of the Sun

By GeorGE Gamow, Professor of Phys-
ics, George Washington University.
Penguin Books, Inc., New York, 1945,
219 pages, $.25.

A PAPER-BACK REPRINT of a nonfiction
work originally published in 1940,
worthy of consideration not only
| because of its excellent technical
|chapters on atomic theory, radio-
activity and transmutation of ele-
ments, but also because it lends
promise of more technical books
emerging in convenient pocket-size,
| twenty-five cent editions. The pub-
| lishers are to be commended particu-
larly for the excellent rendition of
detail in the 24 halftone illustrations

| of electronic and astronomical sub-
| jects.—J. M.

|

Radio Tube Vade-Mecum

By P. H. BraNs. Published by Alge-
meene en Technische Boekhandel (Gen-
eral Technical Bookstore), Prins Leo-
poldstr. 28, Antwerpen (Borgerhout),
Belgium, 1945, 208 pages, price 105
Belgian franes.

HERE AT LAST is the radio tube hand-
book radio engineers have dreamed
of, covering the products of receiv-
ing tube manufacturers throughout
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seven carefully prepared tables and
charts and with prefatory instruc-
tions in four languages—Dutch,
French, English, and German. The
first and main table occupies 107
pages and gives characteristics of
the most widely used tubes, arranged
alphabetically and numerically much
as in National Union’s little pre-war
tube manuals, with code references
to the 559 schematic symbols and
base connection diagrams in Table
V. The data includes as far as pos-
sible the static characteristics and
such working data as plate load,
coupling resistance, cathode bias re-
sistance, and screen grid series feed
resistance. Use of code numbers for
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gives similarly the characteristics of ance Y°:A::;eomcss IN PRINCIPAL CITIES
tubes, mostly British, that are less New Factory Add’e’;hkugo 47, WM.
used on the Continent, with the 2644 N. Maplewood Ave:

manufacturer’s name in each case.
Table III lists tubes having similar
characteristics to those in Table I t
but omitted therefrom to avoid repe-

tition of data and conserve space.
Points of difference in basing or
minor characteristics are indicated.
Table IV is a more elaborate and “
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All in all, this is a valuable and } = high frequency cir- | | 7 o ﬁ) lATE 5
essential reference for anyone hav- | | [ j cuits. Ideal for an-| . ,// ) ///

ing to peruse the foreign technical § tenna connections, ,/‘ e,

literature on electronic subjects or
work with foreign electronic equip-
ment.—J.M. |

photo-cell work, mi-
crophone connec- |
&l tions, etc. Supplied

¢ & o P101-%4” in 1 and 2 contact
High Vacuum Technique types. The single | |
(. contact type can ‘
Bl be furnished with
Va4, 2907, &, 6",
or 12" ferrule for —

By J. Yarwoop. John Wiley & Sons,
Inc., New York, N. Y. Second Edition
Revised, 1945, 140 pages, $2.75.

A COMPLETE COVERAGE is made of the
present-day techniques and tools

L4

) cable entrance. ‘ =
necessary to thfe production ar'ld KuiTadloaWe s cosely DlAl_S ¢ PANEI.S ¢ PLATES —
mamﬁenance of h1gh vacuum. Writ- fastens units together. made to your precise engineer- =
ten in a style which is easily read All metal parts are of ing specifications in etched =
and understood, this book treats all brass suitably plated to meet Navy specifi- metals and finishes. ==
the usual forms of mechanical pumps, cations. No. 101 Series Plugs have ceramic =
diffusion pumps, gages, and speed insulation and Sockets have XXX Bakelite.
measuring devices, It is profusely For complete listing and infor