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One of a series showing AMPEREX (ubes in the making.

WATER AND AIR COOLED

TRANSMITTING AND RECTIFYING TUBES
!’

Original Amperex design and construction refinements result in trouble-free perform-
ance of Amperex tubes . . . effecting natural economies in the operation of trans-
mitting equipment. With replacements difficult to obtain, the extra hours of life inherent ““\* .
in Amperex tubes are often "priceless.” To engineers, everywhere, this “Amperextra’ ¥

factor of longevity is the major consideration.

HASTEN THE PEACE...BUY ANOTHER WAR BOND TODAY

AMPEREX ELECTRONIC PRODUCTS

79 WASHINGTON STREET ° BROOKLYN 1, N. Y.
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% STABILIZED to keep its tough-
ness and transparency — that’s
Albanene Tracing Paper. Because
it is treated with crystal-clear

Albanite, a2 new synthetic solid

developed in the K&E laborato-
ries—Albanene will not oxidize,
become brittle or lose transpar-
ency with age. Albanene’s im-
proved drawing surface takes ink
or pencil fluently, erases with ease
. . . Ask your K&E dealer.

—
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TODAY, the skill and ex-
perience of the AAC Elec-
tronics and Hydraulic Di-
visions are devoted to serv-
ing a fighting America.
However, AAC engineers
are planning ahead for the

great peacetime future |
when new and improved ¢
AAC products will be ready |

to meet postwar needs.

(Right) Type 500 Trans-
mitter as designed by AAC
for Panagra. Consists of
multi-channel transmitting
equipment, 1,000 watts
each channel. Two chan-
nels may be operated simul-
taneously. Telephone and
telegraph transmission. Fre-
quency range 250-550 KC
and 1500-12000 KC.
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RIO DE JANEIRO

ALONG THE PANAGRA ROUTE
is located AAC transmitting equipment
at approximately 30 different points in
Colombia, Ecuzdor, Peru, Chile, Bolivia
and Argentina—forming the nucleus of
the radic navigation and communica-
tions system.

Panagra is today primarily devoting
its personnel and facilities to maints-
nance of aerial lifelines between the
Americas, across which are speeding
men, mail and materials vital to the suc-
cess of the democratic war efforts.

IRCRAFT

PRECISION

Manufacturers o



SRANS MILTERS

AND OTHER COMMUN’_,ICATIONS EQUIPMENT

Dependable Operahtion Of Airlines And
Various Communication Services

Today, AAC transmitters and other AAC communications equipment play a

vital part in dependable operation of warplanes on the fighting fronts, as well
as airlines serving the war-busy Americans on the home fronts.

AAC Electronics Division has won distinctive leadership as one of the
country’s large producers of radio transmitting and receiving equipment. One
outstanding example of AAC communications engineering is the equipment de-
signed and built to meet the specified needs of Pan American-Grace Airways, Inc.
Consisting of a multi-channel 1,000 watt transmitter, this equipment is used by
Panagra for radio homing and communication purposes. It represents one of a
complete line of transmitting equipment for use by airlines or services having
similar communication needs.

At the present time practically all AAC facilities are devoted to war produc-
tion. However, your inquiries are welcomed now for commercial equipment which
can be supplied in limited quantities if adequate priority ratings are available.

AAC products in transport planes, cargo carriers, troop ships, bombers . . .
airport traffic net, police or other services where communications are crucial, can
be depended upon as expertly engineered and built to the most efficient perform-
ance standards.

Products of :
TRANSMITTERS « AIRCRAFT & TANK ANTENNAS ¢ QUARTZ CRYSTALS « RADIO TEST EQUIPMENT

(Below) Paragra airliner delivers important
cargo of mail and passeagers.

L CCESSORIES |/ORPORATION

AIRCRAFT EQUIPMENT « HYDRAULICS « ELECTRONICS
i Kan New York Y3 Cable Address: AACPRO
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A record for long life has been earned by Tobe Capacitors
through an almost complete absence of “‘returns”. Equally
notable has been Tobe’s ability to master difficult specifica-
tions. The “DP” Molded Paper Condenser shown below is
an example. The new American War Standards “specs” are
tough ones to meet—but we meet them. Ask us for samples
and judge for yourself.

SPECIFICATIONS ““DP” MOLDED PAPER CONDENSERS

CAPACITANCE........................ 001 to .04 MFD
WORKING VOLTAGE................... See chart below
) Flash test 3 times rated DC working voltage
SHUNT RESISTANCE. ................. At 185° F— 1000 megohms or greater
At 72° F—50000 megohms or greater
WORKING TEMPERATURE RANGE. . . ..Minus 50° F to plus 185° F
OPERATING FREQUENCY RANGE. .. ...... Upper limit 40 megacycles
Q at one megacycle—average 20
POWER FACTOR..................... At 1000 cycles .004 to .006
DIMENSIONS . .........coveevnnnnn. .13/16" x 13/16” x 19/64"

Capacity | DC Working TOBE & AMERICAN WAR
in MMFD. Voltage STANDARDS DESIGNATIONS

Rating “"A"  Characteristic  "B"

1000 600—1500 CN35A102 CN358B102
1500 600—1500 CN35A152 CN35B152
2000 600—1500 CN35A202 CN35B8202
2500 600—1250 CN35A252 CN35B252
3000 600—1000 CN35A302 CN358B302
4000 660—1000 CN35A402 CN35B402
5000 600— 800 CN35A502 CN35B502
_; 6000 600— 800 CN35A602 CN35B602
7000 500— 700 CN35A702 CN358702
8000 500— 700 CN35A802 CN358802
10000 400— 600 CN35A103 CN35B103
20000 200— 300 CN35A203 CN35B203

30000 50— 150 CN35A303 CN35B303
b8 40000 50— 100 CN35A403 CN35B403
EGYPTIAN OBELISK VTSCHM4
Central Park, New York, dates from < 96 - %
the 18th Dyuasty (1600 BC) of King ¥ %
Thut-Mose, the Third. ! K 3
S . | ° o
D OMO O g% N \)9*'4@
O OD MASSACY
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RADIO TRANSFORMERS

GENERATORS
~

LANDING GEAR MOTORS

AUTOMATIC PILOT
/ ALTIMETER

/ PROPELLER PITCH CONTROLS

GIRO STABILIZERS

What MAGNETIC DATA do you need?

The crews of modern war machines depend upon their
electrical controls for high fighting efficiency. Electrical
circuits of these delicate instruments require magnetic
cores that must meet unusual requirements.

Many manufacturers of this electrical equipment rely
on light-gage Armco High Silicon Steel Sheets. This spe-
cial steel for high frequency equipment is supplied in
sheets or coils as light as .005 gage. It is
flat, ductile and clean-surfaced.

Armco High Silicon Steel is being used
in light-weight generators and dynamotors,
radio transformers, ammunition indicators,

machine gun fire controls, automatic pilots,

THE AMERICAN

ELECTRONICS — February 1944

gyro stabilizers, turret control motors, landing gear motors,
altimeters and pitch controls for propellers. Other grades
of Armco Electrical Sheets are specified for motors, trans-
formers and generators for many other war requirements.

If you are working on high frequency electrical equip-
ment, you are invited to make use of ArRmco’s technical
advisory service. A complete testing laboratory and the
seasoned experience of ARMCO service en-
gineers are sure to help you.

Shall we work together on your require-
ments for high frequency applications?
Just address The American Rolling Mill
Co., 751 Curtis Street, Middletown, Ohio.

& EXPORY: THE ARMCO INTERNATIORKAL CORPORATION

ROLLING MILL COMPANY

7



WHEN PEACE COMES

The sturdy “MTC” — widely used in military equipment

OVER three million Hammarlund variable con-
densers are on every front fighting for the cause of
Peace. There are hundreds of new designs which, when
Peace comes, will find wide application in every branch

of electronics and radio communications.

THE HAMMARLUND MANUFACTURING CO., INC.
460 West 34th Street, New York, N. Y.

8 February 1944 — ELECTRONICS



PLANTS IN 25 CITIES. OFFICESMEVERYWHERE

VVestl ghouse

L-
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. Good weldment,

. Poor weldment. Note
poor penetration and
slag inclusions.

. Good weldment.

. Poor weldment. Note
gas pockets.

WITH X-RAY

HELPS TRAINEES “CATCH ON” QUICKER!

They can SEE the difference

between a good weld and a bad one

X-ray rules out guesswork in training, qualifying or
classifying welders—or other workers—according to
actual ability. It puts these all-important functions
on a factual basis. For radiographs clarify : . . provide
absolute proof . . . are readily understood because
they show internal conditions that words fail to
describe adequately.

They let the worker look inside the weldment,
casting or assembly . . . show him whether it’s good
or bad . . . show him what to do and what to avoid.
He “catches on” quicker, adheres to good, sound
methods, and becomes a faster, more efficient producer
from the start.

In addition to shortening training time and putting
worker-classification on a factual basis, Westinghouse
Industrial X-ray is doing countless other jobs faster,
better and more economically, These fall into such
major classifications as speeding production, saving
machine and man-hours, conserving critical materials
and improving quality.

For more information, write for Booklet B-3159. It
suggests how and where you can benefit by using
industrial x-ray. Westinghouse Electric & Mfg. Co,,
East Pittsburgh, Pa., Dept. 7-N. 302025

9
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SILVER MICA

Special purpose oil impregnated sil-
ver mica capacitors particularly use-
ful in high frequency applications.

These capacitors made in a dia-

meter of less than % inch, in ca-

pacities up to 500 MMF are of mica i

discs of the highest grade individu- \ Type 831
ally silvered for maximum stcbility o Mg o
and stacked to eliminate any “‘book”

effect. The assembly is vacuum im-

pregnated with transil oil. The out- C-.x: i::}:u:::e:i:: e
side metal ring or cup connects to / / motunting stud,
one plate of the capacitor. . .the - \

center terminal connects to the other @a Type 830

plate by means of a coix silver rivet. \ with extra long terminal,
All units are color coded. For addi- :

tional information send for Form 586.

Tvpe 830

‘ » I U 2 - 1 i >
AN il >

»

~3 e | e § ) e 7 s "
Division of GLOBE“UNION INC., Milwaukee '
PRODUCERS OF VARIABLE RESISTORS - SELECTOR SWITCHES - CERAMIC CAPACITORS, FIXED AND VARIABLE - STEATITE INSULATORS

ELECTRONICS — February 1944




Drsoy of the Pudding

Among the many users of the Brush Surface Analyzer appear

these prominent manufacturers who employ it to record

finished surface smoothness to one-millionth of an inch:

ALUMINUM COMPANYofAMERICA GENERAL ELECTRIC COMPANY SPERRY GYROSCOPE COMPANY, Inc.
BENDIX AVIATION CORPORATION GENERAL MOTORS CORPORATION SHELL DEVELOPMENT COMPANY
CARBORUNDUM COMPANY JACK & HEINTZ, Inc. THOMPSON PRODUCTS, Inc.
CHRYSLER CORPORATION MICROMATIC HCNE CORP. TIMKEN ROLLER BEARING CO.
CURTISS-WRIGHT CORPORATION NORTH AMERICAN AVIATION, Inc. . UNIVERSITY OF MISSOURI

EATON MANUFACTURING CO. PACKARD MCTOR CAR COMPANY U.S. NAVAL ACADEMY

ELGIN NATIONAL WATCH CO. PITTSBURGH PLATE GLASS CO. WARNER & SWASEY COMPANY
FORD MOTOR COMPANY REMINGTON ARMS WESTINGHOUSE ELECTRIC & MFG. CO.

THE BRUSH DEVFIOPMENE CO.

3311 PERKINS AVENUE ¢ ¢ CLEVELAND. OHIO

12 February 1944 — ELECTRONICS



WE HAD TO WORK FOR OURS

' A MANUFACTURER’S
MANUFACTURER

Forexample,electronicinstruments
are in manufacture for many of the
secret devices used by the Army,
Navy and our Allies.

If it's anything in electric or
electronic instruments; skilled fab-
rications of chassis and housings;
highest precision machine work;
all types of welding; product finish-
ing, etc., we can make it. Write for
48-page booklet,“Let Lewytdoit.”

ELECTRONICS — February 1944

No rich uncle gave usfstart in our con-
tract manufacturing. . . dumped a plant
in our lap and said, “Go to it and I’ll stake
you, whateveg {t costs.”

No, we JAd to start the hard way ...
back in the year of the great blizzard when
the gpifig was tough and the only priorities
wert courage and an idea.

We’ve grown up in the school of “sur-
vival of the fittest”’, and we’ve come to
know the value of a dollar. All our methods
and techniques stem from that school of
experience.

Perhaps it’s not easy to put a finger on
what makes us different, in words . . . what
tells the story is when we put pencil to

LET LEWYTY

paper in figures. In the period of conver-
sion and civilian economy, cost-sensitive
training will weigh heavily in executive
considerations.

LEWYT is not a war baby. Lewyt has
been a“Manufacturer’s Manufacturer” for
56 years . .. through periods of gruelling
economic pressure.

It returns to peace-time sub-contracting
as its pre-war business, with long experi-
ence in meeting the needs of manufac-
turers who must produce with costs and
efficiency in mind.

LEWYT is not a war baby ... it has the
peace-time ‘“‘know-how”.

LEWYT CORPORATION, 62 BROAOWAY, B'KLYN 11, N.Y.

DO IY
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“Nothing Like Being Rugged, Ebh Kid?"’

- Our mechanized

A o
\/‘% Army must have
% brains, but brawn still
' "~ counts. The big fellow

wrestling interminably with 155 millimeter
shells serves his greedy howitzer with the
broad back developed by endless months
of bone-tiring drill.

If it cannot take the jolts, vibrations,
concussions, and exitreme atmospheric
variations of mechanized global war, the
best electronic fighting equipment in the
world is useless. Hearts of this combat
equipment — electronic tubes — have two
strikes against them from the start. Inher-
ently delicate and fragile by nature, still

OLDEST EXCLUSHY

13 MANUFACTURER OF R

they must be as rugged as the men who
depend upon them.

Bump, vibration, immersion, life, and
other punishing tests prove the mettle of
Hytron tubes before they leave the fac-
tory. More important still, results of
these tests form the basis for continual im-
provements in construction and process-
ing. Throughout manufacture —in stem,
mount, sealing-in, exhaust, aging, basing,
and test departments — engineers, fore-
men, and skilled operators are cease-
lessly striving to achieve in Hytron tubes
not only the tops in electronic perform-
ance, but also the peak of dependable
stamina which combat demands.

ADIO RECEIWVING TUBES

February 1944 — ELECTRONICS
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Nt oxvy is G-E mycalex outstanding
as a high-frequency electronic insulator
but it is absolutely unique as a ceramic
product . . . because metal parts can be
inserted and securely anchored right in
it during the process of molding.

This gives G-E mycalex two definite
advantages as an insulator: (1) You are
assured the tightest, strongest possible
bond between your insulation and metal
components; (2) You save time and
money by eliminating or greatly simplify-
ing subsequent assembly operations.

There are countless other reasons why
G-E mycalex has been for more than 21
vears helping to solve the toughest insu-
lation problems. For example, it has high

dielectric and mechanical strength, gives
prolonged resistance to electric arcs, with
stands oil, water and gas, and does not
deteriorate with age.

Remember, when you choose G-E
mycalex, you get the benefit of General
Electric’s unequaled experience in the
application of mycalex. Whether or not
vour insulation problem is electronic,
G-E engineers will help you solve it.

G-E mvcalex sheets are now readily
available to speed your production.

Just fill out the coupon for your copy
of the data bulletin, “G-E Compression:
Molded Mycalex.” A free sample of G-E
mycalex is available upon request. . . .
General Electric, Schenectadv, N. Y.

/ @ @\Q\t‘.&
o

FRE EY— e
BULLETIN \imk\‘a'f'

ELECTRONICS
DEPARTMENT

GENERAL ELECTRIC CO,
Schenectady, N. Y.

=
|

|

|

|

|

1 Please send your descriptive hooklet ex-
| plaining the methods and tools to use
I for machining G-E mycalex.

|

|

|

|

|

|

e

Name
Company

Address

b s el

® Tune in General Electric’s ''The World Today'
ond hear the news from the men who sce it happen,
every evening except Sunday at 6:45 EW.T. over
CB8S. On:Sunday evening listen to the G-E “'All
Girl Orchestra' ot 10 EW.T. over NBC.

1o s v 0. GENERAL @3 ELECTRIC
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SELECT THE RIGHT FREQUENCY AND POWER

Don’t tie up a big, expensive heater that delivers more than enough power
at the wrong frequency . . . when a unit at a more suitable frequency would Frequency
do the job just as well, with greater economy and convenience.

range
There is a unit of correct frequency and power for every heating operation. .

The cost of a h f heater and the amount of power it should consume are factors up to

which depend on your specific applications. 300 Mc

Let us demonstrate how you can save by fitting the unit of proper frequency
and power to the size of the parts being treated. This will release your “power-
house” or misfit machine for work more suited to its capacity. Many users
have proved that one of our installations can pay for itself many times over

in the first year.
Write for money-saving information today

7% C‘ : W‘GVI/
DIVISION OF “S” CORRUGATED QUENCHED GAP COMPANY
119 Monroe Street Garfield, New Jersey

February 1944 — ELECTRONICS
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Clear Picture to the Strong Eye

HIGH DIELECTRIC STRENGTH

LOW MOISTURE ABSORPTION
CORROSION RESISTANCE

COMPRESSIVE STRENGTH

TENSILE STRENGTH

FLEXURAL STRENGTH

IMPACT STRENGTH

STABLE OVER A
WIDE TEMPERATURE RANGE

Many More Properties—Combined

THE Andromeda Nebula was just a
blur in the sky untl an inquiring
mind and a telescope brought it into
focus. Electricity was an awesome phe-
nomenon until someone discovered
how to use it. So it goes with all the un-
exposed realities in nature and science.

The future of plastics, in spite of
already-known practical applications
for them, is still a “*blur in the sky.”
Engineers are getting a closer, sharper

picture of what can and cannot be ac-
complished with them. The war has
accelerated interest and action. But
most of the work is ahead. The stimu-
lus often, and logically, comes from
the prospective user who knows his
own requirements . . . from you, for
example. If you’ll write and tell us
these requirements, we’ll be glad to
let you know, or find out, whether our
type plastics will help.

SYNTHANE CORPORATION, OAKS, PENNSYLVANIA

Plan your present and future produets with Synthane Techniecal Plasties

SHEETS » RODS « TUBES o FABRICATED PARTS

MOLDED - LAMINATED o MOLDED-MACERATED




SYNTHANE “Sandwich”™

One of the advantages of Synthane is
the ease with which it can be bonded
to other materials to produce a sub-
stance with the combined advantages
of the

place under heat and high pressure,

partnership. Bonding takes
during the polymerization of the Syn-
thane; it is not a mere joining of two
surfaces with an adhesive. The result-
ing combination, therefore, shows little

or no tendency to delaminate.

Synthane combinations are familiarly
known as Synthane ‘“sandwich” mate-
rials, an appropriate name, for many
different kinds
possible.

of combinations are

Probably the most widely used com-
bination brings Synthane and rubber
together.

Synthane-Rubber

Synthane-rubber combinations are ad-
vantageous where the strength of Syn-
thane is desirable to back up rubber.

An interesting application concerns a
washer used in electrolytic and oil type
condensers. The washer is placed on

the end of tin can electrolytic con-

densers with the Synthane face ex-

posed to the chemicals

to prevent
deterioration. The can is crimped into

the rubber to make a tight seal.

A similar washer is used on "bath-tub"
condensers. Tough Synthane provides a
firm seat for a nut which compresses the

rubber to form a tight joint.

Combinations of rubber and Synthane
have been furnished with rubber on one
side, Synthane on the other; rubber on
both between;
Synthane on both sides and rubber be-
tween;

sides with Synthane

and alternate laminations of
rubber and Synthane built up to any
desired thickness.

There are many more possible uses for
Synthane-rubber sandwich materials,
which we cannot describe because of
military censorship. There are also many
important uses for a combination of
Synthane and Neoprene.

Synthane-Synthane

Occasionally two grades of Synthane
are combined. For instance, in certain

radio tube sockets, layers of fabric

Materials

\ -
: .

and paper base Synthane are combined.
The paper base has usually better elec-
trical properties while the fabric base
furnishes added
stress is greatest.

strength where the

Bobbin heads in the textile industry are
often made of paper and fabric bases
combined. The fabric base endures
rough handling, whereas the paper base
on the inside of the head provides a

smooth wearing surface.

Synthane-Ashestos

Synthane is wound about asbestos (or
fibre) tubes and cured in the manufac-
ture of tubing for large fuse cases.
Synthane adds strength and rigidity to
the fire resistance of the asbestos or fibre.

Synthane-Other Materials

Synthane can be united with a variety
of materials to produce a variety of
practical combinations. We have made
or experimented with other combina-
tions. f you have any combination in
mind which we have not explored, we
will be glad to investigate its possi-
bilities for you.

PLAN YOUR PRESENT AND FUTURE PRODUCTS WITH SYNTHANE TECHNICAL PLASTICS S . mANE I SHEETS-RDDS-TUBES-FARRICATED PARTS-MDLDED-LAMINATED-MOLDED-MACERATED

SYNTHANE CORPORATION, OAKS., PENNA.

REPRESENTATIVES IN ALL PRINCIPAL CITIES



HALLICRAFTERS WAS READY!

Under the abnormal climatic and operating conditions of war, the
Signal Corps SCR-299 communications truck, built by Hallicrafters,
is providing peak performance for the Allied armed forces, fighting
throughout the world.

Hallicrafters peacetime communications equipment is meeting
the wartime qualifications and demands of the Military!

Just as Hallicrafters Communications receivers are meeting the
demands of war Today—they shall again deliver outstanding recep-
tion for the Peace—T omorrow!

hallicrafters ... .....c... e |

World's largest exclusive manufacturer of
short wave radio communications equipment ... First exclusive
radio manufacturer to win the Army-Navy Production Award for the third time.

W
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Pat. Pending

% 0l Impregnated- 0il Filled
Y O0il Sealed
Ceramic or Bakelite Tubes

Bakelite Cement Ends
(0il Proof)

Suitable for Operation
75° to 1000 €

Ideal for Extreme High
Altitude Duty

k No Danger of "Flash Over””
Y No Metal for "Body Capacity”

* No Internal Corrosion

* X %

DUE TO ITS
CONSTRUCTION

The Egyptian Pyramids stand
majestically, through the ages, as
mute witnesses to the skill and rugged
craftsmanship of the thousands of
slaves who toiled to erect them . ..
TODAY ... not slaves ... but creative
engineering skill and willing hands
achieved the same result with the new
DUMONT TYPE PC2 Oil Paper
Capacitor . . . an oil impregnated oil
sealed capacitor that gives assured
"LONGER LIFE" for continuous oper-
ation . . .lts special features and
construction are exclusive with
Dumont.

DUMONT

ELECTRIC CO.

MFR'S OF
CAPACITORS FOR EVERY REQUIREMENT

34 HUBIERT STREET NEW YORK, N. VY,

BUY
BONDS
NOW
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STRUTHERS-DUNN

I N C 0 R P O R ATUED

|
. 5,288
 TYPES OF

REIAYS

Each available in
countless coil combinations

1321 ARCH STREET, PHILADELPHIA 7, PA.

DISTR'CT ENGINEERING OFFICES: ATLANTA . BALTIMORE « BOSTON « BUFFALO » CHICAGO . CINCINNATI » CLEVELAND
DALLAS .« DENVER « DETROIT . HARTFORD . INDIANAPOLIS « LOS ANGELES . MINNZAPOLIS « MONTREAL
NEW YORK . PITTSBURGH . ST. LOUIS « SAN FRANCISCO . SEATTLE « SYRACUSE - TORONTO  WASHINGTON
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Music in industry has proved its
ability to increase plant morale
and production efficiency. For
every plant, regardless of size,
Radiotone is the ideal instru-
ment to use. It's a convenient,
portable instrument combining
radio, recording and public
address.

Radiotone assures the finest
radio reception . . . it records
voice, orchestra or radio pro-
e,

B gpier-
/

' diofor "

grams ready for instant repro-
duction . . . permanently records
management messages and di-
rectors’ meetings . . . it can be
equipped with any number of
loud speakers oe. used in con-
jupction with your present P, A
system,

Radiotone requires no studio
facilities. Anyone can operate
it. Anyone engaged in essential
war work can buy Radiotone
TODAY.

DEALERS CAN
PARTICIPATE NOW!

Write for catalog
and complete details.

......
0
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TURBO markers are represented in almost

every type of equipment on the firing line
and on the industrial front. They permit in-
stant circuit identification, are enduringly

legible and low in cost.

These wire markers are manufactured from

standard TURBO insulation tubing; there-
fere possessed of all its resistant qualities,

while conserving critical materinls.

TURBO markers are snug fitting, easy to
assemble and are available in any size,

color and marking.

WILLIAM BRAND & (OMPANY

Block Mica, Mica Plate and products—Varnished oil tubing, Saturatesl Slesving, Varnished Cambric, Cloths and Compositer

276 FOURTH AVE., NEW YORK, N. Y.

ELECTRONICS — February 1944
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THE ELECTRONIC ENGINEER NEEDS Heer. ..

. o 3 . 1936 = ¥ . - R s v
G eneral Ceramics is at his beck and call to help with o — 144 ' :1‘;‘;3;’,‘,‘;‘,“,;’:;‘7:5 w sruprey wmston |
his insulator problems. In nine cases out of ten the s R s
solution will be STEATITE. o

Electronic Engineers know that there is a very
sound reason for the extensive demands made on the
Steatite Industry, demands that are clearly portrayed
by the almost astronomical increase in the production
of Steatite insulators since 1938 (see graph).

During the course of this unprecedented progress,
General Ceramics has been in the foreground both in
regard to increased productive capacity and engineer-
ing skill in the development of new methods and prod-
ucts — meeting the strict specifications of the United
States Army and Navy for the best and only the best
in Steatite insulators.

For all your insulator problems whether specialized or stand-
ard, our Engineering Department is always at your service.

e .
it e, AND STEATITE CORPORATION
= KEASBEY . NEW JERSEY
@4542
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For 75 years, Western Electric
has been a leader in the field of

communications apparatus.

That is one reason why

the nation's largest producer of
electronic and communications
equipment for war today is . . .

5,"1 ANNIVER5,4k

Weslern Elecfrlc_
“ Y

‘Gray aybaR
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5&0&0%&% MICROPHONES

are “standard equipment with
the HALLICRAFTERS SCR-299

OTHER ORIGINAL ELECTRO-V JICE MICROPHONES SERVE IN EQUALLY
VITAL COMMUNICATIONS FUNCTIONS OF OUR WAR PROGRAM.

THE DIFFERENTIAL MICRDPHONE . . . the famous Model T-45

“Lip Mike’’ is one of the more recent exclusive Electro-Voice
designs, developed in s present form with the close collabora-
tion of the Fort Monmauth Signal Laboratories.

Builders of war eqoipmet-may :ecure additional information concerning these and all other.
Electro-Voice developmenrts. Howaver, 1 limited quantity needs may be filled by any of our
Standard Model Mizrophones, witbk or w-taaut minor modifications, we suggest that you contact
your local radio parts distributor. His kaowledge of our products will be of invaluable aid in
helping you solve vour problem:. 4e =an also be an important factor in expediting smaller
orders. NOTE: Any model Electre Voice Microphone may be submitted to your local supplier
for TEST and REPAR ot our factory

[’ % Gice MICROPHONES |

ELECTRO-VOICE MANUFRACTURING CO., INC.
1239 South Bend Ave. * South Bend 24, Indiana
EXPORT DIVISION : 13 EAST 403t ST., REW YORK 16, N. Y, — ). S. A, CABLES: ARLAS

Februery 1944 — ELECTRONICS



Now—ALL CREATIVE
PHENOLIC GROMMETS
HAVE GEARED COLLARS
for easier handling and speedier
assembly,

ELECTRONICS — February 1944

&
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' Positive Insulation Protection

Q:;h Cteuﬁive Phenolic Grommets

Good insulation, as much as any other single factor, influ-
ences peak performance of the most perfectly engineered
equipment. Creative’s screw-type phemolic grommet bush-
ings assure the complete protection required by today’s pro-
duction. Creative Grommets are matte finished; all threads
are clean and lubricated; all corners are chamfered to pre-
vent wire fraying. Any quantity available from stock in
4 standard sizes for practically every type of panel or
electrical mounting; special sizes to your specifications in
quantities of 10,000 or more — no molds required.

WRITE FOR SAMPLE CARD
and detailed literature

Creative Plastics Corp.

978 KENT AVENUE BROOKLYN 5, N. Y.

25



The DuMU

Man is stunned — somefimes
Killed. Fish are paralyzed at 20 feet.
The eleciric eel even develops eye
cataracts from its own shocks. But
just how masses of nerve cells in
that seven-foot body can generate
such powerful electric discharges,
has long poseda riddleforscientists.
There have been many guesses as
to voltage, amperage, duration, fre-
quency. But nothing specific.

It has remained for Dr. C. W.
Coates of the New York Agquarium
staff, assisted by several scientists
and physicists, to apply cathode-
ray lechnique fo this riddle. The
electric eel now stands stripped of
its operational secrets. Duly re-
corded are voltages as high as 600
—above 500 common; discharges in

T OSCILLOGRAPH solves the riddle...

trains of three or more; both major
and minor discharges; average ime
interval between discharges as
short as .002 second. These and
other established details are now
found in several published papers.

Dr. Coates places the eel in a
wooden irough (note rubber
gloves!). Sliding electrode strips
establish contact along body. A
DuMont Type 175-A oscillograph,
especially suitable for transient
studies, together with solenoid-
operated single-frame movie cam-
era, records recurrent discharges."

Just another case history of
DuMont cathode-ray equipment
engaged in solving scientific, en-
gineering or industrial riddles.

§ Write for literature.

Yohage-time oscillogram of ante-
rior segment of electric eel. Elec-
trodes at anterior end of large
organ and 10 cm. behind. Length
of horizontal base corresponds to

5 milli-seconds. Peak is about 100
volts,

Vopage-time oscillogram of pos-
terior segment. Elecirodes 40 cm
and 70 cm. from anterior end ol.
la.rge organ. Scale same as above
Discharge of lower voltage is ol'
the intermediate type.

PASSA
C EW JERSEY » CABLF ADDRESS: WESPEXLIN, NEW YORK

-

= rr—=

Sa—
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/ creative engineers have built the world’s largest organization devoted \
S to the design and manufccture of automatic radiotelegraph apparatus.

Indicative of the *McElroy technique are these completely autematic N\
transmitting and receiving assemblies. Desigaed in the McElroy plant. N\
these installations are typical of the high-speed radiotelecraph equip- -
ment that we supply to such international companies as R.C.A. Com-

munications Inc., Mackay Radio. Globe Wireless . . . and to the

military branches of the government. Descriptive literature of all

McElroy apparatus may be obtained by writing direct to us.

[} L s ,
We dare to explore...we dare to try the unfamiliar. In this manne:m N ; t

McElroy engineers never imitate and never copy. We create, design,
build . . . and we deliver. If one of our engineers can be of service
to you, let us know.

82 BROOKLINE AVENUE

BOSTON, MASS.
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lllustration shows floating Cam
Collar which is freely self-cen-
tering, thus allowing for mis-
alignment up to " in any
direction. Stud Assembly is
easily inserted or removed as
a unit, Selection of carrect
size at final ossembly allows
for cumvulated tolerances.
Crass pin is permanent, Stud
grips Cam Collar uniformly
preventing sheet warpage., A
complete line of Cam Collors
is avoilable for single hole or
rivet type mounting.

LTHOUGH Camloc High Speed Fasteners are responsible for tre-
A mendous savings over worn or lost bolts and nuts, Camloc's
greatest economy lies in its time savings. A quarter turn of the screw
driver effects or releases a secure fastening. Installation too is a major
feature of Camloc’s time economy. Now exclusively for fighting air-
craft, production will one day turn to the many industries which are
fast coming to accept this as the modern fastening. Write for illus-

trated catalog.

LOC
e p /gh-speed
FASTENERS

CAMLOC FASTENER CORPORATION, 420 Lexington Ave., New York 17—5410 Wilshire Blvd., Los Angeles 36

Copyr. 1944 Camloc Fastener Corporation

See Catalog in Sweet's

28
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What eveny %’m Knows ..

JEPENDS!

It depends in a large degree on what comes through
his communications equipment. And HOW it comes
through his communications equipment depends
almost directly on the character of insulated wire
and cable used in instruments and circuits.

Sure, you can load insulation on wire until you

haven’t room to install it, but that’s costly in mate-

rials, in valuable space and in excess weight.

LEXEL Insulating Tape (cellulose acetate buty-
rate) is a precision product itself, and its application
is a precision operation. The resulting insulated wire
or cable can hit your specifications on the nose every
time and all the time.

It's CENTER-SEALED and HEAT-SEALING!

Excellent properties!—LEXEL has high and con-
stant dielectric strength, high insulation resistance,
low moisture absorption, is flame retardant, and
passes the flexibility tests specified for military air-
craft insulated wire and cable in low tension service.

We'll gladly send you additional information and
names of manufacturers supplying LEXEL Insulated

Wire and Cable in all sizes.
* * *

CUSTOM-MADE INSULATION!

As a regular service, Dobeckmun engineers also develop
laminated insulation products custom-made to special purpose
specifications, such as slot cell and phase insulation for
motors, insulation for shipboard cables and other uses. If
your requirements are unusual, call on us,

*“LEXEL" is a registered trade-mark of The Dobeckmun Company.

EGKM 0N~

CLEVELAND, OHIO OAKLAND,
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l.he‘ growth of the electrical industry
since its first flickering glow at Menlo Park has
been in part, a story of insulation.

For more than fifty years, the Mica Insulator
Company has been supplying insulating materials,
keeping pace with the fast growing needs for better
and more durable products. The early Edison gener-
ators contained Micanite insulation—still a standard
specification in electrical equipment. Mica and others
of our insulating materials have contributed to the
remarkable growth of electronics since the first
De Forest Audion made wireless articulate.

Today’s insulation must stand up under greater
mechanical and electrical stresses. Electrically pow-
ered equipment must operate with greater efficiency
at higher temperatures. Maintenance of peak loads
over extended periods— prevention of output losses
over longer transmission circuits—high frequencies
undreamed of a few short years ago—all have spelled
the need for new insulating products and new forms
of old products.

Mica Insulator Company, through continuing re-
search and development, has supglied
new and improved products to mect
each new demand. Today, in addition
to Micanite in many forms, it furnishes
raw and fabricated Mica (through its
subsidiary, the Munsell Company);
Lamicoid —a laminated plastic in the
form of sheets, tubes and rods for all
insulating purposes; a complete line of
varnished fabrics and papers marketed
under the well-known *“*Empire” trade

name; and a wide range of insulating Early Edison Bi-Polar Con

specialties sold under the name of trasied with huge D.C. generator of (-
day—both users of Micanilte insulatton.

“Mico”’ products.

The Company is therefore in a position to recommend
impartially the insulation best suited to each particular
application. Our engineers and technical representa-
tives can offer unbiased counsel in discussing and
weighing advantages and limitations. Mica Insulator
Company products have all been tested in service, in
hundreds of applications, and have fifty years of
“know how”’ behind them.

1. This huge power magnet, for fast handling of scrap metals,
contains a specially fabricated Micanite insulating ring.
Odd-size and unusually shaped parts can be readily cut or
molded in Micanite.

2. A few of many Fiberglas applications are illustrated—slot
wedges, armature end, stator piece and insulating washers.
Impregnated with plastic resins and laminated under pressure,
Fiberglas products combine high dielectric strength and excep-
tional heat-resistance qualities.

3. Mechanical Lamicoid is easily punched, sheared. sawed
and machined into many shapes. It has the toughness and
high impact strength required for such applications as gears,
pinions, valve discs.

30
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TYPICAL CHARACTERISTICS OF SHEET MICA
Chemical Composition (by analysis): Muscovite Phlogopite
Silica (SiO2) . ..oovviiiiiniiane.. 45.2 40.8 LAMlCo,D_FOR PANELS
Alumina (Al303) .. ... 38.4 26.9 CONTROL - » DIALS AND
Potash (K3O) ... ................... 1.8 127 ey ENTIFICATION
yp1 )
Magnesia (Mg O). ................... —_ 7.6 arepi]‘l:?xlstfa:t‘;‘ {)abl'lcated from Lamicoid
53 = . Tated. e & 1 »
Ferric Oxide (Fe2O3) .. ............... —_— 12.0 tentlon, dimensiOn:?T::;-tl-ﬁmSh' color re.
Water (HoO) ..o, . 4.6 3.0 ’z";ice’ g00d dielectri atr;;gi, heat regjgt.
mflammabilis- =k and .
idea] m:tbd-’t,y of Lamicoid make jy g,
SPecific Gravity . . .. ..oovureiraiiiiaiaaias 2.76-3.0 2.78-2.85 Lamico%n& for these and similap e
1 . uses,
Hardness: Moh's Scale .. . ................ 2.8-3.2 2.5-2.7 of mem, = sc:n be fumlshed in a Val'iet_sy
ow
Max. Temperature (deg.)................. .. 535 C 1000 C n below.
at which employable. . ................... 1027 F 1832 F
- ' Graphic [ d
“ | coid Ty amg-
L m - ; ter or é):sin;:t;
Power Factor ¢t 1000 kilocyeles............ .0001-.0004 .C04-.07 gl‘e rI:x Tmanently
o
Dielectric Constant. ....................... 6.0-7.0 5.0-6.0 m ”"a?’l iffc ;:x’rl'z:c:
= o |
Average dlelectric strength (volts /mil) of fair plastia:;mlsr;I:;fd
‘/)‘rvealflable in ﬂus_'
sCent £0rm

for ‘blackoug

stained quality, thickness 22 mlls, tested
mUmlnatiom

in oil at room temperature with 1-inch
3200 2300 Ergraving 1 4p;.
fotd. A comhing-
tion sandwich-
]tyRe' Opaque
2Minated sheet
with black or col-
ored surface and

spherical electrodes . . .................

The selective sorting of Mica radio tube 2;‘; tfore which
supports is shown in the accompanying Erapheg granto.
blasted. sand

photograph.
Close control of all plant operations is

a Munsell “must’”’—from selecting Mica

of the right type and grade for a particular

application through splitting, gauging,

sorting and punching operations. Applica-
tions of Mica insulation are so numerous
and diverse that its selection for any par-
ticular purpose requires long experience
and sound knowledge of its properties.
These vary with the source of supply—
and our long established relations have
provided the ability to meet customer re-
quirements with Mica from India, Africa,
Brazil, Madagascar and Argentina, as well
as from domestic sources.

Munsell Division

MICA INSULATOR COMPANY

Ty ans{y
Lam_{coid. Acvea':j_’
ableinsevera) col-
ors, .xs used for
rear illumination
deal for instru-
ment dials apg

v * S =L

*

Mica Insulator Company

Cleveland: 1276 W. 3rd St. . Detroit: Book Bullding

Chicago: 600 W. Van Buren 5t” «
Boston: 285 Columbus Ave.

Cincinnati: 3376 Meyer Place .

Representatives in principal industrial centers. Micanite and Super Micanite (bullt up Mica), raw and fabricated Mica; Lamicold (laminated plastic) for electrical
and mechanical opplications; Empire Varnished Fabrics and Papers; Mico Insuleting speciolists.
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A SIMPLE CHANGEOVER
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THE sIMPLER P-K MeTHoD, fastening with Self-tapping
Screws, was proved practical for this job by a P-K
Assembly Engineer. The P-K Type “Z” Screw he rec-
ommended forms a thread as it is turned into a plain,
untapped hole, and makes a stronger fastening than
the machine screw it replaces.

’

A cLost Look at assembly methods paid the Flashlight
Company of America handsomely in lowered produc-
tion costs on Rist-lites. They found a surprisingly sim-
ple way to save plastic parts, work-hours, and tools on
a job that had proved unusually troublesome.

A THREEFOLD SAVING . . . in tapping expense, tap breakage,
and parts breakage was the reward of this manufac-
turer’s decision to “Question Every Fastening”. You
can make similar savings in 7 out of 10 jobs, plastics or
metal, when you put the simpler P-K fastening method
in your assembly picture.

Ask for a P-K Assembly Engineer to call and help
you search out all opportunities to. gain work-
hours, save material, improve products with. Self-
tapping Screws. Or send assembly details for rec-
expensive spoitact had been the grist of each day’s oper- ommendations. Parker-Kalon Corp., 192-194
ation. The plastic frequently cracked in tapping. Varick St., New York 14.N. Y.

Threads were stripped and crossed in fastening covers
with machine screws. Scrapping of plastic cases ran

high, and tap breakage often occurred in tapping the -
blind holes.

IR IR o) rappiING SCREWS
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CAN STAND COLD

... AS WELL AS 1000° HEAT

At sub-zero temperatures or in steaming equatorial jungles, the electrical and
mechanical properties of this finer glass-bonded mica remain virtually unchanged

MYKROY was chosen as the ''perfect’ insulation and seal on the terminal panel

for electrical connections leading into the stratosphere chamber shown above.*
The chamber is for testing electrical and radio equipment under extremes of
temperature and other adverse conditions approximating those of actual flight.

MYKROY is unexcelled as a low-loss dielectric. It possesses great mechanical
strength and is almost impervious to moisture and chemical vapors. MYKROY
can be machined to close tolerances. It molds readily.

WRITE FOR NEW CATALOG Our facilities for supplying MYKROY in sheets and rods are now vastly

increased. Unlimited quantities are available. We can supply a great
Brimg us or send us your most

execting insulating problems.
MYKROY oan solve them.

variety of electrical hardware—made from our own dies—either
assembled on MYKROY or separately. We manufacture to specifications.

*Courtesy Tenney Engineering Co.

MYKROY IS SUPPLIED IN SHEETS AND RODS ... MACHINED OR MOLDED TO SPECIFICATIONS

70 CLIFTON BOULEVARD ¢ CLIFTON, NEW JERSEY

C (£
MADE EXCLUSIVELY BY ECTRONI E'CHANllNC' Chicago 47: 1917 NO. SPRINGFIELD AVENUE . . TEL. Albany 4310
l' Export Office: 85 Broad Street, New York 4, N. Y.




OUR //// PLANT
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steps up AR"C” production y

e Fmerican Radic Hmdeware Co. , Inc.
%3} 152-4 MacQuesten Parkway South, Mount Vernon, N. Y.

MANUFACTURERS OF SHORT WAVE . TELEVISION « 2ADIO <« SOUND EQUIPMENT

"W ust opened is the new American Radio
Hardware factory at Mt. Vernon, New York.
Dedicated to the service of our country, this
new plant, with its substantially increased
productive capacity, makes possible a greater
output of ARHCO components than hereto-
fore. Moreover, we are now able to produce
at an even faster rate and to top our already
good delivery record.

One more thing we assure you. The high
quality and performance of ARHCO compo-
nents will be maintained. As always, you may
depend upon them for consistent service . . .
for vital war necessities . . . for postwar in-
dustrial and radionic applications. We invite
your inquiries.
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Yes. these foo

We are not going to tell you much about these plugs — and many others — which

highly specialized items like these -

we are producing, these days. It may be news to you, however, that Ucinite makes
roof operation.

makes and assembles them in an under-one-

As a matter of tact, we are staffed and set up to design and manutacture all types
of plugs and connectors for radio and electronics. Special assemblies like the above

are both the challenge and the proot of Ucinite’s completeness in this field.

The UCINITE CO.

Specialists in RADIO & ELECTRONICS

LAMINATED BAKELITE ASSEMBRLIES
Newtonville 60, Mass.

CERAMIC SOCKETS + BANANA PINS &
Division of United-Carr Fastener Corp. JACKS + PLUGS - CONNECTORS - ETC.
34
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K. SETS THE PATTERN

he Story Behkind the Plaque. Awarded to General
Electric for outstanding contributions in television
programming, this American Television Society
recognition climaxes four years of intensive pro-
gramming activity.

Despite the restrictions imposed by General
Electric’s all-out war effort, WRGB programming
is being maintained on a regular 9-hour-per-week
basis. This continued activity is the result of G.E.’s
conviction that television will grow into a mighty
post-war enterprise.

After the war, General Electric will again build
complete television systems—cameras and other
studio equipment, monitors, relays, antennas, and
a complete line of home receivers.

“*Marriage by Lantern Light'® —
Here is WRGB, the nation’s outstanding tele- WpicaltaWIRG Bl eviaen oIS 237
’

from a Julius Hartt Musical Found
vision station, in action. tion playlet. Live talent programs pr

dominate at WRGB.



FOR TELEVINION

Studio = Here you see stage props being set

in th_ main studio of television station WRGB.

Sight and sound are picked up by G-E tele- A
vision cameras and a motion-picture-type

traveling microphone. Mercury-vapor spot-
lights and revolving ceiling lamps are
water cooled and electrically
manipulated by remote
control. Cool light!

=

' Py

P-ajecticn Room—*otior-picture
prejection equiprent af station
WRGB Includes twe 35-wim and
one 16-mm projeck s — &ll modi-
= fied by G.£ for talevisicn.

Teassmitter — The main trans-
mither o- WRGB is located in
tha Helderberg Mountains, (2
miles frem studio. Transmitter
oulput: @ kw video, 4 kw audio.

WRGB - General Electric's workshop
television station at Schenectady Is the largest
and best equipped stetion in the worid. From this
studlo, programs are beamed through a G-E television relay to
the glant transmitter in the Helderberg Mountains nearby,

Cartrol Reom — Control desk, anei
shading desx with picture menitors, manned
during a televisior broadcast from WRGS. All
aclion In mmin stedic is v ewed a4d controlled from here.

A PLAN that will secure your place in radio broadcasting post-war

General Electric offers you ‘“The G-E Equipment-
Reservation Plan” . . . a plan designed to enable you
to complete your post-war plans now. It will enable
you to establish a post-war priority on a broadcast
transmitter and associated equipment. It will enable
us to plan definitely for large-scale post-war produc- == e i

- . - I & - et 9 .
tion, thereby giving you the fastest possxble post-war ® Tune in General Electric’s “The World Today” every eveming except

; A P Sunday at 6:45 EW.T. over CBS. On Sunday evening listen to the G-E
delivery and the savings of planned production. “All Girl Orchestca” at 10 E.W.T. over NBC.

Invastigate this plan today and assure your place
in radio broadcasting post-war. Write for your
copy of ““The G-E Equipment-Reservation Plan.”

Electronics Department, General Electric,
Schenectady, New York.

STATION AND STUDIO EQUIPMENT « TRANSMITTERS e« ANTENNAS < ELECTRONIC TUBES « RECEIVERS

GENERAL @@ ELECTRIC [M-TELEVISION-AM



No.

10 OF A SERIES
~

HEere’s an eight-inch billet getting a
massage” that will reduce its square
waisdine and shape it into a goughly
streamlined gun-barrel, . The mahipu-
lator which feeds the billet under the
hammer — back and forth, round and
round — requires D-C power for this
precision operation. Sturdy G-E sealed
ignitrons supply the power.

These steel-jacketed electronic tubes
have no maving parts, are quiet in
operation; over-all efficiency is high
and practically constant over the entire
load range. Available in ratings from
20 amp to 200 amp, they convert A-C
into D-C economically and reliably.

G.E. HAS MADE MORE BASIC ELECTRONIC TUBE
DEVELOPMENTS THAN ANY OTHER MANUFACTURER

38

G-E STEEL-JACKETED IGNITRONS
CONVERT A-C TO D-C EFFICIENTLY
'~ AND ECONOMICALLY

EXPLAINING THE USES OF ELECTRONIC TUBES IN

“Massaging” white-hot steel with
the aid of G-E electronic tubes

Rectifiers using the G-E sealed igni-

trons for D-C power at 250 volts or
‘more generally will have about the

same installed cost, but lower operat-

ing costs than a motor generator set.

Their use permits D-C power to be
economically applied to “production
spots” where D-C motor drives are es-
sential even though you have an A-C
power distribution system throughout
the plant.

The steel-jacketed ignitron is only
one of a complete line of G-E elec-
tronic tubes now working for industry
on innumerable jobs and many kinds

of machinery. It is the purpose of the

INDUSTRY

T #

3

G-E clectronic tube engineers to aid

“+any manufacturer of electronic de-

GENERAL @) ELECTRIC

vices in the application of tubes.
‘Through its nation-wide distributing
system, General Electric is also pre-
pared to supply users of electronic
devices with replacement tubes.

""HOW ELECTRONIC TUBES WORK'*

TH1S BooKLFT will be mailed to you without
charge. Its 24 pages are interestingly illustrated
and written in easily understpod language.
Shows typical electronic tubes and their appli-
cations. Address Electronics Department, Gen.
eral Electric, Schenectady, N. Y.

¢ Tune in “The World Today" and hear the
news direct from the men who see it happen,
every evening except Sunday at 6:45 EW.T.
over CBS. On Sunday listen to the G-E *“All
Girl Orchestra” at 10 P.M. E.W.T. over NBC.

182-c2
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This Year Americans Are Celebrating
- George Washington’s Birthday by Buying One
of H:s Portraits . . . on a War Bond.

ensen

JENSEKW RAaDIO MAKNUFACTURENG CONMPANY
6501 S LARAMIE AVE, CHICAGO 38, U. 5. A.

(md @e.;gwexm of Fene .o mm[«; Egr m’m‘
L
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Did You Know these Facts about
“NATIONAL” Graphite Electronic Products?

® For many years, research engineers of National
Carbon Company, Inc., have concentrated on the
development and improvement of graphite elements
for electronic tubes.

® This continuous research program has enabled us
to produce special graphite materials, taking maxi-
mum advantage of graphite’s unique electrical,
chemical, and mechanical properties.

® “National” graphite materials have been serving
the electronic tube industry successfully because they
are of HIGHEST PURITY, giving outstanding perform-
ance in all classes of service where dependability is

imperative.

® Extreme care is taken in every step of the produc-
tion of “National” graphite for electronic tube
anodes, grids, baffles, and other parts. Ingredients are
carefully selected and analyzed before processing.
Processing is carried out under rigid control. Parts
themselves are formed and machined to very close

limits.

@ "National” graphite parts can be furnished for
electronic tubes of any type, size, or purpose. Repre-
sentatives of National Carbon Company, Inc., will
gladly consult with electronic tube manufacturers on
the advantages of choosing “National” graphite
electronic products.

The word “'National” is a registered trade-mark of National Carboa Company, Inc.

NATIONAL CARBON COMPANY,

INC.

Unit of Union Carbide and Carbon Corporation

CARBON PRODUCTS DIVISION, Cleveland 1, Ohio

EEE New York, Pittsburgh, Chicago, San Francisco

Februory 1944 — ELECTRONICS



There's new activity at

Detrola Radio. Under the direc-
tion of Mr. C. Russell Feldmann—
a radio-electronic pioneer who
led the way in the development
of the automobile radio—

the Detrola plant and personnel
have been completely reorgan-
ized. Large sums of money have
been spent—for the installa-

tion of the most modern

research, development and pro-
duction facilities. Many new workers,
including some of the best

minds in radio engineering, now
proudly wear the Detrola badge.
All this plant and personnel are
now engaged in supplying

the armed forces

with an ever increasing flow of
precision-built equipment.

That's our job today.

All of it will be available for

the production of ultra-modern,
ultra-quality peacetime

radio and other devices.

That's our aim for tomorrow.

ol DETROLA RADI

DIVISION OF INTERNATIONAL DETROLA SORPORKTICN « BEARD AT CHATFIELD, DETROIT 8, MICH:

ELECTRONICS — February 1944

Detrola

goes
forward

under New
Direction
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MUSCLES
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AND OTHER COJNTROL DEVICES

ITH the aid of Automatic Electric relays and

other control devices, electronic science is help-
ing industry do a thousand new jobs—speeding new
electronic ideas through the laboratory and putting
them to practical use on the production line.

Automatic Electric field engineers, armed with the
technique which comes from long experience in elec-
trical control applications, are working daily with the
makers of electronic devices of every kind—offering

AUTOMATIC
ELECTRIC

FOR THE MIRACLES OF

time-saving suggestions for the selection of the right

controls for each job.

Let us pool our knowledge with yours. First step is
to get a copy of the Automatic Electric catalog of con-
trol devices. Then, if you would like competent help
in selecting the right combination for your needs, call
in our field engineer. His recommendations will save

you time and money.

AUTOMATIC ELECTRIC SALES CORPORATION
1033 West Yan Buren Street

In Canada: Aufomatic Blectric (Caneda) Limited, Toronre

Chicago 7, Illinois

ELECTRONICS
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Today’s Blueprint is Tomorrow’s Performance... Maybe!

TAPS FOR HITLER!
We'll play the bugler’s variety later—
right now, we're too busy knocking
Hitler, Hirohito and their henchmen
with more and better springs. You
have a problem—springs? You'll pos-
slbly find the answer in our data book
“*Science in Springs’’. It offers a great
amountof useful engineering datafor
proper spring design. Your name be-
low a request on your company letter-
head will bring you your copy pronto,

‘AS YOU KNOW, there is a wide gap be-

tween the planning and the final per-
formance of any product. Take only one
detail-—an extension spring, for example. That
spring (any spring) is going to play an im-
portant part in total performance. It must be
exact in every detail. Suppose this extension
spring must pull a certain mass over a certain
space in a given time. It’ll take engineering,
chemistry, metallurgy, mathematics to de-
sign and manufacture it. It may require new

testing machines or testing procedures, an
investigation ‘of metals or metal finishes,
quality control hy statistical methods, or
new methods of production or inspection.
Whatever’s involved, you can be certain
Hunter is well equipped for the job—and is
ready for you now. You’ll have the assurance
that, as far as springs are concerned, your
products now and for the future will perform:

if the springs are designed or made 1y Hunter.

THIS 1S AN EXTENSION SPRING — o mechanical device for storing a tensile force which can be used to
exert a pull without motion or which can be released (as below in the Plexiglas model) at any rate to control
the movement of or transfer motion to adjacent parts.




Aerovox oil-filled capacitors
for war and for peace —a
giant 15,000 volt unit with
side terminal and grounded
case, to reduce head room;
a small “‘bathtub’’ unit for
use in better-grade radio
and electronic assemblies.

AEROVOX CORPORATION,

® In countless ways Aerovox capacitors are
speeding up the winning of the war. Thousands
of skilled workers, carrying out the designs and
specifications of engineers long specializing in
capacitors, are meeting a large portion of the
wartime requirements.

Indeed, Aerovox personnel has expanded
threefold since Pearl Harbor. Close to half a mil-
lion square feet, in two plants, are now devoted
exclusively to capacitor production.

Today Aerovox is all-out for the war effort.
Winning the war comes first. But tomorrow, when

NEW BEDFORD,

100 VARICK ST, Cable: *ARLAB" =«

MASS., U. §S.
In Canada:” AEROVOX CANADA LTD., HAMILTON, ONT.

TODPAY. ..

Aerovox Capacitors Go to War

TOMORROW. ..

Aerovox Capacitors Help Build
Peacetime Progress

victory shall have been achieved, Aerovox once
more will be ready as never before 1o rebuild for
peacetime progress—to meet the requirements of
the expanding radio industry and the booming
electronic era. Special types of yesterday shall be
the commonplace types of tomorrow. New stand-
ards of life and performance for your assemblies
can be taken for granted.

Let us help you now with your wartime needs.
And it isn't foo early now to be discussing your
post-war plans and problems. Submit your ca-
pacitance problems or needs.

| INDIVIDUALLY TESTED

* SALES OFFICES IN ALL PRINCIPAL CITIES

Februory 1944 — ELECTRONICS
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The gadget aboveisa junctiot'l box for a co-axial gas-
filled transmission line. It is one of a series of cou-
pling units, end seals and other fittings for high-
frequency transmission—designed and built by Lapp.

To this type of construction, Lapp brings several
innovations and improvements. For example, such a
line from Lapp parts is genuinely leak-proof. Every
gasket is under spring loading, so there’s no leakage
created by vibration or thermal change.

Whether or not you’re interested in gas-filled
transmission lines, you ought to know about Lapp.
Here is an organization of engineers and manufac-
turers with broad basic knowledge of ceramics and
their application. With experience in hundreds upon
hundreds of special-purpose electronic parts, we
have been able countless times to improve perform-
ance, or reduce costs, or cut production time through

¢ ENGINEERING AND PRODUCTION

the application of our specialized skills to design and
manufacture of parts involving porcelain or steatite
and associated metal parts.

For quick and efficient assistance on a war produc-
tion subcontract—or for the competitive advantage
Lapp-designed and Lapp-built parts will give to you
in the postwar battle—an inquiry to Lapp now may
payyoudividends. Lapp InzsulatorCo., Inc., LeRoy, N. Y.




CAPACIHTOR

Co Ne,  7vQ.20020°
 Cap a2,
0.C. wa_ venn 2000

OYKANOL A
CapaCITOR

bykanot A
CAPACITOR
Cot No,  7Q-100X
Cae Mide
B.C. ek, ver.
Made b U, § An-
Cornatl.Dubiar Elocs € |
Se DigiaRetd. N.J.

In high-fidelity portable power amplifiers, sub-
panel space is at a premium. Filter units must
be compact. Yet they must be giant-hearted—
able to withstand severe transient voltages and
line surges in continuous operation. And the Type
TQ Dykanol filter capacitors are just that. These
little huskies with the C-D emblem will give the
“longest-life” continuous service of any similar
type capacitors. With two insulated terminals and
universal bracket, they can be mounted wherever
convenient and in any position, either above or
below the subpanel assembly. Cornell-Dubilier
Electric Corporation, So. Plainfield, New Jersey.

IT’'S C-D FOUR TO ONE: In an independent inquiry
just completed, 2,000 electrical engineers were asked to
list the first, second and third manufacturers coming to mind
when thinking of capacitors. When all the returns were
in, Cornell-Dubilier was far in the lead — receiving almost
four times as many “firsts” as the next named capacitor.

Type TQ Dykanol filter capacitors are designed
for the limited space in high-fidelity public ad-
dress systems and portable power amplifiers.
Check these xtras that go with the C-D insignia:

DYKANOL ""A'* (CHLORINATED DIPHENYL) IMPREG-
NATED AND FILLED — Non-inflammable — fireproof —
long life — small size — lower power-factor.

HIGH PURITY ALUMINUM FOIL — Lower R.F, resist-
ance — light weight.

HIGH GRADE MULTI-LAMINATED KRAFT TISSUE —
Higher voltage breakdown —minimum leakage — high
insulation resistance.

DRIED, IMPREGNATED AND FILLED UNDER CONTIN-
UOUS VACUUM — Lower equivalent series resistaace,
particularly at higher temperatures.

ADEQUATE TERMINAL INSULATORS — Glared porce-
lain or Bakelite according to rating — safe for bigh
potentials.

STRONG UNIVERSAL MOUNTING BRACKET — Pro-
vided with 3 feet — permits mounting of unit in any
position with terminals above or below subpanel,

CONSERVATIVE D.C. RATING — Triple testing assures
dependable service.

CONSERVATIVE VOLTAGE RATING — Can be safely
operated continuously at 10% above rated voltage.

Cornell Dubilier

more in use today than any other make

capacilors

46
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ACTUAL SIZE

TRANSFORMER TERMINALS IN GLASS

4 ' 4 4 %

radically new de-
sign by Thordarson.

Heets

all Army and Navy
requirements.

4 Seal

. that is truly
hermetic.

*

Consult us for further details

1%6" diameter—2%s" high, including terminals *

TRANSFORMER DIVISION

THORDARSON ELECTRIC MFG. CO.
500 WEST HURON STREET, CHICAGO, ILL.

ORIGINATORS OF TRU-FIDELITY AMPLIFIERS

= —
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434 MIDDLE NECK ROAD * GREAT NECK,N.Y. = Phone: GREAT NECK 4054
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IN-FORMATION

Reveals How Finer Mechanical Construction
Impraves on Electrical Design

A distinguisting feature of all Temco -ransmitters
is unusaal care in wir ng.

Even a casual glance reveals the masrerful way in
which cables are formed . . . the exzeptional order-
liness of routing and grecuping wires . . . the extreme
neatness and care used in solderi~g all termncis.
There cre no haphazard snarls; no zareless tang ing
of wires.

As a result of this rugged constructior, maximum
operating efficiency is assurec and maintenance
problems are minirrized.

Thrcughout the war, Temco-built equipmen:Aias
won the approval of the armed servces, ung€r con
stant daily use. After v ctory, Temzo wil contine
to build transmitting aquipment egfodying cd-
vanced and combat-testzd featuget, fcr peacetime
applicctions.

RADIO COMMUNICATION EQUIPMENT

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



The Po-fland Vasa, most rerownec ach eve-
ment of Josiah wedgewood (1730 - 95)

0 e//fal/;%// 7 r/ ) F/X/I/Z?(/ /7////1//4‘

f In every art or craft, the work of a few masters will always
he of a quality above all elze of its kind ... The name
- S Wedgewood denotes rare excellence in pottery. The name

Gobelins characterizes tapestries of incomparable beauty.
So, too, in its field, the name UNITED stands for electronie

tubes which are individual inasterpieces . . . While electronic
tubes are the very heart of countless machine-age devices,
their manufacture is as dependent upon expert minds and
skilled hands as is-the fashioning of a fine vase or violin . . .

UNITED Tubes are engineered to the most exacting speci-

ELECTRONICS COMPANY ficutions. They are constructed of the highest quality mate-

rials obtainable. Yet no tube can be one bit better than the

Nawrdersgy skill that assembles its intricate component parts. Herein

\ lies one reason why UNTTED Tubes are inn a class by them-
Transmitting Tubes EXCLUSIVELY Since 1934 selves for eficiency and long life.

NEWARK, 2




HIGH VOLTAGE
FLEXIBLE CABLES

® Take x-ray cables for example!

Ever since ‘‘shock-proof’’ x-ray equipment was
first developed over 10 years ago, Okonite has
supplied shielded high-voltage cables to over 20
x-ray equipment manufacturers.

Used in industry and medicine for therapy, radi-
ography and fluoroscopy, these cables have been
made in literally scores of designs, the principal
ones being the 2- and 3-conductor cables of the
following types:

A. 50KV cable with 16/64" insulation for 50KV peak rectified

B. 70KV cable with 20/64" insulation for 70KV peak rectified
or 45KV peak self-rectified circuits.
or 55KV peak self-rectified circuits.

C. 110KV cable with 32/64" insulation for 110KV peak recti-
fied circuits.

{Many other types are available.)
The above are rated at voltage to ground. The set,
however, operates with two cables at twice the volt-

age on the tube.
A typical Okolite x-ray cable is illustrated. Like
other Okolite x-ray cables, it is ‘‘shock-proof’’ and
flexible. It will stand up under the bending that
occurs adjacent to the tube housing while focusing

1. Filoment conductors
® Two are insulated and

. Binder tape

——23. Okolite high-voltage heat-
and corono-resisting oil-
base insulation

4. Tape cushian

5.Tinned capper shielding
braid

6. Smaath auter covering —
lacquered braid, glazed
cotton, rayan or synthetic
sheath — for mechanical
protection

and adjusting apparatus.

The conductors are properly centered to dis-
tribute electrical stresses evenly throughout the in-
sulation, ensuring longer life.

In addition to all standard electrical tests, Okolite
x-ray cables must pass d.c. tests far in excess of
their rated voltages. This is an Okonite refinement
that can pick out imperfections not detected with
ordinary a.c. testing.

Experience in making x-ray cables has enabled
Okonite to provide many new designs of high-vol-
tage d.c. cables in keeping with the needs of war-
time electronic developments. If you have a cable
problem involving either current or postwar appli-
cations, why not call in an Okonite sales engineer?

IF YOU NEED X-RAY CABLES
At the present time, Okonite
has available manufacturing
capacity for delivery of x-ray
cable during the next quarter.
To assure prompt shipment of
your x-ray cable, ORDER NOW,
supplying CMP allotment num-
ber and specification data on
design and operating details.

Courtesy of Picker X-Ray Corporation

THE OKONITE COMPANY

o NI)
°‘l\§\“‘

3s27 PASSAIC NEW JERSEY

WIRES AND CABLES INSULATED WITH RUBBER, VARNISHED CAMBRIC, PAPER, GLASS AND SYNTHETICS FOR

CONTROL, COMMUNICATION, POWER AND LIGHTING IN THE ELECTRICAL AND ELECTRONIC FIELDS
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/'You can now secure the N

_CLARE TYPE 'K's.. RELAY

sealed in a vacuum . . . dry air at

\\

D

sea level pressure...or inert gas

Wherever your design calls for a relay to operate
at high altitudes or below sea level . . . in the
midst of dust or moisture . . . where combustible
gases make operation dangerous . . . this Clare
Type “K” d.c. Sealed-In Relay brings its own
ideal working conditions to the job.

Think what it means to seal in sea level air pres-
sure with a relay that must operate precisely at
40,000 feet . . . to seal out moist air, seal in inert.
gas where arcing is a problem . . . to eliminate
completely the effects of abrasive dust or corro-
sive fumes!

This new achievement in Clare “custom-build-
ing” adds a new sphere of usefulness to the
Clare Type “K” d.c. Relay, already widely used
because of its small, compact size, its precise
construction and its ability to withstand vibra-
tion, shock and extremes of temperature.

As illustrated, the Clare Type “K” d.c. is an ex-
tremely small relay . . . measures only 115"x11,”
x 13/16"... weighs approximately 12; ounces.
Sealed in its steel housing, it is still a relay for
those spots where inches and ounces count. The
overall dimensions of the housing are: 2 7/16"

long, 114" in diameter. The weight of the en-
closed relay is but 214 ounces.

The Clare Type “K” d.c. Relay can be furnished
in the contact forms shown, with any number
of springs, up to and including 12 (6-in. hous-
ing shown above) . .. coil voltage range is from
1.5 volts to 60 volts d.c. ... contacts of either
18 gauge silver, rated one ampere, 50 watts, or
18 gauge palladium, rated two amperes, 100
watts can be furnished.

Like all Clare Relays, the Clare Type “K” d.c.
Relay can be “cus-
tom-built” to meet
your specific design
problems. Write us
in regard to them
and receive our sug-
gestions. In the
meantime, you
should have our cat-
alog and data book. C. P. Clare and Company,
4719 West Sunnyside Avenue, Chicago (30),
Illinois. Sales engineers in all principal cities.
Cable address: CLARELAY.

n |

T
FORM A [ ]
i rormn - B

CLARE RELAYS

“*Custom-Built” Multiple Contact Relays for Electrical, Electronic and Industrial Use
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The Shape

American Airlines tangent airport plan for New York City from ** Airports and Air

Traffic Control” by Glen A. Gilbert, Chief Air Traffic Control Division, CAA.

of Things to Come...

In air transportation especially, the pattern of
the future will not be the pattern of the past. No
other field holds the prospect of greater advance-
ment nor offers fuller opportunity for sound
development.

In things which have made air travel safe and
eficient — radio range beacons, markers, com-
munication transmitters and receivers, airport
traffic controls—RADIO RECEPTOR, as a pio-
neer, has contributed its full share of develop-
ment, and will continue to lead in design and
manufacture.

To “the shape of things to come” in aeronautical
radio, RADIO RECEPTOR will bring more than
20 years of practical experience. These have
been years of successful accomplishment in pre-
war aviation radio equipment plus outstanding
developments born of the present conflict.

e .8

For Meritorious Service
on the Production Front

SINCE 19 22 I N

ELECTRONICS — February 1944

RADIO

Our non-technical booklét, *HiGHWAYS OF THE AIR,”

explains the importance of radio to aviation. It will be
sent to you upon request. Address Desk E-2

“Although an airwcay may be loosely de-
fined as a designated route for aircraft
plying from airdrome to airdrome, it can-
not really be said to exist on a practical |
scale without airways communications,
airdrome traffic control, and radio navi-
gational aids. These are the three com-
furnished, some 70,000
miles of foreign military airways, by the
Army Airways Communications System

Wl'ng.”—An excerpt from *The Army Airways
Communications System,” by Lt. W. Fawcett, Jr.,
Headquarters, AACS.

ponents over

~

Radio Receptor Co.

INCORPORATED

NEW YORK 11,

251 WEST 19th STREET

A ND ELECTRONICS

N. Y.

*
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The strategy of progress in

The development and production of fine radio equip-
ment requires sound engineering to fix objectives and
accurately design apparatus. This plan of action is as
vital here as it is in warfare.

The progress of radio comes through the minds and
hands of relatively few creative individuals in the indus-
try. These are the engineers who are unwilling to accept
the dictum that “it cannot be done.”
These are the individuals who disobey
the rules and set out to accomplish the
seemingly impossible tasks. Thus the
strategy of progress in radio is in the
hands of the fearless ones who keep right
on experimenting and developing even
though faced with great odds. Such are
the men of Techrad. For this reascn you

dl

TECHRAD

E?

radio

can look to Techrad as a source of real progress in radio.

Years of successful research and experimentation,prod-
uct development and production, have taught Techrad
engineers the knack of building radic apparatus of sur-
prisingly superior quality and of building such equip-
ment in quantity. An examgle of their mechanical ski]l
can be observed in the direction finder illustrated. In
actual service the performance of this
unit speaks for its technical excellence.

Because at Techrad the emphasis is on
engineering you can have real confidence
in the equipment of their manufacture.
And here you will find competent help
in the solution of your radio problems.

Master engineering takes nothing for
granted.

Technical Radio Company

Over ten years of continuous experience
275 Ninth Street « San Francisco, California
a9s Export Agents: FRAZAR & HANSEN, 301 Clay Street, San Francisco, California, U. S. A.

ELECTRGNICS ~— February 1944
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PERMANENT MAGNETS MAY

P

70 Permanent Magnets Are Used in a Flying Fortress™

N the great Boeing B-17, permanent mag-
nets are extremely vital parts of in-
struments, magnetos, compasses, audio
speakers, radio equipment, the automatic
pilot, and other highly complicated elec-
trical and electronic devices. Additional
permanent magnets in ground equipment
help get the plane over its objective and
safely home. These applications typity the
constantly growing number of uses for
which permanent magnets are being em-
ployed today.
Because of our 34 years of specialization
in the development and manufacture of

permanent magnets for peacetime products,
our organization has played an important
role in supplying units for numerous mili-
tary machines and weapons. In many
instances, uses have been increased and
functions improved.

This unusual experience should prove
invaluable to you in solving your engineer-
ing problems. .and our specialists will be
pleased to consult with you. Write us, on
your letterhead, for the address of our office
nearest you—and a copy of our "Permanent
Magnet Manual.”

%A pproximate. Number Ruciucies with model and comba! requirements.

Back the Attack with War Bonds!

* SPECIALISTS IN

See :

Copyrizht 1944— The Indisny Stevl-Products Co.

DO IT BETTER

INDIANA STEEL PRODUCTS
Compary

6 NORTH MICHIGAN

PERMANEKNT

AVENUE o

MAGNETS

CHICAGO 2,

SINCE

ILLINOIS

1910 *
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Micro
Switches

For sixty odd years the Durant Manufac-
turing Company of Milwaukee, Wiscon-
sin, has been engineering and manufac-
turing rugged industrial type counters.

Durant has always been insistent upon

quality of the parts which go into their

product. Their use of Micro Switches in

this Motor Reset Productimeter is a typi-
cal example of their fine engineering.

This Reset Productimeter measures pre-
determined lengths of insulated cable and
automatically coils the cable on large
reels. When the predetermined length has
been wound, a Micro Switch inside the
counter housmg starts a small motor
which resets the counter at the predeter-
mined setting for the next operation. The
reset cycle is approximately 4 seconds.

One of the Metal Clad Micro Switches
shown adjacent to the motor operates a
flying shears which cuts the cable. An-
other controls the mechanism which

leads the severed ends into a waiting reel.
The third starts the reel winding when it
is set and ready to go.

This is but another example of the wide
range of application, precision, speed,

long life and absolute dependability of
Micro Switch. It is typical of the vital
role which Micro Switch is playing in in-
dustrial machinery of every type and kind.

New products now being designed will
use hundreds of Micro Switches in hun-
dreds of different ways. For Micro Switch
can be built to meet any specifications
required. The basic Micro Switch is only
11/16” x 27/32" x 1 15/16", and weighs
less than an ounce. Thousands of special
housings, actuators, and electrical chat-
acteristics are available now, and new fea-
tures are being added every day.

Let Micro Switch engineers help you
solve your design problems that call for
the unusual in precision switching.

Micro Switch Corporation, Freeport, Iilinols o Branches: 43 East Ohio Street, Chicago (11)
11 Park Place, New York Clty (7) « Sales & Engineering Offices: Boston « Hartford » Los Angeles

= Buy all the Bouds you can!

The trademark MICRO SWITCH Is owr property anc identifies switches made by Micra Swilch Corponﬁon.

s

-~ to 460 volts A.C.

operate auxiliary
wire cutting and reeling

equipment...and reset this

PRODUCTIMETER

in 4 seconds

AEE @ tolap gy

TR
/ '%__“ -
M. v :

The basic Micro Switch is a thumb-size,

fecther-light, plastic enclosed, precision
sncp-action switch that operates on force
differentials os low as Y% ounce and
movement differentials as low as .0002", It
is listed by the Underwriters’ Laboratories
with ratings of 1200 V.A. loads from 125
It can be supplied in a

wide variety of housings and a broad
rangs of actuating mechanisms.

© 1943

MICRO SWITCH

Made Only B:

Micro Switch Corporation .

et
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More than an order, the command tc¢ submerge
is proof of a confidence in personnel and
equipment, Where pressure, depth and enemy
destructiveness are constant threats, apparatus

must operate smoothly, instantly and efficiently.

The N-Y-T Sample Department provides just
such equipment —audio and power trans-
formers, chokes and filters—specially designed
to function perfectly at all times. Moisture,
corrosion, vibration and concussion — usual

deterrents to highly-sensitive equipment opera-

tion—are of no consequence in N. Y. T. units

custom built for the particular job.

Whether your post-war product involves a
marine, aviation or industrial transformer for
unusual application or performance, the
N. Y. T. Somple Department can fulfill the

requirement.

NEW YORK TRANSFORMER COMPANY

26 WAVERLY PLACE

NEW YORK, 3, N. Y.

£

ol ]

2R |
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COMBINING

Behind the scenes in Precision Aircraft Radio Manufacture . . .

CARE and CRAFTSMANSHIP—SPEED and ACCURACY...
All must be there, whether you are guiding a Bomber to its
target or meeting wartime schedules on precision equipment.
So today, Bendix Radio has combined Old Crafts with New
Skills to maintain our precision workmanship at the speed and
accuracy demanded on wartime assembly lines. Assemblies
which once took hours now are completed in minutes...and
all to the same high standard of perfection.

One example from many: Back of our production line,
the pattern-maker pictured above is fashioning a jig for his
co-worker on the assembly line. This jig will speed and simplify
the positioning and assembly of those small, precision-made
parts which contribute to the accurate, built-in performance so

- -

Cne of a series, Kodachrome by BR Photo

characteristic of Bendix * Aircraft Radios and Direction Finders.

In building complex, yet compact and rugged Radio equip-
ment for the Armed Forces, Bendix care and craftsmanship
combine with speed and accuracy to hasten the day of Victory.
Then, in peacetime, Bendix Radio Equipments will resume
their part in the expanding network of air transport through-
out the United States and the World.

Aﬁa//on Cosporation

STRADE MARK OF BENDIX AVIATION CORPORATION

=t N
(BENDIX RADIO|

BENDIX RADIO DIVISION OF

THE

BENDIX AVIATION

l

CORPORATION
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.-« EPITAPH OF THE GREMLINS!

Througt the vears Diefectric, Hysteresis and Eddy current Gremlins bedeviled
electrical designs. New visions, broader concepts and electronic vacuum
tubes tamed this trio of power losses. Now, under the incognito of High
Frequercy Haating they play important roles in industry.

The widespr2ad application of E-E power tubes and rectifiers in induction
heating atte:ts to their rugged, uniform characteristics—a result of precise
engineering and rigid inspection. E-E specialization in power amplifiers
and rectifiers hog}rbsulted in designs of unusual efficiency and merit. Why
not investigcte?:

Complete information is contained in the informative E-E data book. Write
for your copv today—there is no obligation,

ELECTRONIC ENTERPRISES, INC.

GENERAL DFFICES: 65-67 SEVENTH AVENUE, NEWARK, 4, N. J.

EXPORT Dl‘”Sle: 25 WARREN STREET, NEW YORK, 7, NEW YORK
0 CABLE ADDRESS: SIMONTRICE NEWYORK
llustration of

Type 836 Half Wave -

High Vacuum Rectifier

Peak lmverse Voltage 5000
Peok Ptate Current 1.0 Amp




TYPICAL APPLICATIONS
=
I \
ACCESS DOOR

PANEL AND
FRAME ASSEMBLY

THE QUICK OPENING LOCK!

DRAWER AND LID RADIO EQUIPMENT
FASTENINGS COVER

SHAKEPROOF

S
~
et e | \\/ V Designed for fastening removable parts...locks
> Sl 4 and unlocks with one-quarter turn...assures
ONLY 3 PARTS TO ASSEMBLE! - quick, easy opening ... increases product

utility . . . speeds repairing and servicing!

\V -/ \
Y __ _“. g | s f e \

N | /
& ¥, - i ¢ L .
S &9\&.\.\2&“ @\&W&&? “

. Distributor of Shakeproof Products Manufactured by ILLINOIS TOOL WORKS
2501 North Keeler Avenue, Chicago 39, lllinois
Plants at Chicage and Elgin, lllinois In Canada: Canada lllinois Tools, Ltd., Toronte, Ontario




Elcero Mecttanical Cmeponerts

Sisece 1856

—
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Plugs, Jacks, Switches, Variable Resistors (K@,{) ‘ Telephone Generators and Fingers
AN
—,
Eepresentatives

frew=all CHICAGO TELEPHONE SUPPLY \IRmesa

4)i M. 3-oad St
PK;nsz City, é‘z% P:)— uad:.\'; }lr.c. F;gég
n3: LOgan & Iloan€/ cne: “Walnut
Frenk A. Emmet Co. J In Cancda:
2837 W, Pico Blvd % C. C. Nered:th & Co
Les Zngeles, Calit. Streetsvilz, Ontario

SEEESR

e

ELKKART % INDIANA
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..5ay 23 leading Screw Manufacfure,,‘

FOR YEARS, leading screw makers
tested ideas for recessed heads. All
showed design faults. Then came the
Phillips Recess. Unanimously, these
makers agreed that here, at last, was
the answer they’d been looking for
. . . a scientifically engineered recess,
right in every respect,

And practically the entire screw in-
dustry adopted it!

There’s nothing exactly like the
Phillips Recess. It's the only screw
recess in which every angle, every
dimension has a purpose—playsa defi-
nite part in screw driving efficiency
and fastening strength.

That’s why it pays to specify screws
with Phillips Recessed Heads. You
can get them in any hcad style, type,
or size.

TO MAKE WARTIME QUOTAS AND PEACETIME PROFITS

FASTER STARTVING: Driver point auctomatically
centers in the Phillips Recess . . . fics snugly.
Fumbling, wobbly starts, slant driving are elimi-
nated. Work is made troubleproof for green
hands.

FASTER DRIVING: Spiral and power driving are
made practical. Driver won't slip from recess to
spoil material or injure worker. (Average time
saving is 50%.)

EASIER DRIVING: Turning power is fully utilized.
Workers maintain speed without tiring.

BETTER FASTENING: Screws are set-up uniformly
tight, without burring or breaking of screw heads.
The job is stronger, and the ornamental recess
adds to appearance.

IDENTIFY ITI
Ceabr cotasrs of
Phillips Recess are
rounded . ..
NOT square.

Bottom of Phillips
Recess is nearly
flat . ..

NOT tapered.to o
_— sharp point.

AMERICAN SCREW €D,
Peovidence, Rhode islard
THE BRISTOL CO.
Walerbury, Connecticut
CENTRAL SZREIW €O,
Chicage, Hiinois
CHANDLER PRODUCYS CORP,
Clevelond, Ohic
CONTINENTAL SCREW CO.
New Bed¥ord, Moasachusetis
THE CORBIN SCatw CORP,
New Britain, Connecticut
GENERAL SCREW MFG. €O,
Chicago, Hlinois
THE W. M. HARPER CO.
Chicago, {Hinais
INTERNAJIONAL SSREW €O.
Detroit, Mithigon
THE LAMSON & SESSIONS CO.
Clevelond, Ohio
MILFORD RIVET AMD MACHINE CO.
Milford, Corneciast
THE NATIONAL CREW & MFG, CO.
Clevelond, Ohio ;
NEW ENGLAND SCREW CO.
Keene, Naw Mompshire
THE CHARLES PARKEIR CO.
Meriden, Conneditut
PARKER-KALON CCRP.
New Yark, New York
PAWTUCKEY SCREW CO.
Pawtucke?, Rhods !slond 2
PHEOLL MANUZACTURING CO.
Chicogo, Hiinois
READING SCREW CO.
Neorristown, Penrsyivania
RUSSELL BSURDIALL & WARD BOLT &
NUT €O

Port Chester, ;‘Jow Yerk

SCOVILL MANUFACTURING CO.
Woterville, Connecticut
SHAKEPROOF INC.

Chicogo, Hlirois

THE SOUTHINGTON HARDWARE
MFG

Soulhingn;n, Co.nnndkuf

WHITNKY SCREW CORP,
Nashue, New Hampshire

WOOD SCREWS

MACHINE SCREW
SELF-TAPPING SCREWS
STOVE BOLTS




Ready for

your application

KAAR _

"INSTANT HEATING" /
Mobile

TRANSMITTERS

30-40 MEGACYCLES®

RUGGED HIGH-FREQUENCY TRANSMITTERS FOR

MILITARY AND CIiIViL COMMUNICATION

Kaar high-frequency transmit-
ters are skillfully engineered
for efficient military, civil, and
commercial communication
from moving vehicles. They
are designed for severe use,
and for swift servicing.

The dust cover can be re-
moved by merely releasing
two snap catches. .. the entire
transmitter can be removed
from the vehicle by releasing
only four catches.

The PTS-22X is rated at 22
watts output. It incorporates
the “Instant Heating” feature
with zero standby current.
Transmissions are complete-
ly controlled by the “push-to-
talk” button on the micro-
phone. This switch lights the
tubes, starts the dynamoror
power supply, silences the
receiver, and switches the
antenna to the transmitter.
*For transmission in the 1600-2900 KC range,

specify the Kaar PTL-22X or PTL-10X. Other
ranges available on special order.

KAAR

ENGINEERING CO.

PALO ALTO, CALIFORNIA

TALw

= =
Manufacturers of high grade mobile and
central station RADIOTELEPHONE
EQUIPMENT AND ACCESSORIES

Export Agents: FRAZAR & HANSEN
301 Clay Street

San Francisco 11, California, U.S. A,

MOBILE RECEIVERS — Crystal-

controlled superheterodynes

for medium and high frequen-
cies. Easy to service.

B

CRYSTALS—Llow-drift quartz

plotes. Fundomental and

harmonic types available in
various holders.

CONDENSERS—Mony types
of small varioble air con-
densers ovailoble for tank
circuit and antenna tuning.

MICROPHONES —Type 4-C

single button carbon. Shperb

voice quality, high output,
moisture proof.

POWER PACKS —Heavy
duty vibrators and power
supplies for transmitters,
receivers. 6,12,32 volts DC.

60
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25,000 REASONS WHY YOU MIGHT

WANT TO KNOW US BETTER

T takes a lot of research to make American

glass the best in the world. At Corning,
for example, more than 250 engineers and
laboratory men are working steadily on
new forms of glass and new uses for this
amazing material. More than 25,000 for-
mulae for glass have been developed!

Today, out of -his vast experience, has
emerged an amazingly versatile group of
glasses in daily production under the Army-
Navy “E” pennant at Corning. Glasses with
an expansion coefficient practically equal
to that of fused quartz; glasses that have
high electrical iasulating qualities; glasses
that are extremely resistant to mechanical
shock; glasses that can be made into in-
tricate shapes fcrmerly considered impos-
sible. More thaa that, many of these de-
velopments have meant money saved to the
customer and faster deliveries.

For example, stezdy progress has been made
in methods of connecting glass to metal.
First, we used Antimony Lead Alloy as a
coupling medium; then metal coats were
sprayed on glass. Today, a Hermetic Met-
allizing process has been developed which
is a vast improvement over former tech-
niques. And Corning’s laboratory is already
working on further improvements to make
glass-to-metal seals better and cheaper.

If you are a manufacturer of electronic
equipment, Corcing’s “know-how” in glass
is at your service. We shall be glad to work
with you at any time on any problem in-
volving the possible use of glass. In the
meantime, you may be interested in a de-
tailed study “Glassware in the Electrical
Industry.” Simply write to the Electronic
Sales Dept. E-2, Bulb and Tubing Division,
Corning Glass Works, Corning, N. Y.

AahilEg

COMIG

C[] RNING

means
Rescarch in Glass

“PYREX"” and “CORNING™ are registered trade-marks of Corning Glass Works
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Back the Attack—Buy War Bonds —

n/wide Rang®
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AN red for magne

te!
supp! trical ®
wire 18 notive elec - and fie

auto!
i:::‘km cable, radio
and other al

semblies-
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Auto-Lite Wire and Cable can meet the electrical
need of your product. Often the revolutionary ad-
vances provided in wire and cable manufacture
enable manufacturers to perfect products offering
increased heat resistance, improved performance
characteristics . . . and frequently at decided savings
in cost. For further information on your specific
problem, write to

THE ELECTRIC AUTO-LITE COMPANY
SARNIA, ONT. Wire Division PORT HURON, MICH.

, A“TO “LITE wireiicaie

IN iTS 26 GREAT MANUFACTURING DIVISIONS, AUTO-LITE IS PRODUCING A LONG LIST OF ITEMS FOR AMERICA'S ARMED FORCES ON LAND, SEA AND IN THE AIR
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What's Wrong with
This Picture?

\ \ \
ARMY-NAVY ““E° WITH STAR
Awarded All Four Divisions of Roytheon
for continued excellence in production

RAYTHEON MANUFACTURING COMPANY
Waltham and Newton, Massachusetts

The thing that is wrong about this picture is that radro
engineers have been doing such a bang-up job meeting and
anticipating the vast needs of our military services that
not enough good things can be said about them by those
engaged in the field of electronics.

Seven days a week and night after night, the radio engi-
neers are working out the multitudinous problems of
design required to give our Allies the most of the best
electronic equipment in the world.

Raytheon is proud of its part in furnishing electronic rubes
and equipment that meet engineering requirements of
stamina, high quality and complete dependability wnder
the most severe wartime demands.

[ DEVOTED TO RESEARCH AND THE MANUFACTURE OF TUBES AND EQUIPMENT FOR THE NEW ERA OF ELECTRONICS |

ELECTRONICS — February 1944
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“Anybody Got a Stick of Gum?”

HAT last bump was /. The waist gunner picked
Thimself up from the floor and clung to his gun as
the huge ship was brought back into control. He took
a quick look out, whistled softly and spoke through

the Intercom to the rest of the crew.

"Somebody better hurry up with a stick of chewing

gum before our left wing leaves us!”

* k%
The ability of our flying men . . . and our flying equip-
ment . . . to “take it” is one of the major marvels of

the war, and playing its full share in the success of

our aerial forces is the Communications System. No
place here for equipment that's merely good. It must
be the bess, for failure in Communication may be more

serious than the failure of an engine or a landing gear.

It is to these superlative standards that Rola builds
. highly
specialized transformers and coils, supersensitive

equipment for the Army-Navy Air Forces . .

headphones, and other electronic parts having to do
with Communications. And it is to these same stand-
ards that Rola will build its after-the-war products,
whatever they may be. The ROLA COMPANY, Inc.,
2530 Superior Avenue, Cleveland 14, Ohio.

MAKERS OF THE FINEST IN SOUND REPRODUCING AND ELECTRONIC EQUIPMENT

64
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8 Million Tests A Day
The “Know How" We Gained In Our War Work
Can Be Used By You InYour Plans For The Future

Every single one of the many millions of Ray-O-Vac Batteries are

tested and retested as they progress through the plant. Based on our
37 years of battery-making experience these tests insure depend-

ability. If dry batteries are required in your products, the long-time

experience of Ray-O-Vac’s staff of engineers can be of real aid to you.

Most of Ray-O-Vac’s large pro-
duction of batteries is going into
the electronic marvels of this war
—-;;ortable radios and other spe-
cial equipment — and specially
engineered in close cooperation
with the Signal Corps.

......

FLASHLIGHT o YELEPHONE ©« LANTERN © HEARING AID © RADIO o [GNITION o MULTIPLE
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Selecting Your Plastic Molder Calls for Thought—

INVESTIGATE CAPACITY!

Plant capacity, we mean. The ability
to so integrate engineering, tool-
room and die-room, presses and
finishing machines . . . and enough of
each . . . that plastic parts keep flow-
ing into your production lines on a
smooth, uninterrupted schedule.

But plant capacity, important as it
is, is only one of the reasons that so
many industries come to Kurz-Kasch
for so many diverse applications.
There’s 25 years of experience in
engineering plastics . . . in knowin
plastic materials as to characteristics
and suitability . . . in making intricate
molds to the closest tolerances . . . in
learning the finest points of the dif-
ferent molding techniques.

Whatever your product, the
chances are we can show you inter-
esting applications engineered and

66

molded by Kurz-Kasch that demon-
strate the value of this experience to
you. And in the most successful ones,
you can be sure that our experience
with materials and engineering was
used to advantage at the earliest
stages of development. Ask for a
Kurz-Kasch development engineer!

on your post-war needs.

N Don’t contract for capacity too late! Engineering must? take material
J~/ into account, and your molder knows both best. Consult him now

KURZ-KASCH

For over 25 years Planners and Molders in Plastics

Kurz-Kesch, Inc., 1421 South Broadway, Dayton, Ohio
Branch Sales Offices: New York ® Chicago @ Detroit ® Los Angeles ® Dallas ® St. Lovis ® Toronto
Canaca. Export Offices: 89 Broad Street, New York City
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Symbolic of modern electronic equipment —
these human senses amplified and extended to
limitless range . . . thru fog and smoke . . . be-
yond the limits of normal sight and hearing . . .
our fighting forces now See and HEAR at dis-
tances and under conditions that amaze the un-
initiated. Such are the remarkable ac-

complishments of a war-inspired &%

American Electronic Industry. g _

ELECTRONICS — February 1944

the seeing ear...

Q\“.\“dustry to be,
0

Censorship shrouds the Seeing Ear in secrecy
but . ..in tomorrow’s day of peacetime pro-
duction G. I. will adapt its share of Seeing Ear
developments to new products and to modem-
ization of its pre-war products. Many of these
new ideas will have direct applications in

our Record Changers—Variable Con-
b, densers—Push Button Tuners—and
% other products.
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(Farnsworth television

Lonpon’s famous Crystal Palace was
the scene, in 1934,* of the [irst foreign
demonstration of the Farnsworth elec-
tronic system of television.

Since then, we've seen electronic tele-
vision supplant other systems. Develop-
ment has been rapid . . . and, uniquely
among modern industries, without the
stimulus of a public market.

Farnsworth’s more than 18 years of
pioneering in television has borne rich

fruit. The Farnsworth Dissector Tube
and Photo-cell Multiplier Tube, our
synchronizing devices, circuits and
other tubes have been perfected. Our
consistent policy of parallel research
on both circuits and tubes has proved
sound and most productive.

Today, Farnsworth is in a position
to supply important military devices
to the Allies — all our production goes
to war. But post-war television will

FARNSWORTH

68

X P
L Pk

in England 10 years ago!)

have the benefit of our wartime
experience. When peace comes, this
background and our facilities will be
ready to serve you.

*Another of a series of Farnsworth ad-
vertisements depicting milestones in the
history of television.

Look For the Farnsworth Television adver-
tising in: November 17 Collier’s, and
November 15 and December 13 Newsweek.

® Farnsworth Television & Radio
Corporation, Fort Wayne 1, Indiana.
Farnsworth Radio and Television
Transmitters and Receivers; Aircraft
Radio. Equipment; the Farnsworth
Dissector Tube; the Capehart, the
Capehart-Panamuse: the Farnsworth
Phonograph-Radio.
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AMERTRAN HERMETICALLY SEALED TRANSFORMERS FOR 400 CYCLE OPERATION

THE WORST BRINGS OUT THEIR 8237/

ey v

Anyone familiar with AmerTran test methods will understand why
the worst conditions of warfare anly serve to bring out the best in
AmerTran Hermetically Sealed Transformers. Random units from
the production line are constantly subjected to immersion, impact
and vibration tests often exceedimg in severity those prescribed by
the government. Thus, wa speak conservatively when we say
AmerTran Hermetically Sealed Transformers conform to today’s,
rigid requiremensts.

Used as transformers, Wave Filters and Reactors in the latest 400
cycle apparatus, these magnetic components may be specified with
absolute assurance of dimensional conformance and uniformity.
The enclosing cases and terminal boards are die made, meeting close
tolerances, In all, AmerTran Hermetically Sealed Transformers
are worthy products of a company that has specialized in trans<
former manufacture for more than forty years.

AMERICAN TRANSFORMER COMPANY

t78 EMMET STREET, NEWARY 5, NEW JERSEY
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When building their own

testing equipment. . .

Most delicately aftuned of all equipment is that
used by a manufacturer in testing his” products.
Many fine names insist upon Delur precision instru-
ments when building such equipment. For example,
the oscilloscope used in the laboratories of the
tlectronic Corporation of America incorporatas one

of the various meters bearing the Delur trademark.

&

«
o"ﬂnv o W

Help Shorten the
War ... Buy More
War Bonds

)
DC MILLIAMPERES

MR25WOOQ!IDCMA

The ECA oscllloscope in which a Dejur
- instrument is an integral component.
N it

DeJurAmseo (arporation

MANUFACTURERS OF DeJUR METERS, RHEOSTAYS, POTENTIOMETERS AND OTHER PRECISION ELECTRONIC COMPONENTS
SHMELTON,

That Deur instruments are “'preferred stock”” may
be traced to Delur accuracy, dependability and
long life. Refinements in design and construction,
growing out of 25 years of distinguished service
in the electrical field, give our meters certain defi-
nite advantages which become immediately appar-
ent upon application. A DeJur engineer will be glad
to assist you . . . whether for your wartime or peace-
time program.

CONNECTICUT

NEW YORK PI.ANT: 99 Hudson Street, New York 13, N. Y. ® CANA DIAN SAI.ES OFFICE 560 King Street West, Toronto

7
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SHUBARWO) It

Coramics for the World of Electronics

ISHUBAKOER
POSTS « SPREADERS Wiy

ALL SHAPES AND SIZES T e
Round, conical, square, rectangular, \-[“P\]S\g——[“}&ﬂ \Q)]R*‘SJ
spooled, etc. Small or large. Ends "
tapped as required. Glazed or unglazed.

With or without metal hardware. \ w BUY

Many stock items. Others made \ WAR BONDS

promptly to specifications. R

L_ STUPAKOFF CERAMIC AND MANUFACTURING CO., LATROBE, PA. ‘l
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TRUSHADE

\\\ v
OFFERS YOU A \

GOLDEN =<

OPPORTUNITY TO .. -

The TRUSHADE Process provides an
exceptional alkali and acid resistant
gold deposit that is always durable,
hard, bright and close grained.

The process consists of TRUSHADE
24 kt. gold and TRUSHADE hard and
14 kt. alloys. The former is metallic
gold suspended in an aqueous medium
for use in preparing 24 kt. and alloy
gold plating solutions. The latter are
alloy metals also suspended in an aque-
ous medium and are for use in conjunc-
tion with TRUSHADE 24 kt. gold in

preparing alloy plating solutions.

TRUSHADE Gold and Alloys are a

result of more than 20 years of scientific
and practical research. They introduce

ECONOMICALLY AND QUICKLY 7\ 4 |
SOLVE METAL FINISHING /// 7o u\\\\
PROBLEMS ON A PRODUCTION BASIS...with GOLD!

an industrial gold finish that can be
applied quickly and that has been
proven more economical, for compara-
ble results, than any other known process.

When properly applied TRUSHADE
Gold requires no intermediate brushing
or polishing and it meets practically
any acid test specification. This process
also assures increased electrical conduc-

tivity. The quality and gold content of
TRUSHADE Gold and Alloys is certi-
fied.

Consult the Alrose Advisory Service

regarding your finishing problems TO-

DAY . . . There's no obligation.
Address Dept. B.

ALROSE CHEMICAL CO.

PROVIDENCE, RHODE ISLAND, U.S.A., TEL, WI-3000-3001

\
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Opemlor at the
1\1usl(euon planl of
Anaconda Wire &
Cable Co. slipping
Natvar sleeving on
coll leads.

THAT was Anaconda Wire & Cable Company's first requirement for the

sleeving to be used on coils they are building for certain vital war equipment.

“Give us sleeving that's rugged ... it has to do more than pass the stand-
ard tests, because it will have to take p]enty of punisl’lment after it leaves ® Varnished cambric—straight cut and bias
here. We know where these coils are going . . . and we know they've got ® Varnished cable tape

to stand up!

® Varnished canvas

*“And another thing — most of them are needed yesterday, so we re ship- S Varpighsd duck

L : . ° i
ping ‘em out each day as soon as they pass final tests. We run into Vamished cellulose acetate

trouble if the sleeving isn't smooth on the inside — it slows us down S it s

_ o . ] .
because most of our leads are dead solt or stranded. It may sound like a Varnished tubings and sleevings

little thing R T important ® Varnlshed identification markers

® Lacquered tubings and sleevings

“Besides, we want fast color and fast delivery.” ® Extruded Vinylite tubings

. . | . . A ® Extruded Vinylite identificati k
What are your requnrements? Write, wire, or phone us, and we will shlp at e e e

once, either from nearby wholesaler's stock or direct from our own. Write for bulletins

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

THE }\T/@g/NAL VARNISEED BRODUCTS

201 RANDOLPH AVENUE * WOODBRIDGE NEW JERSEY

2.NVP-}



The screw that’s BUllt like a Gear

A sound engineering principle
makes Bristo Multiple-Spline
Socket Set Screws your safest rec-
ommendation for protection
against vibration.

This screw can be set up tighter
than any other...for the spline de-
sign pulls the wrenching force in-
ward, not outward. It can be turned
far beyond the point where an or-
dinary screw would burst or at least
round out to stop effective wrench-
ing. Yet a flick of the key will
loosen it for quick removal!

Any assembly man will thank
you for specifying Bristo. Assembly
is easier, faster, especially when the
fastening point is hard to reach—

ELECTRONICS — Februory 1944

e STRONGEST

SMALL SCREW ON THE MARKET

the splines in the screw cling to the
splines on the wrench.

Hex: key exerts out- Bristo: key exerts
ward pressure against inward pressure; no
socket wall: screw  danger of rounding
will round out or out or breaking
break. socket wall.

And the man who buys and uses
your product will be grateful for

the stronger fastening. Because

Bristos— no matter how small
(even down to the No. £ wire size)
—have greater strength, will hold
more tightly, than other screws of
comparable size.

TYPICAL APPLICATIONS

® cameras

e radio assemblies

e computing machines
e electric shavers

» scientific instruments
e x-ray machinery

o electric refrigerators
e motor assemblies

e vacuum cleaners

o domestic appliances

See THOMAS’ REGISTER for more facts, list of product applications.
Remember Bristo for vibration conditions.

BRISTO

MULTIPLE
SPLINE
SOCKET SET

SCREWS

Geared to the Key—for faster, easier, tighter setting




BALLANTINE
AC VOLTMETER

MODEL 300
ELECTRONIC
I VOLTMETER

0.00002 TO 10,000 VOLTS

This enormous range of voltages—
five hundred million to one—1s accu-
rately covered by our Model 300 Elec-
tronic Voltmeter and some of the
accessories shown above. Frequency
range 10 to 150,000 cycles. Accuracy
2% over most of the range. AC opera-
tion. Five decade ranges with loga-
rithmic scale make readings especially
easy. Uniform decibel scale also pro-
vided. May also be used as a highly
stable amplifier, 70 DB gain, flat to
150,000 cycles.

74

MODEL 402

: MULTIPLIER

{:

! MODEL VP-5
VIBRATION PICKUP /

L S - L ==/ .1

Although designed for the usages of

il

peace thousands of these insiruments
are now rendering conspicuous wartime

service in Government, commercial and
university laboratories, factories and
maintenance depots all over the world.

MODEL 220
CECADE AMPLIFIER

BALLANTINE
LABORATORIES, e

BOONTON, NEW JERSEY
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QUICK CLICK

THE T&B STA-KON (Solderless) DISCONNECT

ith manu-
facturers of electronic equipment. ( It is correctly d¥ neered,
ctivg and disco

Holds/fast and

and fully approved for the quick and dependable conne inecting
of wires #22 through #10. « Light-weight and compact.
retains tension after constant, vigorous usage. (U Has constant [oW resistance
—less than an equal length of wire. ¢ A T&B quality fitting. ( Easily in-
stalled with regular STA-KON Pressure Tools. ([  Distributed exclusively

.through T&B Electrical Wholesalers.

WRITE FOR STA-KON BULLETIN 500

THE THOMAS & BETTS CO0.

INCORPORATED

MANUFACTURERS OF ELECTRICAL FITTINGS SINCE 1899

ELIZARETH 1, NEW JERSEY
In Canada: Thomas & Betts Ltd. Manlreal .

E Flag awarded April, 1943

White Star awarded Qctober, 1943




Gt Opece.”

Today's urgencies make a reliable and speedy source
of special crystals highly important. Such a source is
John Meck Industries whose Special Crystal Division
is operated to supply — quickly — crystals to any
temperature co-efficient and absolute frequency
specifications under the direct supervision of thor-
oughly skilled, experienced engineers. For your
contribution to time-saving production, just

PHONE: PLYMOUTH (Indiana) THREE-THREE

-D@D]Eil MECKUNDUSTRIES]

Wﬁ]@@ﬂ]o maumm
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Let
"WHITAKER »

help you with !1 t é em Wl/le jl‘—

your wiring

e — Quit worrying! . . . If you have a wiring assembly problem—and
pl‘o b Ie m . want the job turmed out in volume, exactly to specifications, and

in a minimum of time—get in touch with Whitaker. No cable as-

sembly is too complicated for us.

* Tough assignments aren’t new to us. Possessing a background
WIRING HARNESSES of 24 years' experience in producing Cable Assemblies, Wiring
+* Sets, Terminals and other kindred products—we have the “know-
BONDING JUMPERS how' and facilities for a big volume of wartime and post-war pro-
x duction.
CABLE ASSEMBLIES In addition to an engineered wiring service, Whitaker also offers
N a quality line of standard cable products. We solicit your inquiries,
AIRCRAFT and RADIO T
CABLE PRODUCTS WHITAKER BATTERY SUPPLY COMPANY
* Kansas City, Mo. o St. Joseph, Mo. ¢ Philadelphia e Oakland

WHITAKER

Cables, Wiring Harnesses and Assemblies for Automotive, Aircraft, Marine and Radio Equipment
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Fireside to Firing Line

It’s a long way from fireside to firing line.
Especially long for a radio set. For when
you take this coddled precision instrument
away from the peace and calm of a living
room and stick it in a mobile unit at the
front, you’re really putting it “on the spot.”
Jolts, jars, concussions and extremes of tem-
perature are the common lot of radio and
electronic equipment in military service.

Fortunately, this transition was not as
abrupt as it might have been, for Delco
Radio technicians had tackled and solved
similar problems in making automobile
radios practicable. Vibration and shock .
heat and humidity variations . . . electrical
interference . . . shaking and bumping—all
these obstacles were overcome one by one
through the ceaseless experimentation and
research of radio scientists.

With the conquest of the foes of radio in
transit came far greater benefits than better
entertainment. Years ahead of the second
World War, the Delco Radio Division had
solved many of the problems which inter-
vehicular military radio would face. Years
ahead of time, the “spirit of perfectionism”
had prepared vehicular radio for its vital
role at the battlefront.

Let’s All Back The Attack!
BUY WAR BONDS

Radio
DIVISION OF

GENERAL MOITORS
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CAPACITY MMF

STYLE 7528

STYLE T52A

® MAXIMUM

STYLE TS2A

STABILITY

STYLE TS28

STYLE TD2A (each section)

® EASE OF

ADJUSTMENT

=4
(=3

ANGE OF ADJUST

® WIDE RANGE

E CERAMICON TR

g

OF CAPACITY

1
i

//A///V///(///

_§&1 NN |

® CHOICE OF
TEMPERATURE

J [ J [ -

N300 N 500
TYPE (TEMPERATURE COEFFICIENT x 10+¢)

S shown in the chart above, Erie Cerami-

con Trimmers cover the wide range of

temperature coefficients and capacities that
are in most popular demand.

The three available temperature coeffi-
cients, zero, —300 parts per million per °C,
and —500 parts per million per °C, provide
a choice that covers most practical
applications for temperature com-
pensation. The high ratio of maxi-
mum to minimum capacity, com-
bined with a low minimum capacity
in each of the four standard styles
of Ceramicon Trimmers, allows a

FOR MIGH ACHIEVEMENT
1N waR PRODUCTION

wide range of applications. The sturdy base,
silver-ceramic construction, and soldered
connections, assure inherent stability. The
rotor of Erie Ceramicon Trimmers is stamped
with R for identification. Temperature
coefficient and capacity range are also
printed on the rotor.

These and many other features
are completely described in Erie
Ceramicon Trimmer Data Sheets. If
you are looking for a high quality
trimmer that incorporates tempera-
ture compensation in its operation,
write for a copy of these data sheets.

Back The Attack—With War Bonds

ERIE RESISTOR CORP., ERIE, PA. LONDON, ENGLAND - TORONTO, CANADA.
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Ttey Cancel-Out” a lot of Fandicaps

The phrase isn’t ours. It comes from the assembly lines . . . where new factors for speed, safety, simplicity, and
lower cost are rated high. CLUTCH HEAD Screws ‘“cancel-out’’ the handicap of slow-down hesitation. The wide
roomy clutch offers an easy bull’s-eye target for the ‘‘greenest” operator, inviting speed born of confidence. .. the
automatic entry of the Center Pivot Driver into dead center of the recess speeds and eases the drive home . ..
and that same definite torque grip assures the operator there is no hazard of slippage. Then there is the CLUTCH
HEAD Lock-On feature which nullifies the handicap of fumbling around hard-to-get-at spots by uniting screw and
bit as a unit for easy one-handed reaching. In field maintenance, too, CLUTCH HEAD simplifies operations by solving
hitherto accepted problems. Service men prefer this modern screw because it may be operated with the ordinary
type screwdriver . . . even with a piece of flattened steel rod in an emergency. They know also that, where screws
have to be removed, saved, and used again, the CLUTCH HEAD Lock-On feature obtainable with the Center Pivot
Hand Driver “cancels-out” the serious handicap of dropped and lost screws.

Get personally acquainted with these many exclusive
features. Send for assortment of CLUTCH HEAD Screws,
sample Center Pivot Bit, and fully illustrated Brochure.

CLUTCH HEAD Screws are con-
tributing importantly to
many phases of the war effort.
They are available in Stand-
ard and Thread-forming types
for every purpose . . . produc-
tion backed by the extensive
resources of this Corporation
and by responsible Licensees.

ECONOMY is an impor-
tant feature of this Center
Pivot Assembler’s Bit. No
“back-to-the-factory”
shipment is necessary for
reconditioning. A brief
application of the end sur-
faceto a grinding wheelfully
restores original efficiency.

UNITED SCREW AND BOLT CORPORATION

CHICAGO

CLEVELAND

NEW YORK
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NATIONAL UNION chose

for dependable
tube components

National Union Radio Corporation, large producers of
tubes for military use, checked the four factors important
to their vastly increased production . . . and chose Callite
for: 1. Precision-engineered tube components, 2. Practical
help on metallurgical and engineering problems, 3. Prompt
aid in emergencies as well as consistent delivery, 4. Top
quality at a fair price:

The urgency of war production has resulted in important c a I I i t e T u n g s t e n

forward steps in the progress of tube component manu-

facture. All our experience, technical skill and research C o RP o RATI o N
facilities are available. Call on us now. Callite Tungstén
Corporation, 544 Thirty-ninth Street, Union City, New
Jersey. Branch Offices: Chicago and Cleveland. Seaciilisie. i #ig Mmanubctose of Hosd

glass leads, tungsten and molybdenum

wire, rod and sheet, formed parts, and other com-

ST T 1T A T

ponents for electronic tubes and incandescent lamps. "
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How to seal
ideal operating
conditions into

your product with

RALSEAL

Ty

Does your design require yvour produet to work at extremely
high altitudes . . . under unusual moisture conditions . . . in
places where destiructive abrasive dust, corrosive fumes, or
explogive gases prevail?

H so0, then the Federalseal method of sealing ideal working eon-
ditions around the operating parts of your product will solve
vour problem.

By this method, sea-level air pressure can be sealed into a device
that must operate precisely at 40.000 feet. Ordinary air which
contains moisture can be sealed out and inert gas sealed in to
prevent arcing. The wear and danger of dust and combustible
gases can be sealed out and pre-determined operating condi-
tions—a vacuum, dry air, inert gas, under any desired pressure
-—can be sealed in.

The Federalseal method of sealing pre-determined conditions in
the housing of the device itself is made possible by the facilities
of our organization to bring so many out-of-the-ordinary skills
to bear on your problem. Long experience in working with
glass . . . plastics . . . sheet metal . . . high frequency current . . .
all go hand in hand to make Federalseal not just a matter of
putting a housing around vour product. but of sealing out un-
favorable conditions and sealing in ideal operating conditions.

Federal Electric engineers will consult with you in regard to
surrounding the operating parts of vour products with working
conditions so ideal for the job thev are required to do that better
performance will enhance the reputation of your product hy
giving the buver this extra performance.

Federalseal may be the something new for which you have heen
looking. Send us details of your problem and a print of vour
product. Let our engineers show vou what Federalseal can o
for you. Call or write us today.

-

Steps showing how a relay
is sealed in by FEDERALSEAL
Excmple: Clare Type ""K" Relay

Steel base is stamped. It is shown
here ready for mounting of relay
assembly.

Glass button with fused-in dumet
lead wire which is welded to a
metal ring. This ring is then brazed
to a metal skirt and finally to the
steel base.

Relay is mounted and lead wires
are soldered to the contact and
coil.

Steel cover is placed over the re-
lay assembly and brazed to the
base,making anair-tight assembly.

Vessel is evacuated. Any pre-de-
termined working conditions . . .
vacuum, dry air, inert gas . . . at
any reasonable pressure . . . is
then introduced inte the chamber.
Glass tube is then sealed off as
shown.

Octal base is placed over header
skirt and wires are soldered to
base pins.

Operating mechanism of relay is
ready for use under any pre-de-
termined conditions without re-
gard to atmosphere, pressure, or
temperature.

FEDERAL ELECTRIC COMPANY, INC.

9700 SOUTH STATE STREET, CHICAGO 19, ILLINOIS
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Hur LYPERIFNVEE

CAN SERVE YOU BETTER

Experience is the best teacher. In the manufacture of
trimmer and padder condensers our experience is un-
equalled and our facilities unique.

When victory comes, the lessons we have learned in
meeting urgent and extreme military needs will result in
finer-than-ever service to you. All this knowledge, together

* with our extensive pre-war experience in completely mech-
KEEP BACKING anized production, will again.be at your service.
THE ATTACK!

BUY MORE
WAR BONDS

*

UTOMATIC

WINDING £0., IVL.

COMPLETE ELECTRONIC ASSEMB“ES_& COMPONENT PARTS
1C AV E e — —"  EAST NEWARK, N.J.

900 PASSAIC A

ELECTRONICS — February 1944 83



84

WHEN today’s big emergency came along, one of America’s great-
est resources was the knowshow and productive skill stored up by
industry. Accumulated through the years, this practical experience
made possible the building of the world’s mightiest war machine.

Simpson Instruments offer an example. Into their making has gone
all that 30 years of experience can contribute to the design and
manufacture of electrical instruments and testing equipment. From
this long specialization has come a noteworthy advance in instru-
ment design — a basic movement of a type long recognized for. its
greater accuracy and stamina, and which now for the first time has
been made a matter of rapid mass production.

Fortunately, this patented Simpson movement was ready and
waiting when today’s emergency brought a tremendous demand
for electrical instruments. It enables Simpson to build them fast,
and build them well.

The Simpson Movement is a full bridge
type with soft iron pole picces. It refines
this basically better movement to its
finest expression, and eliminates the slow,
costly construction which before now
limited its application. Today this pro-
duction speed is all-important. Tomor-
row, the economies of mass production
will mean far greater dollar value, in
instruments that stay accurate.

SIMPSON ELECTRIC COMPANY
5200-5218 W. Kinzie St., Chicago 44, Illinois

READY WHEN
THAT RAINY
DAY CAME

'
i

S
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Above: UHF section of 161.1-mc mobile tronsmitter opercted by WGAR,
and designed by W. L. WIDLAR, UHF Engineer for the Cleveland station.

“The HK-24 is the best UHF tube
for operation at 161.1-megacycles”

The work of W. L. Widlar in the ultra high frequen-
cies is attracting national attention. After several years
of research and experiment between 30-mc and 250-
mc at WGAR, he designed a 157.5-mc AM mobile
transmitter with an operating range of 17 miles.

Two years ago the 157.5-mc special events mobile
unit was modified into a 161.1-mc FM transmitter,
which reduced noise and improved transmission, and
has a satisfactory operating range of 20 miles from
the receiving location.

Now he is engaged in testing a 10-watt 225.6-mc
crystal-controlled AM transmitter, and the results will
be published in the near future.

For the driver-amplifier and power-amplifier stages
of these transmitters Mr. Widlar selected Gammatron
tubes.

“I know from experience,” he says,“that the HK-24,
because of its small physical size and high efficiency,

ELECTRONICS — February 1944
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PIERCE THE ULTRA HIGHS

is the only available UHF tube that will pperate suc-
cessfully at 161.1-mc.”

In addition to small size and high efficiency, there
are other reasons for the ability of HK-24’s to pierce
the ultra highs. For example, confined electron paths,
getter-free bulbs that avoid metalized resistor effects,
and lack of internal insulators.

Heintz and Kaufman engineers constantly utilize
the results of UHF field tests to design more efficient
Gammatrons, and thus they are making an important
contribution to the opening of new electronic fron-
tiers in the centimeter region.

HEINTZ ano KAUFMAN L7D.

SOUTH SAN FRANCISCO +« CALIFORNIA

Tibes
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I: \ ~ HERE'S HOW TO

.\ “PUT THE FINGER'
JAX  ON SLEEVING—

4|‘?] € Tap test proves new BH “‘extra flex” Fiberglas

Sleeving is non-fraying

HERE s a new sleeving that is both flexible
and non-fraying. And you can prove it
right at your own desk with this simple tap test:

Obtain from us a sample of BH Extra Flexible
Fiberglas Sleeving equal in size to the saturated
sleeving you use now. Hold both types in your left
hand, as illustrated, and finger-tap each sleeving
15 to 20 times. BH Extra Flexible Fiberglas Sleev-
ing will spread slightly, may fuzz a little, but it
will not fray. The usual saturated sleeving will
break down at the edges and separate. Continued
manipulation will not noticeably affect the BH
Extra Flexible Fiberglas Sleeving, whereas the
saturated sleeving will readily unravel and
become progressively worse.

NON-FRAYING « FLEXIBLE « HEAT-RESISTANT
NON-INFLAMMABLE . WATER-RESISTANT
NON-CRYSTALLIZING at LOW TEMPERATURES

The new BH Extra Flexible Fiberglas Sleeving is
woven from the choicest continuous-filament Fi-
berglas yarns. It possesses high dielectric strength,
is water-resistant and, like all BH Sleeving and
Tubing—is non-inflammable.

All sizes from No. 20 to %", inclusive, are
available. Write for samples of this radically new
and different sleeving today—in the sizes you
desire. Seeing is believing! Bentley, Harris Manu-
THIS-NOT THIS facturing Co., Dept. E Conshohocken, Pa.

¢ NON-BURNING IMPREGNATED MAGNETO TUBING « NON-BURNING FLEXIBLE
VARNISHED TUBING = SATURATED AND NON-SATURATED SLEEVING

g’ BENTLEY, HARRIS MANUFACTURING CO.

Conshohocken, Penna.
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MI'I'E IN SIZE...BUT A

s aclion/

IrDecisEon crysials are performing a mighty joo under the most
trying battle conditions. But ¢nly the crystals that are rricro-
scopically clean can operate indefinitely. That's what makes
crystals giants.

Cryskal Products Company metheds of exacting cleanliness
in manufacturing procedures are unsurpassed. All crystal
oscillators are guaranteed free from flows, ghosts, inclusions

—and are free from optical and e ectric twinning.

M PRODUCTS COMPANY
1519 McGEE STREST - KANSAS CITY 8, MISSOURI
%df(wm % e r ]ﬁywmt’%m @I’f/«‘/’(d ﬁi‘ Mv.ﬂ :%myuma}/ sza/fa/ ;
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%ore amazing-than fiction are the
o dashing exploits of PT boats. In a war to
’ 9?01/17 (A~ 2Hes keep free the sea lanes of the world,

these combat vessels streak into action and unleash
REE f a group attack that’s packed with power and
(27 (A4 punch. One reason they maneuver so successfully:
the lanes of communication are kept free. Vital radio
messages from boat to boat are protected against.
noisy local intereference.
In climates tropical or polar, Solar noise-suppression systems
absorb static right where it starts—at generators, motors,
windshield wipers, contacts and other local sources. Solar Capacitors
and Elim-O-Stats, as components of such systems, also protect
others of our fighters. Men talking from plane to plane,
from jeep to jeep and from tank to tank transmit and receive
et commands without the lost syllables that might mean lost lives.
v % Solar engineers, pioneers in capzcitor manufacture, draw
i on an unusually rich radio experience and uninterrupted
electronic research. In days to come, their war-won knowledge
B will be valuable in meeting postwar communication needs,
just as it is now available for military and naval demands.
Solar Manufacturing Corp., 285 Madison Ave., New York 17, N. Y.

W x
"E' Wt o

TT2D) — ELIM-O-STATS — ¥

CAPACITORS AND RADIO NOISE-SUPPRESSION FILTERS

& 5007
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neir hobby is radio too...

These are the leaders of science and communications. They
are professionals in what has become a most vital element of
modern civilization. .. radio communications and the science
of electronics. Some of them wear the uniforms of top rank-
ing military officers because we are engaged in war. Others
remain civilians as doctors of science . . . the leaders of radio,
electronic and electrical industries which are amazing the
world through their achievements. Achievements which not
only aid in war but which are creating the new era of indus-
try to follow. They are the great men of today . . . they will
be still greater tomorrow . .. and they are radio amateurs.

Eimac tubes are leaders tco. First choice of these leading
engineers . . . first in the  py/pq the leaders 1o
new developments in
radio. They are first with

radio amateurs too, wo®®
which is no coincidence. ABE’

EITE['M(CU“.OUGH, IN(., 794 San Mateo Ave., SAN BRUNO, CALIF. . Plants located at San Bruno, California and Salt Lake City, Utah
Export Agents: FRAZAR & HANSEN - 301 Clay Street « San Francisco, California, U. §. A.




RIGHT | 5 e
Around the World | N T )
They’re Part of the 7. 1
Blueprint for Vietory '

Bakelite

R d
Insulating Sections 1g8e

Metal Parts
Heavily
Cadmium Plated

Low Resistance
Self Cleaning
Silver-to-Silver

Contacts

Lock
Washer

Bakellte
Knob

Large-Plated
One-Piece Terminal

Uniformly Spaced —m \
e

“Hill and Valley™ LA\ Ve eN e \\

Index Gives
Smooth Positive Notched Shaft
Action for
Easy Cutting
to Desired Lengths
Index
of Chrome Standard

Adjustable

Universal Stop

Clock Spring Stee)
Brass Bushing

MALLORY Clrcult Selector Switches

Mallory Circuit Selector Switches are winning  ordinarily found only in switches of “‘special” de-

their service stripes on every war front—in

" ~~e-ivers and transmitters, in ships, planes

On the home front, too, they’re

helpu.,, . shape the course of the future—in

police and broadcasting apparatus, in test and
industrial electronic equipment.

To deserve such universal use, Mallory switches
must provide something beyond the ordinary
—and they do! Many of these features are

sign, but this and many other Mallory switches,
with equally outstanding features, are standard
Muallory switches and carried right in stock.

The same experience that built this typical
Mallory Multi-GangSwitch is yoursfor theasking
on other problems. Wherever there’s a question
about low current circuit selection, we're glad
to help with the answer. Send us a sketch or a
letter, or see your nearest Mallory distributor.

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

Serving the Aviation, Electrical, Electronics and Industrial Fields

Approved Precision Produects

The Time Is Now—
The Need is Great
— Buy War Bonds
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CROSS

» POSTWAR . . . There is no disguising the fact
that postwar talk by manufacturers up to their necks
in war contracts is highly unpleasant to military
ears. The army and navy feel that our present en-
ergy should go toward increasing war materials, not
toward peddling postwar goods. They feel that
postwar talk is a highly contagious disease. Someone
starts it; then competitive manufacturers have to
take a share in it; soon production people begin to
feel that a bit of relaxation is in order, now that the
big shots think the war is about over.

So far as signal equipment is concerned, 1944 will
require more than 1943. There will be shifts in
emphasis; new models of certain equipment will be
made instead of old and less useful models. But
there is no sign of wholesale cancellation of con-
tracts.

With regard to postwar talk, Lieut. General Knud-
son quoted a Danish adage to good effect recently. It
goes:

“Don’t sell the hide until you have shot the bear.”

» DETERRENT . . . Recent surveys indicate that
the chief deterrent to the wider adoption of elec-
tronic devices by industry is the lack of knowledge
among industrial engineers of the possibilities which
tubes have for them.

There is an equal lack of information among elec-
tronic engineers of the mechanical problems involved
in placing a tube device in a manufacturing plant.
As one reader expresses it: “At one extreme we have
a trained electronic engineer who is capable of solv-
ing many electronics problems but who is not famil-
iar with manufacturing processes. At the other end,
we have a mechanical engineer who doesn’t know
enough about electronics to realize that many of his
problems could be solved by the use of tubes.”

To date, most electronic applications have been
made by radio and communications men whose back-
ground is distinctly not along general industrial pro-
duction lines. Failures of equipment can often be
laid directly to this background.

Colleges in the postwar period must train men for
these industrial-electronic jobs. The requirements
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differ from thosc needed by communication engi-
neers. The whole approach must be different. Much
of the curricula should be taught, not by electronic
men, but by men with industrial engineering experi-
ence. There should be more emphasis on speed of
operation, strength of materials, weight, space, reli-
ability, factors of safety, and less on emission, cath-
ode structure, and transconductance.

The survey already mentioned often indicates that
too much “high-brow” education and writing about
electronics is one of the deterrents—perhaps what is
wanted is not more information but the right kind
of information.

» RENEGOTIATION . . . The very subject of re-
negotiation is anathema to many people. There are
some angles to it, however, which do not seem to
have been publicized. For example, conversation
with Army officials having something to do with
this problem indicates that where there are two
manufacturers making the same war item, the one
using the fewest man-hours to do the job is likely
to fare better than the less-efficient producer. In
making a given item, if the two plants require 113
and 167 man-hours respectively, the 113-man-hour
plant may be allowed to keep more of its profits than
the 167-man-hour plant.

Man-hour utilization is an important index to
Army men.

» MIDGETS . . . It has become trite to comment on
the fact that the war is producing profound effects
upon electronics. Some of the effects, however, are
in unexpected directions. For example, the ex-
ceedingly small electron tubes have so pleased mil-
itary people that they evidently want to use nothing
but these small tubes. This puts a tremendous strain
on tube manufacturers since the midgets are rela-
tively more difficult to make and have greater shrink-
age in manufacture.

The reasons why the military wants to use small
tubes are obvious; and the same reasons will make
peacetime uses for them equally extensive. More
tubes in a given space and weight is the answer.
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War FACTS

Manpower with which to expand the field of electronics will be plentiful in the
post-war period. Many men now being trained by the Services, such as this
bomber radioman, are acquiring excellent technical knowledge

EW YEAR’S DAY, 1944, found the
N people of this country some-
what confused on two important
matters. First, with regard to the
war and its ending in the near fu-
ture, and second, with regard to the
great bright future after the war
is over.

Optimistic statements about the
war from high places led the consti-
tutionally optimistic to bet that it
would be all over in Europe by the
end of 1943. Those who bet on this
proposition have already lost their
money and the date for the collapse
of Germanv is now advanced to
March, or June, or any other date
they can get people to put their
money on. At the same time pessi-
mistic statements from others have
led us to believe that we are a long
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way from being out of the woods.
Confusion about the date of the
war’s end is only natural under the
circumstances.

Blue-sky statements about the
wonders of post-war electronics and
how it is going to revolutionize in-
dustry and the home has led many
people to believe that this new
something which they cannot even
define is going to turn all of us
into millionaires, with days of lei-
sure occasionally punctuated by but-
ton-pushing to get our necessary
menial tasks done. There is to be
no more drudgery, all homes are to
have air-conditioning, television,
FM, a newspaper via radio, a per-
sonal radio station. There ara to bz
telephones in every auto, helicopters
and other imaginative inventions.

And yet there are doubts. Manu-
{acturers with swollen payrolls, bat-
ting out materiel for the war effort,
are concerned with the date of end
of the war in a very vital way. An
endless stream of visitors and
letters to the editorial offices of
ELECTRONICS express this concern.
The gist of it is this: ‘“Look, we
used to have 35 men working for us
and now we have 400. How are we
going to keep them busy after the
war and_ particularly in the days
immediately after the war? What
are the post-war prospects for us?”’
For it is certain that few manufac-
turers will want to go back to a
35-employees status after having
sampled a 400-employee setup.

Facts Versus Fancies

Now, what are the facts? And
which of the post-war fancies can
we expect to come true?

First, with regard to the war.
The military leaders are not the
optimistic ones. They point out that
we have not yet really started the
Pacific offensive; that so far we
have only created a diversion in
Europe. It is quite likely that other
diversions for Germany’s army to
contend with will be created before
the final big Western Europe push
begins. It takes time to institute
diversions like that in Italy and
there is not the slightest evidence
that the military leaders are going
to start anything until they are
completely prepared to make it a
success.

The truth is that the end of the
war in Europe, and certainly in the
Far East is still a long way off bar-
ring, of course, the unpredictable
phychological or political accident
which might occur and which might
make unnecessary the long military
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and Post-War FANCIES

War’s end is not yet in sight; until then, electronics remains a 5-billion dollar

business. Post-war prospects for home radio, FM and television are bright.

Industrial electronics is still the enigma.

campaigns now planned and in
preparation. There cannot be the
slightest doubt that we are a hell of
a ways from ending this war.

The safe thing to do is to assume
that the war in Europe will last an-
other year, at least, to keep one’s
eye on events as they occur and to
_ be realistic about what may happen
after the war’s end.

Major General Code, Assistant
Chief Signal Officer, speaking be-
fore a group of technical editors
late in December, said that 1943’s
radio and electronic contribution to
the war amounted to about 5 billion
dollars and that 1944 would see
about the same dollar volume of
materiel produced. Thus the elec-
tronics industry has another year,
at least, of high-speed, full-payroll
production. Frank M. McIntosh, of
the Domestic and Foreign Branch,
Radio and Radar Division, WPB,
stated about the end of December
that so far as electronic devices is
concerned “for every 3-in ’43, we
need 4 in '44.” That gives an idea
of the magnitude of production still
to come.

All this, however, merely puts off
to the future the post-war problems,
and the fact that we must still work
hard to provide the Services with
military equipment does not answer
the disquieting questions that natu-
rally arise when we think of the
days after the end of hostilities.

Postwar Electronics—What of 1t?

If there is confusion about the
date of the end of the war, there is
confusion confounded about the
glamor days to come. Many com-
panies, never before in the elec-
tronics business, have every desire
to stay in it; and some, having got
a taste of one kind of electronic
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equipment manufacturing, see no
reason why they should not barge
into, say, the home-set business and
show the old-timers how it really
should be done.

All of us are aware that the man-
ufacture of quartz crystals has been
multiplied many times during the
war and that many companies now
make crystals where only a few
made them before. What are these
people going to do after the war?

Making cathode-ray tubes is an-
other example. Will the present
high rate of constructien of sys-
tems and devices using CR tubes
keep up after the war? Will tele-
vision and industrial CR uses go
ahead rapidly enough to keep busy
the many people now making this
type of electron tube?

So far as the immediate post-war
electronics prospects are concerned,
there can be no doubt that the man-
ufacture, sale and service of home
radio receivers will be the major
part of the initial peacetime busi-
ness. In 1941, the last full year in
which radios were made, some 13
million receivers were manufac-
tured and 11 million of these were
sold in that year, 8 million of them
for replacement purposes. The net
increase of 3 million receivers
brought the country’s set owner-
ship to approximately 52 million,
plus the 6 million sets that were in
automobiles. At the same time,
there were 920 broadcast stations,
1,900 police stations, 2,900 aircraft
equipments, 60,000 amateur sta-

(Continued on page 212)

Design of equipment which can really “take it” is one definite wartime gain
which will carry over in large measure into post-war commercial equipment.
Here a Westinghouse radio designed for commando operations gets a water-test
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Electronic Dehydration

Experiments with electronic methods of.
dehydrating foods indicate that less than
100 watts of energy per pound of com-
pressed food is required for successful
removal of practically all water. Equip-

ment operating at 29 Mc was used

By V. W. SHERMAN

Industrial Electronics Products Division
Federal Telephone and Radio Corp.
Newarl

Experimental setup of equipment used for dehydration of foods. The inverted

bell-jar was evacuated and radio-frequency energy applied to metal plates

above and below the packages of food. One inch of free space was left
between the top plate and the food samples during the tests
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Closeup of the metal plate assembly and packages of compressed
food. The foods were shredded, compressed into hard blocks, and
thermometers inserted into drilled holes. Left to right, the pack-
ages contain cabbage, carrots, beets, cabbage and onions

OF THE MANY proposed appli-
cations of electronic heat-
ing, one of the most interesting is
its use in the dehydration of food.
Experimental results establish the
fact that such a process is econom-
ically and technically promising for
commercial utilization on a large
scale.

The food products studied in-
cluded carrot shreds, beet shreds,
cabbage flakes, onion flakes and
riced potatoes. The tests were made
on samples that had been com-
pressed at a pressure of 500 lb per
sq in. into a hard block measuring
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of Foods

6x3x % in. Each sample block was
wrapped in heavy Kraft paper,
sealed with cellophane tape, and in-
closed in an additional outer cello-
phane-sealed envelope. Each pack-
age was marked with its actual
moisture content as determined by
tests previous to packaging.

Test Procedure

The food samples were subjected
simultaneously to radio-frequency
energy from an r-f oscillator and to
a vacuum. “Megatherm” electronic
heating apparatus was used to gen-
erate heat uniformly throughout
the food mass. In the laboratory
test, the usual procedure was to in-
close five packages of food, weigh-
ing approximately 3 lb, between the
heating electrodes. The fixture used
for heating this food consisted of
copper plates 5% x 63 in., separated
approximately 4 in., and supplied
with r-f energy at a frequency of
approximately 29 Mc. The entire
heating fixture with its food sam-
ples was placed inside a bell jar
which was evacuated to 29 in. of
mercury.

Power was fed to the heating fix-
ture from a push-pull Colpitts oscil-
lator circuit using two Federal
F-127-A tubes. The feedback ca-
pacitors in this circuit were ap-
proximately 25 uuf and were made
variable so that the amount of drive
could be adjusted and balanced. The
heating fixture, together with its
load of compressed food, constituted
a load equivalent to a capacitance
and resistance in series connected
across the oscillator coil.

Radio-frequency power was con-
ducted to the heating fixture inside
the bell jar through insulated seals.
The vacuum system included a 3 hp
Bengo-Megavac pump, a dessicator,
and a mercury monometer.

As shown in the photographs,
food packages were arranged side
by side in a vertical position, rest-
ing on the lower horizontal plate of
the fixture. To measure the tem-
perature during processing, a hole
was drilled in the center of the sides
of each block of food (as well as in
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FIG. 1 (above)—Graph showing the
amount of water removed f{rom carrot
shreds (solid curves) and onion flakes
(dash-dash curves) wrapped in Kraft
paper, during electronic dehydration. A
vacuum was maintained throughout all
runs, with vacuum only (no heat) for the
initial dotted portion of each curve

FIG. 2 (below)—Curce of amount of
water removed from shredded beets in-
dicates that removal of the wrapping
paper accelerates dehydration. Other
conditions were the same as those for
casrot shreds and onion flakes., The r-f
power was applied intermittently in all
experiments to prevent overheating
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the upper plate of the heating elec-
trode fixture) and after arranging
the food blocks side by side on the
heating fixture, a thermometer was
inserted in the block. With the bell
jar sealed, the vacuum was brought
to 29 in. of mercury in a period of
about 2 minutes. After this degreée
of vacuum had been obtained, radio-

frequency power was applied to the
heating fixture. Interruptions of
the dehydrating process at inter-
vals of 5 to 15 minutes were neces-
sary in order to record the change
of weight resulting with the pro-
gressive dehydration.

In the initial experiment, dehy-
dration was accomplished with the
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FIG. 3 (left)—Curves of the dehydration of cabbage flakes with
I T T T periodic variation of the degree of vacuum, compared with those
140+— T +— o 118 obtained with a constant vacuum
5 Imin. FIG. 4 (below)—Combined dehydration curves, after correction to
p-29-0every R .
120 Tyl = ' 12 a common reference point, indicate that commercial processing
of common foods may require a little adjustment of the equipment
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food samples wrapped in Kraft pa-
per. It was found that the block
would retain its shape without the
paper wrapping, but as dehydration
progressed, the compressed food
shrunk inside its paper wrapping
so as to be separated from it by ap-
proximately 1 in. on all sides. Later
experiments were carried out on
compressed food blocks without
wrapping. Such a procedure would
have obvious advantages for de-
dydration on a commercial scale.

Gereral Observations

Except for the initial warm-up
period of approximately five min-
utes during which the temperature
of the samples went up to 120 deg
F in the case of the carrots or
140 deg F in the case of the other
vegetables, it was found necessary
to apply r-f power to the fixture
only intermittently and for only
approximately 10 percent of the
time. There was no indication of
water coming off the food until the
temperature reached about 110 deg
F. At temperatures of 110 deg F
and over, condensation appeared
quite suddenly on the wall of the
bell jar and continued to collect
during the time that radio-fre-
quency power was maintained.

During the periods when the r-f
power was turned off to prevent ex-
ceeding safe temperature in the
food, condensation on the glass
ceased. From this it was apparent
that rapid dehydration depended
directly upon the expenditure of r-f
energy in the food. After dehydra-
tion had progressed for approxi-
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mately 60 minutes, the rate at
which water was being released was
too low to give visual condensation
on the bell jar wall.

It was noted that the tempera-
ture of the various packages dif-
fered considerably during the early
part of a dehydration run. The
packages of highest water content
ran the hottest. The process turned
out to be self-compensating in that
the packages with the highest mois-
ture content dehydrated most rap-
idly, so that before the end of the
run all packages had reached a com-
mon temperature and dryness level.

During the dehydration process,
it was necessary to remove the sam-
ples periodically from the bell jar
for purposes of weighing to deter-
mine the loss of moisture. During
the weighing periods the tempera-
ture of the samples in the heating
fixture decreased, so that additional
energy was required to bring the
temperature back to its previous
value. The loss of temperature in
the food samples and heating fix-
ture was estimated as imposing a 50
percent penalty upon the r-f power
requirements; this loss would be
saved in any commercial process.

It was observed that the input
power to the plate of the oscillator
increased slightly when moisture
started coming off during the early
part of the dehydration run. After
having risen, it remained substan-
tially constant until the food was
quite dry and moisture on the bell
jar wall had disappeared.

The curves of Fig. 1 show the
amount of water removed from car-

rots and from onions, as well as the
percentage of moisture which re-
mained in these two types of com-
pressed food for various periods of
dehydration. The temperature of
the carrots was not allowed to ex-
ceed 120 deg F and the Kraft paper
was not disturbed during the first
90 minutes. In the case of onions,
the temperature was not allowed to
exceed 145 deg F. In both cases a
vacuum of 29 in. of mercury was
maintained. The water content was
reduced to one percent in both cases
after approximately 125 minutes of

Early experiments in food dehydration by
elecironic means were made on powdered
whole milk in laboratory dishes
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operation. The amount of r-f energy
required to remove one pound of
water from the compressed carrots
was 1.15 kwh, whereas for the com-
pressed onions the energy was 1.62
kwh.

The curves of Fig. 2 show the
same data taken for compressed
shredded beets. The wrapping pa-
per was removed after 225 minutes
of treatment, after which a very
rapid acceleration of dehydration
was accomplished. It was evident
that the paper wrapping impeded
the process of dehydration and that
for commercial operation paper
wrapping is inadvisable. The test
data obtained with the use of wrap-
ping paper for part of the test per-
iod gives clear indication that the
conclusions arrived at are definitely
on the conservative side.

Effect of Vacuum Variation

The. curves of Fig. 3 were taken
to ascertain whether or not any
beneficial dehydration effect might
be obtained by periodic variation of
the degree of vacuum. Although
the two sets of curves appear to be
of quite different shape, the original
moisture content was 10 percent in
one:case and 21.5 percent in the
other case. When the latter curve is
corrected to apply for an initial con-

view of the 60-kw

Internal
“Megatherm” electronic heating unit used to supply r-4 energy at
approximately 29 Mc to the food samples
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experimental

dition of 10 percent moisture con-
tent, the curves practically coincide
indicating no beneficial result from
vacuum fluctuation.

After being readjusted to a com-
mon reference point of 10 percent
moisture content, the sets of curves
of Fig. 1, 2 and 3 were replotted as
shown in Fig. 4. This data seems to
indicate that the dehydration rate
of the various compressed foods
treated with r-f energy is substan-
tially the same. From this it may
be concluded that very little, if any,
adjustment of the r-f equipment
will be needed for foods of the com-
mon types and forms.

Conclusions

On the basis of laboratory experi-
ments as described, the following
conclusions are justified:

(1) With the electronic heating
process, compressed food can be de-
hydrated to a water content of as
little as one percent without case-
hardening or burning of the food
product.

(2) The food is dehydrated about
ten times as rapidly as with con-
ventional oven methods.

(3) Even with the small amount
of r-f energy used, the rate of in-
ternal heating was so rapid that
energy was required only 10 per-

cent of the time in order to main-
tain a temperature of 140 deg F in
the compressed food after the ini-
tial warm-up.

(4) The r-f power required was
less than 100 watts per pound of
compressed food treated. This figure
is taken from the relatively small
laboratory food load and is prob-
ably even higher than would be re-
quired for loads of commercial size.

(5) The electrical energy cost of
the r-f treatment is low. It appears
that one kwh per pound of water
removed is a reasonable and safe
figure for commercial use. At com-
mercial-power rates of one cent per
kwh, the cost of r-f energy for the
dehydration of food becomes one
cent per pound of water removed.

(6) It is preferable to treat the
compressed foods in the r-f vacuum
process before it is packaged. This
not only removes the water, but does
so in the absence of oxidizing air.
1t is desirable that the food be com-
pressed edgewise into the block so
that flakes lay parallel to the min-
imum dimension and thus facilitate
uniform and relatively free escape
of water vapor.

(7) The experimental results to
date” establish the fact that the
process is decidedly promising for
commercial use.

model of the
arrangement.

Experiments in roasting coffee were made with this simple tray
The “Megatherm” unit was originally developed
by Federal Telephone and Radio Corp. for induction heating
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Modifying Radio Equipment
for MILITARY

In addition to obvious mechanical changes, some circuit re-design is usually necessary if

gear originally developed for commercial use is to meet the special requirements of the

services. Such modifications are discussed here, using a typical marine radio telephone
as an example

FIG. 1—Hallicrafters marine radio telephone model HT-12,

FIG. 2—Military model SCR-543, a re-design of the HT-12 for
designed before the war for commercial use

fixed and mobile net operations

N MODIFYING commercial radio equipment for
military use many problems must be solved. The
obvious changes in mechanical construction, such as
more rugged mountings, increase in mechanical
strength to eliminate breakage and the standardiza-
tion of controls are the first consideration. Of
greater interest to the radio engineer, however, are
the circuit changes which are essential if the equip-
ment is to successfully fulfill the requirements of
the services.

One example of successful modification is the con-
version of the Hallicrafters HT-12 marine radio
telephone in Fig. 1 to the SCR-543 in Fig. 2.

The SCR-543 is used for net operation where one
station may be a few hundred yards away and
another many miles distant, and it must work satis-
factorily either as a fixed station or while moving
FIG. 3—Graphs showing r-f voltage gain of the receiver, obtained in a truck or command car. It is desirable that the

by using iron-core inductances throughout receiver be as automatic in operation as possible.
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By C. T. READ

Engineering Department
The Hallicrafters Company

PLICATIONS

Chicago, 11l.
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FIG. 4—Circuit diagram of receiver portion of the SCR-543, a two-band design which
is crystal controlled on six pre-determined frequencies and may also be manually tuned

C:—Variable, ganged
C>—0.006 uf, 300 v, mica
Cr—8-25 uuf, variable
C¢—0.001 uf, 500 v, silv. mica
C+——6-25 uuf, variable
Ci—0.05 uf, 400 v, paper
C»—0.02 uf, 400 v, paper
Cs—0.1 ut, 400 v, paper
Cv—2.9 put, 300 v, mica
Ci0—86-25 uuf, variable
C1—6-25 uut, variable
C12—0.05 uf, 400 v, paper
C12—0.02 uf, 400 v, paper
C1s—0.02 ut, 600 v, paper
C15—200 uuf, 500 v, silv, mica
C1e—200 uuf, 500 v, silv. mica
C,—0.02 uf, 400 v, paper
C1+—0.02 ut, 400 v, paper
Ci—200 uut, 500 v, silv. mica
C20—200 puf, 500 v, silv. mica
Cn—S50 uuf, 500 v, mica

C20—0.05 uf, 400 v, paper
C2¢—0.1 uf, 400 v, paper
C2:—0.05 uf, 600 v, paper
C20—0.006 uf, 600 v, paper
C2r—0.007 uf, 400 v, paper
Ca2s—0.1 uf, 400 v, paper
C20—0.002 uf, 2500 v, mica
C20—0.05 uf, 600 v, paper
Ca:—0.002 uf, 600 v, paper
C30—0.05 uf, 400 v, paper
Csa—0.02 uf, 600 v, paper
Cs¢—25 puf, 500 v, silv. mica
Cs5—380 uuf, 300 v, silv. mica
Cae——100 upuf, 500 v, silv. mica
Ca:—6-25 uuf, variable
C3s—500 uuf, 500 v, silv. mica
C30—8-25 uuf, variable
Ce0—100 uuf, 500 v, silv. mica
Cu—0.05 uf, 400 v, paper
C>—0.0015 ut, 500 v, silv, mica

L:—Reactor, 3.3 h
L>—R-F choke, 1 mh
Lie—R-F choke, 1 mh
Ri—1 magohm, 12 w
R2—15,000 ohms, 12 w
R3—330 ohms, 12 w
R«—10,000 ohm pot.
R:—27,000 ohms, 1 w
Re—15,000 ohms, 1o w
R7—390 ohms, V2 w
Rs—47,000 ohms, 12 w
Ro—3300hms, 12 w
Rir—1 megohm, 12 w
R11—1,000 ohms, V2 w
Ri>—] megohm, 12 w
R:3—330 ohms, V2 w
Ri—1 megohm, 1o w
Ri5—47.000 ohms, 15 w
Ris—2.2 megohms, 15 w
Rir—4.7 megohms, 1, w
R15—33.000 ohms, 12 w

R2y—220,000 ohms, o w
R21—500,000 ohm pot.
Rex—2.2 megohms, o w
R:3—470 ohms, 2 w
R21—470,000 ohms, 12w
R25—10,000'chms, 10 w
R2e—47,000 ohms, | w
Ros—68,000 ohms, 1o w
R29—100,000 ohms, 1o w
Rar—1 megohm, 1o w
R3:—100,000 ohms, V> w
R2>—10,000 ohms, 2 w
R3s—1 megohm, 2 w
Ti—R-F trans., 1680-2750 ke
To—R-F trans., 2700-4450 ke
Ts—R-F trans., 1680-2750 ke
T+—R-F trans., 2700-4450 kc
Ts—I-F trans., 385 kc
Te—I-F trans., 385 kc
T:—Osc. ind., 2065-3135 ke
Ts—Osc. ind., 3085-4835 ke

C2o—50 put, 500 v, mica

Ris—1 megohm, 12 w

It must tune to pre-determined
channels with no possibility of be-
ing off frequency; it must have high
gain and low noise level in order to
work well with a short whip an-
tenna and it must receive all sta-
tions in the net with nearly equal
volume. (Details of receiver re-de-
sign were the particular responsi-
bility of Mr. Lee Stann.)

High-Gain Receiver R-F Coils

The transmitter and receiver are
built on one chassis and have a com-
mon channel-selector switch. Both
are crystal-controlled on six pre-
determined frequencies and, in ad-
dition, the receiver may be tuned
manually.
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The frequency range of the re-
ceiver is comparatively narrow, all
operating channels lying between
1500 and 5000 kec. It was possible,
therefore, to secure high gain by
the use of iron-core r-f coils
throughout, keeping shunt tuning
capacitances as small as possible.
Iron-core inductances of the type
used have Q values of the order of
200, whereas comparable air-core
coils show somewhat more than half
that value.

In order to keep the ratio of in-
ductance-to-capacitance as high as
practical the tuning range was di-
vided into two bands. The voltage
gain due to transformer action in
these high-Q iron-core inductances

is shown in Fig. 3. Note that over
the greater part of the tuning
range the gain secured through the
antenna coils alone is slightly
higher than the gain through the
6SK7 r-f stage and its associated
coils.

In early experimental models an
effort was made to use adjustable
iron cores throughout, which would
eliminate the need for the usual
variable trimmer capacitors. The
movable cores changed the self-
inductance of the coils satisfactor-
ily but they also changed the mu-
tual inductance between primary
and secondary and it was impos-
sible to keep the coupling at a value
suitable for this particular appli-
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oscillator circuit

cation. Adjustable cores are now
used only in the high-frequency os-
cillator and i-f stage, where no such
difficulties are encountered.

Crystal and Manual Tuning

Referring to Fig. 4, it will be
seen that the receiver circuit fol-
laws conventional lines with a few
significant exceptions. The band
switch has four positions—a man-
ually-operated and a crystal-con-
trolled position for each of the two
bands. The selection of the proper
crystal is accomplished by a master-
operating channel-switch which also
connects the crystal for the trans-
mitter. As an intermediate fre-
quency of 385 kc is used, the re-
ceiver-control crystal always differs
from the transmitter crystal by that
amount. (In the service for which
this equipment was designed, trans-
mission and reception are custom-
arily on the same frequency.)

When the receiver is manually
tuned the oscillator functions in the
usual manner, the plate being at
ground potential for r.f. and the out-
put being taken from the grid.
Crystal operation is similar except
that feedback is obtained by means
of an r-f voltage divider consisting
of capacitors C, and C. shunted
across the erystal. The r-f choke L.
is merely a d-¢ return for the cath-
ode. The voltage divider performs
essentially the same function as the
tap on the inductance T, or T, used
with manual operation. See Fig. 5.

It will be noted that crystal con-
trol of the high-frequency oscil-
lator does not in any way tune the
r-f input of the receiver. In prac-
tice this is not serious. The tuning
of the r-f and detector stages is not
overly critical and operators are in-
structed to turn the manual-tuning
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control to the position of maximum
response after switching fre-
quencies.

The overall selectivity of the re-
ceiver shown in Fig. 6 is largely ob-
tained through the use of high Q
and a comparatively low frequency
in the i-f stage.

Special AVC Circuit

One unusual feature of the re-
designed receiver is the exception-
ally flat ave curve. It was desirable
that the receiver be capable of re-
ception at full sensitivity for weak
signals without blasting or excess
volume from nearby transmitters
operating on the same channel. In
the SCR-543 this result was ob-
tained by the introduction of avec
voltage in the grid circuit of the
first audio stage. With this method
it 18 necessary to use a remote cut-
off tube such as the 6SK7. Figure 7

shows the results obtained in this
case. Note that an increase from
100 to 100,000 microvolts input
causes an output rise of only 1.5 db.

The ave voltage is applied to the
grid of the audio tube through a
filter network consisting of resis-
tors R, and R, and capacitor Cu.
The time constant of this filter is
such that the variations in ave volt-
age are successfully transmitted
but the audio input must come
through capacitor C., the custom-
ary channel. It will be observed that
the ave voltage is not applied to the
single i-f stage. By this means,
modulation rise and its accompany-
ing second-harmonic audio distor-
tion are practically eliminated.

In addition to the ave, and the
customary manually-operated audio
volume control resistor R., a radio-
frequency volume control is pro-
vided. This consists of a variable
resistor, R,, in the cathode circuits
of the r-f and i-f stages. The un-
grounded end of this control is
attached to the screen-voltage sup-
ply though resistor R.. Small vari-
ations in cathode current have very
little effect when this arrangement
is used, as R, and R; operate as a
voltage divider across the screen
supply and maintain a steady posi-
tive potential on the r-f and i-f
cathodes. This arrangement also
permits the use of a much lower re-
sistance in R, than would be pos-
sible if it functioned as a straight
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FIG. 6——Selectivity of the two-band receiver in the SCR-543 unit
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dropping resistor, thus reducing
noise when the control is operated.

Noise-Limiter, A-F Filter

The audio system of the receiver
was designed to give high intel-
ligibility on the voice frequencies
and at the same time eliminate all
unnecessary noise. Curve (a) of
Fig. 8 shows the audio response of
the receiver in normal operation.
When receiving conditions become
exceptionally difficult an additional
noise limiter and peaked audio filter
may be used. Switch S. connects a
diode clipper circuit in tube V, and
shunts a parallel resonant circuit
consisting of C.; and L, across audio
volume control R.. The audio filter
circuit is broadly peaked at 900 cps
and has approximately the same ef-
fect on phone reception as the
“broad” position of a crystal filter
circuit. See curve (b) of Fig. 8.

Figure 9 is a simplified schematic
diagram of the detector, ave, and
noise-limiter circuits. The noise

limiter, of somewhat unusual ar-
rangement, is entirely automatic in
operation. It uses one of the diodes
in the 6H6 and biases the plate neg-
ative with respect to the cathode by
connecting it to the ave voltage
through resistor R, Capacitor C..
and resistor R,, have a time constant
of 0.05 second, and thus the bias
can adjust itself to normal changes
of avc and audio voltage but is un-
able to follow pulses of shorter
duration.

On noise peaks the cathode of the
noise-limiter diode swings negative
with respect to the plate and the
pulse is conducted to ground
through the diode and capacitor C..,
while speech quality is only slightly
impaired.

One of the requirements in the
construction of the SCR-543 was
that all electrolytic capacitors oper-
ating above a certain voltage should
be of the plug-in type for easy re-
placement. Due to compact design
there was no room available for

4

FIG. 9—Simplified diagram of detector, avc and noise-limiter circuits
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FIG. 8—Receiver audio fidelity, with and without an a-f filter

such a capacitor in *_t‘he cathode
circuit of the final amplifier and
some other means of by-pass had to
be used. For this reason C, (Fig. 4)
is a paper capacitor of 0.1 pf capac-
itance. Connected in the manner
shown it is very nearly as effective
in suppressing degeneration as the
customary 25 to 50 pf capacitor
connected directly to ground.

Capacitor C. is essential in this
circuit and has approximately ten
times the capacitance of Cu, the
audio coupling capacitor. Resistor
R.. is approximately 0.5 megohm.
This circuit successfully prevents
the out-of-phase audio component
developed across resistor R, from
appearing on the grid; that part of
the audio voltage is lost, however,
as far as final output is concerned.

A word should be said about some
of the special operating circuits. In
common with most military radio
equipment, the transmitter-receiver
is designed for remote control and
push-to-talk operation and can be
modulated by means of a hand-set
and remote control unit. A relay
system operated from the hand-set
or microphone provides antenna
switching, turns the transmitter on
or off and disables the receiver by
grounding the screen of the first
audio amplifier tube when the trans-
mitter is in use.

When the station is being re-
motely controlled the operator in
charge of the equipment can moni-
tor transmission by means of a
special side-tone circuit which per-
mits a small portion of the modu-
lator output to feed the grid of the
receiver’s final audio amplifier tube
throeugh resistor R..
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THERMIONIC

By
RICHARD C. HITCHCOCK

Lieutenant U. S. N. R.*
U. 8. Naval Academy, Annapolis,
Md. on leave from State Teachers
Collcge, Indiana, Penna.

High-current gas-type full-wave rectifier assembled in well-ventilated metal
cabinet, and rated to deliver up to 9 amp at 90 v.
right on panel. The meters are connected to read output voltage and current.
Total weight is 39 lb—much less than an M-G set having equal capacity

THE PURPOSE of this article is to
give details and performance
characteristics of five rectifier tube
circuits which have proven satisfac-
tory in use over a period of several
years. It is believed that this treat-
ment is particularly appropriate at
the present time because motor-
generators and B batteries are ex-
pensive, scarce, and heavy compared
to electronic circuits which can
often be used to replace them.

The electronic circuits proposed
are mainly adaptations of well-
known theory” ®°® but emphasis is
placed on four points; (1) the use
of inexpensive tubes and compon-
ents; (2) the attainment of rela-
tively high current output; (3)
light-weight construction, making
for portability; (4) operation from
115-v, 60-cps source of power.

One power supply employs four
argon charger-type tubes in a
bridge circuit whose input connects
directlv to the a-c line, and will

*The assertions herein are the private
ones of the writer, and are not to be con
strued as official or reflecting the views of
the Navy Department or of the Naval
service at large.
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D-C output terminals are at

supply 9 amp at 90 v d.c. It-can sup-
ply d-¢ equipment having 110 v
nominal rating, and is particularly
suited for operation of arc-lamps,
electrolysis, etc. Three transform-
erless B supplies include a half-
wave rectifier connecting directly
to the a-c line and delivering 400
ma at 90 v; a half-wave doubler
providing one common connection
between a-c line and d-c load and de-
livering 130 ma at 150 v; a full-
wave doubler giving 200 ma at 180
v. Finally, an eight-tube bridge
circuit is represented that has
proved satisfactory for obtaining
2000 v d.c. at 250 ma. It uses re-
ceiver-type tubes in an unorthodox
design—a simple and economical
means of supplying a cathode-ray
tube.

Gas-Type High-Current Rectifier

Since a d-c are gives about four
times the light-output when oper-
ated on d-c as on the same current
from an a-c source it is advisable
to provide d-c operation.' A bridge
circuit originally designed to sup-
ply d.c. for a carbon arc is shown
in Fig. 1. Six-ampere bulbs having
high crest inverse voltage and

high d-¢ output voltage suitable for
this circuit are: Westinghouse
Style No. 289416 and General Elec-
tric Cat. No. 189049. (Not all
6-ampere charger bulbs have the
proper operating characteristies
for this circuit).

A multiple-winding  filament
transformer is needed; two of the
secondaries supply a single filament
each (2.2 v at 18 amp), and the
third feeds two filaments in parallel
(2.2 v at 36 amp). The a-c line
goes directly to the tubes without a
transformer. Note that the d-¢ out-
put cannot be grounded.

To start this circuit, the main
switch is closed first. The load
switch is closed after the filaments
are up to operating temperature.
This procedure is necessary because
gas-filled tubes with oxide-coated
filaments must not have plate volt-
age applied when cold. In the com-
pleted unit shown in the photo-
graph, a “mark time” switch is em-
ployed; one SPST switch closes im-
mediately, and a second SPST
switch closes after a 45-sec interval.

Two fuses are shown in Fig. 1.
The load fuse should be chosen to
permit the desired load current to
flow (not more than 12 amp) and
the main fuse should be somewhat
higher in rating since it must also
supply current for the filaments.
The purpose of using two fuses is
to be sure that an overload will blow
only the load fuse, while the fila-
ments still remain heated by the
transformer. An inexpensive bi-
metal circuit breaker was used in
place of the load fuse.

The smoothing choke must have
low resistance and fairly high in-
ductance, considering that the cur-
rent passing through it saturates

February 1944 — ELECTRONICS



RECTIFIER CIRCUITS

Circuit and performance data for five d-c power supplies operating from a 115-v 60-cps
line: a gas-tube bridge circuit delivering 9 amp at 90 v; three transformerless B supplies
having high current ratings; a simple high-voltage bridge rectifier for cathode-ray tubes

the core. The unit used has an in-
ductance of 0.04 h at 60 cps with its
core (0.0036 h without core) and a
d-c resistance of 0.5 ohm, obtained
with a coil having 490 turns of No.
12 B & S dece wire. Coil dimensions
are 1.63 in. inside diam, 3 in. out-
side diam.and a length of 6 in. Core
dimensions are 1.063 in. diam and
a length of 18 in., obtained with 350
pieces of 0.05-in. diam soft iron
wire.

A convenient advantage of recti-
fication with this circuit is that an
impedance may be placed in series
with the load fuse to reduce the d-c
output. This impedance effectively
reduces the d-c output without wast-
ing power, as would be the case
with a series resistor. A range of
inductance values ove ra 11:1 ratio
may be obtained by inserting or
removing the core from the choke.

Still greater flexibility of opera-
tion may be obtained through the
use of two identical coils and cores.
In the first eoil the core is fixed for
use as the d-c filter choke of Fig. 1.
The second coil, arranged with a
movable core, is connected in series
with the load fuse as an a-c im-
pedance. When the circuit is used
to supply an arc lamp it has been
found possible to put most of the
reactance in the a-c side, and to use
only a low resistance in the d-c part
of the arc ecircuit.

Porcelain mogul sockets are
needed for the 6-ampere bulbs. Due
to the high operating temperatures
of these bulbs, the use of flame-
proof or asbestos-covered wire is
recommended for connections.

The characteristics of this gas-
type high-current rectifier are
shown in Fig. 2. The dashed load
lines are for 8, 10, 20, and 40 ohms,
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FIG. 1—Schematic diagram of high-current rectifier circuit, using four gas-type
tubes to provide d-: ouipu.s up 40 9 amp at SO v

FIG. 2—Operating characleristics of

high-current rectifier circuit of Fig. 1
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while the three solid lines are for
a-c input voltages of 100, 110, and
120 v. From these curves we see
that with 110 v. a-c input and a
load of 8 ohms, the d-c output is 10
amp and 80 v.

The total weight of the unit, in-
cluding the steel cabinet, is 39 lb—

about one-fifth the weight of a mo-
tor-generator of equal capacity.

Half-Wave Transformerless Circuit

Circuits using single 25Z5 and
25Z6 tubes are well known®. Often
such circuits use a resistance in
series with the heater for operation
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FIG. 3-—Half-wave transformerless rectifier circuit using four
25Z5 or 25Z6 tubes, with operating characteristics

Fig. 4—Full-wave voltage-doubler rectifier circuit and per-
formance characteristics. Output terminals cannot be grounded

directly from the 115-v line. How-
ever, the circuits of Fig. 3, 4 and
5 each use five heaters in series and
therefore require no additional ser-
ies resistor. Only four 25Z5 or
2576 tubes are used as actual recti-

fiers, although five heaters must be
used in series across a 115-volt a-c
line. Of course, one heater may be
replaced by an 83-ohm resistor.

A single tube—the 117Z6GT—
may also be used with these cir-

SUMMARY OF RECTIFIER CHARACTERISTICS
Trans-
former Circuit
Tubes Sec. in Typical
Descrintion Used Windings Fig.  D-C Output Notes
High-current gas-  Four 6- 3 Fil. 1 90 v, 9 amp Neither side of
type full-vave amp d-c output can be
bridge Rectigon grounded
or Tungar
Half-wave Four 2525 None 3 99 v,0.4amp One side of d-c
or 2576 output is ground-
ed by grounding
a-c line
Full-wave doubler Four 25Z5 None 4 180v,0.2amp Neither side of
or 2576 d-c output can be
grounded
Half-wave doubler Four 2525 None 5 150 v, 0.13 One side of d-c
or 2526 amp output is ground-
ed by grounding
a-¢ line
High-voltage Eight 80 8 Fil. 7 2500 v, 0.25 Either side of d-¢
bridge rectifier 1 Plate amp output can be
grounded. For
573 tubes, out-
put current is
0.45 amp
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cuits. This is a two-cathode, two-
plate tube with a 117-v heater ele-
ment®, requiring no series resistor
on a 117-v line.

A half-wave rectifier which
needs no transformers for opera-
tion from a 115-volt a-c line is
shown in Fig. 3 along with its out-
put characteristics. The d-¢ side
of the circuit is automatically
grounded with the a-c supply. For
example, if the lower side of the a-c
supply in Fig. 3 is grounded, the
negative d-¢ terminal is also
grounded. Note that all eight of
the plates and all eight of the ca-
thodes (2 each per tube) in Fig. 3
are connected in parallel.

Comparing the half-wave circuit
of Fig. 3 with the full-wave voltage
doubler circuit of Fig. 4, it will be
seen that the output of the half-
wave circuit is less than that of the
voltage-doubler circuit, even when
using the same total capacitance.
The major advantage of a half-wave
circuit is that its output becomes
grounded whenevgr the a-c input is
grounded. This is important for
high-gain amplifiers which do not
have interstage transformers, since
pick-up voltages must be mini-
mized.
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Fig. 5—Half-wave voltage-doubler rectifier circuit and per-
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Fig. 6—Comparison of output characteristics of rectifier circuits

in Fig. 3, 4, and §

Four tubes are used in the full-
wave voltage-doubler circuit’ of
Fig. 4, four cathodes and four an-
odes (2 tubes) being connected in
parallel in each half of the circuit.
As in the circuit of Fig. 3, there
are five heaters rated at 25 v each
in series across the 115-v a-c line,
although only four tubes are con-
nected in the rectifier-doubler.

Full-Wave Rectifier-Doubler Circuit

The capacitance marked on each
curve in Fig. 4 is half the total
capacitance required. For example,
the 24-uf value at 100 and 500 ma
means that two 24-uf capacitors are
needed. Also note that the maxi-
mum output rating for 4 tubes is
350 ma.

If electrolytic capacitors are
used in the circuit of Fig. 4, they
must be polarized as shown. It is
impossible to use a dual electrolytic
of the 16-16-uf type if the negative
leads are common. Such a dual
capacitor can of course be used as
a single 32-uf unit, in series with
a similar one correctly connected.

Half-Wave Doubler Circuit

A half-wave doubler circuit*” in
which one side of the a-c¢ input is
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connected to one side of the d-c out-
put is shown in Fig. 5. Capacitor C,
is rated 150 v d.c., and preferably
has a paper dielectric, but C. may be
either a paper or electrolytic 300-v
unit. For light d-c loads C, may
be a polarized electrolytic capacitor
with the negative lead connected to
the a-c line. For heavy d-c loads
(above about 190 ma at 110 v), the
voltage on C. reverses, and an elec-
trolytic is not suitable.

Comparison of Circuits

The three curves in Fig. 6 permit
direct comparison of the three cir-
cuits, each of which uses a total
capacitance of 48 uf, and four 25Z5
or 25Z6 tubes as rectifiers. In all
cases the full-wave rectifier-doubler
gives the highest output voltage
and current. Of the three circuits,
the half-wave doubler has the poor-
est regulation and the half-wave
rectifier has the best regulation.

The choice between the half-wave
doubler and the half-wave rectifier
may be based either on the required
d-c output or the regulation, con-
sidering that both have one d-c
terminal at the same potential as
one a-c terminal. The d-c outputs
of these two circuits are equal at

190 ma, 110 v. For lower current
values, the half-wave doubler per-
mits higher voltages; for higher
output currents, the better regula-
tion of the half-wave rectifier ap-
pears advantageous in giving high-
er output voltage.

In general the vacuum-tube recti-
fiers are self-protecting to a great
extent and require no preliminary
heating of their cathodes, so that
the circuits of Figs. 3, 4 and 5 may
be connected simultaneously to the
d-c loads and the a-c lines.

Eight-Tube Bridge Rectifier

An eight-tube bridge rectifier
using receiving-type tubes is shown
in Fig. 7. The output data for
this circuit, when type 80 tubes are
employed, are given in Fig. 8. A
maximum output of 0.450 amp in-
stead of 0.250 amp is possible if
5Z3 tubes are used instead of type
20 tubes. Both filament and plate
transformers are needed for this
circuit, and for experimental use at
different voltages, a Variac sup-
plies the plate transformer.

The filament transformer must
be insulated for 5,000 volts both to
ground and between the various

(Continued on page 226)
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Notes On TRANSFORMER

Power transformers and filter reactors designed to minimize stray fields are described.
Comparable audio types attenuate external fields about 90 db
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FIG. 1—Core structure of the type of power transformer dis-

cussed by the author. A. is area of core; A, is area of window

and is equal to A.: 1. is length of magnetic circuit; 1 is length
of copper circuit and is equal to I.

HE SOUND ENGINEER is waging
Ta never-ending fight against
extraneous noises. One of the
greatest sources of noise in an am-
plifier is the complex field created
by power transformers and filter
reactors. Perhaps the most effec-
tive method of eliminating this is
the reduction of fields at their
source.

There are several ways of reduc-
ing, and in some instances even
eliminating stray fields. For a
transformer of conventional shell-
type design with a given load rat-
ing, the shape and magnitude of the
stray field depends on several fac-
tors, among which are the size of
the transformer, the flux density at
which the transformer core is op-
erated, the geometry of the core
structure, and the magnetic shield-
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ing surrounding the structure.
Since the stray field increases with
the size of the transformer and
with increased flux density, there is
an optimum size, other things be-
ing equal, which will result in the
lowest stray field.

Reducing Power-Transformer Fields

In any shell-type design utilizing
a single coil, the lowest stray field
may still be large enough to modu-
late the program in adjacent audio
transformers and tubes. Its in-
fluence can extend to audio trans-
formers as much as three to four
feet away, which means practically
that even though the power equip-
ment is located away from the au-
dio components of its own channel,
it may affect other channels in ad-
jacent racks. It has been found de-

By E. B. HARRISON

Altec Lansing Corp.

Hollywood, Calif.

sirable, therefore, to produce trans-
formers designed for operation in
crowded racks. These transform-
ers are built on a core-type mag-
netic circuit having two coils as-
tatically balanced, occupy less space
than the conventional design, and
operate at high efficiencies; that is,
with low temperature rise.

Figure 1 is a sketch of the core
structure around which this type
of transformer is built. It can be
shown that for the most efficient de-
signs the following approximations
hold:

1. The core loss in watts is equal
to the copper loss in watts.

2. The mean length of the mag-
netic circuit is equal to the mean
length of the copper circuit.

3. The cross—sectior}al area of the
core is equal to the cross-sectional
area of the window.

The geometry of the structure is
such that the coils are long sole-
noids with their magnetic axes

Al :
Interleaved 2 and 2 /rg-ap

FIG. 2—Lamination joints of two types of
interleaved.core assemblies
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FIG. 3—Relationship between flux density
and incremental permeability of total core
structure of a power transformer

closely spaced, resulting in an al-
most perfect astatic balance of
their fields. Measurements made on
transformers built to these propor-
tions indicate that the field is so
low that moderately-shielded, low-
level input transformers may be
operated next to them without hum
pickup.

The narrow width of the core
was chosen to insure a fairly uni-
form flux distribution, and this
flux distribution is enhanced by the
method of stacking, reducing the
usual areas of high flux density and
resulting high loss.

In a fully interleaved core assem-
bly (i.e. 1 and 1) as shown in Fig.
2 the reluctance of the air gap at
the lamination joint causes a por-
tion of the flux to seek a path
through the adjacent laminations,
raising the flux density and losses
therein. Now, when the extent of
the interleaving is reduced by stack-
ing the laminations in pairs (2x2),
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FIG. 4—Power transformer designed to provide rapid dissipation of heat,
shown with and withou: case

FIG. 5—Size of compact power transformer shown on left (TM-
$79) as compared with a conventional unit of a similar rating, on
right (TW-604)

the reluctance of the leakage path
through the adjacent laminations is
increased, because the length is
effectively increased, forcing a
greater portion of the flux to flow
across the joint air-gap. The re-
duction of high flux density areas
by this method of stacking in-
creases the permeability of the total
core structure as shown in Fig. 3,
where the solid line represents the
permeability of the 1x 1 stack, and
the dotted line that of the 2x2
stack.

Figure 4 shows a transformer
built around the foregoing princi-
ples. At all points it is close to the
case housing it, providing more
rapid dissipation of heat to the
outside air. Almost two-thirds of
its coil surface is exposed. No
thick-walled coil sections exist.
Core heat is conducted to and radi-
ated from the two ends of the core,
which also are close to the housing.

Figure 5 illustrates the compact-

ness of the design in comparison
with a conventional unit of the
same rating. Both transformers
were designed to operate with the
same temperature rise—less than
40 deg C. Consider particularly the
comparison of the operating effi-
ciencies, weights, and chassis space
occupied :

TM-379 TW-604

Volt-amperes 350 360
Efficiency ........ i 96 % 92.7%
Watts dissipated ...... 15 27
Weight, lbs g e 17% 291,
Chassis space, sq in.... 23 47

Filter Reactor Design

Since their fields generally are of
the most vicious type, being made
up of not one but many frequencies,
the companion power filter reactors
were built around the same prin-
ciples of design. The astatic bal-
ance is carried to the point of locat-
ing the air gap in the center of the
coils where the possibility of leak-
age is lowest, as shown in Fig. 6.
In practice, two stacks f U-shaped
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punchings are clamped together in
the coils, with insulating spacers in
the air gaps to maintain the cor-
rect gap separation.

The clamps and bolts are so lo-
cated that very little magnetic flux
passes through them as illustrated
in Fig. 7. The removal from the
magnetic circuit of this relatively
high coercive force steel eliminates
all the harmonics generated by the
common commercial type of filter
choke which is clamped together
between steel frames secured by
bolts passing through the core, all
of which carry magnetic flux. The
Q of the choke is raised appreciably
so that a substantially better filter-

F1G. 6—To obtain minimum flux leakage,
the air gap of a filter reactor is located
in the center of the coils

FIG. 7—A power transiormer designed to
eliminate harmonics generated by a filter
choke clamped in the conventional manner

ing action is obtained for a given
inductance. Incidentally, audio
chokes designed on these principles
have shown a Q -of 70 at 1,000
cycles.

Audio Transformer Improvements

The last few years have witnessed
great improvements in audio trans-
former design. Not the least of
these are due to the many kinds of
core material now available. Audio
transformers operate at low induc-
tions, ranging from several thou-
sand gausses in a high-level output
transformer down to one gauss and
less in low-level input and inter-
stage transformers. The hysteresis
and eddy current losses at low in-
duction’ must be small, and the in-
itial permeability should be high.
Since eddy current losses vary in-
versely with the resistivity of the
core material, and as the square of
the thickness of the laminations,

the core stock must also have high
electrical resistivity, and must -be
used in thin sheets.

The presence of eddy currents in
the core results in a phenomenon
known as skin effect or shielding
effect. This effect is merely the ob-
served result of the loading caused
by the secondary currents circulat-
ing around the individual lamina-
tions. The counter-emf generated
by these currents prevents the
penetration of flux to the center of
the plate or lamination. This means
that as the frequency is increased,
the effective core area decreases,
the total flux is less, the permeabil-
ity is less, and the inductance of
the winding goes down.

To take full advantage of the
high initial permeability the core
should be laid out with as short a
path as possible, having a minimum
of high-reluctance joints, best lo-
cated actually within the windings

FIG. 8—A small output audio transformer designed for operation between a
single-ended or push-pull tube and a line. in the range between minus 20 db
and glus 20 db level
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surrounding parts of the core. It is
fortunate that the requirements
for small-size  high-inductance
transformers lay in the low-level
field where the transformer has
nothing to do but present to the
tube grid a considerably enlarged
facsimile of the input signal volt-
age, because it is frequently the
case that high copper insertion
losses are built into such a design.

The windings surrounding the
core, of necessity, have distributed
capacitance across themselves, be-
tween themselves and to the core
and the case. These capacitances
are nearly always unequal; that is,
the effective capacitances across the
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two ends of a coil are unlike, which
in the case of a push-pull trans-
former will, as the frequency in-
creases, cause increasingly unequal
voltages to be impressed on the
tube grids. The deviation usually
is quite pronounced well below the
frequency of resonance, and the
point at which a measurable differ-
ence is found should be taken as the
upper limit of the range which the
transformer can cover.

Shielding Improves Balance

The capacitive balance between
the windings can be improved or at
least controlled, by the introduc-
tion of shield windings or sheets.
Sometimes the shield is connected
to a section of the winding; more
often it is tied to ground. Fre-
quently, windings are placed in a
coil at a place where they act as
shield windings because in the cir-
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cuit in which they are used they
are connected externally to ground.

When the shield is introduced be-
tween the primary and secondary
windings and connected to ground,
electrostatic shielding is also ob-
tained, which prevents the trans-
mission of incoming longitudinal
currents past the barrier thus set
up.

Since magnetic flux is not only
in the core, but also linking every
part of the winding, leakage links
are present, causing the induction
of a lesser voltage in some coils
than in others with equal turns.
For this reason each winding must
be symmetrically located with re-
spect to the other windings. In the
case of a push-pull transformer,
both secondary windings must cut
the same amount of leakage flux,
and the leakage flux around the
start of the primary must be the

same as the leakage flux around the
end of the primary winding. It is
this leakage flux which doesn’t
thread 3sll of the windings of all of
the coile that is responsible for the
leakage reactance in a transformer,
resulting in a drooping response at
high frequency. Many transformers
have had designed into them just
the proper amount of leakage react-
ance to resonate with the high dis-
tributed capacitance across the
secondary windings at a predeter-
mined high frequency. Such a
transformer will show an excellent
frequency response characteristic,
but will not have the same time
constant for all frequencies. Nei-
ther will it reflect a constant load to
the line. These faults can be only
partially corrected by secondary
loading, as a loss of high fre-
quencies is sure to result.

The windings on each side of a
balanced transformer must have
equal resistance. In the case of a
symmetrical coil arrangement this
usually follows as a matter of
course. However, in some designs
of a special nature where one part
of a coil is wound on top of another,
it may be necessary to change the
wire size to accomplish the desired
result.

In an effort to keep the over-all
size of a transformer small, very
fine wires are used in the high-im-
pedance windings. The wires are
also reduced in size because the
spacing between winding layers
must be large to keep the distrib-
uted capacitance low. The presence
of any moisture in the coil or in the
paper insulation would seriously
impair the balance between the
coils and the high-frequency re-
sponse of the transformer. This
moisture would also facilitate elec-
trolytic action between the bare coil
ends where they are attached to the
lead wires. It is necessary, there-
fore, that the coil be thoroughly
desiccated and then sealed.

This may be accomplished by a
vacuum impregnation system in
which the coils are heated under
pressure and then maintained in a
heated condition at a high vacuum
for 12 to 16 hours. While still
heated and under vacuum the trans-
formers are immersed in a high
melting point amorphous wax which
has been highly refined to remove

(Continued on page 382)
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Synchronism Indicator

For

ELECTRIC POWER

Electronic device utilizing two cathode-ray tubes, installed in a receiving station, in-

stantly shows out-of-step conditions in the operation of a 60,000-kva frequency changer

linking 60-cps Los Angeles system with 50-cps Southern California Edison system
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The 60,000-kva frequency changer for which the synchronism indicator discussed here was designed

N THE OPERATION of an electric

power system it is necessary to
be able to determine the condition
of any component part of the sys-
tem at a moment’s notice. Many
electrical instruments found in
power stations are used exclusively
for that purpose.

Power station instruments are
usually mechanical devices which
respond to electrical excitation,
such as voltmeters, ammeters and
wattmeters. For most purposes
these instruments are entirely sat-
isfactory. However, there is one
condition which is not so easily de-
terminable with electro-mechanical
instruments. This is the condition

o

in which a synchronous machine
falls “out of step”.

If the station operator happens to
be watching his instruments at the
moment a machine falls out of syn-
chronism, he may be able to deter-
mine that such a condition has
arisen by observing the power and
current swings as indicated by
meters. This is not necessarily
conclusive evidence of an out-of-
step condition, however, because a
surging or “hunting” condition in
the machine may cause power and
current swings as great or even
greater than an out-of-step condi-
tion may cause. Also, if the ma-
chine has dropped entirely out of

synchronism before the operator
sees the meters, he may not be able
to determine for certain that it is
out of step because the meters may
again be reading steady values
which may be no greater than nor-
mal values of power and current
for the machine.

This condition was encountered
by the Los Angeles Bureau of
Power and Light in its tie with the
Southern California Edison Com-
pany system. This tie consists of a
60,000-kva frequency changer that
ties the 60-cps Bureau of Power and
Light system to the 50-cps South-
ern California Edison Company
system.
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SYSTEMS

By KENNETH C. COOK

On leave from
Department of Water and Power
City of Los Angeles
Los Angeles, Calif

The frequency changer is located
at Bureau of Power and Light Re-
ceiving Station “C” and is con-
trolled by the station operators at
this location. In order to provide
the station operators with more
positive indication of its running
condition than the regular switch-
board meters are capable of giving,
an out-of-step indicator was de-
signed and installed on the fre-
quency-changer meter-board. It em-
ploys a pair of two-inch cathode-ray
tubes, one for the 50-cps end aad
one for the 60-cps end of the ma-
chine, See Fig. 1 and Fig. 2.

Interpretation of Figures

Two cathode-ray tubes are con-
nected so that machine currents
produce horizontal signals and line
voltages produce vertical signals. If

Power pack

Plate cir._.-
transp.-sw.

100,000 50,000
(w)

FIG. 1
mounted on

20,000

(below)—Out-of-step

frequency-changer
board

-Cur. trans.--.

.

indicator,
control-
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A

FIG. 2 (above)—Circuit diagram of the
out-of-step indicator

machine currents alone are applied,
the screen images are horizontal
lines. If line voltages alone are ap-
plied, vertical lines appear on the
screens.

When both current and voltage
signals are applied the images tilt
at an angle. If eurrent and voltage
signals are in phase, the figures are
tilting straight lines. If they are
out of phase the fizures are ellipses,
tilting at an angle.

In cases of power surging thé
images rock back and forth as
shown in Fig. 3a. If the machine
slips a pole the image for the end
that slips appears to rotate 180 de-
grees, as shown in Fig. 3b. If the



./l

(a) (b)

FIG. 3—(a) Progression of out-of-step

indicator figure during a power surge,

and (b) progression of out-of-step indi-
cator figure during one slip cycle

FIG. 4—Construction of

tube shield

cathode-ray

machine continues to slip poles the
image continues to rotate. If the
machine drops completely out of
synchronism and runs at a reduced
speed, the image breaks into more
complex Lissajous figures.

Circuit Design

The horizontal axis or current
signal is obtained from B-phase
machine current, by using the volt-
age drop across a 200-ohm resistor
connected to the secondary winding
of a 5-to-0.1-amp current trans-
former connected in the regular
5-amp metering circuit of the ma-
chine. The vertical axis or voltage
signal is obtained from B-phase to
neutral of a Y-connected resistor
bank connected to open delta poten-
tial transformers. This connection
gives current and voltage signals in
phase when the machine operates
at unity power factor. The signal
voltages are connected with polarity
such that the figure on the cath-
ode-ray screen tilts in the direction
of power flow.

Power Pack

The two cathode-ray tubes are
connected to a common power sup-
ply, which was built up from or-
dinary radio parts. The power pack
is operated from a small a-c gener-
ator driven by the station batteries,
as the regular station service would
not be satisfactory during a fault
condition. On the rectified high-

voltage side of the power pack a

single 4-uf filter capacitor is suffi-
cient to maintain the d-c voltage
very nearly at the peak value of the
a-c voltage, as the current drawn
by the cathode-ray -tubes is very
small. With the tubes operating, the
output of the power pack is about
500 volts d.c. The leads to the tubes
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are cabled conductors which plug
into the power pack.

The intensity and focus controls
are mounted below the tubes, as
shown in Fig. 1. The voltage signal
controls are mounted in the power
pack box, and the 200-ohm load on
the current transformer was chosen
so that full deflection on the screen
represents about three times nor-
mal full-load current.

Special Considerations

It was found necessary to enclose
the cathode-ray tubes in heavy mag-
netic shields, due to the strong
fields present from the control wir-
ing on the back of the frequency-
changer board. Pieces of ordinary
iron pipe large enough to accommo-
date the tubes were found to be
satisfactory for this purpose, and
mountings were made of this mate-
rial, as shown in Fig. 4.

Shading hoods are mounted over
the cathode-ray tubes to make them
more easily visible. These also re-
duce the intensity at which it is
necessary to operate the tubes for
satisfactory visibility, which in-
creases the life of the tubes. At
first the length of life of the tubes
was approximately 1500 to 2000
hours of service. Later, however,
when better shading was provided
and they were operated at lower in-
tensity, they lasted from 5000 to
nearly 10,000 hours of service.

Practical Experience

With this comparatively simple
and inexpensive device, when a
fault condition occurs on the sta-
tion system the station operators
can tell at a glance whether the fre-
quency changer is carrying the load
and should be left on or if it has
dropped from synchronism and
should be cut free from the system.

One month after the out-of-step
indicators were installed on the 60,-
000-kva frequency changer at Re-
ceiving Station “C’’ system disturb-
ance occurred which threw the ma-
chines out of synchronism. The sta-
tion operators were able to recog-
nize the condition instantly and
tripped the machine free from the
system in 10 seconds time.- Due to
this rapid action considerable time
and expense were saved in restor-
ing the station to normal operation.
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A hydraulically operated xiray head on
the trailer permits radiographing parts
of a plane as low as 18 inches from the
ground or as high as 8 feet. Here a
landing gear on a “Hudson” bomber is
being radiographed. The trailer was de-
signed by Triplett and Barton Labora-
tories at Lockheed Aircraft Corp. in
Burbank, Cal. Any car can tow it

With this mobile 250-kva
trailer unit, propellers,
landing gear and other
suspected structural parts
of an airplane can be
x-rayed right on the air-
port. Plates are developed
in a few minutes, telling
pilot whether flight is safe

Pre-Flight Inspection

ABOVE: Typical multiple-exposure negative of an aircraft
structural part. The pencil points to a flaw that makes
the plane unsafe

RIGHT: X-ray negatives are developed in a tent.like dark-

room at the rear of the trailer. It contains a refrigerafion

unit that maintains the developing solution at the correct
temperature regardless of outdoor conditions

ELECTRONICS — February 1944
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High-Speed SOLDERING

Small metal containers, with
bottoms and rings of solder
in place, are carried along a
moving belt and through an
applicator coil at the rate of

FIG. 1—Complete installation for rapid automatic soldering of capacitor cans.
A continuous belt moving at a speed of 10 feet per minute carrles the cans

between specially designed applicator coils.

As many as 2500 units per

hour can be soldered with this equipment

By JOHN P. TAYLOR

RCA Victor Divigion
Kadio Corporation of America

Camden

ADIO - FREQUENCY HEAT-

ING has been used for some
time in the rapid soldering of capa-
citor cans, small transformer cases,
and other sheet-metal containers.
As a rule, soldering operations of
this type have been accomplished by
placing the units to be soldered,
either one at a time or in small
groups, in a fixed jig or coupling
coil to which current was then ap-
plied for a heating period which
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was either manually or automati-
cally controlled.

There have been numerous varia-
tions of method (including one in
which a coupling coil, provided
with an insulated handle and at-
tached to the r-f oscillator by flex-
ible leads, was placed successively
over the units to be soldered') but,
so far as is known, all have involved
either a put-them-in and take-them-
out procedure or else some means of

moving the applicator coils so as to
place them successively around in-
dividual units.

In the installation described here
the development of the r-f soldering
process has been carried a long step
forward by making the operation
continuous and completely auto-
matic. Capacitor cans, carried along
by a moving belt, pass through an
especially designed applicator
which provides just the right
amount of localized heating to flow
the solder and seal the can. The
equipment, shown in Fig. 1, is ca-
pable of soldering 2500 cans per
hour. It can be operated by one
girl, whereas by the hand-soldering
method previously used, at least a
dozen girls were needed to maintain
the same rate of production. More-
over, the soldered seals made on
this automatic equipment are more
consistent than those made by
hand, and rejects are therefore
fewer. Since the heat is sharply
localized—and applied for a rela-
tively short time—the danger of
harming the inserted capacitor pack
is considerably less.

R-F Heating in Quantity Production

The details of the capacitor-sol-
dering equipment are in themselves
interesting. The installation is
also of interest as an indication of
the trend toward adaptation of r-f
heating to quantity production.

While it is not always recognized
as such, radio-frequency heating is
essentially a production tool. It is
of greatest advantage when ap-
plied to the production of large
quantities of units of a single type.
When so appljed, it offers econpmies
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with Radio-Frequency Power

2,500 per hour. Localized
heating induced in the metal
capses the solder to flow and
seals the bottoms without
endangering the capacitor

which eventually will overshadow
other possible advantages. This
fact has often been overlooked since
most wartime installations have
been made either to perform an
operation which could not be done
by other methods (as in the pro-
duction of all-molded compreg pro-
pellers®) or to increase the output
of very important materials when
the extra equipment otherwise
needed was not available (as in
making aircraft spars®). In both of
these cases the value of the product
was relatively high, so that the
added cost of r-f heating—even
when the cost of equipment was fig-
ured in—was a small and relatively
unimportant item. Moreover, in
most cases the urgent need of pro-
duction for war purposes has been
such that cost was secondary.
With a return to more normal
conditions these factors will no

(a)

v
it 5159
< i

(b)

FIG. 2—Method of assembling capacitor ccns: (a) left to right: the can proper,
bottom piece and solder ring before assembly, (b) solder ring in bottom piece
and top about to be placed, (¢) completed can after soldering

H.v,

longer be present in the same de-
gree. Radio-frequency heating will
thus have to justify its cost. Where
the production quantities are small,
this will be possible only when
other very important advantages
result. The more promising, and
probably far larger, field of appli-
cations is that in which measurable
economies are effected through us-
ing r-f heating to increase produc-
tion greatly over older methods.
One such application, which has
been previously described, is the
use of r-f preheating in molding
operations, where the quantities
run into the thousands. The capa-

FIG. 3—Schematic diagram of older equipment for soldering cans
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citor soldering job described here is
another good illustration.

15
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FIG. 4——Simplified drawing of a conventional coupling method

employed when heating one can at a time. The current trans-

former consists of a multi-turn primary coil (which is also the
tank coil of the oscillator) and a single-turn secondary

FIG. 5—Coupling arrangement used in continuous heating

installation shown in Fig. 1. Cans are placed in centering blocks

fastened to a moving belt which carries them between the two
straight pieces of tubing which act as the applicators

Capacitor cans of the type sol-
dered in this instance have been
used in large quantities for some
time by a number of manufacturers
and will be familiar to most read-
ers. They are ordinarily used to
provide a means of mounting and
protection for paper capacitors of
the better type, such as those used
in radio transmitters and high-
quality sound equipment. The ca-
pacitor pack itself usually consists
of alternate layers of oil-impreg-
nated paper and tinfoil wound
tightly and somewhat compressed
to obtain a relatively larger capaci-
tance in small volume, After assem-
bly, the cases are filled with oil
and sealed.

Method of Assembling Cans

The method of assembling one of
the several types of capacitor cans
which are regularly soldered is il-
lustrated here. Figure 2a shows,
from left to right, the can proper
(containing the capacitor-pack),
the bottom piece: which is to be
soldered in place and the ring of
solder which is used in this solder-
ing operation. Fig. 2b shows the
method of assembling these parts.
The solder ring is first laid in the
bottom piece, after which the top
part of the can is placed in position.
A fairly snug fit, plus the fact that
the units are held in an upright po-
sition, assures that the parts will
remain in place while the solder is
flowed. Figure 2c shows the com-
pleted can.

1é

The only preparatory work which
is done on the can parts previous to
soldering is the dipping of the bot-
tom piece, and the bottom edge of
the top piece, in soldering flux. This
was also required when hand sol-
dering was employed and hence
cannot be termed an additional
operation. In fact, the entire pro-
cedure followed in preparing and
assembling the parts, as described
above, is identical to that pre-
viously employed for hand solder-
ing. The only difference in the
whole process is in the method of
applying heat. Previously this was
done by running a soldering iron

around the rim—a time-consuming
and fatiguing procedure. The
same heating is now accomplished
by causing r-f currents to flow by
induction in the surfaces to be
soldered. By concentrating the cur-
rent, and hence the heating, in a
narrow band running all the way
around the can, the temperature of
the surfaces to be soldered is
brought to the point of solder flow
in a fraction of a second.

Limitations of Conventional Applicators

Making an applicator coil which
will produce heating in a narrow
band around a single symmetrical

H.V.

Capacitor cans an

rmoving be/r‘\
~ |

i

——

Ly

e

FIG. 6—Schematic diagram of the setup shown in Fig. 5. The two applicators
are cross-connected so that the current flows in opposite directions in them
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form such. as a capacitor can is a
relatively simple matter. Tests
which have been made indicate that
such a band can be heated very
efficiently with a single turn of
tubing formed to fit the piece
snugly. This single-turn applicator
coil is usually coupled directly to
the tank circuit of the oscillator
as shown in Fig. 3.

Inductance L,, which is the tank
inductance of the oscillator, and L.,
the coupling inductance, form a
current transformer which serves
to match the low impedence of the
applicator coil, L, to the relatively
high impedance of the tubes. Since
the current flowing in L, and L, is
very high—as much as several hun-
dred amperes—it is necessary to
keep the connections between these
very short if high copper losses are

\ Single-furn
|| secondary
| ofcurrent

FIG. 7—Simplified sketch showing man-
ner in which the applicator ‘coils are
mounted on the secondary of the current
transformer. In the installation under dis-
cussion provision is made for cooling the
applicators by passing water through

to be avoided. This entails placing
the current transformer close to the
load, which usually means placing it
outside the oscillator housing.

A type of current transformer,
first described by Bierwirth® and
now quite widely used, consists of
a multi-turn primary coil sur-
rounded by a single-turn secondary
in the form of a sheet of copper
or brass the full width of the pri-
mary. Such a transformer combines
good coupling efficiency with the
high step-down ratio required to
match the tube impedance to the
very low impedance of the coupling
coil. The arrangement of the ap-
plicator coil with relation to this
transformer is depicted in the sim-
plified sketch of Fig. 4. Such an
arrangement is simple, efficient,
and relatively easy to replace. When
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FIG. 8—Closeup of the heating position. The current transformer is mounted
just under the table top. Small copper blocks mounted on the secondary form

terminals for the applicator coils.

the quantity of units is not large
and a relatively slow rate of pro-
duction ean be tolerated, it is quite
satisfactory. It is not, however,
suitable for heating continuously-
moving units, such as those on a
belt or conveyor, since it requires
each unit to be placed in the coil,
heated, and then removed.

Design of Special Applicators

Any put-in and take-out process,
such as i3 necessarily used with
applicators of the type shown in
Fig. 4, must necessarily result in
inefficient use of a machine because,
in effect, the machine is not operat-
ing during the appreciable handling
period. In heating eapacitor ecans,
for instance, power would be ap-
plied for only two or three seconds,
at most, whereas handling might
require two or three times as long.
Thus the duty cycle of the machine
would be something less than fifty
percent. If, on the other hand, the
units could be passed through con-
tinuously, the cycle could be elimi-
nated with consequent increase of
output.

In the installation under discus-
sion, continuous operation is pro-
vided for by an ingenious arrange-
ment originally suggested by W. M.
Witty. The cans, mounted on a
continually moving belt, are passed
between two pieces of straight cop-
per tubing as shown in Fig. 5.
These pieces of tubing are effec-
tively in parallel but the current

The rubber hose is for cooling-water

flows in opposite directions in them.
This arrangement will be under-
stood after study of Figs. 6 and 7.

Figure 6 is a schematic diagram
of the coupling circuit. In this
diagram, L, is the tank inductance
of the r-f oscillator, L. is the sec-
ondary of the current transformer
and L. and L, are the two pieces of
tubing which form the applicators.
The two pieces of copper tubing are
connected in parallel across the sec-
ondary of the transformer, as
shown in Fig. 7. By reversing the
connections, the current is made to
flow in opposite directions in them.
It will be noted, however, that the
currents which the two pieces of
copper tubing induce in the capa-
eitor ean are in phase. This pro-
duces a continuous flow of current
around the can. Thus the current
in the can is the same as if induced
by placing a coil around the can as
shown in Fig. 3.

The mechanical arrangement of
the coupling system is very simple,
an important advantage of this
method of coupling. The current
transformer, as before, consists of
a multi-turn primary coil and a
single-turn secondary in the form
of a sheet of copper or. brass the
full width of the primary. Fig. 7
is a sketch of the secondary of this
transformer, showing in simplified
fashion the way in which the ap-
plicators are attached. The sheet
is slit along the top of the coil, thus

(Continued on page 232)
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FIG. 1—Change in frequency and dielectric constant with temperature, using
various values of relative humidity as a parameter. The air reference is air
at 20 deg C and 50 percent relative humidity (e = 1.00056565)

Frequency Stability
of Tuned Circuits

Data on the performance of coils tuned by air-dielectric capacitors, during variations in air
density and humidity such as are encountered when equipment is operated over a wide range
of altitudes. The effect of varying carbon-dioxide content, encountered in dry-ice test

chambers, is also discussed

N ORDER to retain standards of
I accuracy initially imposed upon
radio and other electronic equip-
ment employing circuits tuned by
air-dielectric capacitance, the -ef-
fects of natural variations in the
dielectric must be understood and
taken into account. This is par-
ticularly true where equipment is
to be used at high altitudes and
under adverse weather conditions.

There are three characteristics of
air as a dielectric which may af-
fect the resonant frequency of a
tuned circuit situated in this dielec-
tric. (In this discussion, the effects
of mechanical variation of com-
ponents with varying conditions
will not be considered.) They are:

1. Density. The dielectric con-

stant of air varies with pressure
and, therefore, with altitude. The
dielectric constant also varies with
temperature, since this too affects
the density of a gas.

2. Composition. The relative hu-
midity of air is constantly chang-
ing and has a decided effect on the
dielectric constant at higher tem-
peratures (above 10 deg C). In
tests where dry ice is used, the
carbon-dioxide content of the sur-
rounding medium also may rise to
60 percent or 70 percent as com-
pared with its normal value of 0.03
percent. This will increase the di-
electric constant.

3. Saturation. Air almost saturs
ated with water vapor will deposit
thin films on objects situated in it.

This should not be confused with
condensation, which occurs when
the air becomes supersaturated at
the temperature of the body with
which it is in contact.

Each of these effects will be
thoroughly discussed in the follow-
ing sections.

We shall first develop a few sim-
ple required relations:

C = He C = Capacitance of capacitor

dC = Hde H = Constant determined by
mechanical construction

¢ = Dielectric constant of di-
electric medium

c

Thus the percent change in C =
percent change in e.

dC _ de
e

- A. f = resonant frequericy of cir-
v e cuit being investigated
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TABLE I-VALUES OF V FOR AIR AT VARIOUS HUMIDITY AND TEMPERATURE VALUES

(Dielectric consfante — 1 | V 109
Temp. Relative Humidity
°C 0% 109% 20%, 309, 409, 509, 60 709, 80, 90% 1009, Av
—40 682 682 682 682 682 682 682 682 682 682 682 0
-30 655 655.08 655.16 655.24 655.32 655.4 655.48 655.56 655.64 655.72 655.8 0.8
—20 629 629.232 629.464 629.696 629.928 630.16 630.392 630.624 630.856 631.088 631.32 2.32
-10 605 605.56 606.12 606.68 607.24 607.81 608.37 60893 609.49 610.05 610.61 5.61
0 583’ 584.27 585.54 586.81 588.08 589.35 590.62 591.89 59316 594.43 595.7 12.7
+10 562 564.46 56692 569.38 571.84 5743 576.76 579.22 581.68 584.14 586.6 24.6
+20 543 547.53 552.06 556.59 561.12 565.65 570.18 57471 579.24 583.77 588.3 45.3
+30 525 53295 5409 548.85 556.8 564.75 572.7 580.65 588.6 596.55 604.5 79.5
+40 508 521.4 534.8 548.92 561.6 575 588.4 601.8 615.2 628.6 642 134
+50 493 514.7 536.4 558.1 579.8 601.5 623.2 6449 666.6 688.3 710 217
+60 478 512 546 580 614 648 682 o6 750 784 818 340
+70 464 515.5 561.0 618.5 670 7215 773 824.5 876 9217.5 979 515
A4 .4C frequericy will increase 0.9375 cps Table I in terms of change in di-
df = ~ %:/—'5? per Mc per deg C rise in air temper- electric constant in parts per mil-
of e i ature for dry air. This is negligible lion, and resonant frequency shift
7= A= —T in comparison with other changes in cycles per megacycle, is shown

Thus the percent change in f = %
the percent change in C, and is
negative, signifying that an in-
crease in C decreases f.

Density

The dielectric constant of dry air
for pressures below 1000 lb per sq
in. is given by e = 1 + 1825 P X
10° x
in. Hg and ¢ in deg. K.

2-?—2, where P is expressed in

202
-0
6P B for constant
Assuming ¢t = 292°K (19°C) | relative bum-
we have idity and
§f b = temperature.
Y2 9.125 X 10

The frequency will drop 9.125
cps per Mc per in. Hg pressure in-
crease. Reducing the pressure from
30 in. to 10 in. Hg (equivalent to
an altitude of 27,500 ft) will in-
crease the frequency 20 X 9.125 or
182.5 cps per Mc, which is 0.01825
percent.

Let P = 20 in. Hg, and let the
temperature vary over a narrow
range about 292 deg K.

e=1—547.5 X 10- X 292/t
_ 547.5 X 1078 X 292
"I
= — 1.875 X 107¢, for constant relative
bumidity and pressure.
From this it is evident that the

gy 2%
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normally encountered.

Composition

(a) Hwmidity. If the relative
humidity is held constant at various
values, and the temperature of air
varied, it will be found that the
curve e vs. temperature will vary in
form.

= = ~s| P is here
1 4+ 209. 66 X 10 | expressed

in mm Hy,
tindeg K

Calr
€vapor = l+96683 t X 10_ !

From these equations was de-
rived the equation e = 1 + [209.66
X 760/t + 757.174 V.P./t] x 10
Setting the portion in brackets
equivalent to V givese =1 + V X
10°. This relation was used in cal-
culating the values of V in Table I
for different values of tempera-
ture and relative humidity. The
right-hand column labelled AV con-
tains values of the total change in
V in going from 0 to 100 percent
relative humidity. Values of vapor
pressure V.P. in mm of Hg corre-
sponding to the indicated values of
temperature and relative humidity
are found in meteorological tables.

Allowance for water-film deposit
on electrodes is not included. Such
deposits will add to the shift in ca-
pacitance.

A curve interpreting the data in

in Fig. 1.

(b.) Carbon dioxide content.
When cold tests are run with dry
ice as the cooling agent, the air in
the cooling chamber will have its
carbon-dioxide content materially
increased. The dielectric constant
for carbon dioxide differs mate-
rially from that of air, the values
at 19 deg C and 762 mm mercury
pressure being 1.0005475 for air
and 1.000921 for carbon dioxide.

Table II gives the variations in
e and f with varying carbon diox-
ide content, for a constant tempera-
ture of 19 deg C and a pressure P
of 30 in. (762 mm) of Hg.

From this table it is seen that
the presence of CO:. in the air di-
electric of capacitors may produce
frequency shifts up to 0.0186 per-
cent, a4 very appreciable amount in
a transmitter being designed for
an accuracy of 0.03 to 0.05 percent.
The figures apply to dry air, at 19
deg (292 deg K) C and 762 mm Hg.
Values of Ae and Af may be readily
obtained for any other tempera-
ture or pressure by multiplying
by the factor 292P/762¢, where P
is in mm Hg and ¢ is in deg K.

A graph of the data in Table II
is shown in Fig. 2. It is important
to note that with 60 percent carbon
dioxide content, the frequency shift
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TABLE II—VARIATIONS IN e and { WITH
VARYING CARBON-DIOXIDE CONTENT
% CO;
by Vol. e Ae {mult. by 107%)  Af in cps per Mc
0 1.0005475 0 0
10 1.00058485 37.35 —18.68
20 1.0006222 74.7 —37.35
30 1.00065955 112.05 —56.03
40 1.0006969 149.4 —-74.7
50 1.00073425 186.75 —93.38
60 1.0007716 2924.1 —-112.05
70 1.00080895 261.45 —-130.73
80 1.0008463 298.8 —149.4
90 1.00088365 336.15 —168.08
100 1.000921 3735 —186.25

is over 0.01 percent. At —40 deg C,
when the carbon dioxide content is
only 50 percent. the frequency will
be 0.0117 percent lower than with
air.

Saturation

Recent experimental work has
shown that moisture films form on
objects situated in moist air even
though conditions may be such that
no condensation takes place. We
shall derive the effect of water-film
formation on a capacitor formed
by two or more parallel plane sur-
faces.

The capacitance of such a ca-
pacitor may be expressed as C -
He/S, where H is a constant de-
pending on size of plates and sys-
tem of units employed, e is the
dielectric constant of the medium,
and S is plate spacing.

Let the dielectric constant for the
normal dielectric be e,, and let that
for the material in the film formed
on the plates be e, Also, call C,
the normal capacitance, C’ the ca-
pacitance with film on plates, and ¥
the film thickness. Now, with plane
plates and a uniform film thickness,
the film-air interface will corre-
spond to an equipotential surface,
and

He,

S—2 C: = o
These relations are set up by assum-
ing a metal surface of infinitesimal
thickness, at the equipotential sur-
face of the water-air interface, and
then calculating the effective ca-
pacitance on each side thereof.

The two capacitances are effec-
tively connected in series, so we

Cx-

120

may obtain C’ from the series ca-
pacitance relationship:
' _ C C:
Ta+c

. » Hex €2

i.e. ¢ = T ey
The fractional change in capaci-
tance will then be

C' = C(, CzS

Co l=2y(en_—ez)+er.s_1
and
o Cl = qc Al 2ezS (61 el ez)
sy Co [2y (&r — €) + exSP

We are interested in the action
of thin films of foreign dielectric
and will therefore confine our cal-
culations to the region where y is
less than or equal to 0.01 S. This
permits the use of the following
simplified equation

Frequency. Shift Af in Cycles per Megacycle

6 CL—Co

51{ o— = S [1 - __]
On the basis of this assumption,
the fractional change in capaci-
tance is

C—'o TS- €2

Now, for a practical application
of this expression, assume a spac-
ing between plates of S = 0.05 cm
(0.020 in.) and a downward fre-
quency shift Af of —100 cps per Mc,
which corresponds to 200 x 10
for AC’. The nbormal dielectric is
air (e; = 1) and the foreign dielec-
tric is water (e, = 81). Let us find
the required film thickness for the
given frequency shift.

Solving the foregoing equation
for y, substituting in it the known
values, and simplifying gives a
value of 5.06 X 10° ¢m for the film
thickness y.

Thus, a film thickness of 5.06 X
10° ¢m or 0.00001285 in. produces
a frequency shift downward of
0.01 percent. This is a film approxi-
mately 120 molecules in depth, and
is quite undetectable by ordinary
methods since its thickness is only
about one-tenth the wavelength of
green light. It is obvious at once
that the formation of actual visible
condensation on the plates of a tun-
ing capacitor will result in shifts
very many times this in magnitude,
and should be strenuously avoided.

For a given film thickness, the
frequency shift is inversely pro-

(Continued on page 379)

C'—Co= 2y = il]

+
Q

c
Qo
S
S
]
Q.
w
-
&
£
@
N3
E
5
o
v
-
i)
o
kY
a
£
D
£
e
(V]

Percent CO, Content in Air

FIG. 2—Variation of dielectric constant and frequency with volume percentage
of CO; in air. Here P is 762 mm Hg and t is 292 deg K (19 deg C)
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Mobile
CRIME LAB

Electronic equipment in the 29-foot bus

S

ERTi

used as a mobile crime-detection laboratory
by the Illinois State Police Department in-
cludes x-ray apparatus, a lie detector, drunk-

ometer, recorders, and radio equipment

]

&

Communications gear in the bus, shown here, includes two-

way radio equipment feeding into the MNlinois State Police

radic system. A public oddress system is also available
for directing crowds at fires or riots

Two recording turntables permit mak-

ing complete continuous records of

statements and confessions of persons

being grilled in an adjoining compart-

ment, In which there is a concealed
microphone

This polygraph lie-detector, beilng op-
erated by psychologist Walter Beecher,
records variations 'in blood pressure,
respiration and persplration on moving
paper tape during carefully planned
questioning of suspects
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Front view of completed wide-
band oscilloscope

IDE-BAND cathode-ray oscillo-
Wscopes have many applica-
tions in the field of physics,
electronics and communications.
However, in order to collect all the
information present in a wide-band
phenomenon, several conditions
must be fulfilled.

The amplifier system must pass
all the significant components pres-
ent in the frequency spectrum. A
high sweep speed must be available
and the sweep repetition rate must
be variable within wide limits. In-
terference must be reduced to a
negligible -amount. Finally, an ex-
ceptional degree of stability must
be maintained in the deflection am-
plifiers and particularly in the time
base. Failure to meet any of these
conditions will prevent collecting all
the available information.

These requirements can be met
fairly easily when the weight and
volume of the instrument are not
put under severe restrictions. How-
ever, in many applications a com-
pact and portable unit is needed.
The special problems that arise in
this case will be discussed.

Design Considerations

In order to get high picture qual-
ity in designing a wide-brand oscil-
loscope, the following steps were
taken. A 9-in. tube (type 914) was
used in order to get sufficient pic-
ture size. The vertical amplifiers
were designed for a flat response up
to at least 4 Mc. A specially stabil-
ized multivibrator time base and a
“hard” tube sawtooth generator
were used. These were followed by
an inverter and a push-pull ampli-
fier which allow a full 9-in. beam
deflection. Two provisions for mag-
nification of the horizontal deflec-
tion have been incorporated; one
allows magnification of the first
half of each cycle, and the other
magnifies the first few microseconds
of every scan. In order to retain a
good focus at the high writing

122

Wide - Band

Description of a compact, portable, cathede-ray

oscilloscope with a 9-in. screen. The unit has essen-

tially flat vertical amplifier response up to 4 Me, as

required for investigation of wide-band phenomena

By E. H. BARTELINK

speeds involved, a high beam volt-
age (3 kv) was used.

In many applications a -arge
“spread” or expansion along the
time axis is much more important
than along the voltage axis. When
this is realized, it becomes possible
to obtain a considerable reduction
in size of the apparatus by restrict-
ing the vertical deflection to ap-
proximately one-fourth of the tube
diameter. A further simplification
is obtained by making the vertical
power amplifier single-ended. This
results in a small amount of trape-
zoidal distortion. Its effect can be
eliminated by bringing the observed
portion of the wave to the center of
the screen with the ‘“‘centering con-
trol.”

It was found that many applica-
tions do not require an extreme
sensitivity of the oscilloscope, so

that only two stages of vertical
amplification have been incorpo-
rated. While this considerably sim-
plifies the instrument, it still en-
ables it to produce a 1-in. deflection
for an input voltage of 1.8 v rms.
A switch enables selection of
single-stage or two-stage amplifica-
tion. For those cases where higher
sensitivity is required, an external
booster amplifier can be added.
Thus the total gain used is adapted
to each separate problem and at-
tenuators have been avoided alto-
gether. Calibrating voltage, how-
ever, is provided for each stage.
This approach is thought preferable
to such methods where all signals
are first attenuated to a common
low level and then reamplified, as it
eliminates any chances of cross talk
from high-level input signals.
Another considerable step to-
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Chassis layout, showing protec-
tive housing for the 9-in.
cathode-ray tube

Oscilloscope

wards compactness is to restrict the
horizontal amplifier pass band, to
where it will just pass the highest
frequency sawtooth with low dis-
tortion. In most cases this makes
operation possible at a fraction of
the vertical band pass and at a cor-
responding gain in horizontal reso-
lution.

Description

As shown in the block diagram
of Fig. 1, the instrument contains
the following parts: time base for
the generation of sawtooth deflec-
tion voltages; horizontal amplifier,
driven either by the sawtooth volt-
age or an external voltage; vertical
amplifier and calibrating unit;
cathode-ray tube and beam control;
power supplies.

Time Base

A multivibrator is used to drive
the time base. To obtain a high de-
gree of instantaneous stability, i.e.
to prevent erratic fluctuations in
the duration of a cycle, positive
grid-bias is used. To obtain stabil-
ity against slow frequency drifts,

FIG. 1—Block diagram showing stages
employed in the wide-band cathode-ray
oscilloscope

ELECTRONICS — February 1944

negative feedback produced by un-
bypassed cathode resistors is used.
Great care was taken in the layout
and construction, and a regulated
power supply was used.

As a result of these precautions,
a rather remarkable degree of fre-
quency stability was obtained.
When multivibrators are used as

frequency dividers, it is generally
not feasible to maintain frequency
ratios appreciably in excess of 50:1
because of the drift in the “free
running” frequency of the multi-
vibrator and because of instanta-
neous unstabilities. In this case, it
was possible to observe a 1-Mc wave
with a time base running at 2000
cps.

A 6-position switch changes the
frequency range of the multivi-
brator by selecting different values
of grid-plate coupling capacitors.
Considerable overlap is provided be-
tween adjacent ranges. Within each
range, continuous variation of the
frequency is obtained by changing
the amount of positive grid bias.
The time base rate can be varied
over a total range from approxi-
mately 10 cps to 35,000 cps.

A width control makes it possible
to adjust the percentage of the cycle
over which the scan is extended.
For this purpose, the multivibrator
output is fed to a clipper-amplifier.
Its output is applied to the grid of
a discharge tube which is connected
in the same manner as the saw-
tooth generators employed in tele-
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 Pre amp inpyt !
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vision. Linear deflection of the
cathode-ray beam is obtained over
the time that this discharge tube is
cut off and this interval can be
varied by changing the pulse width.

The cathode-ray beam is returned
to its starting point as soon as the
negative pulse is terminated, and
remains stationary for the rest of
the cycle. With the present circuit
values, this allows variation of the
sweep duration from 30 percent to
85 percent of the multivibrator
cycle. Variations up to a range of
15 to 85 percent can be obtained
with different circuit constants.

Another clipper-amplifier system
derives a positive pulse from the
multivibrator. It is used to switch
the cathode-ray beam on during the
scanning period and blank it out
during the remainder of the cycle.
This prevents the formation of a
bright spot on the screen, corres-
ponding to the “stationary’ part of
the cycle.

The discharge capacitors are se-
lected by an additional arm on the
frequency range switch. Part of
the charging resistor is ganged
with the fine frequency control in
order to reduce the effect of its set-
ting on the horizontal amplitude.
The other part is used as an inde-
pendent horizontal amplitude con-
trol.

In many cases it is desirable to
synchronize or drive the phenom-
enon which is to be observed from
the oscilloscope, so as to make sure
that none of its initial part can es-
cape observation. For this purpose
a short-peak generator was added

pulse of approximately 100 volts in
3500 ohms into an external circuit.
The duration of this pulse is ap-
proximately 10 microseconds, and
its leading edge occurs at exactly
the same time that the sawtooth
sweep is initiated. In order to ob-
tain this pulse, the square wave
which is used for the beam blank-
ing is differentiated in an R-C cir-
The differentiated wave is
clipped and amplified and applied to
the cathode follower output stage,
in which a final clipping takes place.

In the plate of this output stage,a
negative pulse of the same duration
is available. It can be switched into
the grid of the discharge tube where
it will produce the 10-microsecond
“fast” sweep used for magnification
of the initial part of each cycle.
Part of the cathode voltage is si-
multaneously applied to unblank the
cathode-ray beam over this period.
As a result of the high beam voltage
(3 kv), a satisfactory focus can be
maintained at the high beam cur-
rents necessary to make this short-
duration pattern visible.

All voltages for the preceding cir-
cuits are derived from regulated

cuit.

power supplies.

Horizontal Amplifiers

These are normally driven by the
time base, but their input can be
reached from the synchronizing
plug on the front panel by throw-
ing a toggle switch on the front
panel. Thus Lissajous figures can

be observed.

A cathode follower phase-inverter
is used which, in turn, drives the

amplifiers were designed to have a
band pass of approximately 0.25
Mc. The measured response is
shown in Fig. 2a. No attempts were
deemed necessary to add high-fre-
quency compensation.

A horizontal centering control is
provided. With the exception of the
final output plates, all circuits are
operated from regulated supplies.

Vertical Amplifiers

As can be seen in Fig. 1, two
stages of vertical amplification are
provided. The output tube is an 807
driven by a 6AG7 preamplifier. The
circuits used are conventional but
great care was taken in the layout.
Both amplifiers were designed for a
flat response up to at least 4 Mec.
The response curves for single and
2-stage operation are given in Fig.
2b and 2c. A gain control is pro-
vided in the preamplifier which al-
lows continuous adjustment over a
8:1 ratio.

In order to reduce any possibil-
ities of crosstalk, two separate in-
put plugs are provided. A switch
connects the power amplifier either
to the output of the preamplifier or
to a separate plug on the front
panel. As the photograph of the
chassis layout shows, the vertical
deflection plate is easily accessible
for direct measurements.

Voltages observed on the screen
can be measured by comparing them
with an adjustable 60-cps voltage,
the magnitude of which can be read
on a voltmeter.

A provision is made to derive
“internal” synchronization from the

which delivers a sharply rising pair of 807 tubes in push-pull. The power amplifier through a variable
:’ T |
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FIG. 2—Response curves for horizontal and vertical amplifiers that feed the deflection plates
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(a)

FIG. 3—Photographs (all actual size) of waveforms
on screen of 9-in. cathode-ray tube in the wide-band
oscilloscope, indicating performance under various
conditions. (a)—Pattern with 500-kc voltage on ver-
tical plates and 1800-.cycle normal sweep syn-
chronized directly from vertical input: (b)—Same as (c)
(c})—1-Mc voltage on
vertical plates, with highest possible sweep fre-
quency: (d)—1-microsecond pulse on vertical plates.
with 1800.cps magnified horizontal sweep

(a) but with fast sweep:

attenuation. A switch on this syn-
chronizing control provides com-
plete interruption in the minimum
position. All supply voltages are
regulated.

Transformers, Power-Supplies

The transformers, designed to
give low external fields, are housed
in a 3-in. welded steel case. A shield
of high-permeability metal is in-
serted between the transformer
proper and this case. These precau-
tions, combined with a low flux
density in the core, resulted in a
satisfactory performance.

Separate transformers are used
for the high-voltage and low-voltage
supplies. The former contains a
2.5-v and a 6.3-v filament winding
for both the cathode-ray tube and
the rectifier heater. It is designed
so that either the 4+ or — side may
be grounded. In our case the +
side was grounded, which puts all
amplifier outputs at low voltages.

The low-voltage supply contains
one unregulated and two regulated
supplies of conventional design.
The whole unit is designed for
mounting in a 19-in. relay rack and
uses a 121-in. panel. Its total depth
is 24 in. and its weight (without
cabinet) 100 Ib.

Performance

The performance can best be
judged by reference to some photo-
graphs of waveforms observed on
the cathode-ray screen.

The output of a 500-kc oscillator
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(b)

observed at a scanning rate of ap-
proximately 1800 cps using a 90-
percent scan is shown in Fig. 3a.
In this case the time base was di-
rectly synchronized from the same
generator and was holding a fre-
quency division rate of approxi-
mately 275:1. The synchronizing
voltage applied to the time base was
approximately 1.0 v rms, and the
same voltage was applied to the
vertical amplifier. Higher fre-
quencies, in the order of 1.0 to 1.5
Mc, may be held and observed at
the same sweep rate, but good reso-
lution then requires lowering of the
beam current which produces pho-
tographic difficulties.

The same 500-kc wave scanned at
1800 cps but observed in the ‘“fast
sweep”’ position where every micro-
second corresponds to approxi-
mately 1 in. deflection and the total
horizontal scan covers approxi-
mately 8 microseconds is shown in
Fig. 3b. It is to be noted that the

beam is “on” during less than 1/50

of the available time. Thus the
beam current must be increased
considerably in order to make ob-
servations and photegraphy pos-
sible. The use of a high beam volt-
age makes this possible while main-
taining sufficient focussing action.

A 1-Mc wave observed at the
highest sweep frequency which the
time base delivers appears in Fig.
3c. A 90-percent scan was used.

Figure 3d shows a square pulse
of 1 microsecond duration, initiated
by the synchronizing pulse from the
shortpeak generator; a time base
rate of 1800 eps was nsed with ex-
panded sweep.

All photographs were taken with
an aperture of F/22 and an expo-
sure of 10 seconds.

Work on this wide-band oscillo-
scope was carried out in the Re-
search Laboratory of General Elec-
tric Co. in Schenectady during the
first three months of 1942,
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Alnico machining tolerances, casting allowances, choice of alloys, cost factors, methods
of mounting and other mechanical problems related to electrical design of permanent
magnets are taken up, with emphasis on practical data obtained through actual experience

Mechanical

Problems of

PERMANENT MAGNET

By EARL M.

UNDERHILL

Chief Engineer
Cinaudagraph Corp.
Stamford, Conn.

Examples of good and bad mechanical design of cast permanent
magnets. (a)—widening the thinnest parts of a p-m rotor adds

greatly to strength; (b)—the closer a magnet approaches a
square or circle in cross-section, the fewer the cracks during pro-
duction: (c)—for success in casting holés, leave ample metal be-
tween holes ‘and outer surfaces: {d)—whenaver possible, use

slots in place of holes to avoid cracks: (e)—when casting a

magnet around an insert like this shaft, keep the magnet area

large in relation to the insert area, to prevent cracks during

casting: (f)-—avoid sudden changes in cross-section by tapering

as shown' here: (g)—strain is less when there are indentations
in the outer surface than when they are on inner surfaces
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Left;

DESIGN

N THE PREVIOUS ARTICLES of this
I series* we have discussed per-
manent magnet design from the
viewpoint of obtaining optimum
magnet size, i.e., the proper length
and area of the smallest possible
magnet, in any given alloy, capable
of doing a given job.

The principles outlined in these
discussions are universally appli-
cable regardless of the designer’s
choice of magnet alloy. However,
at some point in his work 'the de-
signer is forced to make a definite
choice of magnet material. Many
factors usually influence this choice.
Among the more important may be
mentioned :

1. Space considerations.

2. Weight.
. 3. Economy. Here the cost of the
magnet is only one factor. The de-
signer must determine whether or
not the use of a better alloy will en-
able compensating savings in other
materials in his device.

4. Availability. This is a par-

ticularly important consideration
today.

5. Machinability and workabil-
ity.

6. Calibration stability and re-
sistance to stray fields.

* I'ermanent Magnet Design, p. 126, Dec.
1943 ELECTRONICS and Designing Stabilized
I'ermanent Magnets, p. 118, Jan. 1944
EL:CTRONICS. C =
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7. Resistance to heavy demag-
netizing fields.

8. Physical strength.

Having determined the proper
magnet size and alloy, the designer
is obliged to make a drawing of his
magnet, to specify just how it shall
be mounted and to make provision
for the fastening of the magnet to
the rest of the magnetic circuit.
This phase of the design introduces
the problems of hole size and loca-
tion and the methods by which the
holes are formed, shaft mounting
of rotors, brazing and soldering,
etc. It is the purpose of this pres-
ent article to consider these prob-
lems as well as those influencing
the choice of an alloy. Only the
aluminum-nickel-iron alloys (pop-
ularly known as Alnico and Niper-
mag) will be discussed here, and
we shall refer to these alloys in the
general sense simply as Alnico for
the sake of simplicity.

Alnico Tolerances

Alnico is a very hard, brittle and
(in the generally accepted sense of
the word) nonmachinable alloy. It
can not be turned, milled or drilled
with ordinary tools but it can be
ground fairly easily with any com-
mon abrasive. The alloy is cast,
usually in high-frequency induc-
tion furnaces, to a size slightly
greater than that to which it is to

This rotor was cast around
sleeve, then ground to final dimensions

its bearing

Below; Example of a permanent magnet that
has been cast around an insert of another metal

be finished, and then taken down to
finished size by grinding. All holes
and slots in any given piece must be

cast in. If a close tolerance is re-
quired on holes in Alnico, common
procedure is to cast the holes some-
what undersize and then to finish
to correct size by grinding. Tables 1
and II list some of the known phys-
ical properties of the various
grades of Alnico and Nipermag.
Much of this information was ob-
tained by the General Electric
Company in its early work.

Since Alnico magnets are cast, it
is, of course, impossible to form
these magnets initially with a high
degree of precision. Barring un-
usual features, a good commercial
tolerance for a cast dimension of
less than two inches is ==& in.;
from two to four inches, ==+ in.
Of course, these dimensions may be
ground to as small a tolerance as
the user may wish and if desired
Alnico may be made to take a mir-
ror-like polish. However, the de-
signer must bear in mind, where
price is a consideration, that com-
mercial tolerances obtain. Tight
tolerances entail substantial price
increases. Plus or minus 0.005 in.
is a commonly specified limit be-
tween two finish ground faces of
cast permanent magnets, although
much closer ones can be held. The
same applies to a perpendicularity
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TABLE I—PHYSICAL PROPERTIES OF ALNICO ALLOYS AND
NIPERMAG

PROPERTY

SPECIFIC GRAVITY

NICO 1| ALNICO Y| ALNICO Y Impfmm.

ELE(TR!(AL RE)IS)'IVITX AT 25" I 65 %10 7510 47"(, 166 *IO -

TENS&LE STI?ENGTH

nDs/ 5Q. 1

TRANSVERSE MODULS OF RUI’TURE
Gonvs/san) |

HARDNESS

(ROCKWELL"C ~)

tolerance Between a finish ground
face and the center plane of the
“as cast” magnet of plus or minus
1% deg, a perpendicularity toler-
ance between two finish ground
faces of plus or minus % deg, and a
parallelism tolerance between op-
posite ground faces of 0.002 in. per
linear inch across either ground
face.

Casting Allowance

It was mentioned above that a
casting is made slightly oversize
and then ground down to finished
dimensions. Well, how much over-
size? This depends entirely, of
course, upon the roughness of the
cast surface, the thickness of its
skin, and the amount of scale it
bears. Generally speaking, also, the
larger the surface of a casting, the
more irregular it is bound to be.

These factors all add up to the
following very rough but fairly ac-
curate rule: Allow, for clean finish
grinding, approximately 0.015 in.
per 1.5 sq. in. of each surface to be
ground. If, for example, we have a
casting which is just 3.0 sq in. in
section and which we wish to finish
to a length of say 1.500 in. by
grinding its two end surfaces, we
should have to make this piece
1.560 in. long to allow it to clean
up properly.

Actually, it would be necessary to
put our casting tolerance on top of
this in order to assure that even
though the casting came minimum
size, we shculd still have enough
stock to clean up. Consequently, the
cast length dimension for this piece
should be specified as 1.576 in.
=7z in.

The designer must bear in mind
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that a magnet casting is usually
made by means of a sand mold, and
a mold, in turn, by means of a pat-
tern. Provision must be made, when
making the pattern, to enable its
withdrawal from the mold without
disturbing the sand. This is accom-
plished by providing the pattern
with a slight taper or ‘“draft”.
Naturally, this same draft is in-
herited by the casting itself, and
the designer must be prepared for
it. Fortunately, it is not large,
usually amounting to about 1 deg.
(This means 1 deg between a sur-
face and the axis of the casting or
2 deg between two opposite sur-
faces.) For emphasis and refer-
ence convenience, the important
points of the.preceding few para-
graphs are tabulated in Table HI.

Cost Per Gauss

Economic considerations are fre-
quently most important in the de-
termination of the proper alloy and
the proper size and shape of cast-
ing. Actual prices cannot be given
as price is a function not alone of
the grade of the Alnico in question
but also of the weight and size of
the casting, its intricacy, the
amount and type of grinding, toler-
ances required, quantity on order,

TABLE

ete. Even the price relationship be-
tween the various alloys is subject
to change as improvements in prod-
uct and production manifest them-
selves.

Frequently, too, it may happen
that a casting of Alnico V, for ex-
ample, which has been designed to
do the same job as another casting
of, let us say, Alnico II, is so utterly
different from the latter in size and
shape that production technique of
the two items is also entirely differ-
ent. In such cases, any general com-
parison between the two alloys on a
dollars per pound basis will be ob-
viously misleading.

In general, it is necessary for the

“magnet designer to calculate a size

and shape of casting for each alloy
he has in mind to do a particular
job, lay it out in detail and include
all mounting holes, inserts, ete.,
and submit it to the magnet manu-
facturer for quotation. He will
then be able to calculate the cost
of a gauss in his working air gap
for each alloy in which he is inter-
ested.

It must be borne in mind, how-
ever, that even this is not the final
answer to the overall cost question.
The designer must ask himself
such questions as: Can I, by using
a better alloy and thus increasing
the flux density in my working air
gap, more than effect compensating
savings by using fewer turns of
larger sized wire on the coil which
is to operate in this gap?-—or: Can
I, by using a better alloy and thus
reducing the weight of my magnet,
more than effect compensating sav-
ing by reducing shaft, bearing and
housing sizes? Also, will this re-
duced weight make possible en-
tirely new applications of my de-
vice?

Factors Affecting Cost

Many factors influence the cost
of a magnet. In the following tabu-

II—OPERATING TEMPERATURE RANGES AND

EXPANSION DATA FOR MAGNET ALLOYS

TEMPERATURE RANGE (°C)

IMEAN COEFFICIENT OF TEMPERATURE EXPANSION (mcuss/mcn/ C)xioY

JALNICO T |ALNICO T | ALNICO T | ALNICO ¥ | ALNICO ¥ 'NIPERMAG

it

12.3 1.6

—lf —

1.3

13.2

2.7
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lation is a listing of the more im-
portant factors and their qualita-
tive effects on cost. Some of these
have been mentioned previously but
in the interests of completeness
they are repeated.

1. Alloy. Alloy affects price in
several ways. First, there are the
raw material costs. The higher the
cobalt and nickel content of an al-
loy, the higher its raw material
cost. Secondly, there are heat-
treating costs. All alloys are about
on a par in this respect except Al-
nico V. This alloy must be heat
treated in a magnetic field and
hence is more costly to produce.
Finally, there are spoilage costs.
Certain alloys, notably those high
in nickel content and low in cobalt
content, require a very fast quench
during heat treatment to properly
establish their magnetic character-
istics. Castings made of these al-
loys frequently develop bad cracks
and rejections during production
are sometimes high.

2. Size or weight. This is the
prime basis of cost estimation. The
heavier the piece (in any one al-
loy) the higher its cost.

3. Quantity. As in nearly any
other field, the larger the quantity
on order (up to 15,000 pieces) the
lower the cost.

4. Grinding. The larger the sur-
face to be ground, the higher the
price.

5. Grinding Tolerances. The
smaller the tolerances (below
=+=0.005 in.) the higher the price.

6. Parallelism and Perpendicu-
larity Tolerances. The smaller the
tolerances required (below good
commercial tolerances) the higher
the price.

7. Ease of Production. Certain
magnets are of such size and shape
that they may be cast as a bar of
uniform cross-section and the mag-
nets cut from the bar (by means of
an abrasive cutting disc) after the
pouring or heat treating operation.
This procedure leads to obvious
savings in production, and conse-
quent lower prices.

8. Shape. Certain shapes tend to
crack badly and others not at all.
Production rejections due tc cracks
from this source seriously affect

prices. More will be said of this
later.
9. Coring ‘and Inserts. The
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TABLE II—ALNICO CASTING TOLERANCES AND
ALLOWANCES

ITEM

CAST DIMENSIONS
i 2" -4"

FINISH GROUND DIMENSIONS

(PLANE SURFACES)

BETWEEN GROUND FA(E s
AND CENTER PLANE OF IZ

PERPENDICULARITY 4 AS CAST MAGNET.
BETWEEN TW0O GROUND!

[ Faces.

CASTING DRAFT

GRINDING ALLOWANCE

greater the diameter and length of
the cored hole or insert, the higher
the cost. In cases where the pattern
is capable of forming its own core,
there is no extra charge.

Mounting Magnets

One of the problems which fre-
quently vex magnet designers se-
verely is the answer to the ques-
tion, “How shall I mount this mag-
net?”. The material hardness of
Alnico all too often presents en-
gineers with a situation with which
they are not entirely familiar. How-
ever, Alnico magnets are not diffi-
cult to mount once it is realized just
what can and can not be done with
them.

The most common method of
mounting an Alnico magnet is by
means of one or more holes or slots
cast into the magnet during the
pouring process. These holes
usually act as clearance holes
through which bolts of some sort
pass and serve to clamp the magnet,
usually to a plastic or nonmagnetic
metallic base. Such holes are
usually quite small in relation to
the overall size of the casting. Much
larger in this respect is the hole
cast in a magneto, motor or gener-
ator rotor magnet for accommoda-
tion of the shaft on which the mag-
net is mounted.

Again, this mounting hole may
be a clearance hole for the shaft.

J LESS THAN 2°

PARALLELISIV! BETWEEN GROUND PARALLEL FACES

= . o
[ .COZ"/LINEAR INCH ACRDSS FACE

o

| Lo
| 2
14

‘e

RULE!. 015/ 1.5 SQUARE
| INCHES OF EACH SURFACE
| TO BE GROUND.

If it is, the magnet may be securely
fastened to the shaft by means of
end pieces, or the shaft may be cast
into the magnet with the aid of
aluminum or other suitable mate-
rial such as Cerro-Matrix, a low
melting alloy similar to type metal
which possesses the property of
expanding upon solidification and
cooling. Sometimes a shaft hole is
not made as a clearance hole, but
instead is cast somewhat under-
sized and then ground to the size
of the shaft. The shaft is then
pressed into the magnet. This is
not an advisable procedure due to
the physical weakness of Alnico.

In all foundry work, the mold, of
course, is the negative of the cast-
ing. Consequently, a hole in a cast-
ing is represented in the mold by
some solid matter. In a sand mold,
the core which forms the hole of a
casting can sometimes be formed
by the pattern itself when it makes
its impression in the sand. This is
the case where the hole has a diam-
eter-to-length ratio great enough
to allow the column of sand in the
mold which forms this hole to sup-
port itself against the inrush of
the molten metal during the pour-
ing process. If the length of the
hole to be formed is too great with
respect to its diameter, a special
core of baked sand, carbon or other
materials must be placed in the

(Continued on page 374)
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Photographing Patterns
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TABLE I—Comparison of Relative Film Speeds at High and
Low Densities for Various Emulsions and Fluorescent Screens

RELATIVE EXPOSURE REQUIRED
FILM P1 Medium- P2 Long- P5 Short-
persistence persistence persistence
green; B = 1.5 green: B = 1.55 blue; B = 0.9
ft-lamberts ft-lamberts ft-lamberts
Low High Low High Low High
Density Density Density Density Density Density
Agfa Triple S Ortho| 1.0 1.0 1.0 1.0 1.25 1.6
Eastman OrthoX | 32 125 16 16 2.0 25
Eastinan Superpan 5.0 1.25 1.6 1.6 3.2 3.2
Press
Defender Ortho X-F| 3.2 2.0 1.6 1.6 1.6 2.0
Eastman Super XX| 3.2 2.0 2.0 1.6 4.0 1.0
Defender X-F Pan 4.0 2.0 2.0 2.0 4.0 4.0
Agfa TripleSPan | 4.0 25 2.0 20 4.0 4.0
Agfa Fluorapid 40 5.0 4.0 1.0 1.0
Blue
Eastman X-ray 64 5.0 5.0 2.0 1.6
Blue

TABLE II—Photographic Light-Producing Efficiency of Com-
mon Screens (P5 Screen-Unity)

|
| P1 Medium-

P2 Long- P5 Short-
Type of Fluorescent Screen | persistence persistence persistence
green green blue
Visual Brightness 7.5 1.55 0.9
(ft lamberts)
Relative Brightness ’ 8.3 1.7 1.0
Relative Film Speed (from 0.63 0.25 1.0

IRRecorded Density Scales)

Test Film Agfa Triple S Agfa Triple S Agfa Fluorapid

i Ortho Ortho Blue
Photographic Efficiency K 0.076 0.15 1.0
1/ K (ft Ibt for equal | 13.2 6.7 1.0

photographic effect)

ODAY, cathode-ray equipment

is in extensive use for visual
observation of both transient and
recurrent phenomena in nearly
every field of scientific endeavor.
But despite the tremendous num-
ber of applications in which such
equipment is used, and the frequent
necessity of obtaining photographic
records of the information appear-
ing on fluorescent screens, little in-
formation is available concerning
the technique of obtaining such
records and the maximum speeds of
the cathode-ray beam which can be
recorded photographically using
standard commercial type cathode-
ray tubes.

Either the published information
is limited to development tubes
operated under special conditions
by means of which extremely high
writing speeds have been recorded
(up to 50,000 kilometers per sec-
ond), or complicated formulas are
given which the average user of
cathode-ray equipment is unable to
employ because of the various fac-
tors which are usually unknown
and difficult to measure.

It is the purpose of this article
to give data on maximum writing
speeds which ecan be recorded photo-
graphically with commercial tubes
operated at low and medium aec-
celerating potentials. These data
are based on the light output of
the fluorescent screen, which, in
combination with the color of the
screen radiation, determines the
photographic efficiency of a ca-
thode-ray tube.

Screen brightness can be meas-
ured by simple methods which do
not require connections to the high-
voltage circuits of the oscilloscope.
Minimum brightness values of each
tube type are usually available from
the tube manufacturer and thus
the choice of a desirable tube is
considerably facilitated.

The information given herein is
divided into three parts. First,
methods are outlined which lead to
the determination of the most suit-
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on Cathode-Ray Tubes

By RUDOLPH FELDT

Engineering Department

Allen B. DuMont Laboratories, Inc.

Passaic, N. J.

Comprehensive investigation of the pho-

tography of transient traces on cathode-

ray tubes indicates that writing speeds up

to 1,000 km per sec can be recorded. Pro-

cedures for obtaining maximum writing

speed are outlined, with alignment charts
to simplify calculation

able film emulsion and of the photo-
graphic efficiency of the more com-
mon types of standard cathode-ray
tube screens. Second, the method
of measuring the maximum photo-
graphic writing data is described.
Finally, a tabulation of the results
is given in the form of tables and
graphs, with practical illustrations
demonstrating the use of the tabu-
lated data for predicting results.

Comparison Procedure

Photographic density (logarithm
of opacity) and exposure (product
of light intensity and time) are
not related in a linear manner, but
by the Hurter and Driffield or D-log
E curve, in which the density, plot-
ted against the logarithm of the ex-
posure, results in an S-shaped
curve. Any satisfactory method of
comparing films must employ a
method which permits comparison
over the entire range of their sen-
sitivity response or D-log E curve.
This evaluation may be accom-
plished quite simply and accurately
by the use of calibrated gray scales,
which was the method used in this
investigation. Measurements were
carried out in the following man-
ner:
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FIG. 1 (LEFT)—Step wedge gray scale as photographed
from the gray scale attenuator affixed to screen of cathode-
ray tube

FIG. 2 (RIGHT)—Step wedge for less sensitive film. Tables
I and II were prepared by measuring such gray scales

(1) The visual brightness of the
various cathode-ray tubes was de-
termined in accordance with the
RMA recommended procedure, i.e.,
with a linear raster two inches by
two inches. A 60-cps saw-tooth
signal was applied to one pair of
deflecting plates and a 3,000-cps
signal was applied to the other pair
of plates producing a 50-line raster.
When compressed to the extent that
the line structure merges into a
solid block of illumination, such a
raster may be considered as a light
source of equal brightness over its
entire area. The brightness of the
raster was measured with a Weston

TABLE III—Ratio of Increase of Photo-
graphic Efficiency and Visual Brightness
Through Use of Intensifier

Visual
Photog. Eff. Brightness

Screen Ratio Ratio

P1 Medium- 5:1 4.7:1
persistence green

P2 Long- 6.3:1 7:

persistence green

P5 Short- 5:1 .5:1

persistence blue

type 603 illumination meter pro-
vided with a Viscor filter.

(2) A calibrated photographic
gray scale of the transmission
type”, mounted in proximity to the
fluorescent screen and illuminated
by the raster, served as a calibrated
attenuator with twenty approxi-
mately equal steps of brightness
increase at a standard step ratio of
v2= 126. The gray scale was
mounted on a protecting glass plate
and was covered by a black paper
through the scale. Samples of
photographic records made of
these gray scales under two dif-
ferent conditions are shown in Fig.
1 and 2.

(3) The gray scale illuminated
by the raster was photographed
with constant lens aperture and
exposure time but with various
tvpes of fluorescent screens as light
sources and different photographic
emulsions. The developed negative
contained a density scale graduated
in successive steps exposed with ex-
posure ratios of +v2. With con-
stant development conditions, the
density of the scale on the negative
depends upon the brightness of the
tube, the color of the fluorescent

* Available from Eastman Kodak Co.
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FIG. 3 (LEFT)—Schematic wiring diagram of circuit providing modulation of
beam of cathode-ray tube for eliminating background light. Values used for
C are 500, 5000, 50,000 and 500,000 xuf

FIG. 4 (RIGHT)—Calibrated density scale for determining density of photo-
graphic traces of small lines

screen, and the sensitivity of the
photographic emulsion. For any
given screen, the films may be
compared directly by noting the
density of corresponding steps on
the density scale. For different
screens, the comparison of different
films may be made on the basis of
equal visual brightness as meas-
ured by the illumination meter.

(4) Comparison of various films
is easily done by superposing the
films in pairs and comparing the
recorded scales side by side. One
of the scales is moved in a direction
parallel with respect to the other
until steps of equal density coincide
on both scales. The number of
steps by which the ends of the
scales are displaced is an expres-
sion of the difference in sensitivity
of the emulsion, or of the photo-
graphic efficiency of the fluorescent
screen. Since adjacent steps cor-
respond to an exposure ratio of
/3, a difference of three steps
means that the exposure would have
to be doubled to obtain the identical
negative density.

Comparison of Films

Certain emulsions behave in a
very different manner at low and
high densities.  Therefore, the
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values obtained at both ends of the
scales are of interest and are pre-
sented in Table I. The density of
the film base and the residual fog
are eliminated by this method and
only densities above fog are com-
pared.

Table I shows the relative film
speeds of nine different film emul-
sions when exposed by the three
most common types of screens em-
ployed in cathode-ray oscillo-
graphy: P1 medium - persistence
green, P2 long-persistence green,
and P5 short - persistence blue. The
films with a relative speed of 1.0
have the greatest sensitivity and
serve as a reference basis. The fig-
ures shown, with relation to other
film types, are the factors by which
the exposure must be increased to
produce the same density on the
negative as was produced on the
emulsion used as the basis of refer-
ence. Agfa Triple S Ortho film
gives excellent results for all screen
colors, while Agfa Fluorapid Blue
gives slightly better results for the
P5 screen.

Table II presents a summary of
the photographic efficiency of the
three screens, under conditions
usually found in commercial equip-
ment (Du Mont Type 175-A). The

tubhes were operated at medium
voltages and brightness. The photo-
graphic efficiency K is obtained by
dividing relative film speed by rela-
tive brightness. Note that for the
P1 screen more than thirteen foot-
lamberts are required to secure the
same photographic effect as is pro-
duced by one foot-lambert using
the P5 screen.

Effect of Intensifier Electrode

Table III indicates the extent
to which the visual brightness and
photographic efficiency can be in-
creased by means of an additional
electrode intensifier located between
the deflecting plates and the screen.
It is held at a positive potential
with respect to the second anode
so as to impart additional kinetic
energy to the electron beam after
deflection. Tube types such as the
5CP1 and 5LP1 are constructed
with this additional electrode. It
can be seen that the increase of
efficiency corresponds to the in-
crease of visual brightness.

To summarize the results of the
initial investigation it may be con-
cluded:

(1) Agfa Triple S Ortho Film is
desirable for recording the radia-
tion from P1, P2 and P5 screens,
while Fluorapid Blue gives slightly
better results with the P5 screen.
For high-speed recording Triple S
Ortho is somewhat superior to
Fluorapid Blue.

(2) Using the film most suitable
for each fluorescent screen, the P1
screen requires more than thirteen
times the visual brightness (as
measured with the illumination
meter) of the P5 screen to pro-
duce equivalent photographic effects
on the negative.

(3) Blue - sensitive emulsions
such as Fluorapid Blue and X-ray
Blue are not desirable for recording
radiation from a P1 screen.

(4) Comparisons were made us-
ing a single standard condition for
development. However, once the
most suitable emulsion has been
selected (from Table I) it is possi-
ble to improve results by employing
film development procedures which
make possible the attainment of
maximum speed for the emulsion
selected.

(5) Proper use of the intensifier
electrode increases visual bright-
ness and photographic efficiency
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five-fold, compared to results ob-
tained without an intensifier.
These results were obtained us-
ing the cathode-ray tube screen
as a steady light source. Effects
caused by screen persistence char-
acteristics are therefore disre-
garded. It is in order, therefore,
to investigate the behavior of the
two most suitable film emulsions
at high-speed dynamic conditions.

Definitions and Standards

It is essential to use certain defi-
nitions and standards as a basis
for an easy comparison of photo-
graphic results. The standards em-
ployed are those used by other in-
vestigators.

The maximum photographic writ-
ing speed is the maximum speed
of the luminescent spot which pro-
duces a recording of density 0.1
above fog at an object-image ratio
of 1:1 with a lens aperture of F/1

TABLE IV—Film Sensitivity Rating Under
Dynamic Conditions:

Light source: P5 tube on 175-A with
intensifier. Maximum brightness B =
0.9 ft-lambert (same conditions as for
Table I) Development: D76, 10 min-
utes. Signal amplitude: = 1 em con-
stant.

1
l Photographic Density

Emulsion f=1|f=10|f =100
ke, ke, ke,
F=45|F=15|F=15

Agfa Fluorapid | 0.36 | 0.31¢ | 0.02

Blue l
Agfa TSO 0.36 | 0.37| 0.04
Agfa SPP 0.30 | 0.30 -
Agfa TSP 0.23| 0.25 ’
Eastman Ortho | 0.21 !
Eastman 0.23 "

Ortho X
Eastman SPP | 0.20 | 0.22 »
Eastman | 0.18 8

Super XX |
Defender KF 0.06

Panchro
Eastman SXX 0.21
Defender XF 0.14

Ortho |

| {

* Too weak to be measured accurately.
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on an unspecified high-sensitivity
emulsion developed with high-con-
trast developer.

The relation between illumination
intensity on the photographic film,
I’, the light radiation of the object,
I, the transmission of the lens sys-
tem, T, the object-image ratio, M,
and the lens aperture, F, can be
expressed by the formula

1T
R e
The artifice of recording oscillo-
grams reduced in size permits se-
curing higher writing speeds. If
V, is the writing speed at the
screen, recorded for an object-im-
age ratio M=1 and V is the writing
speed on the screen at any reduction
ratio M, it follows that

14 4
V. @y 2

This equation shows that photo-
graphic writing speed cannot be in-
creased by more than a factor of
four even with extreme reduction
in size. The values appearing in
this discussion for maximum writ-
ing speeds always refer to M=1 and
F=1.

The manufacture of sensitive
photographic emulsions is far from
stabilized, and no standard emul-
sion has been established. The film
emulsions and development proced-
ure finally adopted were selected
empirically from the most sensitive
commercial emulsions and
developer.

I

Determination of Writing Speeds

The pattern which the spot de-
scribes on the screen must be a
simple geometrical form if calcu-
lation of the speed at which the spot
moves is to be facilitated. Further-
more, the spot should traverse the
screen but once throughout the
duration of exposure for any single
reading.

A geometrically simple and easily
generated pattern which conforms
to the above requirements is a sine-
wave transient of known frequency
f and amplitude A. The writing
speed of the spot is then the vector
sum of the horizontal and vertical
velocity components. If the hori-
zontal component is kept relatively
small, as by using a low sweep fre-
quency and a small sweep ampli-
tude, it may be neglected; the verti-
cal component, which follows the
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FIG. 5—Graph of writing speed plotted

against photographic density for various

screens and various screen brightness
values in {ootlamberts

cosine function, then gives a close
approximation to the writing speed.
The maximum writing speed, S,
of the spot describing a sine wave,
cccurs at the cross-over point on
the axis and consequently may be
expressed as S=2nfA. The sweep
frequency f: is maintained at a
value of one-tenth f, the sweep am-
plitude at approximately five cm,
and the sine wave amplitude at ap-
proximately one or two cm, peak to
peak. A single-stroke sweep pro-
duced by a circuit using a high-
vacuum tube is used to provide axis
deflection up to a maximum speed
corresponding to 5 Mc.

Elimination of Background Light

The density of the photographic
images recorded on the film must
remain unchanged by any external
influence. Therefore, the exposures
are made with the oscilloscope and
camera in practical darkness. Fur-
thermore, the light produced by the
spot in its stand-by position before
the operation of the single sweep
must be suppressed by a black mask
on the tube. The influence of the
background light is kept small by
using a high-speed shutter, syn-
chronized with the single sweep.

This system operates satisfac-
forily up to approximately 6000
volts total accelerating potential, at
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FIG. 6—Maximum photographic writing

speed, plotted as a function of brightness

of fluorescent screen for three common
types of cathode-ray tube screens

which point the fog due to the back-
ground light of the screen becomes
objectionable (even at shutter
speeds of 1/100 second) and dan-
ger of permanent damage to the
screen by burning becomes immi-
nent. Finally, at high frequencies
(above 1 Mc) the adjustment of the
equipment becomes difficult, since
the signal becomes nearly or
completely invisible because of
masking by the background light.
(It was possible to record on blue
screens with satisfactory density
high-frequency transients which
were completely invisible to the
eye.)

Beam modulation permits over-
coming background light difficul-
ties. A recurrent sine wave is ap-
plied to the deflection plates of a
tube which is biased beyond the
cut-off point. Previously the tube
was focused at zero grid bias, and
screen brightness was measured
with the two-inch standard raster.
Then a single rectangular wave
pulse, whose duration is equal to,
or less than, one period of beam
frequency, is applied to the grid
of the cathode-ray tube. The am-
plitude of signal delivered by the
beam modulation circuit shown in
Fig. 3 is sufficiently high to permit
full modulation of any standard
cathode-ray tube up to zero bias.

This pulse amplitude is limited
to the zero-bias value by means of
a diode which is connected across
the cathode-grid terminals of the
cathode-ray tube, preventing posi-
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tive grid potential. As in the case
of the single transients, the sweep
frequency is generally f,=0.1 f, and
the maximum writing speed of the
spot on the screen is

V = 2x fA cm/sec ®3)

where A is measured in cenii-

meters.

Measurement of Recorded Density

According to the definition given
previously, we consider, as a maxi-
mum writing rate, the speed which
produces a density of 0.1 above fog
on the photographic emulsion after
development in a high-contrast de-
veloper. Since the photographic
record of the transient occurs as a
fine line it is necessary to find a
rapid method of measuring accu-
rately the density (above fog) of a
large number of thin lines whose
thickness ranges from 0.1 to 1 mm.

The method employed is believed
to be new and is analogous to the
method of calibrated wedges pre-
viously dscribed. Briefly, a set of
lines of calibrated and constant den-
sity is compared visually with the
recordings to be measured. It has
been found extremely difficult to
compare visually the densities of
areas whose dimensions are dissimi-
lar, such as the density of a re-
corded thin line with respect to a
calibrated standard wedge. It is
even difficult to compare lines of in-
commensurate width. In such a
case, the apparent density of the
thin line will appear less than its
actual density, especially at low
density values. Conversely, lines

which are similar may be compared
with a high degree of accuracy
and ease. Consequently, two sets
of lines of 0.3 and 0.6 mm thickness
are recorded and their densities
calibrated. The density of these
reference lines is determined by
means of a calibrated densitometer.
Since it is difficult to measure
the density of the lines directly be-
cause of their small width, a larger
area exposed under the same condi-
tions and having the same density
as to the corresponding line is re-
corded adjacent to each line.

A reduced copy of one of these
reference scales is shown in Fig. 4.
The comparison of the calibrated
lines (with densities of longer areas
recorded) is done by superposing
the reference scale with the record
transient, making the linear part
of the sine wave pattern parallel
and close to the calibrated lines, un-
til one of these lines matches the
transient. By this means, densities
above fog are directly compared
and the “apparent” density of the
recorded lines is taken instead of
the integral of density. This
method permits measurement of a
large number of photographic re-
cordings in a very short time and
with sufficient accuracy (density ==
0.01 at low densities.)

Measurement of Tube Parameters

The data concerning the photo-
graphic writing rates of cathode-
ray tubes should be presented in
such a manner that it becomes pos-
sible to determine immediately

TABLE V—Density Recorded for Different Conditions of

mR Exposure
| 1
Lens Recorded ‘otal
Screen Freq. i Aperture | Film Density | Acceleration
{ ! Pot.
P5 | lke | 15 | TSO | 060 | 27kv
| spp 075 |
Ps | 1 ke 16 TSO 0.12 2.7kv
| | SPP 0.06 ‘
P5 | 100 ke ‘ 1.5 TSO 0.06 2. 7Tkv
SPP 0.03
Experi- | l TSO 0.60 9.7k
mental | 100 ke 1.5 SPP 0.75
Experi- TSO 0.26 9.7 kv
mental 1 Mc 1.5 sSpPp 0.16 w
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whether a given photographic
problem in cathode-ray tube oscil-
lography can be solved through the
use of a given tube operated in ac-
cordance with given electrical con-
ditions. The writing speed is
determined by the brightness and
color of the screen, which in turn
are determined by the screen ma-
terial, its thickness and the amount
of power dissipated per unit area
of the screen.

A simple and logical way to
measure the photographic writing
speed is to consider it a function
of the brightness of the fluorescent
screen rather than of the electrical
parameters of the tube itself, for
brightness can be measured by the
user with sufficient accuracy using
simple instruments.

Accordingly, the photographic
writing speed is measured as a
function of the screen brightness at
zero grid bias and with the stand-
ard two-inch raster in focus. Con-
sequently, the brightness of the
tube is measured under the same
conditions and with the same spot
size which exists for the recording
of the pattern. This method results
in independence from individual
tube characteristics, and the plots
obtained result from measure-
ments secured on several tubes of
the same screen material. Finally,
the results obtained give a figure
of merit for the visual efficiency
as well as for the photographic
quality of the tubes. The electrical
characteristics of the tubes are
measured -and recorded as para-
meters.

Film development time and tem-
perature must be carefully checked
and maintained constant. Fresh
developer must be used for each
development. By means of these
precautions (and others not de-
scribed) it is possible to develop
each negative in a large series of
films under practically identical
conditions.

Electrical Conditions

Measurements are carried out
using a standard commercial cath-
ode-ray oscilloscope providing a
total accelerating potential of 2700
volts as a basic power supply for
the cathode-ray tube. Once the
limit of recordings with the normal
accelerating potential was reached,
the brightness of the tube screen
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TABLE VI—Brightness and Writing Speed
Increase from Medium to High Accelerat-
ing Potentials (2.7-9.7 kv)

Brightness  Increase in
Screen Increase  Writing Speed
P 2 8
E . - - -1_6.5 - _300 =
i)5 _ 13 .4 _265

was increased by applying a vari-
able post-accelerating potential to
the intensifier electrode of the tube.
The maximum post-acceleration
potential was limited by the danger
of screen burning, by the astigma-
tism of the tube, and by the inten-
sity of background light. This
limit was about 5 kv with respect
to ground or about 6000 volts with
respect to cathode.

Recording With Beam Modulation

As it is intended to determine the
extreme limit of photographic writ-

FIG. 7—Typical photograph of high-speed
transient photographically recorded under
the following conditions: Film: Agfa Triple
S Ortho. Screen: Experimental. Lens
aperture: F — 1.5, Screen brightness: 60 ft.
1bt. Scanning frequency: 3.5 Mc. Trace
amplitude: * 2.1 cm. Density: 0.04 above
tog. E,;: 9,700 volts; E,.: 3,000 volts. Writ-
ing speed: 1.040 km per sec. This repre-
sents the limit of practical operation

'Hiluum
,
'l

TUANR Vmb‘

FIG. 8—A typical photographic of tran-
sient recording, made under the follow-
ing conditions: Film: Agfa Triple S Ortho.
Screen: PS5, short persistence blue. Lens
aperture: F — 1.5. Scanning frequency: 3
Mec. Trace amplitude: = 1 cm. Density:
0.12 above fog. E4.: 9,700 volts. E,.: 3,000
volts. Writing speed: 440 km per sec

ing speeds which can be obtained
with commercial tubes, it is not un-
desirable to increase the brightness
of the tubes further by increasing
accelerating potential and beam
current up to the safety limit of the
tubes. An obvious method of doing
this without damaging the tube is
by means of beam modulation, as
outlined above. The circuit used
is shown in Fig. 3.

This circuit permits producing
single rectangular pulses, the dura-
tions of which are continuously
variable from about 1/30 second to
a fraction of one microsecond. As
the entire circuit including batter-
ies is at cathode potential, it must
be carefully insulated from ground.

Development Procedure

From the previous investigation
Triple S Ortho Film was found to
give the best results for P1 and P2
screens, while Fluorapid Blue was
slightly better for P5 screens. De-
velopment was carried out for 10
minutes at 65 deg F using Eastman
D76 developer. The behavior of
these same films at high frequencies
must be tested; upon the recom-
mendation of the manufacturer,
Superpan Press film was added to
this list. Table IV contains a tabu-
lation of the results.

It can be seen that a frequency of
100 kc appears to be the recording
limit at low voltages. The best re-
sults are obtained with Triple S
Ortho film. The density can be
further increased by using a more
active developer but the fog
increases simultaneously with in-
crease of density and a compromise
must be made.

A satisfactory compromise can be
made by developing films for 8
minutes at 65 deg F in formula
D72, other conditions remaining the
same. A density D=0.07 was ob-
tained for Triple S Ortho at £=100
ke, which compares to the value of
D=0.04 obtained with the former
development method under the same
development conditions. Fluorapid
Blue produces a very high fog and
must be eliminated. Consequently
Triple S Ortho and development in
D72 for eight minutes has been
employed for all the following re-
cordings on which the measurement
of photographic writing speeds is
based.

The problem was therefore con-
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FIG. 9—Alignment chart relating amplitude, frequency, and maximum writing
speed for sinusoidal traces

siderably simplified, insofar as
Agfa Triple S Ortho seems to be the
most sensitive emulsion for all the
screen materials investigated, so
long as low exposures are consid-
ered, resulting in a record density
less than 0.3 regardless of the dura-
tion of the exposure. Table V shows
the recorded density for different
exposures.

Table V indicates that when the
exposure (i.e. the product of light
intensity and time) is sufficiently
high, Super Pan Press gives higher
recorded density and should be sub-
stituted for Triple S Ortho. It is
shown that this holds true for a
range from 1 ke¢ to 1 Mc and prob-
ably beyond. It can be seen how
the same pattern, recorded by lenses
of different aperture, can produce
results which are in favor of one or
the other of both films, according
to the total amount of exposure.
The importance of using high-speed
lenses is emphasized.

The graph of Fig. 5 has been
used to determine the maximum
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writing speed V,,.. corresponding to
density of 0.1 above fog. The values
of V... are referred to a lens aper-
ture of F' = 1 and to an object-image
ratio M = 1 according to the defini-
tions outlined. The values at high-
est brightness (9.7 kv) have been
obtained with beam modulation.

Maximum Writing Speed

In Fig. 6 the maximum writing
speed, V..., is given as a function of
brightness for different screen
materials. The lowest Walues at
which the curves start“@&re meas-
ured with 2.7 kv accelerating poten-
tial and maximum brightniess, while
the highest values were obtained at
nearly 10 kv total accelerating po-
tential and with beam modulation.

It is interesting to note that at
low voltages the values of the maxi-
mum writing speeds are widely dif-
ferent for the various screens, the
minimum being 0.7 and the maxi-
mum 20 km per sec, which repre-
sents a ratio of about 1:29. At high
voltages all the screen materials in-

vestigated produced high recording
speeds with only slight variations,
The maximum speed was 560 and
the minimum 210 km per sec, giv-
ing a ratio of 1:2.7.

This result obtdined for different
screens is also valid for individual
tubes of the same type. While at
low voltages the efficiency of a tube
depends to a high degree on the
quality of the electron gun, at high
accelerating voltages only the total
accelerating potential appears im-
portant, and a number of tubes of
the same type show nearly the same
results.

The increase of efficiency with
accelerating voltage is shown in
Table VI where brightness increase
(and corresponding increase of
writing speed) are given for the
various screens. The figures of the
table are based on data plotted in
Fig. 6. Table VI shows that, at low
voltages, screens with a high photo-
graphic efficiency (such as the P5)
show relatively little increase in
photographic effectiveness as the
accelerating voltage is increased.
On the other hand the photo-
graphic effectiveness of the P2
screen, which has a very low overall
efficiency at low voltages, increases
rapidly and becomes excellent at
high accelerating potentials. The
fact that the photographic efficiency
increases so much more than the
visual brightness can be explained
only by a considerable change in
color at higher voltages—the light
becomes richer in blue actinic radi-
ation.

With this information available
and considering the tubes selected
as representing each type, the fol-
lowing conclusions are apparent:

(1) The P5 screen produces the
highest photographic writing speed.

TABLE VII — Photographic Etficiency
Rating
Medium Voltage High Voltage
2.7 kv) (9.7 kv)
Relative | Relative
Screen { Photog. | Screen | Photog.
Eff. EIff.
P5 1.0 P5 1.0
P1 0.35 P1 0.53
P2 0.035 P2 0.38
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(2) P2 screens should not be em-
ployed at low voltages, but give
very satisfactory results at high v

max
voltages. 10000 .km/sec.—
effi- L=

<

- 4Vmox i vmax

TFE (14eME Vg2

Ratings of photographic
ciency of various screens at medium

ll’m

Ly

and high voltages, referred to volt-
age on the tube using a P5 as refer-
ence, are given in Table VII.

Practical Applications

When the brightness of the tube
which is to be used for photo-
graphic recordings is measured by
means of a standard two-inch ras-
ter and an illumination meter
equipped with Viscor filter, the cor-
responding maximum photographic
writing speed V.., can be found on
the graph of Fig. 6. Most cathode-
ray tube manufacturers are in a
position to provide information con-
cerning the minimum screen bright-
ness for any standard type of tube
in cases where the user does not
have access to a suitable illumina-
tion meter. Certain manufacturers
have expressed willingness to pro-
vide more accurate brightness data
on any single tube which is to be
used for photographic recording ap-
plications. It should be considered
that such brightness values will
change throughout the life of the
tube.

Once the maximum brightness
for a tube is known, this data
serves as a standard of calibration
with which an ordinary exposure
meter with photocell may be used
to adjust the brightness level to a
value desired for any particular ap-
plication.

For all practical purposes it is
advisable to divide the maximum
writing speed, V..., by two to pro-
vide a sufficient margin of safety
and to obtain recordings of higher
density that 0.1. Figure 7 shows a
recording at V=1040 km per sec
(density 0.04.) Figure 8 is a
recording of sufficient density
(density 0.12) for comparison. The
values of the graph of Fig. 6 are
valid for a lens with an aperture of
F=1, an object-image ratio of 1:1
and for Agfa Triple S Ortho Film
with development formula Eastman
172, 8 minutes at 65 deg F.

Figures 9 and 10 are nomographs
designed to facilitate solving prac-
tical problems. Figure 9 demon-

(Continued on page 262)
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INDUCTANCE BRIDGE
for

Circuits

By EUGENE MITTELMAN

Illinois Tool Works
Chicago, Il

Right—View of front panel of electronic inductance
bridge. Precision dial at left operates calibrated ca-
pacitor but is calibrated in inductance units. The fre-
quency dial at right is a multiplier to extend range

Below—View of interior of inductance-measuring instru.
ment. The wooden case is shielded with sheet copper
making contact with the metal panel

HIS article deseribes a combina-

tion oscillator, resonance de-
tector and power supply suitable
for the measurement of small
values of inductance as used in
many radio circuits. This instru-
ment has been in operation for a
number of years and its usefulness
has been proven in many routine
measurements in our electronics
laboratory.

Essentially the instrument is

~ composed of three separate cir-
cuits: (1) a two-terminal push-pull
oscillator, whose frequency of os-
cillation is determined by the in-
ductance to be measured and by
the capacitance of a calibrated
capacitor incorporated within the
instrument; (2) a vacuum-tube
voltmeter with tuned input ecir-
cuit for indicating resonance; (3)
a rectifier-filter power supply unit
for operation from the 115-volt
line.

Functionally the operation of the
measuring instrument is as fol-
lows: The oscillator is made to
generate alternating current at a
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Values of inductance commonly employed in communications circuits may be measured
accurately in terms of a calibrated capacitor and electronic resonance indicator. Low cost

is a feature of this instrument
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Schematic wiring diagram of oscillator, detector and power supply for measuring small iriductances

frequency dependent upon the LG
constants of its input circuit. A
portion of the power from the out-
put of the grid circuit of the oscil-
lator is then fed to the tuned cir-
cuit of a vacuum-tube voltmeter
whose resonant frequency is
known. The -calibrated capacitor
of the oscillator is then varied until
maximum current is found to flow
in the plate circuit of the resonance
indicator. From this indication
and the calibration of the instru-
ment dials, the unknown induc-
tance can be determined.

Negative Resistance Oscillator:

The two 6F6 oscillator tubes pro-
vide a negative resistance between
terminals A and B in the circuit
diagram. - Therefore any resonant
circuit connected between these
terminals will be forced into oscil-
lation at its natural frequency of
resonance. The highest frequency
which can be generated by this
method is limited by the length
of the shortest physical connections
which can be made between the
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plates of the two tubes. Frequen-
cies as high as 75 Mc can be ob-
tained with such a circuit arrange-
ment.

If a calibrated capacitor is con-
nected between terminals A and B
and a coil of unknown inductance
is connected between terminals
A’ and B’, the value of self in-
ductance can be determined from
the calibration of capacitor C. and
the frequency at which the oscil-
lator operates. The calibrated
capacitor is thus used to measure
inductance and its dial is marked
“Inductance”.

The distributed capacitance of
the coil will be in parallel with that
of the calibrated capacitor and will
introduce a slight error which may
be eliminated by making measure-
ments at two different frequencies.
The two series capacitors of 0.01
uf each have sufficiently large
capacitance that they will not in-
troduce appreciable error. Capaci-
tor C, is an index adjustment
which is useful in sefting the zero
of the instrument when a coil of

known inductance 1is connected
across terminals A’ and B’. The
range of measurements can be ex-
tended by changing the LC con-
stants of the resonance indicator,
as described below.

Resonance Indicator

An essential part of the measur-
ing instrument is a vacuum-tube
voltmeter resonance indicator. To
obtain a known or standard fre-
quency as the reference point, a
high-@ tuned circuit is connected
between the grid and cathode of
the resonance detector. In the
present instrument, a powdered
iron-core coil of high @ is placed
in a shielded metal case and, with
its distributed capacitance, pro-
vides resonance at 1.7 Me. A tap
on this coil at 20 ph is connected
through a 2.5-mh coil to the mid-
point of the grid resistors of the
oscillator  tubes. This loose
coupling between the oscillator and
vacuum-tube voltmeter assures
that the resonance of one circuit

(Continued on page 308)
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The MULTIVIBRATOR
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Applied Theory

FIG. 1.1—Basic multivibrator circuit, reprinted from Part I

N PART one of this paper, which
I appeared in the January issue
of ELECTRONICS, it was shown that
if

Ru Ra T
Cu (Rm + m) L g (1.9)
and if
(Ru + +RR =3 a9

then the natural perlod of the multi-
vibrator of Fig. 1.1 is defined by

T-. = T] + Ty = ;lxlog. (kz Ilul) +

(1.7

where T, = N,T, = the portion of
the MV period contributed by sec-
tion 1, i. e., the non-conducting time
of V1, and T, is the non-conducting
time of V.. If both tubes of a MV
are to be synchronized and a frac-
tion, », of the period of the syn-
chronizing wave is to be included
in the order of division of one
section of the MV, a difference of
phase

1
-‘Zlog. (kx ,uwz)

¢ = 360r degrees (2.2)
must exist between the synchro-
nizing pulses supplied to the two
tubes. In such a case, the comple-
mentary fraction (1-r) will be in-
cluded in the order of division of
the other section. The overall or-
der of division, T,./T,, of the MV
will always be an integer.

Correlation of Synchronizing Voltage
Amplitude with MY Natural Frequency

Three conditions must be satis-
fied in the design of a synchronized
MYV, if the greatest possible varia-
tions in the amplitude of the syn-
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chronizing signal and from the
nominal values of the capacitor-re-
sistor time constants are to be al-
lowed for. This is desirable to sta-
bilize the order of division of the
circuit against changes of tempera-
ture and power supply voltage, re-
placement of tubes, etc. If it is
assumed that once the amplitude of
the sychronizing voltage is ad-
justed it remains constant, then the
nominal value of CR (the discharge
time constant) and the amplitude
of the synchronizing voltage must
be so selected that:

Condition 1 The desired percent
decrease of CR can be tolerated
without the MV dividing by a
smaller number.

Condition 2 The synchronizing
pulse is of greater amplitude than

This, the second part of a three-part paper, considers
the multivibrator in which synchronizing voltage is
supplied to both tubes

the change of grid voltage along
its exponential decay curve be-
tween the (N-1)th and the Nth
pulses®. This is necessary to in-
sure that the natural period of the
MV cannot lie between these
pulses.

Condition 3 The desired percent
increase of CR can be tolerated
without the MV slipping synchro-
nism or dividing by a larger num-
ber.

o It will be shown that if the MV
design satisfies Conditions 1 and
3, then Condition 2 is automatically
satisfied.

Condition 1 sets a maximum
value on the amplitude of the syn-

5 Although N is not limited to integral
values, the pulse preceding the one that
normally trips the MV will be referred to
as the (N-1)th pulse.

Time in Units of '/7
(N-1) N,

[~Eeot

13

FIG. 2.3, 2.4 and .H!-k
irate conditions
1. 2 and 3 which
must be satis-
fied in the opti-
mum design of
a synchronized
MV

Eatt

r

or the

e Epp

€ m,[..L
2.5--These illus- L 2L SCuR(BaD]

=k, Epp exp I;ﬁ H

~The ama/lfude of the sync pulsé must beless than this magnltvdle
V will synchronize on the (N=\)¥h pulse

The above magnituae is

{ kngb""f’[ W}('Ew )}

MYV Shouldl synchronize
on the Ny th pulse

_Eq1 or 6a1%
" dlecrease of the
time constfant

~ =k, Eppexp h—mn,(l Sap

]= €4\ for nom/inal ¥ime constant
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and Design

By EUGENE R. SHENK

RCOA Laboretorics
New York Qity

Part 11

chronizing pulse and Conditions 2
and 3 limit its minimum amplitude.
If the maximum value permitted
by 1 is at least as large as the
larger of the two values required
by 2 and 3, all three conditions
can be satisfied simultaneously.
The equation which describes
the exponential voltage across R

L]

ISE

Ey = — kq Ey exp [—‘j—c—::l -R-x:] (2.3)

In this equation, k. is a function
of the resistances in the circuit,
C.,R, is the discharge time con-
stant and n/fs is time.

Condition 1 is illustrated in Fig.
2.3 and is expressed mathemati-
cally as

E,n< — 3— ke E\, exp
oy é'ﬁhk? 11)— 641)] ( E“)E

The minus sign preceding the brace
indicates that the polarity of the
synchronizing voltage must be op-
posite to that of the difference be-

¢ From Eq. (1.2) developed in Part I of
this paper.

tween the value of the grid voltage

and —E.,.. Define E,, = A,E.,, and
Enn/Ecu = Meory then

1+ 4 (N: — 1)

s ot T

f Cu R (1= 3a)l
(2.4)

Unless (2.4) is satisfied, the MV
will trip on the (N,1)th pulse if
C..R. decreases by 34 percent. (Note
that for values of N, less than one,
time (N, — 1)/f, occurred before
V. became non-conducting. There-
fore, (2.4) is useful only for values
of N, greater than one.)

The requirement to satisfy Con-
dition 2 is illustrated in Fig. 2.4
and (2.5) expresses this condition
mathematically.

(N, =1
E.x > —% k2 Ebbexp[ f Cu R—_l (l )641)

'[_ . E‘”] e"p[ 7. Cu R (1 foCu R1 (1= 5a) E
A >§exp[ (M -=1)
k’l HMeol f Cn 1151 (l = 5,{1)
1

= exp [/ CoRi(l — Ts,n_)]% 82
The value (1 — 34)CnR, is used be-
cause it is for the maximum de-
crease in C.R, that there is the
greatest possibility that the natural

period of the MV may lie between
the (N,—) th and the N,th syn-
chronizing pulses.

To express the third condition
mathematically, it is necessary to
know the critical value of grid volt-
age. Due to the regenerative con-
nection of the circuit, an infinitesi-
mal amount of current flowing in
V., the grid voltage of which is in-
creasing toward —E,,,, will be rap-
idly amplified and cause V, and V.
to interchange their conduction
states. Therefore, it is necessary
that the synchronizing pulse in-
crease the grid voltage to a value
slightly greater (less negative)
than —FE., Condition 3 is ex-
pressed mathematically in (2.6),
and Fig. 2.5 illustrates the same
condition graphically.

-M

E, > — ; — kE,, exp FOnR (¥ 6.1)]

[

1+ A

) oo |- fcunl(1+o.1)] 2.6)
Relations (2.4) and (2.6) can be
combined as (2.7).

Time in Units of 1/f

. N1

Time in Units of V/fg

“Eeor

-
_ TRaFonexp [-f.LChLR.l_t‘_i’s 1_5 S

-

Ea

=
1
=l
]
]
1
)
]
)
1
]
i
i ~-k, € exp[-

! Rl ChiRy

“ka€pp

MV Shoula synchranize
onthe N, th pulse '

=t
e a5 O CPR (1-8a1)| oecrease of #he

t ] = Eqy for normal
time constant

~If the syncpulse is greater than this magnitude, the MV cannot trip
of its own accord between the (N-1) th and the N thpulses. The reasonis
that if'the AN=1} th pulse does ot increase the grid voltage sufficiently
Yo trip the Mv then the increase in the exponential grid voltage
during this time will not be sufficient to trip it either

~Ecop 7

<Eat for 8,1 %

Eqy

time constant

“ieBhp

. For nominal
o — U
kaEop exp- I:Cm R,}’ #ime constomt

=~The omplitude of the sync pulse must bé greater tiom
this magnftvole or the MN will not trip on¥he N, #h
pulse. This mognitvele /s

{'kisbb E*P[ Tﬁ;{r;g‘—l] ('Ewl)}

MV Shoula’ synchronize
onthe Ny th pulse

- ot 7or 811 %
k2Epp €xp C;|R|ilv8“] mcréaseofﬂn
constamt
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MV sectlion.

~
v

~
o
T

§ in Percent

1 ! | i |
00 1 234567891001 1R13
N

N . ) (1
B TR (= 5.) kw.d
afiriatici iy

> P | 1.CuR( + o)

(Nl e 1) ( kﬂltnl
f.CuR (1l — éa1) ] < log, 1+
N,
<L.CA,R',(1 +oa) @D

From (2.7) it is apparent that

[f-CulI;:l 1_—1 Sar, ] [f Cqu(l + 5.1)]

ii:,) <(N—1) (28)

1t 1
N< (& = a.,) (2.81)

The subscript is dropped from N,
35, and &, in (2.8), because this re-
lation is true for both sections of
the circuit. Since C,R. does not
appear in (2.81), the allowable vari-
ations from the nominal value of

FIG. 2.6——For a constant synchronizing frequency, these curves
give the max'mum allcwable perceniage variations from the
nominal value of C,R as a tunclion of the order of division of the
For a constant value of C,R. the curves give the
max.mum allowable percentage variations
synchronizing frequency.
form synchronizing voltage is assumed.
3y 0. The 84 curve assumes §; = 0. The &,
for equal values of 3, and &,

from the nominal
Constant amplitude, impulse wave-
The §; curve assumes
i curve allows

C..R. are not functions of its orig-
inal value. As long as (1.9) and
Conditions 1, 2 and 8 are satisfied,
the maximum variations permis-
sible in the product f,C,.R, depend
only upon the order of division of
section 1. Similarly, N, determines
the changes that can be tolerated
in f.C,.R.. The reason (1.9) must
be satisfied is that Eq. (2.3), upon
which the mathematical formula-
tions of Conditions 1, 2 and 3 are
based, was developed on that basis.
For a given value of N, a constant
value of the product f.C,.R. results
in a constant ratio of the controlled
T,, which is equal to N,/f,, to the
natural T,, which, by Eq. (1.5a), is
(C..R)og, (k.pn...). When, for a given
N,, f.C.R, varies, the ratio of con-
trolled to uncontrolled 7, changes.
For a given value of N,, there is a
maximum range through which this
ratio can be permitted to vary. The
low end of this range is fixed by
3, and the upper limit is estab-
lished by 3... For a constant f,C,.R,,
the ratio of controlled to natural
value of T, is a logarithmic function
of k.p.... Consequently, if k.p.., >

the percentage variations in 7, will
be less than those in k.u.,.. See Ap-
pendix I, January ELECTRONICS.
The factor k.,u.. is a function of
both V, and V..

If it is desired to provide for
equal increases and decreases from
the nominal value of C,.R,, then 3,

3 8-, and (2.8) becomes
1
'<(?N— 1) (2.8a)
1 4 dans
N<{5%. ) (2.81a)

In some cases it may be desired
to provide for a greater increase
than decrease in C,.R,.. The limit-
ing case would be where §, was al-

lowed to be zero. Then
1 1
6a < (2.8b
di =0+ N )
N < (2.81b)

If, on the othe1 hand, it is desirved
to provide for the maximum in-
crease in C,R, let 3. equal zero.
Substituting zero for 3, and solving
(2.8) for 3, gives

B <l )
b4 = O'I (1IV+— 1

N< ( 3 (2.81¢)

Relatlons (2.8) a, b and c are
plotted in Fig. 2.6. Note that when
listed according to decreasing range
of permissible variation, the order
is 8, 8., 8., As an example, if a
symmetrical MV is to divide by 8
then N is 4. From (2.8¢), by
proper design, it is possible to allow

50 - 7 50
/ /
30 7/
15 15
B
10 ti // : L I/
XX 4 9 T
4T /
ON| =
2
i 5
|
s f //
// ] //
I |
; '/ , ; / e RN(1:+8| )
f.C,\R hirL T o4y
1.5 / . S h‘i ‘ 1.5 / o ket Y A
0 0.0 1.2 1.8 24 30 36 0 0.6 1.2 1.8 24 30 3.6
FIG. 2.7 and 2.8—Plots of Eq. (2.9) and (2.10). useful in MV design
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for a 33} percent increase over
the nominal value of C, R, From
(2.8a), =~ 14.3 percent or a total
range of 28.6 percent could be per-
mitted, while by (2.8b) only 25 per-
cent decrease could be tolerated in
the value of C,,R,. Or, solving (2.8)
for 8, = 5 percent, the value of 3, is
26.7 percent and the range is 31.7
percent. See Appendix III for ex-
perimental verification of (2.8b)
and (2.8¢).

For the reason cited in connec-
tion with (2.4), use of (2.8)
through (2.8¢) should be limited to
values of N greater than one. If
N =1, the only limit on C,,R, is its
minimum value.” This minimum
value is the one for which the nat-
ural period of the MV is equal to
the desired controlled period. The
product C,,R, can be made as large
as desired, if the synchronizing
pulse is of sufficient amplitude. The
maximum value of synchronizing
voltage required for V, cannot ex-
ceed Kk.E,,. Therefore, if E,,
k.E,,, any variations can be toler-
ated in the value of C, R, as long
as it does not decrease below the
above-mentioned minimum value.

Designing a Synchronized Multivibrator

The problem now becomes that
of designing the MV so that the
maximum percentage variations of
C.R, (and C,.R.) can be tolerated.
First, 3, and §, should be determined
for the given order of division of
each tube. These values are cal-
culated by means of (2.8) or read
from Fig. 2.6.

The characteristics of the tube
and the size of the plate load re-
sistor fix a maximum allowable
value of N,/f.C..R,. This maximum
value is that for which the natural
period is equal to the controlled
period and is given by Eq. (1.5a).
log, (k2 ptear) (1.5a)
If N,/f.C..R, is written for T, Eq.
(1.5a) becomes

oy =

N .
i Cnlli’, = log. (kouea).  (29)

Eq. (2.9) is plotted in Fig. 2.7. The
value of N,/f.C,,R, as read from this
figure must be multiplied by (1 —
8..). This is necessary to prevent
the natural period from becoming
shorter than the controlled period
for 3., percent decrease of C,.R..

“All multivibrators dividing by one as
well as those dividing by two. in which
each tube divides by one, fall in this
category.
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FIG. 2.8—Multivibrator

ample Il

cuit is shown. In general, plate circuit
synchronizing is desirable

It is well known that when a MV
is to be synchronized, its natural
period should be longer than its
controlled period.® If such is the
case, some variation is allowable in
the values of the circuit components
and the characteristics of the tubes
for which the natural period of the
MV will not become shorter than
the controlled period. Therefore,
the value of N,/f.C,.R, as obtained
so far should be decreased by some
arbitrary amount. Twenty percent
is usually sufficient, if components
of commercial tolerance and non-
selected tubes are to be used. Thus

8 1t is possible to employ a natural period
which is shorter than the desired coatrolled
period. In this case a synchronizing volt-
age of suitable polarity (negative as re-
ferred to the grid of the tube to be
synehronized) and of suflficicent time dura-
tion, must be supplied to the circuit to
prevent the MV from tripping at the time
determined by its natural frequency. This

designed in Ex-
No specilic synchronizing cir-

—

a maximum has been established
for N./f.C..R, equal to 0.8(1 — 3,)
times the value read from Fig. 2.7.

For this value of N,/f,C..R, calcu-
late N,/f.C..R,(1 + 3.,,). This will
be the same as the value of (N, —
1) /f.C..R,;(1 — 8,), since values of
3. and 8, given by (2.8) through
(2.8¢) make these quantities identi-
cal. To satisfy (2.7). log.[K.pcn/
(1 + A,)] must lie between (N, —
1),’f,(',.,R,(l 5,1:) and Nu/'f-CuR1
(1 4 3.,). Since the last two quan-
tities are equal, set log.[k.p../ (1 +
A,) ] equal to them also. Then

katteor N

%% \i+ Al) MR 5 o) |20

The right-hand side of this equa-
tion is known. Refer to Fig. 2.8
and read the value of k.u.../(1 +
A,). From this the values of A,
and E,, = A,E.., can be obtained.
Any other magnitude of E, will
increase the permissible range of
either 8, or 8, at the expense of the
other. It should be noted that any
value of N,/f,C,.R, less than that
obtained above can be used. The
natural period will increase; and
A, and therefore E,, will increase
as N,/f.C.,R, is decreased. No
change will take place in the permis-
sible range of 3, or 3,,. However,
the percentage variations in the am-
plitude of E,, that will maintain the
correct order of division always de-
creases.

The MV as designed so far satis-

method of syuchronizing is illustruted  fieg Conditions 1 and 3. It is de-
Time in Units of /g Ny
o 1 2 3 4 5 6 7/ 8
[+]
~Ecol v 5 &
~20 —"’_,
1
r= =t \//
// /
-40 LN e
(9% Call
: )~
Egp
T-60 e ; ]
{ o ol for 641 %6 ofecrease of fime consfant
7 |
Eqy for ‘nal #i fant
-80 /'/< d: 0. nom}/ ;m{e cans a;v
// [“Eqt for by % increase of #ime constant
/ I
-100 | !
N, /6,C R, =162
Sq1=727%
-120 Bu=77%
_kngﬁ./ | Egy = r24v.
i

FIG. 2.10—Plot of the exponential grid voltage plus synchronizing pulses for
V, in the multivibrator designed in Example 1II. Since the MV is symmetrical,
this plot is the same for V.
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-100 ;év st ) f
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N /¥ Cl Ry = 0.8/
o I/S hgl .
Sa1 =77%
~k_.E 51 =77%
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FIG. 2.11—Identical to Fig. 2.10, except for the smaller value of Ny/£.CrB1
and the larger required synchronizing voltage

sirable to show in the general case,
if possible, that values of N,/f,.C.R,
which satisfy these conditions also
always satisfy Condition 2. This
proof is given in Appendix IV.
Use of the curves of Fig. 2.6, 2.7,
and 2.8 is best illustrated by means
of examples.

Example i

A symmetrical MV is to divide
6000 cps by 14. The tube is a type
6SN7-GT. E., is 180 v. Design the
MV to permit the maximum al-
lowable variations equally plus and
minus from the nominal values of
the time constants. What is the
magnitude of these permissible va-
riations? What value of E, should
be used?

Solution:

a) Each tube must divide by 7,
because the MV is symmetrical.
From Fig. 2.6 the maximum value
of 8,.. that can be provided for is
7.7 percent.

b) Choose R,, = R,, = 20,000
ohms. Then from Fig. 1.7%, k, = k.
0.72. Reading from Fig. 1.8%,
Beor = freor = 12.4. For kope., = 9,
Fig. 2.7 gives N,/f.C..R. = 2.2.

¢) To provide a longer natural
than controlled period and allow 3,
percent decrease in C,.R, without
the natural period becoming shorter
than the controlled period, multiply
22 by 08(1 — 38,). This gives

* Figures 1.7 and 1.8 appear in Part I,
January 1944 ELECTRONICS.
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FIG. 2.12—Multivibrator designed in Ex-

N/fCuR, = 2.2 X 0.8(1 — 0.077 =
1.62.
d) By Eq. 210, log,[9/(1
4,)] =1.62/(1 + 0.077) = 1.51.
Reading Fig. 2.8,

+

9/(1 + A,) = 4.53
A, = 0.99
E, = AF., = 093 X 180/p..; =
14.4 volts.

Regardless of where the synchro-
nizing voltage is injected into the
circuit, its effective value as re-
ferred to the grid of V, must be
14.4 peak volts.

e) Before selecting values for
C. and R, (1.9) should be checked
for the maximum value of C,.

T 1
Et o e > 7
("2 R‘I+Rd)
7 1
SEXO6XI0 X 20X 10 + 1.5 X 10°

= (0.0108 uf,
If C., is chosen as 0.001 pf,

R, = N,/1.62f,C,, = 7/1.62 X 6 X
10° X 0.001 x 10" = 720,000 ohms.
This R, is the total effective resist-
ance in the discharge circuit of C,..
Therefore

R1 = R.n -+ RmR»z/(Rm ar sz) =

Ra + 4.35 X 10° ohms.
Solving for R., gives 716,000 ohms.

f) Since the MV is to be sym-
metrical, Cx. = 0.001 pf, R, =
716,000 ohms and E,, = 14.4 volts.

Fig. 29 is a schematic diagram

dample IV of the multivibrator.
Time in Unit of /€, N,
. 0 0.8 1.8 2.8 3.8 4.8 5.8
~Eco2 —

“ESZ//’ ’
ssziiz/
l/

HE
¥
%“60 r/

Eqy For 847 % dlecrease of time constant

= /)
/, |
/, 4 Eq2 for nominal time constant
-80 y | — o
/ /\\ Ed2!for8{9% increase of} Fime constant
74 | |
-100 i L
/ Ny /¥, CpoR, = 190
4 bip = 15 %
-120 B2 = 8.75%
Egp = /6./V.
“kEbb ]

FIG. 2.13—Plot of the exponential grid voltage plus synchronizing pulses for

Vi of the MV designed in Example IV. Note that the first pulse occurs 0.2 T,

second after Vi becomes nonconducting. This condition is obtained by properly
phasing these pulses with respect to those supplied 10 V;
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Figure 2.10 is a plot of the ex-
ponential grid voltage plus syn-
chronizing voltage for V., of this
example. Since the MV is sym-
metrical, the plots for V, and V.
are identical. The solid curve is a
plot of —k.E, exp(—n/f.CuR)
and n takes on values from 0 to 7.
Synchronizing pulses shown as
light, solid lines are associated with
this curve. The 7th pulse synchro-
nizes the MV. A plot of —k.E,,
exp[—n/f.CuR,(1 — 3sY], which
represents the case of 3. percent
decrease of C,,R, is shown as the
curve made up of short dash lines.
The dashed extensions of the solid
synchronizing pulses indicate the
heights reached by the pulses when
they are added to the dashed curve.
Note that any further decrease of
C..R, would permit the 6th pulse to
trip the circuit. There is no possi-
bility of the natural period occur-
ring between the 6th and 7th syn-
chronizing pulses, because the 6th
pulse is of greater amplitude than
the increase of E., between the
6th and 7th pulses. Therefore, with
a 3, percent decrease of C..R, the
7th pulse is still the one that syn-
chronizes the MV.

The long dash curve is a plot of
—k.E., exp [—n/f,CuR, (1 + 3a) 1.
This curve represents the condition
for 8, percent increase of C,R.
The heavy, solid pulse representing

Time in Units of V/{g N,

00 02 1.2
~Ecal
=20
-40
u-f— N =t
Ed‘ for 64,% decrease of
// time constant
-80 / Edl for narninal time constant - =
\TEO” for §;y% rncreéase of time constant
=100 — = =
N, /fs CriR, = 465
8§, = 207%
i
~120 r v By =/5% i
€ = 22.2V.

k2B pp 1 :

L

FIG. 2.31—This figure, together with the text of Appendix Il and a comparison
with Fig. 2.3, shows how a synchronizing pulse of finite duration decreases
the maximum allowable variation from the nominal value of C..R:

the same synchronizing voltage as
before added to this curve, is still
sufficient to trip the MV at n = 7.
However, any further increase of
C..R, would cause the circuit to di-
vide by 8 instead of 7.

The value N,/f.C,R, = 1.62 as
obtained in the design, was used in
plotting Fig. 2.10. As has been ex-
plained, this represents the maxi-
mum value of this factor that

Time in Units of 42

.0 (N [~,- - -0)J N
omiid —T /f: _——
~Eeor T
] o=
N,~(t-o)
K.E,, exp|- — s
o 2L AChRO-50) )
MV Shouvledl synchronize
on the N, % pulse
= Eqq for 8..%
3 -k E dl dl
w bb €XP| c R X sw)] alecrease of the
time constant
v = B
Took,Eppexp [C—MRL‘] =Eqy for neminal time conston?
~The omplitude of the sync pulse must be less than this magnitude,
or the MV wil/ trip during the (Nr\)+h pulse

“k2Epp

;

The above magn/fude s

Ny ~-(1-0) }
—k E X, 1
1 g p[ 1 CMR‘(! 60,,)] CEcor)

FIG. 2.14—Similar to Fig. 2.13, but applying 1o the grid voltage of V,
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should be used. Figure 2.11 is a
plot of this example for N,/f.CwR:
— 0.81, i.e., one-half the value used
on Fig. 2.10. Note that while the
synchronizing voltage had to be in-
creased from 14.4 volts to 46.8 volts,
its permissible variation in volts
has remained approximately the
same. Therefore, the percentage
tolerance permissible in the magni-
tude of the synchronizing voltage
has been decreased considerably.
The larger magnitude of E, is of
value in certain cases of noise in
the synchronizing circuit.

Let C,.R, remain constant at its
nominal value. If f, increases to
f,(1 + 3,), then the N,th pulse
will occur at the end of N,/ (1 + 3,,)
seconds, as compared with N, sec-
onds required at f, = f.. At this
time, the exponential grid voltage
will be more negative by exactly the
amount that E, extends above
—E.., at time equal to N,/f.. If f,
is increased further, the N,th pulse
will be unable to close the gap be-
tween the exponential component of
grid voltage and —E... For the
useful, special case of 8; = du-u,
N./(1 4 &,) is equal to N, — 0.5.
This case can be checked in Fig.
2.10 wherein at time equal to 6.5/f,
the exponential grid voltage :is
—289 volts, or 14.4 volts (E.)
more negative than —FE,,,.

If f. decreases to f, (1—34), the

(Continued on page 363)
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Simple RC
Equalizer Networks

Two charts give directly the attenuation in decibels and the phase shift of simple RC equal-
izer networks employing several resistors and only one capacitor

By CHARLES J. MERCHANT

Electronics Department
Brush Development Co.
Cleveland, Ohio

N DESIGNING AMPLIFIERS, it is
I often desirable to secure some
degree of equalization without re-
sorting to the more elaborate LC
filters, and simple RC networks are
commonly used to perform this
function. Although these networks
often contain only one capacitor,
the explicit computation of their
performance, nevertheless, is fre-
quently quite tedious. By applying
certain very simple theorems in
computating the performance of
these networks, practically all this
labor may be eliminated. Formulas
are derived for the attenuation and
phase-gshift functions and a rule is
given for the computation at sight
of the constants associated with
these formulas.

This article is concerned exclu-
sively with networks containing any
arbitrary number of resistors and
one, and only one, capacitor. Such
networks will be referred to as “ad-
missible networks.” It will be as-
sumed that we are interested only

in the voltage output of such net-
works, or, in other words, that these
networks will be terminated in an
infinite load. Since such networks
are generally used for coupling be-
tween stages, this is almost always
the case of greatest interest.
Examples of what are meant by
admissible networks are shown at
(a) and (b) in Fig. 1, while an ex-
ample of a network which is not
admissible is given at (c). It should
be noted, however, that in case
capacitor C. and resistor R, in Fig.
1(c) are large enough, the network
is approximately an admissible net-
work, down to a very low frequency.
Two cases will be considered: (a)
The case where the network is
driven by a “constant-voltage” gen-
erator, i.e., a generator of zero in-
ternal impedance; (b) The case
where the network is driven by a
“constant-current” generator, i.e.,
a generator of substantially infinite
internal impedance. Cases not in-
cluded under one of these headings

FIG. 1—Examples of tone-comtrol circuits using several resistors and only one
capacitor are shown in (a) and (b). A type of circuit not considered because
it has more than ome capacitor is indicated in (c)
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can be placed under one of them

by including the generator imped-

ance, if this is purely resistive, in
the network itself.

The following definitions apply
throughout:

E is the voltage output of the driving
generator, if constant-voltage.

I is the current output of the driving gen-
erator, if constant current.

V is the voltage output of the network.

a is the attenuation, H/V, of the network,
takin;i; into account phase as well as
magnitude.

@ is the absolute value of a.

¢ is the phase angle of a.

a is the value of o in decibels.

do 18 the attenuation of the network at zero
frequency, 1. e., the attenuation with
the capacitor, open-circuited.

aw is the attenuation of the network at
infinite frequency, i. e, the attenuation
with the capacitor short-circuited. (It
is obvious that both ¢. and aw have
zero phase-angle.)

A is the ratio of the attenuation of the
network at zero frequency to the atten-
uation of the network at infinite fre-
quency, i. e., do/aco.

Adv is the value of A in decibels.

Attenuation Formula for Constant-
VYoltage Case
It can be shown that the attenua-
tion, @, of any admissible network
is given for any frequency, f, by
the following formula:

- Ji==27

U amf ——,]F_z (1)
In this formula F, and F, are two
fixed frequencies which are associ-
ated with any such network, and are
generally referred to as the “turn-
over frequencies.” When A,, islarge,
i.e,, greater than 14 db, these two
frequencies will lie almost exactly
at those points where the curve is
within 3 db of its zero and infinite-
frequency values of attenuation.
Later on a rule will be given for
finding these two turnover fre-
quencies by insQection.
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FIG. 2—Chart illustrating applications of the author’'s RC equalizer network formulas to practical
variable tone-control design. Solid curves show attenuation. Dotted curves indicatz the phase shift

Upon setting f = 0 in Eq. (1), we
can immediately deduce one im-
portant relation. We then have

a = aq Fi/F,
or
G _ 4B
ai,'_A TR @

In other words, the ratio of the
turnover frequencies is the same
as the ratio of the zero and infinite-
frequency attenuations of the net-
work. From this it is obvious that
if we are given one of the turnover
frequencies we can immediately find
the other, because the computation
of the zero and infinite-frequency
attenuations of the network are
matters of simple arithmetic.

F. Rule for Constant-Voltage Case

It may be shown that we can al-
ways find F, for any given admis-
sible network driven by a constant-
voltage generator, by the following
Rule 1: F, is that frequency at
which the reactance of the capacitor
equals the resistance it looks into
from its own terminals when the
driving generator is short-circuited.

F. is thus seen to be nothing
more nor less than the frequency
associated with the generalized time

ELECTRONICS — February 1944

constant, R’C, of the network,
where R’ is the resistance seen by
C from its own terminals, and is
given by the formula

FL=1/2xR'C
Driving-Point Impedance of an
Admissible Network

In the event that the network is
driven by a constant-current gener-
ator, the output voltage of the net-
work will be the product of the driv-
ing generator current, the imped-
ance of the network as seen from
the driving generator, and the at-
tenuation of the network if it were
driven by a constant-voltage gener-
ator. We first, therefore, investi-
gate the impedance function for
such networks.

The impedance of any admissible
network as seen from any two
points in the network whatever is
given by the following formula:

3

[ =k

Z = Zoof = ]Fz (4)

where F, is given as the frequency
at which the reactance of the ca-
pacitor equals the resistance it looks
into at its own terminals when the
driving generator is short-cir-
cuited, and F. is the frequency at

which the reactance of the capacitor
equals the resistance it looks into at
its own terminals when the driving
generator is open-circuited. Z, is
the impedance of the network to
current of infinite frequency, i.e.,
the impedance of the network when
the capacitor is short-circuited; it
is obvious that Z, is purely resis-
tive.

Attenuation Formula for Constant-
Current Case

Before considering the case where
the network is driven by a constant-
current generator, it would be well
to indicate what is meant by “at-
tenuation” in this case. In general
the term attenuation is reserved for
a voltage-voltage or current-cur-
rent ratio. In the present case, how-
ever, we are interested only in the
voltage output of the network and
hence, it would seem, the term at-
tenuation does not apply.

However, we are often interested
in the case where such a network is
driven by a generator, commonly a
pentode, which converts constant
voltage to constant current. We
may then say that the current out-
put of such a generator is equal to a
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F1G. 3—Graphical determination in decibels of the attenuation and phase shift of simple RC equal-
izer circuits. Solid contour lines give the attenuation and dotted contour lines show the phase shift

constant, g, times a voltage, where
q has the dimension of current di-
vided by voltage, i.e., conductance.
In view of this fact, we may legiti-
mately speak of the attenuation of
such networks when they are driven
by constant-current generators, if
we bear in mind that a constant of
the dimensions of 1/g is implied in
the formula.

Since the attenuation of an ad-
missible network is always given by
Eq. (1) when we know the voltage
across its input terminals, it fol-
lows immediately that the voltage
output of an admissible network
when driven by a constant-current
generator is given by the follow-

ing:
f=3h\ 1 (f — jF
v=1ze(=) o (=08) ©
where F, is given as under Eq. (4)
and F/=F./A, where A is computed
considering the network as being
driven by a constant-voltage gen-
erator. This equation simplifies to
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) o

If we write gFE for I, then the
attenuation is given by

_E =_l_aoo [ — jF
vy ()
We see that the quantity —2- must
9Z

be the attenuation at infinite fre-
quency. Therefore writing o’ 2
for this quantity, and writing F/
for F,, we have

o=ve ((Sm)  ®

It will be noted in this case, how-
ever, that the turnover frequency
which now appears in the numera-
tor is determined by open-circuit-
ing the driving generator.

Polar Form of Attenuation Formula

The form of the expression for
the attenuation is the same whether
the network be driven by a con-
stant-voltage or a constant-current

generator. Up to this point, the
formula was exclusively in the com-
plex form. For most purposes,
however, it is more convenient to
make use of the polar form, a=aZ9.
By straightforward manipulation
of Eq. (1) we derive the following
expressions. for @ and 6:

= S+ P
a ava+F:, ©)

6 = tan™! (?) — tan™! (?) (10)

Here 6 is either a maximum or a
minimum when f=+/F,F,, depend-
ing on whether A is less than or
greater than unity.

Application to Variable Tone-Control

As an example of the application
of these formulas to a practical
case, consider the tone-control cir-
cuit of Fig. 1(a), with the values
shown in Fig. 2. These values were
so chosen as to give either a maxi-
mum bass-boost of 14 db, or a maxi-

(Continued on page 377)
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Any shape . . . every use. There are

~hundreds of sizes and types. Designed
~ for specific purposes, now serving in a
.:.1'\fv'ide variety of uses; there's a CINCH
lug to fit your need. The littlest
~ CINCH lug can render the biggest ser-
~ vice. Of the best material and workman-
~ ship with CINCH special solder coating,
~or other finishes. The same facilities that
produced this vast army of lugs now in
service are ready for your.speciﬁc prob-
lem or need. lts a CINCH to simplify.

CINCH MANUFACTURING CORPORATION
2335 WEST VAN BUREN STREET, CHICAGO, ILLINOIS p
- Subsidiary: United-Carr Fastener Corporation; Cambridge, Mass.
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TUBES AT WORK

R-F Heating of Aircraft Spars and Gas Tanks..............
Sensitive Carrier-Tone Alarm..

Transmitter Breakdown Alarm

Noise Meter for Planes........

The Vectorscope

X-Ray for Aircraft Carriers. . ...
Sate Pilot Lamp Circuit........
Post-War Floating Rides..... T
Steel Transmission Lines......
Electronic Balance for Gyro Rotors. .......................

Phototube Counter

Phototube Tests Bomb Fuzes...

R-F Heating of Aircraft
Spars and Gas Tanks

ExceEpT FOR De Havilland in Eng-
land, manufacturers of the famous
Mosquito wood airplane, Fairchild
Engine and Airplane Corp. is one
of the few companies which did not
drop wood completely with the ad-
vent of stressed skin aluminum al-
loy airplanes. Instead, over a per-
iod of years it continued develop-
ment of techniques which would
make wood more usable. Out of
these developments came the Dura-
mold process of bonding plywood
sheets, and a new electronic bond-
ing technique using internally-gen-
erated high-frequency heat instead
of externally applied heat.

Plywood Bonding Materials

To see why the new bonding tech-
niques are so important, it is de-
sirable to know something of the
classes of bonding materials or
glues which are available. There are
three classes in general use, with
many modifications of each type:
casein glue, urea formaldehyde
resins, and phenol formaldehyde
resins. The first two classes will
set at room temperature (70 to 90
deg F) in about 6 to 8 hours, al-
though this time can be reduced by
the application of heat. The last
class, and the most durable, re-
quires either room temperature (75
to 100 deg F) coupled with a long
setting time (measured in hours),
or high heat, 200 to 280 deg F, for
the rapid setting (measured in min-
utes) necessary for production.

Casein glue, unless fortified with
strong preservatives, loses its
strength and molds when exposed

Modern techniques avoid the use of
this glue.

Urea formaldehyde resins are
moisture resistant and thereby
overcome the main objection to
wood structures bonded with casein
glues. It is important to aveid the
possibility of thick glue lines with
ureas, because thick urea glue lines
“craze” with time. The small cracks
in the crazed glue line, and the in-
ternal stresses set up by the craz-
ing, weaken the glue line.

To avoid thick glue lines in mak-
ing assemblies, a process called
Durassembly has been developed.
This process uses fluid pressure to
push parts, even thick ones with
uneven surfaces, into such close
contact that thin glue lines are as-
sured.

The phenol formaldehyde resins
are the most durable and do not re-
quire extreme care in avoiding
thick glue lines. They meet every
requirement of an ideal bonding
material except that they require
either very long setting times at
room temperatures, or the neces-
sity—for short setting times—of
heat higher than that required for
quick-setting ureas. Great progress
is being made in reducing the maxi-
mum setting temperatures required
for quick setting of phenol formal-
dehyde resins and modifications of
this type, such as the resorcin base
resins. These new bonding agents,
now under life tests, give hope that
in the near future some of these
types can be substituted for the
ureas.

Principle of Electronic Heating

Whether ureas, present phenol
formaldehyde resins or new types
are used, heat is required. Earlier
methods applied this heat exter-
nally, while the electronic process
causes a current to flow through the
wood and heat the wood uniformly
throughout its thickness.

Temperature Considerations
Uniform power distribution or
its resultant—uniform tempera-
ture distribution—is difficult to ob-

Thirty minutes of r-f heating in this jig is sufficient to mold and cure the heavy

to moisture. Failure of casein glue
is one of the main causes for lack
of confidence in wood airplanes.

25-ft flange for a Fairchild AT-21 GUNNER center spar. Older external heating
method took 8 hours per spar. Note the hinged blocks that support the spar in
the jig, and the single-turn rotatable coil inside the tank inductance for tuning
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L eadership Through the Years

ROM the first automobile radio “B” battery

eliminator, to today’s precision built hermetically-
sealed units, Mallory has maintained unquestioned
leadership in the vibrator field.

Constant research and development have resulted
in better design, finer tungsten contacts, metal-
lurgically superior reeds and contact arms and
improved precision production methods. Size has
been decreased, performance and reliability have
been improved and operating life considerably
lengthened.

It was quite natural, then, that when military needs
demanded vibrators able to withstand the torrid heat
and humidity of the tropics, the rarified air of high
altitude flying, the corrosive salt atmosphere and
fumes aboard ships, Mallory products were chosen.

In addition, they had to work perfectly after months
of storage.

Climaxing thirteen years of development and pro-
duction know-how, the Mallory hermetically-sealed
vibrator offers the ultimate in performance under
all conditions. Airtight construction defies life-
destroying moisture and fumes, prevents ionization
at high altitudes. To insure uniform performance,
each vibrator is tested against leakage with twenty
pounds air pressure per square inch.

If you are designing electronic equipment that
requires power conversion from a DC or battery
source, Mallory hermelically-sealed vibrators can
contribute greatly to trouble-free performance. For
additional information, see your Mallory distributor
or write direct.

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

Our First Duty—War Bonds and Siamps

AND VIBRATOR POWER SUPPLIES
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tain in a large piece such as the
25-ft AT-21 spar flange, because
the dimensions are comparable to a
wavelength at the frequency used,
and standing wave effects appear.
These cause nonuniform power dis-
tribution. This nonuniformity can
be minimized to a satisfactory de-
gree by introducing the current to
the electrodes at a number of
points, to give the effect of break-
ing the large piece into a number
of smaller pieces. Uniform current
distribution is essential to uniform
heating because the heating effect
varies as the square of the current.

Materials containing water, such
as wood at high moisture content
or wet urea formaldehyde- glues,
generate more heat from the pass-
age of a high-frequency current
than dry materials. For this reason,
with a given power, the time re-
quired is less with wet glues than
with dry glues. If a wet glue line
can be placed at right angles to the
electrodes there is a concentration
of current in the glue line and the
relative heating effect in the glue
line as compared to that in the wood

is further increased. With this ar-
rangement, voltages as low as 200
volts at 5 Mc are used with giue
lines 1 inch wide.

FErom the standpoint of cracks
due fo explosions in the wood from
steam or pitch pockets there is a
practical top limit of around 230

R-F generator and jig used in bonding cap strips to the bulkhead web of a

droppable gas tank for Navy Corsair fighters.

The jig is equipped with pneumatic

pads that maintain fluid pressure and keep glue lines at minimum thickness
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Interior of 30-kw rf generator used in
the Fairchild-Burlington plant for molding
and curing 25-ft aircraft spar flanges

deg F unless the part is entirely
under fluid pressure in which case
peak temperatures around 290 deg
F can be used.

The ideal bonding material would
be one which could be applied to the
work and then set at any conven-
ient time. Most bonding agents,
like casein glues or cold er warm
setting adhesives, have a fairly
short allowable time between apply-
ing the glue and getting the glued
parts under pressure. This time is
called the open assembly time. As
the temperature required for set-
ting the bonding agent is increased,
the permissable open assembly time
is lengthened. One recently devel-
oped bonding agent has an open as-
sembly time of days, yet can be set
at 205-230 deg F.

Curing 25-Ft. Spar Flanges

The installation at the Fairchild-
Burlington plant, used to cure the
laminated flanges of the center sec-
tion spars of the Fairchild AT-21
Gunner consists of a 30-kw r-f gen-
erator and a large jig which holds
the laminated assembly while it is
being set. Thin laminations of
wood, smeared with a phenolic resin
which has dried, are assembled on
their edges to the proper thickness.
The flexible blocks on which the
laminations rest are made of two
pieces joined by a rubber hinge,
Since the rubber is under tension,
it holds each support open to the
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wherever a tube is

A beam of light is reflected
across the point of opera-
tion, then into a photo-tube
in this safety application.

THERE'S A JOB FOR

2@@4 sy GUARDIAN"

Where makeshift mechanical devices rudely thrust your workers’
hands and fingers away from punching and forming dies, the electron
tube in combination with a relay offers definite advantages for safer
power press operations.

Instantly responsive, dependable and simple—a beam of light, if
broken or modulated, actuates the electron tube; the relay breaks the
circuit and locks the controls in the "off"” position until the full light
beam. is restored. Typical of relays which may be used in conjunction
with such a photo-tube safety application, is the Series 5 D.C. Relay by
Guardian. In hundreds of other ways—especially in your postwar
developments—wherever a tube is used there's usually a job for Relays

Series 5D.C. Relay. Maximum switch capacity

by Guardian. two normally open—two normally closed—or
sk Not limited to tube applicalions but used wherever auvtomatic control is desired for making, DPDT Contacts. Resistance range .01 up to
breaking, or changing the characteristics of electric circuits. 15,000 ohms. Send for bulletin 14.

GUARDIAN g ELECTRIC

1625-R w. WALNUT STREET CHICAGO 12, ILLINOIS

A COMPLETE LIKE OF RELAYS SERVING AMERICAN WAR INDUSTRY
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Half shells and the center bulkhead of
a light, strong droppable gas tank for

the Corsair tighter. R.F heat is used
in assembling the bulkhead

full width of the open jig, yet al-
lows for compression as the jig is
closed.

When the sides of the jig are
clamped together, the thin lamin-
ations are pressed into the proper
shape. Each side of the jig is lined
with a copper plate or electrode,
extending from end to end along
opposite sides of the spar.

Along one side of the jig, behind
the copper plate and its support, is
a high-pressure air hose. The use
of air pressure not only achieves
accurate control, but provides the
required uniformity of pressure.
The thickness of wood laminations
cannot be controlled with the ac-
curacy possible, for example, in the
machining of metal. Consequently,
if extremely rigid platens were
used to apply pressure it would re-
sult in crushed fibers or either open
or thick glue joints.

This process brings the internal
theat of the flange up to the desired
temperature in approximately 20
‘minutes, with remarkably uniform
heat throughout the adhesive lines.
‘The whole heating operation is done
in approximately 80 minutes, as
compared to the 6 or 8-hour curing
period under the cold-glue method.

Bulkheads in Droppable Gas Tanks

Curved reinforcing cap strips for
the perforated bulkhead used to di-
vide a droppable gas tank into sep-
arate cells are cured by high-fre-
quency heating of the laminated as-
sembly then bonded to the web by
producing a high-frequency heat-
ing effect directly in the glue lines.
‘This was accomplished by applying
Jjust enough glue, so that when
pressure was applied to the joint a
slight excess squeezed out all along
either side. Strips of metal foil
‘were placed along opposite edges

54

of the glue lines and held in con-
tact.

Suitable jigs were made to ac-
commodate two sets at a time of
each of the three sections of the
bulkhead used in expendable gas
tanks of the Navy’s Corsair fight-
ers. Pneumatic pressure pads are
arranged to provide exactly the
right amount of pressure as the
glue is heated. In a few moments,
the glue is brought up to the right
temperature for creating a perman-
ent strong bond between the flanges
and the web. .

Sensitive Carrier-T'one Alarm

By L. H. APPLEMAN

Ohief Engineer, WAQO
MANY OF THE CIRCUITS of carrier-
tone alarms that have appeared in
various publications do not seem to
meet the FCC specifications as set
forth in restricted order No. 2.
These requirements are met in the
receiver used here at WACO and
a portion of the receiver circuit is
shown in the diagram.

This unit has been in service for
over nine months and given very
satisfactory performance. It re-
sponds to less than 1 percent mod-
ulation by a 1,000-cycle tone held
for a period of 15 seconds yet music

bothers it very little. A test input
is brought out to the control room
jack panel for feeding 1,000 cycles
into the receiver’s audio system to
check performance.

The circuit contains a 6J5, with
zero bias, that holds a relay down.
The grid of this tube is connected
to a 74-volt negative bias which is
balanced out by an opposing voltage
developed across the cathode re-
sistor of a 6Q7. This latter tube
also has zero bias and passes plate
current to develop the above buck-
ing voltage. There is 3 volts of
negative bias in its grid circuit
which is balanced out by the rec-
tified carrier from a 6H6 tube.

Operation

When a 1000-cycle tone comes
down from the receiver audio out-
put, it is rectified by a 6Q7 diode
plate to provide voltage to make
the 6Q7 grid negative. The one
megohm resistor and 8 uf paper
capacitor provide time delay. Of
course it follows that if the 6Q7
grid goes negative, the bucking
voltage across its cathode resistor
is removed, the 6J5 grid goes nega-
tive and the relay opens, closing
the bell circuit. The bell rings until
the toggle switch is thrown, killing
the bell and connecting the speaker.

The limiter compresses the in-

Limiter ]
uf
To 100,000
6H6 (70 @ i‘
det. 002
uf
- b s |
o—4 8
Test input 220v; =]
o—dq 220v. 2L | 220w
1
Limiter 20v. o 2-3?_‘1“; SHE
:rechﬂer output J8 .
| v g 3 . 10,000 |
| ' L i HE-imed :
oooigs” 000w

Circuit of a portion of the receiver for reception of carrier tone alarms.
Reception of a 1,000-cycle tone-modulated carrier of less than l-percent
modulation causes the warning bell to ring
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IRC WILL BE READY

WHEN IT'S OVER “OVER THERE”

IRC will be in a specially favorable posttion to
supply all types of Resistance units—of high
Quality—in large Quantity—at low costs made
possible by mass production.

FIRST IN WAR...FIRST IN PEACE

Produced by the most modern and efficient man-
ufacturing methods, tested and perfected to meet
the exacting demands of war, IRC Resistors will
maintain their leadership as first choice of elec-
tronic engineers, manufacturers and service in-

dustries of tomorrow. . . . You are invited to
consult our engineering-research scaff
now, in confidence, on any resist- &\\\
ance problems connected with your S‘

o

peacetime products.

INTERNATIONAL RESISTANCE CO.
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CHECK THESE FEATURES OF IRC PRECISION
WIRE WOUND RESISTORS

V. Most rigid specifications on enameled wire.

2. Largest size wire used for each resistance
value and size.

3. Steatite ceramic (with baked impregnation to
prevent moisture absorption and to protect enam-
eled wire from surface abrasions).

d. Specially designed winding machines elimi-
nate stress and strain, avert damage to insula-
tion and minimize fatigue of wire.

5. Baked impregnation of winding

insures that wires remain rigidly in
place and that resistors are inde-
pendent of temperature variations:
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WHEN Faraday fiddled with bits of wire a century ago,
he dreamed of a new electrical age. A skeptical politician
asked him what good his electricity would produce and the sci-

entist answered tartly, "Some day you will be able to tax it.”

After the war the twentieth century results of electrical
science, shaped and tested by military needs, will transform
the world. And ot the core of this technical revolution will be
the coordinator of electronic energy—the transformer. In the
most literal sense, Stancor engineers are planning now to con-

tribute fundamentally to the transformation of the future.

o STANCOR

* 7¢4n¢{a'zmm *

STANDARD TRANSFORMER CORPORATION
1500 NORTH HALSTED STREET - CHICAGO

Manufacturers of qualily transformers, reactors, rectifiers,
bower packs and gllied producis for the electronic indusiries.

| coming program about 25 to 30 db.
It allows a 23-db rise in output
above compression starting point.
| The limiter rectifier uses a 6R7
with automatic bias control on its
diode plates. The diodes are biased
by a 45-volt battery plus about 18
volts drop across the 100,000-ohm
cathode resistor.

fied voltage acts as a negative bias
on the rectifier plate, increasing
as the signal increases. In this rec-
tifier, for all practical purposes,
the rectifier bias does not increase
with increasing signal. With no
rectification, the 6R7 grid is biased
very near cut-off (18 volts) and
only about 0.18 ma plate current is
flowing. With rectification, the rec-
tified voltage is added to the grid
bias and the small plate current
is reduced enough to hold the total
bias near 18 volts so it won’t be cut
off. This action increases the com-
pression ratio and causes the knge
of the compression curve to break
over sharply. This system was used

| in a limiter designed and built by
the writer back in 1938 and in use
at WACO since then. The added
45 volt battery bias places the con-
trolled receiver output at the proper
level and improves the compression
ratio.

A W-E relay was adjusted to close
on 12 ma and open on 10 ma. Its
current normally is about 13 ma

| when set for operation. About 5
ma of this is a steady bleeder cur-
rent going to ground through a
resistor. The 6J5 supplies the re-
mainder.

[
‘ ~ In the usual rectifier, the recti-
vl

Adjustment

To adjust the receiver, tune in
the key station and turn the vol-
ume off. Press C discharge button
and relay reset button. Feed a low
level 1000-cycle signal into test in-
put, increasing until input is 1 db
above start of compression, which
is indicated by a drop in 6K7 plate
current. Hold this level and adjust
the potentiometer across the re-
ceiver output until the relay trips
in 15 seconds. Discharge the 8 uf
capacitor with its shorting push-

. = button each time before adjusting
i for 15 seconds. After adjustment,
| the volume can be turned about

full on.
{ After the 15-second adjustment

| is made, increasing the 1000-cycle
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In war, a microphone cannot expect to be pampered. It cannot be treated as a
delicate instrument operating under carefully controlled conditions. It was a problem
of Shure Research Engineers to design a microphone that would efficiently respond
to infinitesimal speech pressure, and yet withstand the tremendous pressure
of a sixteen-inch salvo—a pressure millions of times as great.

Research such as this assures you of a new standard cof

U

MICROPHONES

dae s e o > o

microphone performance for postwar.

SHURE BROTHERS, 225 West Haron Street. Chicago .

Designers and Manufacturers of Microphones and Acoustic Devic
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THE ROLE OF THE X-RAY
IN WINNING THE WAR

ALLING Battery F! Calling Battery F! Enemy in force on right
flank. Range 3000!”

Accurate information on enemy formations and strength is vitally
important for a successful attack. . .

American inventive genius has equipped our advance units with
*walkie-talkie” sets, by which on-the-spot information can be flashed
to the attacking forces, the artillery and air support.

These walkie-talkie sets and other two-way radio units are kept
accurately on their own private wave-lengths, avoiding inte.rception
or jamming by the enemy, by means of quartz crystals Whlcl.l must
be cut in a highly precise manner. Such precision is made possible by
use of an X-Ray method of determining crystal plane alignment.

After the war, similar applications of x-ray techniques will point
the way to many new and improved processes in the production (.)f a
wide variety of products. Savings in cost, improvement in qua.llty,
elimination of the “ignorance factor” from design considerations,
will give every advantage to the industrial enterprise which is alert
enough to utilize the remarkable possibilities of this tool of modern
science.

THE X-RAY TUBE IS THE HEART
OF THE X-RAY MACHINE.

The majority of leading makes of X-Ray ap-
paratus are equipped with Machlett Tubes
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level 20 db trips the relay in about
12 seconds. If the key station pro-
gram is allowed to come through
for a few minutes before the 12
second test, and the capacitor is not
discharged before $esting, the time
is about 10 seconds.

The program level can rise 35
to 45 db above the 1000-cycle tone
level used for the 15 second ad-
justment, before the relay trips.
If 42 db is taken as 100 percent
modulation, then the 1000-cycle
tone level corresponds to only 1 of
1 percent modulation.

We tuned the set to our station
and found the maximum music
level without tripping the relay,
then fed 1000 cycles to find mini-
mum level for 15-second operation.
It was so close to zero on our mod-
ulation monitor we could only guess
at the reading and call it, “under
1 percent”. We then fed 800 and
1200-cycle signals, 100-percent mod-
ulated. It did not trip after 30
seconds.

In daily operation, we have found
that programs trip the relay an
average of once every two days.
The 1000-cycle tuned circuit is 4
db down from 1000 at 800 and
1200 cycles. On regular tests from
the key station the alarm sounds
after about 8 or 9 seconds of tone,
and it rings until we switch the
speaker on or reset it. If the key
station goes off the air, the alarm
also sounds.

Transmitter Breakdown
Alarm

By W. K. Ancus

Station CFRN
Edmonton, Alberta, Canada

SOME MONTHS AGO, a "home-made
device was installed on the moni-
tor rack of CFRN to give warning
of interruption of program service.
A bell rings instantly on failure of
the carrier and the same bell also
rings, after an appropriate delay
of 15 or 20 seconds, if there is any
interruption in the audio level from
the studio.

The unit has since proved its
usefulness. On at least two oc-
casions it gave warning of program
interruptions when the operator
was talking on the phone with the
monitor speaker cut. A description
of the device might be of interest
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COLD-FORGED FASTENINGS
BY SCOVILL GIVE YOU
MAXIMUM EFFICIENCY

“Case example” 16...more eack month

OUR main consideration in buying fastenings

Y

Scovill men and machines, throughout this “all

is maximum efficiency in your products.

out”’ war efforl, have consistently bettered even

—.

previous highs in cold-forging skill. Scovill con-

tinues to deliver maximum efficiency for mini-
mum money—materials —motions.

Scovill ingenuity in designing cold-forging
tools makes it possible to produce the special
fastening devices, like that shown above, to fit
the job exactly.

Scovill, then, is your logical choice. Scovill
skill accomplished, in two cold-forging opera-
tions, the unusual combination of square, circular

and tapered sections shownabove. That same skill

\\

~

can serve you, whether your need be special or
standard fastenings, in quantities large or small.

See a Scovill Fastenings Expert from our near-
est office NOW — the practical problems of your
postwar production are drawing closer. You can
count on Scovill to lend a hand to the limit our
war commitments permit, and you will receive a
prompt and frank answer as to when and how

we can serve you.

Plan your fastenings when your product is in
the designing stage—when planning fastenings,
see your Scovill expert. Remember—no assem-

bled product can be better than its fastenings.

ScoviLL MANUFACTURING COMPANY

WATERVILLE

SCREW

PRODUCTS

WATERVILLE 48, CONN. I@I TEL. WATERBURY 3-3151

DIVISION

NEW YORK, Chrysler Building - DETROIT, 6432 Cass Avenue . CHICAGO, 1229 W. Washington Boulevard - PHILADELPHIA, 18 W. Chelten Avenue Building
PITTSBURGH, 2882 W. Liberty Ave. - SYRACUSE, Syracuse - Kemper Insurance Bldg . LOS ANGELES, 2627 S. Soto St. - SAN FRANCISCO, 434 Brannan St.
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TUBE SOCKETS
Designed for Application

MODERN SOCKETS for MODERN TUBES!
Long. Flashover path to chassis permits
use with transmitting tubes, B66 recti-
fiers, etc. long leakage path between
contacts. Contacts are type proven by
hundreds of millions already in govern-
ment, commercial and broadcast service,
to be extremely dependoble. Sockets
may be mounted either with or without
metal flange. Mounts in standard size
chassis hole. All types have barrier be-
tween contacts and chassis. Al but octal
also have barriers between individual
contacts in addition.

JAMES MILLEN
MFG. CO., INC.

MAIN OFFICE AND FACTORY
- MALDEN
MASSACHUSETTS

‘M

to other stations where only one
operator is on duty at a time.

The circuit finally employed is
given in the diagram. The d-c relay
should be adjusted to close at 4 or
5 ma and release at 1.5 ma or bet-
ter. (A less sensitive relay can

| sometimes be used by bleeding some
| additional current through it with
a resistor.) This relay is in the
plate circuits of the 6J7 and the
two 6K7 control tubes which are
| normally biased to cut-off.

The grid of the input stage is
fed with a small amount of r-f
from some convenient place, or a
short antenna can be used. The
output eircuit is tuned to the oper-
ating frequency and coupled to the
first half of the 6H6 rectifier. The
voltage so developed across the
diode load resistor is applied, with
minimum time delay, to the grid
of the 6J7 control tube. The relay
closes instantly when thistube loses
its bias.

The audio component from the
same source is amplified by the 6C5
and rectified by the second half of
the 6H6, thus providing the cutoff
bias for the 6K7’s. The two tubes
in parallel give more reliable oper-
ation than one tube used alone.
Two 6J7 tubes were tried here but
proved to be somewhat tempera-
mental due to their sharp cutoff
characteristics.

A good tubular paper capacitor
should be chosen for the delay net-
work. Larger paper capacitors of
the block type give erratic opera-
tion due to leakage. The network
arrangement results in high bias
voltage from the 6H6. The capaci-

tor charges in a second or two
which is desirable from the stand-
point of uniformity of time constant
with varying program conditions.
On failure of modulation, the
time that elapses before the bell
will ring is determined by the r-f
input, the voltages on the control
tubes and the setting of the relay,
as well as by the constants of the
resistance-capacity network on the
grids of the 6K7’s. The metering
jack for watching the performance
of the control tubes when adjust-
ing the unit is almost indispensable.
The stand-by switch and the bell
itself are the only parts mounted
on the front panel. At present we
are operating the bell on the fila-
ment circuit. This means that the
alarm will not function on a power
line failure, although the bell will
ring about fifteen seconds after the
resumption of power if the trans-
mitter does not also come back on.
This condition will be remedied
when we obtain another sensitive
relay to place in parallel with the
first one. Then, with a small
bleeder resistor to hold the second
relay open and batteries for the bell
circuit, the unit will be complete.

Noise Meter for Planes

AN AUDIO NOISE METER designed for
use in quantitative test of noise
components in aircraft radio equip-
ment is shown in the diagram. The
instrument consists of a vacuum-
tube voltmeter that is connected to
the regular receiver in the plane.
This eliminates switching problems
and permits the measurements to

N

001 uf

20 meg

Complete circuit of the transmitter breakdown alarm,

ately if the carrier is interrupted, and if the carrier is maintained without
modulation for moce than about 15 seconds

The bell rings immedi-
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Can a Vibrator Power Supply
Rescue a Boat-Load of Men?

No ... it can't! But it can help—and the rescue
might be prevented and the boat lost forever, if
just one vibrator power supply failed to do its job.

@ The compact radio transmitter that is standard equip-
ment in many lifeboats depends on a vibrator power
supply . . . The patrol plane that picks up the SOS . . .
spots the drifting boat, and summons surface ships with
its own powerful transmitter, has a complex electrical
system that includes many vibrator power supplies. And

in the rescue ship itself are still other vibrator power
supplies performing vital functions.

The dependability of E+L Vibrator Power Supplies
under all climatic conditions — their amazing adapta-
bility in meeting specific current requirements — have
brought them into wide use for radio, lighting, commu-
nications and motor operation—on land, sea and air.

Electronic’s engineers have specialized for years in the
technique of vibrator power supplies. They have con-
ducted the most extensive research ever known on power
supply circuits. They have extended the practica<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>