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Pre-Testing of
MALLORY SWITCHES

Assures Precision Performance

A ALLORY has pioneered in developing new designs for both rotary and
h{[ push-button swiiches, and in manufacturing them from improved
materials. To make sure of the electrical performance and long life of these
switches, Mallory puts them through punishing tests.

The complete line of Mallory standurd, pre-tested precision switches and
other electronic components is available from your nearest Mallory Dis-
tributor. See him today, and ask for your free copy of the Mallory catalog—
conlaining specifications for switches, jacks, plugs, capacitors, resistors,
rectifiers and other parts. Or write us today.

= s
\ ..‘?}M »>

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

SALT SPRAY TEST: In a few short
hours, switches are subjected in
this salt spray chamber to condi-
tions that equal years of marine service.

SWITCH LIFE TEST: Hour after
@ hour, this machine continues to

operate the switch until it is de-
stroyed. Results enable Mallory to develop
switches with operating life exceeding nor-
mal requirements.

TEST: The rarified air of the sub-

stratosphere is reproduced inside
this large bell jar. Dala from this test has
aided Mallory in developing better switch
construction for aircraft application.

g LOW ATMOSPHERIC PRESSURE

FUNGUS CONTROL: In this labo-
ratory, fungus cultures from the
tropics are used in testing the fun-
gicidal properties of new impregnating mate-
rials for the insulation in Mallory Switches.

P.R.MALLORY 8 CO. Inc

ALLORY

Industrial and Electronic Swite es

.
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. that is how one electronic heat

generator

RESERVE
CAPACITY ’

... the measure of tube life is
in the reserve capacity of the
tube. Because of novel design,
Amperex high frequency tubes
may be used at plate voltages
and plate power inputs sufh-
ciently high to allow power
outputs at maximum rated
watts per tube.

manufacturer
Amperex tubes. If your equipment is
right, Amperex Special Application
Engineering will help you make it better. De-
pendable operation is assured, replacements mini-
mized, and greater value per dollar expended
may be anticipated.

describes

THE AMPEREX SPECIAL APPLICATION
ENGINEERING DEPARTMENT

.. . Amperex Special Application Engineers have

nothing to sell. Their job is to work with you on the
development of new equipment or the improvement
of present products. Their time and knowledge is
yours for the asking, without charge or obligation.

AMPEREX TUBES...

. .. for dielectric heating applications are avail-
able in 25 different types, operating with remark-
able efficiencies at frequencies ranging from 20
to 120 megacycles. Write for the Amperex catalog.

Amperex Type 235-R Transmitting Tube. Fila-
ment wvoltage, 14.5-15.0 wolts. Filament current,
39.0 amperes. Awmplification factor, 14.0. Grid
to plate transconductance at 500 ma., 6500
micromhos. Direct interelectrode capacitance:

grid to plate, 9.0 puf,; grid to filament, 10.0
wuf; plate to filament, 1.5 puf. List price,

$125.00.

Amperex Type 889 Transmitting Tube. Fila-
ment woltage, 11 wolts. Filament current, 125
amperes, Amplification factor, 21. Direct inter-
electrode capacitance: grid to plate, 17.8 uuf;
grid to filament, 19.5 unf; plate to Alament;
2.5 puf. List _/in'n', $175.00.

Amperex Type 889-R Transmitting Tube. Filament
wvoltage, 11 wolts. Filament current, 125 amperes.
Amplification factor, 21. Direct interelectrode capac-
itance: grid to plate, 20.7 puf; grid to filament,
19.5 puf; plate to filament, 2.5 puf. List price,

performance tube

eo o the high

Many standard types of
Amperex tubes are now
available through lead-
ing radio equipment dis- |
tributors

|

AMPEREX ELECTRONIC (ORPORATION

25 Washingtan St., Brooklyn 1, N. Y., Export Division: 13 E. 40th 51., New York 16, N.Y., Cables: “’Arlab’’

Canadian Distributar:

HOLD ON TO THE

Rogers Majestic Ltd. e 622 Fleet Street West, Toronto

"BONDS YOU HAVE — AND KEEP BUYING MORE

ELECTRONIC INDUSTRIES @ October, 1945



A

a—

i

Wi 0 3
b L bpi Ml W a S | I

M ,.¢|a\
" red on e T

\aim-insy”

PR el

led Posce Sie \ case
inals.

i

_—m——

New, Army-Navy accepted capacitors ¥

procuced by leading manufacturers...now released for either 2
military cr civilian uses...under existing priorities regulations. Each unit has been 1
individually retested by our Inspection Department and will be Signal Corps or
Navy reiispected for Governirent contracts if required...standard components,

all toolad for postwar production....typical items shown zbove...others available o -‘{r.‘
include popular sizes. styles and brands of capacitors, in high medium and low RS
woltage ratings...immediate deliveries on all items... P e sl

write, wire or phone your requirements. i i

Release Reports free on request.
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No Priority!

RA-58A
POWER SUPPLY

This power supply was manufac-
tured by the Western Electric Com-

pany for the Signal Corps, according to
the rigid specifications for mobile radio
equipment. Sturdy mechanical design and the use of components operating

well within their ratings insure trouble-free performance over long periods of time.

This unit supplies continuously variable voltages between 500 and 15,000 volts
DC at 35 ma. Two Western Electric 705-A tubes are employed in a voltage
doubler circuit using two 1 mf. capacitors. The RM.S. ripple voltage at full is
6%. The unit operates from 115 volt 60 cycle source. Variable voltage is ob-
tained by means of a Variac in the primary circuit of the high voltage transformer.
Input and output connections are made on the rear panel of the unit. The primary

circuit includes an off-on switch, fuse and pilot light mounted on the front panel.

These supplies can be used in a wide variety of applications; as a source of
power for pulse transmitter, electrostatic separators and dielectric stress measure-
ments. Conversion info a hi-pot breakdown test set can be readily accomplished
by the addition of a small filter and the incorporation of the necessary meters.

Chassis Size: 297 deep, 17 3/1¢” These units are supplied
wide and 177 high. with tubes and complete

L o gt s/ " circuit information and are

Pan:_l hSlze. 21" wide and 17% covered by the normal 90
'gn- day manufacturer’s guar-

Net Weight: 314 Ibs. antee,

COMMUNICATION MEASUREMENTS LABORATORY

Agent of Defense Supplies Corporation

Handling All Types of Electronic Equipment
120 GREENWIéH STREET NEW YORK 6 N.'Y'.

THE COVER

The color photograph on the
cover of this month’s issue of Elec-
tronic Industries is a shot of the
video-sound antenna of television
station WABD in New York City,
owned by Allen B. DuMont Lab-
oratories Inc.

The diagonal dipole crossarms,
which radiate the high frequency
video signal, are connected by two
coaxial cables that are fed by push-
pull type amplifiers just below the
tower on the top floor of the build-
ing., The circular loop. at the tip
of the mast is for sound radiation.

Equipped with built in electric
heating coils to guard against the
formation of ice during winter
telecasting, the mast of the tower
can be telescoped by turning a
hand winch for servicing.

That Boring Bohr Atom

Now that the public is beginning
to learn about nuclear physics and
other phenomena associated with
atomic power, it is to be hoped that
the much-abused Bohr atom dia-
gram, herewith, will no longer be
misrepresented as being something
somehow related to our own elec-
tronic arts—(which it ain’t!)

While this electronic picture of
the atom is generally accepted by
students of nuclear physics, it has
of course no more relation to our
kind of electronic action in vacuum
tubes than your Aunt Mary’s Christ-
mas turkey.

U-235

Electronic Industries used the
sketch correctly last month in its
comments on uranium 235 and atom
splitting. The sketch applies prop-
erly to atom structure. But we hope
that from now on it will be forever
excluded from further electronic-
tube exploitation, for which it is,
of course, meaningless.

Hope He Didn’t Mean Us

A New York newspaper recently
interviewed fifty citizens to find out
how they induced slumber on sleep-
less nights. Some counted sheep,
some drank warm milk, but a radio
engineer among the number was
brutally frank. “When I can’t drop
off normally,” said he, “I pick up
a radio-engineering magazine and
read it for a few minutes. That
always put me soundly asleep.”

ELECTRONIC INDUSTRIES @ October, 1945



OVER 400 LARGE PAGES, filled
wit1photagraphs, outline drawings,
and performance curves, make G.E.’s
new, complete manual on electronic
tubes for industry a “must” for en-
ginzers and management.

EVERY TYPE OF INDUSTRIAL TUBE
has its section — ignitrons, thyra-
trons, kenntrons, pliotrons, phano-
trons, phototubes, glow tubes, bal-
lasy tubes, vacuum gages and
switches. Applications are ex-
plained, typical circuits given, and
93 tubes are pictured, described,
and rated. New tubes, such as the
midget thyratron, are included.

" GENERAL @ ELECTRIC

Newest, most comprehensive
book in its field!

TG,

Btor ol g
[

DESIGNERS OF ELECTRONIC EQUIP-
MENT will find this manual a work-
ing ally taey cannot do without. To
users of iadustrial tubes, the bool: is
atime-saving reference work of 3rzat
value—easy to consult because of the
tabbed dividers and indexed page
corners, always up-to-date by reason
of its loose-leaf format with new
sheets sent when changes occu-.

HANDSOMELY AND DURABLY
BOUND, G.E.’s new tube manual is
indispensable for your desk, file, or
engineering library. Order direct
from Electronics Dept. (Section 4C),
General Elect~ic, Schenectady 5, N.Y.

TRANSMITTING, RECEIVING, INDUSTRIAL, SPECIAL PURPOSE TUBES

ELECTRONIC INDUSTRIES @ October, 1945
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PRICE 32

“Electronic Tubes, Industrial Types’ comes
to you for $2. Also, for an annual service
charge of $1 new and revised pages will be
sent to you regularly as issuedp. .. ORDER
TODAY, enclosing payment, or giving
authority on your company letterhead to
invoice you.

ieg-Dis-8@5C

VACUUM SWITCHES AND CAPACITORS




OUR spirited steed is not only fast but
well-gaited. We curled our lasso around
the neck of “Electronics” a long time ago

and with our strong personality, and kind

] L ]
ireon rides treatment, turned it into our pet horse. It

again took a lot of skull work, a lot of smart
engineering, but it worked out. Now our
stable has 28 red hot electronic devices
that should interest you. How about hitch-
ing your chariot to our fast-stepping
organization, giving Aireon its head in

helping solve your electronic problems?

MANUFACTURING CORPORATION
Radio and Electronics o Engineer Power Controls
NEW YORK o CHICAGO
KANSAS CITY « BURBANK
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SELL 'EM,
DON'T
BREAK 'EM

u HERE do radio tubes go after inspec-
tion? Shipping cartons, or waste cans!

Imperfect tubes can’t be fixed up.
They have to be smashed vp. So the man-
ufacturer’s problem is to keep down the

number smashed up. And that calls for
Nickel.

Consider the problems involved: Mil.
lions of intricate parts to be made to
close dimensions...safeguarded against
rust and corrosion while in storage, and
through repeated handling . . . held to
close dimensions in assembly . . . thor-
oughly degassed during bombardment.

No wonder manufacturers for over
thirty years have stuck to Nickel. Nickel
helps manufacturers produce tubes that
are right in every respect . . . tubes that
pass the inspector. And that means fewer
rejections, increased yields, lower cost
per finished tube . . .
counts the most,

saving where it

Pure Nickel and Nickel alloys serve

many electrical applications. And among
your metal problems, too, are some
they’d doubtless solve.

Study Nickel’s advantages, listed at
right, and you’ll see why.

Then write us for more information.
Ask for your copy of “Nickel in the
Radio Industry.”

NICKEL

IMPORTANT ADVANTAGES

combined exclusively in NICKEL

1. Nickel’s excellent forming quality sim-
plifies production of precision parts.

. Spot welds on Nickel make strong
joints that are practically free of oxi-
dation.

. Nickel has strength to maintain pre-
cision during frequent handling in
mounting parts,

- Nickel is proof against rust during
handling or storage, and it resists cor-
rosion by solvents used for eleaning
parts.

. Nickel contains much less gas than
other commercial metals and is de-
gassed more readily. Higher tempera-
tures can be used to speed up evacua-
tion.

. Nickel is stronger at the high evacuat-

ing temperatures and there is no crys-

tal change on heating — both of which
keep down dimensional changes, and
preserve tube constants.

Better electron emission is obtained

from coated Nickel eathodes.

- Better, more adherent carbon coatings
can be deposited on Nickel und the
carhonizing process does not produce
a brittle strip.

. Nickel conducts heat better at elevated
temperaiures.

[

w

'

“m
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59

o
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THE INTERNATIONAL NICKEL COMPANY, INC., 67 WALL ST., NEW YORK 5, N, Y.
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STANDARD
RYSTALS

Announcing

STANDARD’S MIDGET crystal unit, now on a production basis.

STANDARD brings vou, as an answer to your frequency control problem. the
MIDGET. A precision erystal to your specifications in a holder that’s radically
different* — designed to fit minimum space requirements. Furthermore, the cost is

attractive.

The MIDGET is a real triumph of that skill and knowledge gained through our
vears of research, development and production experience. We have furnished the
armed forces millions of ervstal units—NOW we welcome the opportunity to supply

your requirements.

STANDARD’S engineering staff is at your command. Write, wire ov phone us

vour frequency control problems.

For general AIRLINE, POLICE, BROADCAST. AIRCRAT'T, AMATEUR
and COMMERCIATL uses we make a complete line of crystals in standard or
special holders. Send for new catalog just coming off the press. We take this oppor-

tunity to greet our old customers in these fields and to solicit their continued business.

* Refers to designs of holders.

—

In the inset (opposite page) the
new STANDARD MIDGET is
reproduced in actual size. The
background pictures popular
types in the STANDARD line.

ELECTRONIC INDUSTRIES @ October, 1945
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STANDARD PIEZ0 COMPANY

Established 1936

Quartz Crystals and I'requency Control Equipment
Office and Development Laboratory
CarrisLe, Pa., P. O. Box 164

SCRANTON, Pa. CARLISLE, Pa,

ELECTRONIC INDUSTRIES o October, 1945 9
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Four Breeze-Shielded Wright Cyclone 18’s rated at The 55-passenger Lockheed Constellation, whose
2200 HP power the Boeing B-29 Superfortress in its trans-continental record of 6 hours, 58 minutes was
1. ad

4

g attacks against the Jap h powered by four Breeze-Shielded Wright Cyclone 18's.

® For many years Breeze has been recognized as the General Headquarters for Radio
Ignition Shielding. The reputation which the products bearing the Breeze Mark of
Quality built up on national and international airlines before the war has now been

augmented by the service record of thousands of Breeze
Shielding Assemblies for America’s famous fighting air-
craft, tank, marine and commercial engines. When final
victory has been won, Breeze will once again be able
to return to production of Shielding for commercial
applications without delay for reconversion. And the
reservoir of Breeze Shielding experience so materially
increased in maintaining dependable communication in
war, will be available to help pace progress in peace.

Gorperalions Ine.

NEWARK 7 \REZE INEW JERSEY

0M0f QZWG fmm @ SHIELDING FOR AIRCRAFT ® MARINE & ELECTRONIC APPLICATIONS OF ALL TYPES

19
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—:‘_?:_\i \33 Quick as a wink the Fairchild
Night Owl Camera records enemy move-
ments intended to be hidden by darkness.
Quick as a flash the radio of the photo-
reconnaissance plane keeps touch with its
base — and’clearly — for Solar Elim-O-Stats
are part of the electronic equipment of these
highly perfected cameras.
This is but one of many in-
stances where Solar Elim-O-
Stats are being used to absorb
local interference and keep
speech channels free.
Let Solar advise you
on radio-noise sup-
pression.

l
\ PLANT PLANT

S.OLAf ; : A TOTAL OF NINE

ARMY-NAVYY EXCELLENCE AWARDS

SOLAR MANUFACTURING CORP.
285 Madison Avenue * New York 17, N. Y.

& 2013
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OR 34 years, Magnavox has specialized in
speakers and speaker sarisfaction.

* % Magnavox designers and engineers have achieved a
breadth of experience and knowledge that enables them
to meet your spedifications exactly. And Magnavox pro-
duction men have the know-how to build your speakers
at the right price, 1o a high standard of quality—on time.

% % Hard-to-satisfy research. engineers constantly seek
better speaker designs and better production methods.
They stand ready to apply their developments to any
of your component problems.

* k When you think of speakers, think of Magnavox. There
is no substitute for experience. The Magnavox Company,
Components Division, Fort Wayne 4, Indiana.

MCI nNavoe x

has served the radio industry 34 years

SPEAKERS - CAPACITORS - SOLENOIDS - ELECTRONIC EQUIPMENT

\2
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Ken-Rad for years has aided manufacturers to build

and matket radio equi>ment which wins the user’s
comfidence . . . Now, to wube cuality already foremost,
nave been added great new research and manufactur-
ng facilicies . . . Ken-R:zd Tuodes therefore will serve
beiter than ever builders ot electronic equipment who

va_ae top performance and re_iability.

DivisioN ofF GEN#Ral Eiectric COMPANY

OWENSBORQC, KENTUCKY




MALLORY Precision VIBRATORS
Help Test Automobile Engines

In this automobile motor analyzer, built by
Allen Electric & Equipment Co., Kalamazoo,
Mich., are three Mallory Vibrators. One is
used in the electric tachometer, one in the
coil tester, and one in the coil, condenser
and circuit tester. All three vibrators give
precision performance and help assure accu-
rate motor testing.

PRECISION test equipment, such as this motor analyzer, is always
built with precision parts like Mallory Vibrators. Serving in similar
industrial electronic applications, in automotive, aircraft and marine
radios, and on farms are millions of Mallory Vibrators. .. wherever
dependable conversion of battery DC voltages to high voltages is required.

Mallory engineers have pioneered in improving vibrator designs, materials
and workmanship. An example is the hermetic sealing of every Mallory
Vibrator . . . preventing damage from moisture or fumes, or ionization at

For Portable Plate Power low atmospheric pressures.
Mallory Vibrapacks

There’s a complete line of Mallory standard Vibrators and Vibrapacks*

Mall(;ry Vibrapacks deliver volt-

ages from 125 to 400 from any available from your nearest Mallory Distributor. Ask him for a free copy
low voltage source . . . with high .
efficiency; low battery drain; of the Mallory catalog. Or write us today,

ease of installation; long life.

Ihquiries are invited from manufacturers for Vibrators and Vibrapacks for usein original equipment

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

L
i€

AyY
b w}l

*Reg. U. S. Pat. Off. for vibrator power supplies.

VIBRATORS |
and VIBRATOR POWER SUPPLIES

14 ELECTRONIC INDUSTRIES @ October, 1945




ny
this

Now You Can Use MYKROY For:

® Large Terminal Boards ® Transformer Covers

@ Swiich Board Panels © Large Metar Panels

® Large In.ducfam_:e Bars ¢ Bases for Radio Frequency
and Strain Insulators up and Electrical Equipment
to 29 inches long assembliesrequiring large

® Switch Connecting Rods one-piece sheets

HE’.ETDFORE the largest sheet of glass-boaded mica insula-
tion available measured 14%” x 19%”. By doubling the
size, Elactronic Mechanics, exclusive manufacturers of Mykroy,
now af‘ord Design and Production Engineers many important,
new agplication cnd fasricating advantages.

Lzwer Cost per square inch affects savings as high as 33%
depending upon work piece size, greatly reducing the cost per
fabr cated part. Better Cutting efficiency lowers =
cost st | further extending the use of Mykroy to a
longzr list of electronic applications where for-
merly cost prohibitzd its use.

Get the full fac's about this versatile dielectric
now. &sk for a copy of the new MYKROY BUL- | -
LETIN 102 whick describes the new, larger |
19" x 293" sheats.

MADE EXCLUSI/ELY BY

A

C s
E(II?ONI CHANEE ;6 CLiFTON BLVD., CLIFTON, N J.
CHICAGO-47; 1917 N. Springtleld Ave., Tel. Albany 4310

EXPORT OFFICE: 89 Broad Street, New York 4. New York

MYKROY §S SUPPLIED IN SNEETS AND RODS - MACHINED' OR MOLDED TO SPECIFICATIONS

ELECTRONIC INDUSTRIES @ October, 1945

Supplied in thick-
nesses ranging
from 1/g''—11/

MECHANICAL PROPERTIES*
MODULUS OF RUPTURE................... 18000-2100Cpsi
HARDNESS
Mohs Scale 3-4 BHN. BHN 500 K9 Load. 63-74
IMPACT STRENGTH...._._. ASTM Charpy .34-.41 ft. ths,

COMPRESSION STRENGTH ...-42000 psi

SPECIFIC GRAVITY. ... ... 2.75-3.8

THERMAL EXPANSION. .000006 per Degree Fohr.

APPEARANCE .. ... Brownish Grey to Light Tan
ELECTRICAL PROPERTIES*

DIELECTRIC CONSTANT. ... ... ... 6.5-7

DIELECTRIC STRENGTH (% ) ...630 Volts per Mil
POWER FACTOR........_... 001-.002 (Meets AWS L-4)
*THESE VALUES COVER THE VARIOUS
GRADES OF MYKROY

GRADE 8 Best for low loss requirements.

GRADE 38. Best tor low loss combined with high me.
chanical strength.

GRADE 51 Best for mokding applications.

Special formulas-compounded for special requireme s,

024 i 1
ul T
o 020 H |
8 .014 e l
2 i
& 010 I
o T
Wi
8 006 i [ |
002 | | |
1 ; 10. 00.
MEGACYCLES AT 70° F

Based on Power Factor Measurements made by
Boonton Radlo Corp. on standard Mykroy stock.
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Microphones

Engineered hy

Answer Everyday
Sound Problems

o
Porce

Maximum Intelligibility
Under Extreme Noise

Hand-Held, close-talking single
button carbon *DIFFEREN-
TIAL mlcrophone for all speech
transmission in any noisy, windy,
wet or extremely hot or cold lo-
cations. Cancels out background
noise. Articulation is at least
979%, under quiet conditions, and
88% under a 115 db noise field.

Higher Articulation
with Less Fatigue

Moving coil, hand-held Dynamic
microphone for high fidelity
speech transmission. Uniform
response, free from peaks, in the
useful frequencies gives higher
articulation, provides more us-
able power level, and is less
fatiguing to the listener, For out-
door or indoor use.

Model 205-S. List Price.. ... . . .$25
*Patent No. 2,350,010

Model 600-D. Dynamic. List. $27.50
Mode! 210-S. Carbon, List. . $17.50

fl

Poly-Directional with
Adjustable Polar Pattern

The versatile high fidelity Cardak
is readily adjustable to reduce
any combination of reflected
sound. Cuts reverberation or
random noise pick-up . . . mini-
mizes acoustic feedback. For
broadcasting, recording, public
address, communications.

General-Purpose Dynamic
for Voice and Music

Widely used because of its de-
pendable all-around perform-
ance. Excellen: frequency re-
sponse for both indoor and out-
door speech and music pick-up.
Rugged, small size, light weight.
High output. Suitable for public
address, dispatching, paging, re-

Velocity High Fidelity
Bi-Directional Sound Pick-Up

Wide, flat frequency response,
bi-directional polar pattern, high
fidelity characteristics, wide-
angle front pick-up, and pick-up
range make it ideal for solo,
orchestra, or chorus, for single
speaker or groups. For indoor
P.A., broadcasting, recording.

—————— e e e e —— e ———— — —— —— —
l
|
|
l
|
|
I
|
I
L

T =

Model 725—Cardak I. List.. .. $55 cording and remote broadcast. Model V-1-C. List Price. .. . $. $30

M . CList. ... Mode! 630-C. List P ) $30 Model V-2. List Price. ... . .$37.50

odel 730—Cardak Il. List $75 _L- ode ist Price Model V-3. List Price . . . $50
——

Corner of E-V "lab” / »
One of our Quality-Con- / - 42?,?'0"1:
trol units used in testing

close-talking micro- i
phones. Harmonic distor-
tion, frequency response,
positional response (for
carbons) level, etc., are
carefully analyzed. Cal-
ibration is effected by
Bell Laboratory stand-

SEND FOR COMPLETE CATALOG
Gives valuable data on Electro-Voice
Microphones for communications, pub-
lic address, broadcasting and record-
ing. Includes helpful Reference Level

ards and our own recip- Conversion Chart

rocity checks.

JE %
No finer choice than g&m ;mcz

I CR OPH ONTES

Avthorized Distributors Everywhere

GUARANTEE

The E-V models shown
here are guaranteed
forever against de-
fects in workmanship
and material.

ELECTRO-VOICE, INC., 1239 South Bend Ave , South Bend 24, Indiana * Export Division: 13 East 40th St., New York 16, N. Y., U. S. A.— Cables: Arlab
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LOwW THERMAL CONDUCTI#ITY is jus} a
laboratory way of saying fhat Lumanrith
plastics are inviting to thef touch in &ll
temperatures. It explains one of th
many reasons why these jade-like ihf»
moplastics are used so frequently f
applications involving personal contact
and handling: electric shaver housings,
hardware, tool handles, telephone hand-
sets ., ..
Lumarith molded «iid fabricated ileins
have a uniform surface texture and
smoothness that actually improves with
handling. They are odorless, tasteless
and non-toxic, and can be produced in
a limitless range of colors, color densi-
ties and transparencies.
Would you like to know more about
these modern plastics? Write for Product
Designer’'s Booklet, or refer to Sweet's
Catalog. Celanese Plastic Corporation,
a division of Celanese Corporation of
America, 180 Madison Avenue, New
York 16, N. Y.

o e I
3 ] A ire .

“Information for Product Designers
T;aughne/ss is characteristic of all Lumaorith plastics.
_ They have excellent colorability, water resistance,
- dielectric strength, lightness, uniformity and stabil-
(ity-rare interchangeable in many applications. The

different Lumarith types and formulations accent
particular physical properties in the following

manner:

LUMARITH C.A,
 y Cellulose acetate. The most versatile of the cellu-
« losics . . . ideal in applications requiring balansed
physical properties . . . superb color.
LUMARITH X
High acetyl cellulose acetate. Provides added di-
mensional stability and moisture resistance, with

superb color,

LUMARITH E.C.

Ethyl cellulose. Superior toughness at temperature
extremes, plus lightness and form retention.

CELLULOID.

t Cellulose nitrate. Color, economy and all around
toughness maintain the popularity of this "first
used in volume for fabricated items.

Ppatic

*ftez. V.. Fat. Of.

plastic”. . .

Success with plastics depends on the proper se-
lection of plastic type and formulation. Our tech-

nical staff is at your service.
17
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|T was 50 YEARS AGO, on November 8, 18935, that scien-
tific investigation led Roentgen to the discovery of X-rays.
In this semi-centennial year we honor his work, and the work,
of the pioneers who, sometimes at the sacrifice of their own
lives, developed the theory and practice of a science that
today means so much to all mankind.

Very soon after Roentgen publicly announced his dis-
covery in 1896, Robert H. Machlett made the first practical
American X-ray tube. Quickly he improved his techniques,
creating a whole series of "firsts” such as the first ray-proof
tube, the first cooled by water,.the first for contact therapy.
The organization he founded carries on his principle of
constant research, improvement and initiative, and has
many other firsts to its credit, culminating in the amazing
and unique 2,000,000-volt, direct current, sealed-off, pre-
cision X-ray tube.

18

To a large extent, X-ray history is Machlett history, a
history of service to mankind. Today, Machlett tubes are in
use by doctors, hospitals, laboratories and factories in many
spurts of the world, saving lives, inspecting products, per-
forming délicate analyses, expanding man's knowledge,
serving with unmafchéd exactitude and economy: For the
future, Machlett's talents will create other and still more
valuable applications, for Machlett never stands still, is
always creative, improving its tubes, developing new ones
for old and new services.

In addition to X-ray tubes for all purposes, we also make
oscillators, amplifiers and rectifiers for radio and industrial
uses, all to the same high (and unmatched) standards to
which our X-ray tubes are held. It will pay you to buy
Machlett tubes. For information as to the available types,
write Machlett Laboratories, Inc., Springdale, Connecticut.
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Cornell gontact therapy tube

Transformer tube

Pyrex heavy anode bulb tube,
type MR

Small shockproof tube, type CYS

Silver bearing long-life rotating ‘target
tube, type DX

Tube with beryllium windaw ond hooded
anode, 250 k. v,, tvpe IR

[2- 200 - - S R <SR- - - - S S < G - SR < SR < S - N <

From the Beginning

. "When in 1895 Professor Roentgen

Tube with vacuum-tight beryilium window
y in envelope—the Diffraction Tube

announced his discovery, Machlett
was immediately interested and be-
gan experiments to reproduce the
results of Roentgen. He was ideally

. 2,000,000 voit direct current pre-
equipped for such work, for just cision rodiographic tube, fype VM
at that time he had perfected
a mercury pump capable of pro-
ducing a very high vacuum. He at-
tacked the difficult task and before

many days had passed, succeeded

in producing the first X-ray tube in —“\"\
this country.” —I. S. Hirsch, Radiology T I
8:254,1927. /

o o o3 o3 % ox o3 oY% ox¥ % % ¥ X % o3 o3 oo %o

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

L4
P IR S-SR~ - SR <N - S - SR SR - N - SR < - S < S <4
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SIMPLIFIED ... Features include
CONSTRUCTION snap action contacts;

high sensitivity; low
operating power; statically balanced armature and
contact assembly; six easily accessible adjustments;
good contact wipe and stable contact pressure.

Struthers-Dunn Type 79XAX snap action d-c
operated relay is a positive acting sensitive unit
that finds a wide variety of applications in circuits

with slowly changing control currents. Erratic
operation and varying contact resistance en-
countered with ordinary sensitive relays are elimi-
nated. Applications for this popular relay cover a
broad range of use from vacuum tube circuits, to
overcurrent protection, pulsing circuits, and uses

A typical vacuum tube application. A slight increase in where extremely close differential or sensitivity of
plate current closes the relay, thus increasing negative . A .

bias on the amplifier tube so that plate current through operation 1s reqmred-

the relay coil inmediately decreases to a point close to WRITE for Data Bulletin 79XAX glvmg full

the release value for the relay. Thus, any slight decrease
in light falling on the photo cell will reduce plate current
sufficiently to return relay contacts to normal position. suggested uses.

STRUTHERS-DUNN, Inc., 1321 Arch Street, Phila. 7, Pa.

STRUTHERS-DUNN

construction details and outlining a variety of

5,312 RELAY TYPES

DISTRICT ENGINEERING OFFICES: ATLANTA o BALTIMORE ® BOSTON ¢ BUFFALO ¢ CHICAGO ¢ CINCINNATI ¢
CLEVELAND ¢ DALLAS * DENVER * DETROIT « HARTFORD ¢ INDIANAPOLIS o LOS ANGELES * MINNEAPOLIS ¢
MONTREAL » NEW YORK * PITTSBURGH ¢ ST. LOUIS » SAN FRANCISCO o SEATTLE » SYRACUSE « TORONTO
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PLASTIC TUBINGS AND TAPE

Users of flexible plastic tubings and tape secure a large
increment of efficiency and economy when they specify “Fibron by Irvington.”
For the product they receive has been especially formulated for their own specific
need. Should the ma4jor requirement be operation at elevated temperatures, a
Fibron formulation for exactly that job can be supplied. Likewise for temperatures
as low as —70° F; or for services requiring resistance to acids, alkalis, corrosive
fumes, and abrasion. In each case the correct Fibron formulation is supplied. Each
formulation of course, furnishes the high electrical and mechanical properties
essential for efficient, long lasting insulation,

It is this Irvingron policy of “engineering and formulating for specific applica-
tions,” that accounts for the long service which Fibron plastic products provide
... as well as for Irvington’s continuing leadership in electrical insulation!

Fibron plastic tubings are produced in all standard opaque colors as well as
transparent — diameters from .034” to 2” — in coils or cut lengths. Fibron tapes
are obtainable in black and clear, in widths 4” to 3”, thicknesses .004” to .030”
and in convenient length rolls for hand application. Fibron wire markers are
available plain or stamped, in inside diameters from .053" o 14",

An outline of yowr special requirements will receive immediate atcention.
Write Dept. 50.

oy IRVINGTO
VARNISH & INSULATOR CO.
T Ge gy, MARK Irvington 11, New Jersey, U. S. A.

'“"LOOK TO IRVINGTON FOR CONTINUED LEADERSHIP I' N INSULATION"'"
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GOOD MEDICINE

for your control or protection problems

KLIXON Snap-Acting CONTROLS

A quick, clean “break” or a solid “make” ... that’s what you
get when you use Klixon Snap-Acting Controls in such applications
as motor and transformer overheat protection, electrical circuit
overload protection, thermal time delays or temperature control
for radio equipment. These small, compact, lightweight controls
operate surely and accurately no matter how often they operate.
Because they have no toggles, or other complicated parts, they give
foolproof control or protection even under vibration, shock, motion
or altitude. They are available in a wide range of standard types
with ratings to meet practically all requirements . .. and in sizes
that can easily be incorporated into most mechanical design plans.

Our engineers will gladly help you with your control or protec-
tion problems. Write for their services today.

SPENCER THERMOSTAT COMPANY ¢ ATTLEBORO, MASSACHUSETTS

'
i
'
'
'
'
'
'
'

Type C-7220 Precision

Snap

Switch 12 amps. 30 Volts D. C.,

125 Volis A. C.

Type C-2851 Thermostat. For
such use as Roughing Controls on

Outer Crystal Ovens.

Type ER Series. Ambient Compen.

sated Time Delay Relays,

Type B-3120 Thermostat and
Heater,Crystal Dew Point Control.

22

Type C~4351 Thermostat. Used
for Tube Warming, Tube Cooling,
Type C-6363 High Limit Controls, etc.

Switch Circuit Breaker

[ e TR

Type RT Thermostat. Adjustable
Temperature Control.

ELECTRONIC INDUSTRIES
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of these Callite filament springs
weigh one ounce!

This tiny Raytheon flat pentbde in its entirety
weighs only 0.07 of an’ounce and is designed for
applications where very low battery drain as weli
as minute size are important. The CKS05AX tube
was developed by Raytheon for use in hearing aids,
electronic stethoscopes, portable measuring instru-
ments and for amplifiers in geophysical apparatus.

Processing the tungsten wire for a filament spring
weighing seven-millionths of an ounce is only one
of many difficult assignments given Callite by tube-
makers like Raytheon. Callite’s pioneering in tung-
sten metallurgy has kept pace with the requirements
of leading tube/manufacturers —often anticipating
them.

Our engineers are ready to help you with the design
and productiqn of metallurgical components for
your electrical and electronic products. Callite
Tungsten Corporation, 547 Thirty-ninth St., Union
City, N. J./* Branch Offices: Chicago, Cleveland.

Hard gloss leads, welds, tungsten and molybdenum wire, rod and
stweet, formed parts and other components for electron tubes and
incandascent lamps.
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| Fast, Economical Production of | S
e R
e , ey
4+ YOUR TUBES A
14+ . e | —
-1 i B g 7
; i » .
1 = 2t :
=5 Manufacturers requiring transmitting and industrial power -3 - : \\‘
tubes and rectifiers, produced 1o their"specs” under their brand "

" names, can use the production-ability of Lewis Electronics. &) :.1.
——-,--; Immediate and important competitive advantages are reflect- 7 ‘b’f
710 ed in advanced Lewis production techniques. Each Lewis N '

! | technician and engineer has the individual skill and enthu- .

:-T_"' siasm to meet exacting technical requirements. You are :
4 assured of gwality plus quantity production—at low cost'! . . [z
—v*i—] Ask today, about the tube-production job Lewis can do for you.

. Write, wire or phowe— our representative will personally call.

S S e
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From Annealing to Flaw Detection

ELECTRONICS

~ Does it better

~for the
WIRE INDUSTRY

Problems in wire-making that have long challenged

the industry are on their way out, thanks to the solutions

which electronics offers. Costly operations will be replaced

by economical short cuts. Laborious checking methods will
yield to automatic controls. In industry after industry, electronics
is showing how to do the job better, how to make a better

3 product — for less! We of Sherron Electronics offer a worthwhile
H°W E'EC"O"ICS serves service to manufacturers in the wire industry. Our experience

fhe Wire- -||ndus‘|'ry and skills in the production of custom-builf electronic

_ equipment cover all factors involved in . . . design,

ELECTRONIC HEATING for annealing and finish [ |
Evig engineering, development and

manufacturing. Write to learn how
ELECTREONIC COMNTROLS for level, shut-off,

: Sherron Electronics can help you.
spray., temperature and time.

ELECTEONIC REGULATION for slack and tension.

ELECTRONIC counters for coil counting, flaw de-
tection, weld detection and {ault

detection and location.

ELECTRONIC and automatic measurement of

thickness, etc.

Sherron

e SHERRON ELECTRONICS COMPANY

Division of Sherron Metallic Corporation
1201 Flushing Avenue Brooklyn 6. N. Y.

“WHERE THE IDEAL IS THE STANDARD, SHERRON UNITS ARE STANDARD EQUIPMENT“
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MEDIUM DUTY POWER SWITCHES

Producens of:

Variable Resistors o
Selector Switches ®
Ceramic Capacitors,
Fixed and Variable
Steatite Insulators
and Silver Mica But-
ton-type Capacitors.

. available for transmitters, power supply converters and
many special industrial and electronic uses.

The units are assembled in multiple gangs with a choice of
shorting or non-shorting contacts.

The switching combinations manufactured for stock delivery
are in single or multiple sections . . . 3 pole, 5 positions and
1 pole, 17 positions. (17 positions can be furnished with 18
positions continuous rotation.) Special combinations available.

Rated at 7%2 amperes at 60 cycles, 115 volts, voltage breakdown
2500 volts D.C. to ground.

@ Write for Bulletin 815.

Division of GLOBE-UNION INC., Milwaukee
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SCHWEITZER'S .00025"

IS THE ANSWER

If you really need thin paper...we can fill your
requirements whether they be for the

00025” insulating paper pioneered by us, /
or any of the other grades ranging up to on

.004” in thickness. &zag

R .
SCHWEITZER PAPER CO.

‘ snscuusrs In ]}[///V
142 MILLER STREET, NEWARK, N. J. ' [;14[/[; {

Plants: Newark, Jersey City, N. J., Mt. Holly Springs, Pa.
Research Laboratories: Chrysler Bldg, New York, N. Y.

IN
SUlAr,NG Pa
PERS
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W% ENGINEERING AND PRODUCTION

The gadget above is a junction 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

28

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 DisulatorCo., Inc., LeRoy, N. Y.
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E compact Erie Type 370 Button Silver
Mica Condensers are now available with
un:form nominal diameter of 447" in all ca-
pacitiesuptc andincludingl,000MMZ.This
hicher capacity range greatly broadens the
field of application for these popular units.

These condensers have proven to be ideal
components for V.H.F. and UH.F. applica-
tions where short ribbon-type leads, low ser-
iesinductancs, and compactness are raquis-
ite factors. Their efficiency and quality have
been thoroughly established through prac-

tical service, in large quantities since 1941.

I'lustrated above are several special and
standard styles of type 370 Button Micas. In
the interest of eccnomical production 18
styles have keen selected as standard units.
The chart at zae right gives the correspond-
ing letter des.gnations for the case and ter-
minal styles cf these standard units.

V/hen ordering, case style should be speci-
fied first, by its corresponding letter, follow-
ed by terminal letter.

Complete technical information or Erie
Type 370 Button Micas will be sent to in-
terested engineers on request.

B TR

LONDON,

October, 1945
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The tumult and the shouting ~difes,

The Captains and the Kings depart,
Still stands Thine ancient sacrifice,

A humble and a contrite heart.
Lord God of Hosts, be with us yet,

Lest we forget—lest we forget!

~— Rudvyard Kipling

To Our Customers and Friends —

You and we have worked together through four of the world’s most tragic vears.
Our common interest in a common causc has strengthened old business friendships
and has made many new ones. For this we are grateful.

This experience of mutual respect and confidence is one result of the war that
will be carried over to the problems of peace. It is the very stuff that will assure profit-
able business at home and better relations with our neighbors abroad.

We of the Biddle Company fortunately have no factory problem of reconversion.
For the most part, we make the saume testing instruments for industry at peace as
were required for war. And as more of our products become available for industrial
and rehabilitation purposes, we will continue to serve you—in good faith always—and
to the best of our ability.

JAMES G. BIDDLE CO.

1211-13 Arch Street, Philadelphia 7, Pa.

“MEGGER” INSULATION TFESTERS, GROUND TESTERS AND OHMMETERS « “FRABM” FREQUENCY METERS AND
TACHOMETERS «  “JAGABI” RUFOSTATS « INDICATING HAND TACHOMETERS «  SCIENTIFIC APPARATUS
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but we are recognized as experts on wave guides and
all micro-wave equipment.

Our specialized skills in research, development, de-
sign and production offer advantages to the radio and

television industries, and to the electronic field in gen-

EQUIPMENT eral, which are worth exploring.

FOR
DE MORNAY-BUDD, INC., 475 GRAND CONCOURSE, NEW YORK, N. Y.
97% OF ALL
RADAR SETS WAVE GUIDES ¢ DIRECTIONAL COUPLERS « MIXERS

CO-AXIAL STUB SUPPORTED LINES e« ROTATING JOINTS
R. F. BENCH AND FIELD TESTING EQUIPMENT < AMPLIFIERS
o MODULATORS '« 1. F. STRIPS ¢ ANTENNAE

~

ELECTRONIC INDUSTRIES o October, 1945 31




DOWN TO 500 Kc

No-signal squelch circuit makes this general purpose
KAAR RECEIVER IDEAL FOR STANDBY!

The KAAR KE-23A general
purpose recciver has a wider than
customary range, covering all of
the radio communication bands
from 500 Kc to 42 Mc. Unsur-
passed for most types of emer-
gency, commercial, and amateur
operation, it is especially favored
as a standby recciver.

A no-signal squelch civenit—
normally not available in a gen-
ceral purposc receiver-——automati-
cally silences the speaker except

when a call or message is being
received, thus eliminating back-
ground noise during standby
periods. A threshold control on
the panel determines the amount
of carrier required to operate the
receliver, or cuts out the squelch
circuit when desired.

This nine tube receiver has a
high degree of stability and its
sclectivity and sensitivity insure
reception under the most difficult
conditions.

The KE-23A, designed for 117
volt 60 cycle AC operation, is in-
stantly converted to 6 volt DC by
plugging inaKAAR 647X power
pack at the back. Write today for
additional information about
this versatile KAAR receiver.

KAAR =&

ENGINEERING CO.

PALO ALTO, CALIFORNIA

Export Agents: FRAZAR & HANSEN
301 Clay Street » San Francisco, California

e/ TRRRN
co. A==

FM TRANSMITTERS — 50 and.
100 watt mobile FM trans

mitters with instant-heating
tubes for lower battery drain.

CRYSTALS—Low-drift quartz

plates. Fundamental and

harmonic types available in
various holders.

AM TRANSMITTERS —Mobile,
marine, and central station
transmitters for medium and
high frequencies. Instant heas-
ing, quickly serviced.

MICROPHONES —Type 4-C

single button carbon. Su

perb voice quality, high
output, moisture proof.

CONDENSERS— Many types
of small variable air con-
densers available for tank
circuit and antenna tuning.

32
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ANOTHER "FIRST” BY NATIONAL UNION RESEARCH LABORATORIES

AN exzample of how war-time research by National
Unicn engineers is helping to lay the founda-
tion for vastly improved post-war Television, FM
and radio reception, is this new half wave high
vacuum rectifier—the NU 1Z2.

Here is 2 miniature with the voltage handling
capabilities heretofore possible only in full size
tubes. For a high voltage rectified supply in the
operation of radar and television equipment, the
NU 1Z2 saves space—operates with increased
efficiency—is exceptionally rugged. Its low filament
power consumption suggests many new fields in
circuit design and application.

The NU 1Z2 joins a notable group of original
electron tube developments by National Union Re-
search Laboratories. For progress through research
—count on National Union.

ELECTRONIC INDUSTRIES ® October, 1945

National Union 172
High Voltage Rectifier

Inverse peak anode voltage-

MAXee v v e vnnnnnnnennnnns 20,000 volts
Peak anode Current......... 10 ma.
DC Output Current......... 2 ma.
Filament Voltage........... 1.5 volts
Filament Current............ 300 ma.

The NU 1Z2 is designed to withstand
shocks in excess of 500 G’s.

Maximum overall length..... 2.70”
Maximum seated height. .. .. 2.37”
Maximum diameter......... 75”7
Bulb...........oivia... TsY:
Base Miniature Button . ... .. 7 pin
Mounting position .......... Any

33
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FILAMENT

MODEL 2413

%7 Speed-Chek Tube Te

MORE FLEXIBLE - FAR FASTER - MORE ACCURATE

Three-position lever switching makes this sensational new model
one of the most flexible and speediest of all tube testers. Its multi-
purpose test circuit provides for standardized VALUE test; SHORT
AND OPEN element test and TRANSCONDUCTANCE comparison
test. Large 4" square RED ¢ DOT life-time guaranteed meter.

Simplicity of operation provides for the fastest settings ever de-
veloped for practical tube testing. Gives individual control of each
tube element.

New SQUARE LINE series metal case 10" x 10" x 52", striking two-
tone hammered baked-on enamel finish. Detachable cover. Tube
chart 8" x 9" with the simple settings marked in large easy to read
type. Attractively priced. Write for details.

MODEL
2413
[17]

is another
member of the
NEW TRIPLETT
Square Line

sicr

(" Aditional )

® Authoritative tests for
tube value; shorts. open
c¢clements, and transcon-
ductance (mutual con-
ductance) comparison for
matching tubes,

Flexible lever-switching
gives individual control for
each tube e¢lement; pro-
videsforroamingelements,
dual cathode structures,
multi-purpose tubes, etc.

® Line voltage adjustment
control.

® Filament Voltages, 0.75 to
110 volts, through 19 steps.

® Sockets: One only each
kind required socket plus
one spare.

® Distinctive appearance

with 4 meter makes im-

pressive counter tester —

also suitable for portable

ELECTRICAL INSTRUMENT CO. sturrron, onto
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7S MAKE FINE

et —

. FINE POIN

Immersion

Vacuum Test

OF
AMERTRAN

TRANSFORMERS ®

EVERY UNIT GETS A BATH. The photographs above and
to the left show one c¢f the tests to which AmerTran
Hermetically Sealed Transformers are subjected. All
receive this test—not just random units.

NOT A BUBBLE SHOWING! Continuous inspection during
and between manufacturing steps insures cptimum
performance and long life. The high dependability of
AmerTran Hermetical'y Sealed Transformers is due
to exceptionally rigid standards of manufacture and
inspection.

NEW — OIL IMPREGNATION with bellows style case to per-
mit complete sealing with provision for expansion.

OTHER FINE POINTS. Uniform characteristics

correct termirations—vacuum impregnation
with varnish or wax—vacuum filling with oil
or wax—high mechanical strength—induc-
tion soldering—infra-red pre-heating—con-
tinuous inspection—42 years transformer
manufacturing experience,

AMERICAN TRANSFCEMER COMPANY
178 ZNMET STREET « NEVARF §, NEW JERSEY e

Pioneer Manufacturers of T-ansformers, Reactors and

vh‘a
MR
\TR
Rectifiers for Electronics and Power Transmission
—
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HOW EXCELLENCE IS BUILT INTO

Checking mica capacitors for curr2at carrying X | The above operator is shown checking a cxpac-
ability on high frequency. o — idor on a precision b-idge.

A view of the ‘“‘mexry-go-round’™ automatic checking The above picture shows an operator cclor codirg
equipment usad for dieledric striength test capacitors on special equigment used forthis purposa.

~ ESTABLISHED 1898 - -« MICA CAPACITORS - - =«

e DRSS
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COMPANY yiGED

-+« WATT HOUR METERS - - - TIME SWITCHES _
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BLILEY has the crystals

Post VJ Day production of Bliley
acid etched* crystals for FM receiv-
ers, Aircraft and Marine radios, Rail-
road communicationsequipment and
many other applications is proceed-
ing with the same skill and efficiency
that marked our wartime operations.

Sliley

CRYSTALS

Substantial quantities of these crys-
tals are in the hands of foresighted
manufacturers who planned in ad-
vance with Bliley engineers for fre-
quency stabilization in their post-
war models.

Now, more than ever before, you

BLILEY ELECTRIC COMPANY -

38

UNION STATION BUILDING,

need the versatile experience of
Bliley engineers and craftsmen
gained through more than 15 years
of quartz crystal engineering ex-
clusively. Whether your require-
ments are one crystal or a million,
you can be sure of top quality —
top design—and top performance—
in Bliley crystals.

*Acid etching quartz crystals to frequency is
a patented Bliley process.

Radio Engineers —
write for temporary
Bulletin El-26

ERIE, PENNSYLVANIA
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SEND FOR CATALOG No. 40
Write on company letterhead for
helpful Catalog and Engineering
Manual No. 40. Address Ohmite
Mfg. Co., 4818 Flournoy Street,
Chicago 44, Illinois.

ELECTRONIC INDUSTRIES @ October, 1945

The unique characteristics of these Ohmite
units have made them especially suitable for
many r.f. applications. Proved by use before
war came . . . they are performing vital
functions today in the production and oper-
ation of crirical equipment. Tomorrow—
they will be more popular than ever!

GLASS-SEALED NON-INDUCTIVE DUMMY

ANTENNA RESISTORS —for testing and measuring
power output accurately. 100-watt and 250-watt
sizes in variety of resistances.

R. F. PLATE CHOKES—single-layer wound on low
power factor steatite cores, with moisture-proof
coating. Built to carry 1000 M.A. 5 stock sizes from
2% meters to 160 meters.

PARASITIC SUPPRESSOR—small, light, compact
non-inductive resistor and choke, designed to
prevent u.h.f. parasitic oscillations.

NON-INDUCTIVE VITREOUS ENAMELED POWER-SIZE
RESISTORS—Useful in wide variety of radio
frequency applications. 50-watt, 100-watt and
160-watt stock sizes in many resistances.

Obmite Engineers are glad to assist you on any resistances
control problem.

OHMITE MANUFACTURING CO,
4984 FLOURNOY STREET e CHICAGO 44, U.S. A«

BeReght with

RHEOSTATS e« RESISTORS « TAP SWITCHES
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AEROVOX
W

... Can save you untold
time, expense, trouble

@ Ingenuity, imagination, versatility, adaptability, coupled
with sound engineering practice, add up to Aerovox
"Know-How." :

Of course Aerovox has an outstanding line of standard
capacitors—paper, oil, electrolytic, mica and low-loss ultra-
high-frequency types. A wide range of requirements are met
with such a variety of listings. But Aerovox can also meet
most extraordinary needs with special types that do not have
1o be billed at usual special prices. Here’s why:

A tremendous variety of cans, terminals, insulators, mount-
ings and production processes at the disposal of Aerovox
engineers enables Aerovox to make up special types quickly,
readily, inexpensively. So:

Bear in mind Aerovox “Know-How''—and save untold time,
expense, trouble.

® Try us on that capacitazice problem.

D

INDIVIDUALLY TESTED

AEROVOX CORPORATION, NEW BEDFORD, MASS., U.S.A. SALES OFFICES IN AtL PRINCIPAL CITIES
Export: 13 E. 40 Sv., NEw York 16, N. Y. - Cable: ‘ARLAB’ - In Canada:- AEROVOX CANADA LTD., HamiLToN, ORT.
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@ So clearly and unmistakably are draftsmen able tc express their ideas on
paper that their drawings have re-shaped the world. Through line, figure and
symbol, draftsmen define the work to be done by the labor and machines of a
nation. Assisting them to attain predsicn and clarity are drafting instruments
that act almost as living extensions of their own hands...instruments that function
figuratively as their partners in creating.

For 78 years Keuffel & Esser Co. drafting equipment and materials have been
partners, in this sense, in shaping America, in making possible its swift-moving
highway traffic, its speed in conducting business, its victorious might in war
...So universally is K & E equipment used, it is self-evident that every engineering
project of any magnitude has materialized with the help of K & E. Could you
wish any surer guidance than this in the selection of your own “drafting
partners’'?

You will find special advantages, for example, in PHOENIX* Tracing Cloth,
which K & E has made almost “ghost-proof.” Here is a cloth from which you

can erase either pencil or ink lines without
o ® risking wntidy “'ghosts” on the prints, a
pq rtne rs I n cre qtl ng cloth practically immune to stains from
perspiration and water. You can even
soak it in water for ten minutes at a time
without harm! For further details about PHOENIX* Tracing Cloth, write on your
letterhead to Keuffel & Esser Co., Hoboken, N. J.

*REG.U. 8. PAT. OFF;

... the world’s

greatest highways v.. best known

calculators

Drafting, Reproduczion,
Surveying Equipmens
and Materials.
Slide Rules,
Measuring Taper.

rockets
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You want them
small...

You want them
to last...

THEY’RE more dependable than cardboard tubulars.
They’re' aluminum-contained, hermetically sealed ! Yet, unit
for unit, they’re smaller in size—ideal for under chassis

mounting where space is at a premium.

They come in single OR dual units. Single units available with
lugs or leads. With insulating covering, or without. In ratings
up to 600 volts —surge volt limits up to 750 volts.

Fine workmanship makes them tops in quality. Special mount-
ing hardware makes them easy to install. Get ALL the facts.

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

Electrolytic,
Film and Paper

CAPACITORS

>

i
2 .
‘é iﬁ

3,
=
=
X
S
o
2
b

42

You Want

MALLORY
Tubular

Capacitors

Everything you want to know
about Mallory Capacitors. Pictures,
drawings, electrical characteristics.
Available from us, or your nearest
Mallory distributor.

ELECTRONIC INDUSTRIES @ October, 1945
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® Hovis Master Washer Dies demonstrated their fremendous
advantages during wartime. They were widely adopted by
outstanding manufacturers and their use will be greatly ex-
panded in peacetime production. Hovis Universal Master
Washer Dies do away with the old, slow and expensive
method of making washers, requiring a new die for each new
size and type of washer. Instead, you make a nominal in-
vestment in Master Washer Dies, which do not become obso-
lete. Those already in use can be utilized in civilian produc-
tion. All that is necessary is to change 5 small interchange-
able parts to make any size washer, thus eliminating process
engineering, tool designing, tool making and tool tryout, and
effecting a big saving in time, storage space, material and
labor. ASK FOR ILLUSTRATED LITERATURE.

HOVIS SCREWLOCK COMPANY
8096 E. 9-Mile Road Van Dyke, Mich.

Phone: Centerline 1575 (Suburb of Detroit)
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GENERAL B ELECTRIC

THESE 5 ILLUSTRATIONS AND (RECORDED), . - ——

CAPTIONS are typical of the simple, interest-
arousing sequences. 100 in each slidefilm.

When the lamp is lighted and the filament
glows, current flows through the extra wire,
even though it is not connected with the fil.
ament itself. This phenomenon (Edison Effect)
demonstrates the underlying principle of
electronic tubes.

Electrons, being negatively charged par-
ticles, repel each other and hinder the flow
of other electrons from cathode to anode.
This repelling action is called ‘“space-
charge’—a factor of very great impor-
tance in electronic-tube design.

In some types of electronic tubes, we “boil"
the electrons out of the cathode with heat,
much as boiling water produces steam.

A gas-filled tube (phanotron) can be dam-
aged if forced to operate before its cathode
has been heated sufficiently to emit the
required amount of electrons. To prevent
such abuses, most electronic equipments have
automatic timers built in to protect rectifier
tubes.

In our electric circuit, we use a second
voltage supply called the control, or grid,
voltage. It performs much the same function
as the control handle on the valve in a
hydraulic circuit.

PART TALKIN

. 0w ViSlla|IZBd for easy under-

standing, even by non-techni-
cal people

i & paCkagEd for easy instruc-

tion, using your own ‘““home-
talent’’ leaders

.o s practlcal up-to-the-minute

subject matter, technically
authentic

Now, an understanding of electronics as applied in
industry con be built up, right within your organization,
using the ingenious techniques of visval instruction that
have proved so successful for wartime training. Every
sequence of this 12-part course has been put to test on groups
of widely different education levels. Educators have joined
practical plont executives in praising its combination of
easy understanding and technical accuracy.

As you follow the instruction manual, the sessions almost
“conduct themselves,” so that no great experience in
organizing or instructing people is mecessary. Everything
essential is furnished except a sound slidefilm projector
(35 mm, 33%5 rpm), screen, and a meeting place. Upon
completion of the course, your people will have a well-
rounded acquaintance with electronic devices, tubes, cir-
cvits, and applications.

ELECTRONIC INDUSTRIES o October, 1945




ALL THESE WILL BENEFIT

As electronic apparatus is applied more and ofs widely to L=
industrial plants and processes, more and more of your peoplg= l

from managers to maintenance men—will find their work depending

upon electronics in a very practical way. Some of them must learn

to ser‘vicg this equipment. Others yvill be better equipped to get’ the;
most out of electronic equipmerit when.itis no.langer “'dlj o m‘ysfg—:rx"

to them.

PJ.ANT ELECTR|(|ﬂNS and ‘maintenance meh"wili‘ ﬂ‘nd the

“course understandable, even if their knowledge of electriccl theory -
Js-limited. In learning about elecironics and its applicatior, they’ll
gét' a background of Fundamentals of electricity, too.

‘PLANT AND DESIGNING ENGINEERS witl find the course

stimulating in suggesting practical electronic applications to improve
processes or products.

PRODUCTION MANAGERS and foremen will get a clearer

concept of the workings of equipment for which they are responsible.
New process control ideas may also be suggested.

EXECUTIVE MANAGEMENT and purchasing agents can gor 300 REVIEW BOOKLETS—25 sets of 12 individual

clearer concept of practical electronic possibilities. They will be in lessons, keyed to the slidefilms

a better position to consider and approve recommendations. 1 INSTRUCTOR'S MANUAL—Q ]40-puge book

| with hundreds of illustrations and detailed
steps for conducting the course

t\. '_.nr FIRNESSINE
S ruectron §

o

770e5 whal you 9ot

12 SLIDEFILMS AND RECORDED TALKS—each
about 15 hour long

SALESMEN selling electronic products will be better equ pped to
talk to their customers.

Note: ELECTRICAL UTILITY COMPANIES and electrical associotions in

many communities are organizing inter-company groups for 1 CARRYING CASE—attractive and strongly built,
this course of instruction. You may want te check with your | .
local utility on this point. it holds records, films, and manvais
—f th lete ‘‘package”
THESE ARE THE 12 SUBJECTS THE PI':'CE ;’oo_ e ';;‘ A
OF INDIVIDUAL FILMS AND LESSON BOOKS o B o o B o ion SR

of 12 review booklets, $2

1. H ing the Electro
e ey ORDERS—can be placed through any local G-E

2. Electronic Tubes as Rectifiers

3. Grid Control of Electronic Tubes office, or use the coupon below.
4 Fundamentals of Electricity, Part |
5. Fundamentals of Electricity, Part Il FPEEAEETSESEEESEEEEEEEEENE

6. Electronic Relay Systems

. X . ll  General Electric Company [ |
7. Electronic Rectifier Equipment i Apparatus Dept., Section H635-13 i
8- Thy-mo-trol (Thyratron Motor Control) - Schenectady 5, N. Y. s
9, : B —Enclosed is our order for ... complete INDUSTRIAL ELEC-
1 EIedron!c Control of A-c Po.wer | TRONICS courses at $100 each (May be returned without charge | |
0- Electronic Frequency Changing if you are not fully satisfied.) -
s Photoelectric Sys’ems i —When could someone in our organization see a showing of one
12. Electronics, Today and Tomorrow [ | of these lessons and examine the complete kit? [ |
N Name. :
|
GENERAL@) ELECTRIC § cmorr- e I
[ | Address .. [

BUY ALL THE BONDS YOU CAN—AND KEEP ALL YOU BUY
ELECTRONIC INDUSTRIES @ October, 1945 45



A larger type, 1-3/32" in diameter

for use where voltages do not ex-
ceed 350V, and where wattages
are .4-watt or less. Can be supplied

with sealed cover. Has positive spiral
spring contact. With switch: Type LPD.

An exceptionally sturdy type only

57/64” in diameter for low-wattage
requirements. Has paositive-contact
spiral spring to -eliminate sliding

contact between rotor arm and center
terminal. With switch: Tyse LMD.

Only 23/32” in diameter—
unexcelled for low-wattage

PSM uses where size and weight are

important factors. Widely used

M'DGET in hearing-aid devices and

similar equipment.

VARIABLE RESISTORS

Volume, Tone Controls, etc.
WHAT DO YOU NEED (Volume, e Controls, etc.)

IN CARBON? Tested, tried, and proved in all types of equipment calling for units

i Variable Resistors offer maximum depend-
SHIETES — CONTAGTE of this sort, Stackpole iable Resist fer ep

(All carbon, graphite, metal and ccmpositoin types) ability under all conditions of use. The line is sufficiently broad to
IRON CORES RARE METAL CONTACTS meet all requirements up to ratings of 2 watts. Large, medium and
WELDING CARBON PRODUCTS midget sizes—with or without switches—high insulation types—
PACKING, PISTON and SEAL RINGS
RHEOSTAT PLATES and DISCS
BATTERY CARBONS POWER TUBE ANODES
SPECTROGRAPHITE No.1, etr., etc.

standard, sealed, or insulated shafts—standard and water- and dust-

proof covers—fricticn rotor types, and various others.

Write for ELECTRONIC COMPONENTS CATALOG—RC6

STACKPOLE CARBON COMPANY, ST. MARYS, PA.
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JUST ONE

JUST ONE of numerous government radio and
electronic items now available through the
Hallicrafters Co., Chicago, agent for Reconstruc-

tion Finance Corporation.

This is a Keyer TG-10-F, an automatic unit
for providing code practice signals from
inked tape recordings. Excellent for group

% instruction, sufficient power to operate up

THESE vaLLaste 1Tems Auadlable Vow to 300 pairs of head phone: Can be
Or Very Soon, Write, wire or phone for further-information adapted as amplifier of 10 to 15 watts
output for use with crystal mike or

+ Fead phones - test equipment « com- phono pick up. Completely checked and
ponent parts « marine transmitters and reconditioned by Hallicrafters engi-

neers. Send coupon for further details

receivers - code practice equipment « sound .
i S and lists of other available items.

detecting equipment - vehicular operation
police and command sets - radio beacons and
airkorne lunding equipment

CLIP THIS COUPON NOW

hallicrafters raoio &2

THE HALLICRAFTERS CO., AGENT OF RFC UNDER CONTRACT SIA-3-24
WORLD'S LARGEST EXCLUSIVE MANUFACTURERS OF
SHORT WAVE RADIO COMMUNICATIONS EQUIPMENT

COPYRIGHT 1945 THE HALLICRAFTERS CO.
ADDR




detailed study.

it can be told...

The Type 5SP double-beam tube may be used
to examine both the input signal to a circuit
and the circuit response at the output. A
square wave is here applied to an LC circuit.
Both input and output signals can be studied

simultaneously.
Either signal may
be expanded for
B A
{i H SQUARE
WAVE

r

A=INPUT by means of the

— DuMONT
new DU

GENERATOR

SR S

Further
details on
request

O

TYPE 5SP CATHODE-RAY TUBE

New and startling applications are ushered in by this
latest DuMont development.

Two complete “guns” in a single 5" envelope converge on
one screen for simultaneous and superimposed traces. Here-
tofore such simulitaneous comparison of two phenomena
could be accomplished either by (1) using two separate tubes
or oscillographs placed side by side, or (2) using the elec-
tronic switch. Both methods presented limitations either in
observation convenience, or in frequency response and in-
ability to use independent time bases.

With the new DuMont Type 5SP double-beam tube there is
complete and independent control of the X, Y and Z axis func-
tions for each beam. Adequate shielding between “guns”
and “plates” minimizes “cross-talk” particularly at high fre-
quencies. Side-wall connections to the deflection plates mini-
mize shuntinput capacitance and lead inductance; also
provide better insulation and longer leakage paths. Army-
Navy diheptal 12-pin base. Electrode rating similar to Army-
Navy preferred Type SCPI1.

°ALLEN B. DUMONT LABORATORIES. INC.
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All of the well known Utah qualities

of workmanship aad design go into Utah vibrators, yet

. they cost no more than ordinary vibrators.

x 70 vibrator replacement types.

x 36 different hook-up diagrams.
"

* Servicing 3651 different auto and farm radio models. 1

Utah E edroics (Carada) Lid., 300 Chambly Road, Longueuil, Montraal
)

oo




METAL ASSEMBLIES AND COMPONENTS

FOR

ELECTRONIC AND MECHANICAL DEVICES

8
~ ENGINEERING
e
DEVELOPING
®
FABRICATING
‘ e
ELECTRO-FORMING
s
PLATING
®
FINISHING
@

' .ERNARD [R|ICE’S [S|ONS

MANUFACTURERS OF QUALITY METAL PRODUCTS SINCE 1867

OFFICE: 325 F1IFTH AVENUE, NEW YORK 16, N. Y.
WORKS: 139-145 NORTH TENTH STREET, BROOKLYN 11, N. Y.




On your products—or on your plant equipment—sur-
faces of glass-smooth, naturally tough and resilient
National Vulcanized Fibre give longer performance and

more efficiency . . . at greater economy to you.

This remarkable property, combined with its other
oulstanding characteristics—its lightness in weight,
its good forming qualities, its excellent machinability,
its high dielectric and mechanical strength, and its
extreme resistance to wear and abrasion—malke
National Vulcanized Fibre adaptable to a wide range

of industrial applications.

You may see in this tough, versatile malerial many
possibilities for your post-war projects. Write for full
information now. Let one of our trained technical
engineers show you hsWw. National Vuleanized Fibre
can be used to advar_;tagr in your plant equipment

and products.

NATIONAL VULCANIZED FIBRE CO. "5NISTnimaane

ELECTRONIC INDUSTRIES

Shuttles slamming back and forth at
high rates of speed in textile looms must be
able to“take” it. The toughness and resiliency ol
National Vulcanized Fibre provide long service.



FORMULATED strictly in keeping with the JOHN C. DOLPH COMPANY'S policy of
high quality insulating varnishes and compounds, SYNTHITE # 924-20 Clear Air-Drying
Varnish has added “‘new Laurels’ to the already proven and tested DOLPH Line. . . .
The following features, each one of a high degree, have been combined in SYNTHITE
#924-20 to give you the best performance possible in a varnish of this type.

* FLEXIBILITY: A prime factor contrib-
uting to the effectiveness of # 924-20 is
the flexibility life. The following thermal
shock test conducted according to gov-
ernment specifications conclusively proved
this feature.

A copper strip, dipped in #924-20 and
then air dried, was heated at a temperature
of 85° C. for three hours. Next, the same
strip was subjected to a temperature of
minus 40° C. for three hours more. Allow-
ing 1 hour recovery time, which made a
complete cycle of 7 hours, the strip was
then bent around a metal bar of a specified
diameter. After the completion of five of
these cycles, the film of # 924-20 had not
lifted, and showed no signs of cracking.

= ADHESION: In addition to possessing
excellent bonding properties, SYNTHITE

I ?
N PUS, _
JOHN C/DOLPH COMPANY

168 EMMETT STREET -

# 924-20 affords a high degree of adhesion
to phenolic surfaces, mica, cambric, glass,
asbestos, fibre board, sleeving, insulating
paper and previously varnished surfaces.

* RESISTANCE: The ability of SYNTHITE
# 924-20 to resist the destructive action of
oil and water was shown by the excellent
results obtained in tests conducted by an
independent laboratory. This varnish was
found to successfully resist the corrosive
action of salt spray, and actually surpass the
requirements of various government spe-
cifications for oil resistance.

* SYNTHITE # 924-20 may be applied by
either dipping, brushing or spraying, this to
be governed by your own specific applica-
tion. It will air dry on flat surfaces in 2 to
3 hours, but may be forced dried if time is
an important factor.

/m/ﬂ?
NEWARK 5,

N. J.
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First-time visitors at our plant are usually
amazed at our facilities for making such
widely different products as (1) small motors
or electric assemblies; and (2) molded plastic
parts. But they always agree we know
these two jobs.

For instance, our Smooth Power motors
drive mechanisms that record and play every-
thing from grand opera to news broadcasts.
They’re equally smooth, quiet and efficient
in industrial, commercial and domestic appli-
cations. That’s because they’re engineered,
fabricated and assembled to the most critical
requirements.

In our molded plastics division, our people
know plastics, and what they will or won’t do.
Engineers, mold makers and machine opera-
tors are continually alert for ideas or methods
that will improve or speed production, or

LECTRONIC INDUSTRIES ® October, 1545

REMEMBER OUR 2 SERVICES

reduce costs. Simple or complicated, large or
small, in any quantity, we work to close tol-
erances and fine finish.

So, it will profit you to remember these
two services for your future production.
Right now, we can’t divert either engineer-
ing or machine time from high priority work.
But we hope the day is not too distant when
we can help you on your requirements in
small motors and molded plastics.

ELYRIA « OHIO

ENERAL

NDUSTRIES

COMPANY

PLASTICS

MOTORS

THE GENERAL INDUSTRIES COMPANY
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DU RING two generations of research and experi-
ence, Stupakoff solved many unprecedented in-
sulation problems and thus added much to its rich
store of knowledge of ceramic insulation.

While the United States and her allies were at
war, Stupakoff devoted its whole energy to the pro-
duction of engineered ceramic insulators for military
applications—insulators built to withstand the severe
and infinitely varied conditions found in scattered
fields of operation.

Now that the war is over, STUPAKOFF again
offers its PRODUCTS unhesitatingly to the manu-
factures of electronic equipment, elegtrical apparatus
and appliances, as THE VERY FINEST CERAMIC

precisioN CERAMICS by STUPAKOFF

INSULATORS OBTAINABLE—insulators that
materially contribute to the perfection of any finished
product and satisfactign of its users.

Qualities incorporated in Stupakoff insulators
represent the applied knowledge of two generations
of experience plus additional skill acquired during
intensified wartime activity. The result— mass pro-
duction of ceramic insulators with a new high in
electrical and mechanical values.

With production and development fa-
cilities unsurpassed in the industry, Stupakoff
is anxious to work with you on your insulation
problems. Write, wire or phone your requirements.

DELIVERY —NOW.

BUY VICTORY BONDS
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KRy~ STUPAKOFF CERAMIC AND MANUFACTURING CO., LATROBE, PA.

NavY N

' "FDR GREAT
ACHIEVEMENT™
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In center: Type GC-25 with
new one piece center te-
minal ond collector ringl.

Ce way % assaee TOP PERFORMANCE

Chicago Telephone Supply Company's test and re-
search laboratory is continually making performance
tests on every electrical and mechanical characteristic

of CTS variable resistors.

In addition, production resistors are carefully

checked, not only against customers’ specifications,

REPRESENTATIVES

R. W. Forris Co. \,
406 West Thirty-fourth Street
Konsos City 2, Missouri
Phone: Logon 7495
Frank A. Emmet Co.
2837 West Pico Boulevord
Los Angeles 6, Colifornia
Phone: Rochester 9111

BRANCH OFFICES
5. J. Hutchinson, Jr.
401 North Broad Street
Philadelphia 8, Pennsylvania
Phone: Walnut 5389

IN ENGLAND
Chicago Telephone Supply Co.
St. John's Woods
103 Grove End Gordens
London, N, W. 8, Englond

VARIABLE RESISTORS
PLUGS AND JACKS

but against the recognized CTS standards of quality.

This control of quality and thorough inspection as-
sures the fine performance to which CTS customers

all over tha world have always been accustomed.

CTS engineers are ready to help solve your variable

resistor problems.

IN CANADA

C. C. Meredith & Co.
Streetsville, Onterio

IN SOUTH AMERICA
Jose Luis Pontet

Cordoba 1472
Buenos Aires, Argenting
South America

SWITCHES ® RINGERS
TELEP4INE GENERATORS

Masculine 2624
Montevideo, Uruguay
Sauth America

Avda. Conselheiro Rodrigues
Alves 1057
Villa Mariona
Sao Poulo, Brozil
South America

ELKHART = INDIANA
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WwWE SAY

WHEN

SHORT RUN

FOR QUICIXPIERCING OF SHEET METAL USE A

Here's a typical example of how piercing time was
reduced 90% by using a Wiedemann Turret Punch
Press.

THE JOB: An order of 10 pieces 12% x 81 x .078
mild steel (50 openings pierced requiring 7
different shapes and diameters)

TOTAL TIME FOR 10 PIECES:
oLp metHop: 9 hours, 16 minutes
WIEDEMANN METHOD: 1 hour, 16 minutes

(Time includes loading and unloading
material in the machine)

TIME FOR 1st PIECE . . . 19 minutes, 18
seconds

TIME FOR EACH OF NEXT 9 PIECES . .
6 minutes, 39 seconds

WIEDEMANN MACHINE COMPANY

1833 SEDGLEY AVENUE, PHILADELPHIA 32, PA,

WIEDEMANN TURRET

56

quicK

WE MEAN QU'CK!

WIEDEMANN

The job was produced on a Wiedemann R-4P 11
Station Turret Punch Press with Drop-latch gauge.
Layout work was done directly in the machine
and is included in the above time.

You can see for yourself . .. when we say QUICK
we mean QUICK. See a Wiedemann Turret Punch
Press in operation. Write us for address of a shop in
your vicinity that uses a Wiedemann for short run
piercing at long run low cost . . . and send for
Bulletin 92 for the complete story of short run
piercing economy.

WA iMan

GAUGE

PUNCH PRESSES &

ELECTRONIC INDUSTRIES @
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Only
Cornell-Dubilier
could build
this Giant

Tank Capacitor

When an unusual problem in No matter what kind of capaci-

- capacitors arises, engineers think tor you require, C-D can design
first of C-D. A case in point is and build it for you. Discuss
this giant mica tank capacitor your capacitor requirements
for a transoceanic transmitter. with our engineers. They will

It is now in use and combines welcome the opportunity to help.
space - saving design with the Cornell-Dubilier Electric Corpo-
capacity of much larger units. ration, South Plainfield, N. J.

FROM THE LARGEST TO THE SMALLEST — WE MAKE THEM ALL

e GCORNELL-DUBILIER
New Bedford, Brookline, Worcester, First in Quality c APAcITnRs
Mass. and Providence, R. 1.

MICA . DYKANOL . PAPER . ELECTROLYTICS
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Becuuse of its compactness and extreme
high sensitivity, this direct reading instrument fills
an important measurement gap in the production
and servicing of a wide variety of components and
electrical devices. Minute faults can be detected
in advance . . . tests can be made without destruc-
tive breakdown. Test potential less than 50 Volts.

Here's what a few typical users say about Model 799:

“We use it for testing the leakage between
windings in transformers, or from windings to
core or case.”

“"We can test the leakage of low voltage paper
and mica condensers with the 799, and without
danger of damaging the dielectric.”

“We test leakage resistance between indi-
vidual wires in cable harnesses."

“Model 799 is also ideal for checking leakage
due to moisture in fiber terminal strip."”

For complete data on Model 799 Insulation Tester,
communicate with the WESTON representative in
your locality, or write...Weston Electrical Instrument
Corporation, 666 Frelinghuysen Ave., Newark 5,N.J.

Weston

MODEL 799
INSULATION TESTER

©10 BILLION Ohms ¢

will measane.:

Insulation Properties
v Resistance Leakage
v Conductivity of Insulating

Materials
\ Vg
A

Leakage due to Moisture
Absorption

Readings — .1 to 10,000
megohms

| 74&%%.%%

ALBANY * ATLANTA « BOSTON * BUFFALO * CHICAGO * CINCINNATI * CLEVELAND * DALLAS * DENVER < DETROIT « JACKSONVILLE « KNOXVILLE + LOS ANGELES « MERIDEN
MINNEAPOLIS « NEWARK « NEW ORLEANS * NEW YORK » PHILADELPHIA « PHOENIX « PITTSBURGH * ROCHESTER » SAN FRANCISCO » SEATTLE « ST. LOUIS » SYRA""”
In Canada, Northern Electric Co., Ltd., Powerlite Devices, Ltd.
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Now, as before, expect quality Iéadership

in Collins broadcast equipment
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THE NEw COLLINS AM transmitters and remote
amplifiers, now ready, reflect characteristically advanced
Collins engineering.

Notable transmitter refinements include extremely high
fidelity, and increased safety factors through the use of
oversize components throughout.

The Collins 21A is a superb 5,000 watt transmitter, with
reduced power operation at 1,000 watts also available.

Its response curve is flat, within =24 db, from 30 to
10,000 cycles.

The Collins 20T is a 1,000 watt transmitter, of similar
characteristics, equipped for reduced power operation
at 500 watts if desired.

The Collins 300G is a 250 watter of equal fidelity, with
reduced power operation at 100 watts available.

The Collins 12Y one channel remote amplifier is light,
handy, simple and efficient. It is for unattended operation
from a 115 volt a.c. power source.

The Collins 12Z four channel remote amplifier is a.c.-d.c.
powered, the d.c. source being self-contained batteries
which take the load automatically in case of a.c. line failure.

A complete line of Collins high-quality studio
equipment is available for either AM or FM application.

An outstanding broadcasting station begins with
outstanding equipment. We will be glad to know about
your plans and submit complete recommendations. For
additional detailed information, write the Collins Radio
Company, Cedar Rapids, Iowa; 11 West 42nd Street,
New York 18, N. Y. Collins equipment is sold in
Canada by Collins-Fisher, Ltd., Montreal.

000600000000 000Cc000000008000000000000000000000000000000000000000000000000000000020CR00000O0CPOICRR00R0ROOOROROOTS
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A o
pING COR York 19, N-Y:

treet,

RECOR X
h

42 West 55¢ '
* Walter P. Downs- Lt

WORLD’S LARGEST MANUFACTURER OF INSTANTANEOUS SOUND RECORDING EQUIPMENT AND DISCS
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In contrast with the conventional L-
shaped bracket, this U-bend construc-
tion minimizes the stress on the metal
chassis and prevents distortion when
mounting balts are tightened. The
mounting foot is sufficiently flexible to
compensate for normal tolerances in
height of case, and for variations in
dimensions of the bracket itself,

The brackets are sufficiently thick to
provide strong, rigid support. A cor-

o g

 GENERAL@BE

A
DISTINCT ADVANCE

N
'BRACKET
DESIGN

1. Provides ‘*spring-washer’’ effect for secure
capacitor mounting.

2. Reduces strain on capacitor and chassis.

3. Compensates for manufacturing tolerances in
height of case.

rosion-resistant finish of lacquered zinc
plate assures a good ground from
capacitor to chassis. The brackets have
either one or two mounting holes de-
pending upon the width of the capacitor.

These brackets are an exclusive feature c AP A\ CiTORS

on G-E capacitors. Spade-type and L-
shaped brackets can still be obtained
when desired. Ask for Bulletin GEA-4357
for information on the G-E capacitors
that can now be furnished with this
improved feature. Apparatus Dept.,

General Electric Company, Schenectady g,y ail the BONDS you can

5, N. Y. —and keep all you bu

TR
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gain, Revere is ready

Ao A Ao A A A A
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Revere metals are impartial. They don’t care whether they are used for
battleships or baby carriages, for rockets or refrigerators, for primers
or piping. That is why there are no difficult reconversion problems at
Revere to slow down production of copper, brass, bronze, aluminum,
magnesium, steel.

We are ready now to fill industry’s peacetime needs.

Revere hopes that, in the conflict just ended, what we won was the
gigantic opening battle for better living. To fight this war our nation
needs materials and the products of industry on a scale even greater
than that which won military victory.

One inevitable result of Revere’s war effort is that not only our ability
to produce, but our ability to give service, have been expanded many
times. Revere research has probed further and further. Revere Tech-
nical Advisors are armed with greater knowledge and experience.
New methods and new machines may save precious time or cut all-
important COst.

With all these enhanced resources we are ready now to serve man'’s
creative spirit and, by supplying industry in abundance, to help make
of life the rich, joyous thing it can be.

ELECTRONIC INDUSTRIES
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The full Revere facilities,
including the Revere
— Technical Advisory
Service, are made avail-
able to you through the

Offices listed here.

PREFYEE",

In addition Revere
Distributors in all parts
of the country are eager

to serve you.

o

REVERE

COPPER AND BRASS INCORPORATED

Founded by Paul Revere in 1801

Executive Offices: 230 Park Ave., New York 17,N. Y.

Listen to The Human Adventure on the Mutual Network
every Wednesday Evening; 10 1o 10:30 p. m., EW'T,

L i i
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DIVISION OFFICES AND MILLS

BALTIMORE DIVISION
P. O. Box 2075

1301 Wicomico Street
Baltimore 3, Md.
Phone: Gilmor 0222
Teletype: BA 164

MICHIGAN DIVISION

5851 West Jefferson Avenue
Detroit 9, Mich.

Phone: Vinewood 1-7350
Teletype: DE 237

ROME DIVISION

Rome, New York

Phone: Rome 2000
Tetetype: ROME N'Y 447

MAGNESIUM-ALUMINUM
DIVISION

P. O. Box 2075

1301 Wicomico Street
Baltimore 3, Md.

Phone: Gilmor 0222
Teletype: BA 164

DALLAS DIVISION

2200 No. Natchez Avenue
Chicago 35, lIl.

Phone: Merrimac 2600
Teletype: CG 957

NEW BEDFORD DIVISION
24 North Front Street

New Bedford, Mass.

Phone: New Bedford 8-5601
Teletype: NB 87

CHICAGO MANUFACTURING
DIVISION

2200 No. Natchez Avenue
Chicago 35, Ill.

Phone: Merrimac 2600
Teletype: CG 957

ROME MANUFACTURING
COMPANY DIVISION
Rome, New York

Phone: Rome 2800
Teletype: ROME NY 449

DISTRICT SALES OFFICES
At above Mill Points and in the following cities

ATLANTA 3, GA.
Rhodes-Haverty Bldg.
Phone: Main 2142
Teletype: AT 96

BOSTON 10, MASS.
140 Federal Street
Phone: Hubbard 7190

BUFFALO 7, N. Y.
1807 Elmwood Avenue
Phone: Delaware 7616

CINCINNATI 2, OHIO
Carew Tower

Phone: Main 0130
Teletype: C1 171

CLEVELAND 15, OHIO
Midland Bldg.

Phone: Cherry 3930
Teletype: CV 572

DALLAS 1, TEXAS
Tower Petroleum Bldg.
Phone: Central 8681
Teletype: DL 88

DAYTON 2, OHIO
Mutual Home Bldg.
Phone: Hemlock 3271

GRAND RAPIDS 2, MICH.

Keeler Building

Phone: Grand Rapids 8-0311
& 6-1314

Teletype: GR 376

HARTFORD 3, CONN.
410 Asylum Street
Phone: Hartford 2-3828
Teletype: HF 87

HOUSTON 2, TEXAS
Mellie Esperson Bldg.
Phone: Fairfax 7932

INDIANAPOLIS 4, IND.
Circle Tower
Phone: Market 1908

LOS ANGELES 15, CALIF.
714 W. Olympic Blvd.
Phone: Richmond 9314

MILWAUKEE 2, WIS.
626 E. Wisconsin Avenue
Phone: Marquette 1440
Teletype: M1 292

MINNEAPOLIS 2, MINN.
Metropolitan Bldg.
Phone: Atlantic 3285

NEW YORK 17, N. Y.
New York Central Bldg.
75 East 45th Street

Phone: MUrray Hill 9-6800
Teletype: NY 1-1222

PHILADELPHIA 3, PA.

Sixteen Sixteen Walrut St. Bldg.
Phones: Bell—Pennypacker 6133
Keystone—Race 1847

Teletype: PH 206

PITTSBURGH 19, PA,
Gulf Bldg.

Phone: Court 4342
Teletype: PG 572

PROVIDENCE 3, R. I.
I'ndustrial Trust Bldg.
Phone: Gaspee 8110

ST. LOUIS 1, MO.
Telephone Bldg.
1010 Pine Street
Phone: Garfield 4416
Teletype: SL 191

SAN FRANCISCO 4, CALIF.
Russ Bldg.
Phone: Sutter 0282

SEATTLE 1, WASH.

1331 Third Avenue
Phone: Main 8372
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ANOTHER WILCO DEVELOPMENT

SIVER |y
JACKETED WIRE @

WILCO Silver Jacketed Copper Wire now widely
used for coils in Short Wave Radio Communi-
cations Systems.

PROPERTIES AND CHARACTERISTICS —WILCO Silver
Jacketed Copper Wire—an economical non-corrosive
wire with solid-silver characteristics—is used success-
fully in many electronic applications, where high {fre-
quency currents are a problem. Another WILCO jacketed
type combines great physical strength with high con-
ductivity. A third unites stamina with highly desirable
electrical characteristics. In fact there is almost no
limit to WILCO facilities for combining metals of widely
differing physical and eclectrical properties to meet
individual engineering needs.

Gold, silver, copper, brass, bronze, iron, steel, nickel,
monel and invar, are all utilized in producing WILCO’S
uniform, non-porous, securely bonded jacketed wire

and rolled strip. WILCO PRODUCTS INCLUDE:

CONSULT OUR ENGINEERING DEPARTMENT — Write  Con'ec:— aiSEisuSa talHCstiSclongy insez
R . . . Silver For rotating controls

our Engineering Department for help in developing the Platinum ©

proper application of WILCO materials to your Tungsten Silver Clad Steel

products. Alloys Jacketed Wire—

Silver on Steel, Copper,
Invar or other
combinations requested

Sintered Powder Metal
SEND FOR WILCO BLUE BOOK—The Blue Book con-
tains charts, formulae and full descriptions of all ~ Thermestatic Bimetal—

y- Tl p . - High and Low Tempera- Rolled Gold Plate
]acl\?ted Materials and other WILCO products. Send i, Mer® I8 i
for FREE copy today. perature deflection rates Special Materials

THE H. A. WILSON COMPANY

105 Chestnut Street, Newark 5, N. J.
Branch Offices: Chicago o Detroit o Los Angeles

SPECIALISTS FOR 30 YEARS IN THE MANUFACTURE OF e THERMOMETALS
ELECTRICAL CONTACTS e PRECIOUS METAL BIMETALLIC PRODUCTS
64 ELECTRONIC INDUSTRIES @ October, 1945



SCOVILL

mads and assembled
500 Electronents*
for this
Radio Receiver Rack

Demonstrating how Scovill can reduce your overhead
on small parts or complete assemblies

Put yourself in the shoes of the prime
contractor who needed this three-
position, high-frequency radio receiver
rack for big bombers in a hurry. He
could have undertaken to make in his
own plant the more than 500 individ-
ual parts required, or . . . made some
and purchased the remainder, then
assembled the complete unit himself.
Instead he turned the complete re-
sponsibility over to Scovill . . . and
saved time, space, trouble and money.

Here’s what Scovill did: made all
the metal parts of sheet, rod, wire and
tube stock using such metal-working

Please send e a free copy of “Masters of Metal” booklet de-
scribing vour facilities. I am interested in the ELECTRONENT*

applications checked.

[7] Batteries [ Dials [ Panels

"] Record Changers  [] Fscutcheons [} Sockets Name ...
] Clips ] Jacks Stampings {misc.)

"] Condensers [ Lugs [] Tubes Company ...
Other z;pplications Address

methodsas forging, stamping, drawing,
heading, machining and wire forming

..cut all wires to length, stripped
and soldered them into position. ..
manufactured, tested and adjusted re-
lays ... assembled the entire rack as
llustrated.

Investigate how Scovill’s versatile
production setup, as exemplified
above, can improve the quality or
lower the cost of your small electronic
components or complete assemblies.
Learn how Scovill’s designing and
metal-working experience and facili-
ties will make you sure of getting the

Electronic Division
23 Mill Strect, Waterbury 91, Conunecticut

one right solution to your metal-parts
problems. For proof of Scovill’s ability
to help you, write for liter-

ature. Fill in the coupon W

below and mail it today.

*Electronents = Electronic Components

— : —@ =~

N

L !C()Vi

MANUFACTURING COMPANY
WATERBURY 91, CONN.

SCOVILL MANUFACTURING COMPANY

ELECTRONIC INDUSTRIES e October, 1945



.. . this 1s the sz'ngle unit™ construction of
SHURE Super-Cardz’az’d
Dynamic Mz'cm])/oanes

(A) Single moving coil diaphragm.

(B) Rugged 4 point moving coil
suspension.

(C) First wind and dust screen.
(D) Spring mounted mechanism.
(E) Shock absorbers.

(F) High fidelity transformer.

* Using the “Uniphase” principle, an exclusive
patented Shure development, this single unit
construction is possible in a unidirectional
Microphone. This eliminates the problems of
matching two dissimilar units and results in
compactness and ruggedness. Because only one
unit is employed, all these advantages are avail-
able at less cost to you.

Shure Super-Cardioid

List Prices ... : .
Dynamic Microphones

Models *'556” Broadcast. ... $75
Models *55” Unidyne. . . ... $47 to $49.50

SHURE BROTHERS

Designers and Manufacturers of Microphones and Acoustic Devices

225 West Huron Street, Chicago 10, lllinois ® Cable Address: SHUREMICRO

66
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Photo, courtesy of Airodio,
incorporated, designers ond
manufacturers of rodor ond
electronic test and com-

Before it was redesigned by Airadio, Incor-
porated, Stamford, Conn., this chassis for
radar equipment weighed 1714 pounds. Made
with Alcoa Aluminum the weight was reduced
to 13 pounds and 5 ounces.

Reduction of weight is only one of many
advantages provided by aluminum. It is easily
workable, gives excellent thermal conductivity,
superior electrical conductivity and furnishes

\ Auminum §

& B - b=

ELECTRONIC INDUSTRIES ® October, 1945

munication equipment.

a bright surface for stenciling markings.

Further, Aluminum is nonmagnetic . . . it
can be silver-plated to meet high frequency
requirements and to allow for soldered
assemblies. Alcoa engineers will be glad to
help you find the best way to use aluminum
in your electronic equipment. ALUMINUM
ComPANY OF AMERIcA, 1921 Gulf Building,
Pittsburgh 19, Pennsylvania.

o

ALUMINUM
le]
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0820
PART | Average of Actual Test Flash Over ‘ Recommended Maximum Use Voltage
No. or Breakdown Voltage RM.S. at Sea Level R.M.S.. . QO e Photograp
9820 | 4,750 | 2,500
%821 | es00 | 5,000
9822 | 9,624 - 7,500 | KOVAR ELECTRODE I 1
9823 | 9,300 7,500 See below for G
It — e d standard styles ]
0824 | 12,725 | 9,000 ‘1—
INSULATION RESISTANCE OVER 1,000,000 MEGOHMS GLASS p— H

KOVAR EYELET

METAL-GLASS SEALS
by STUPAKOFF

The series of Stupakoff metal-glass seals illustrated offers maxi- N—]
mum electrical qualities consistent with space limitations and
simplicity of design permitting mass production. They are suit- STANDARD SIZES (other sizes to your specifications)
able for operation at temperatures from —55°C to +200°C, PART s N ) | K L M N
and are tested to meet thermal shock specifications of the 9820 Y [ Ys l Y6 % | .040 | .212
services. The construction provides a hermetic seal with a " os21 | % % | K T 1% | 060 | .340
long electrical leakage path, resistance to thermal shock and 9822 % | % | % | % “1%4 | 080 |.380
mechanical strength. o823 | % | Y% | % | K | 1% 080 | .500
Such seals are made possible by the metal, Kovar, a cobalt, 9824 | X v, | v | % | 1% | 080 | 672
nickel, iron alloy which matches the expansion of certain hard
glasses from —80° C to the annealing point of the glass
(approx. +450° C). Kovar forms a seal through a heating
process in which the oxide of Kovar is dissolved into the glass
to form a perfect bond — pressure and vacuum tight under
extreme climatic conditions. g
Stupakoff furnishes Kovar-glass seals with single or multi- A B C D E F
ple clectrodes in various styles. For those equipped for glass
working, Stupakoff supplies Kovar as rod, sheet, wire, tubing STANDARD ELECTRODE STYLES
or fabricated into cups, eyelets or special shapes.
Write Stupakoff today for assistance in developing hermet- AVAILABLE IN COMBINATION
(EXCEPT B)

ically sealed components for war applications. Samples and
reprints of this advertisement may be obtained by writing
department K-56.

Do More Than Before—Buy EXTRA War Bonds

STUPAKOFF CERAMIC AND MANUFACTURING CO., LATROBE, PA.

'FOR GREAT
ACHIEVEMENT"
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YOUR CONTROL SIZE WITH
ALLIED’S “CR" RELAY

The CR relay shown below is a single pole nor-

mally open double break arrangement. Shown

above is the four pole single throw, normally

open combination. The CR uses molded bakelite

throughout. Standard contacts are silver; alloy

contacts can be supplied. Contact rating with %4

silver contacts is 15 amperes at 24 volts DC or

110 volts AC non-inductive. The single pole weighs
3 ounces and is 1 33/64" high; 1 3/32* wide and

125/32" long. The four pole weighs 3% ounces

and is 1 29/32" high, 1 3/32" wide ond{,
125/32" long. 5“’“

The CR type relay is amazingly small compared to
previous pawer relays. It was developed by Allied
to nllow greater compactness and less weight in
your electrcnic controls.

More efficient than larger power relays the CR
is designed with a minimum number of parts,
which simplify accurate adjustment, and assure
positive action. Large contacts, up to ¥4’’ in diam-
eter, and heavy gram pressure permit power
switching heretofore only possible with much
larger relays. Versatile too, the CR can be sup-
pliad in two, three and four pole combinations. If
you prefer it can be hermetically sealed with a
plug-in arrangement for easy replacement in the

o~

iy

field. Solder type terminals are also available.

Allied is ready to supply your requirements for
all types of relays; power, sensitive, telephone,
differential and others, as well as solenoids and
electro-magnetic devices. Several strategically lo-
cated plants are ready to supply your immediate
requirements. Allied relays and controls will live
up to the standard of quality of your post war
products—check us today for more information.

ALLIED CONTROL COMPANY, INC.

GENERAL OFFICES: 2 East End Ave. {at 79th St.) New York 21, N. Y. Factories: New York City (2 East End Ave.) —
Plantsville, Conn. Chicago—4321 N. Knox Avenue, Chicago 41, lllinois. In California: Allied Control Co. of California, Inc.
1633 South Hope St., Los Angeles 15, Calif.
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TYPE “A”’
ASSEMBLY BIT

CHICAGO 8

[ 4 [ 4
; ée %WZ@ ‘Z# of this CLUTCH HEAD Type “A”’
Bit . . . unlike the fabled “nine”

of the feline species . . . is definitely beyond all conjecture.

Time, and time, and time again, this tool is fully restored to its original efficiency by
a simple 60-second application of the end surface to a grinding wheel.

Each repeated grinding sends it back to the assembly line with a new lease on life . . . to
MULTIPLY BY THOUSANDS the number of screws driven per bit.

Here is tool economy that CLUTCH HEAD alone can deliver . .. economy that is unmatched
with any other screw on the market.
Here is freedom from the expense, bother, and delay involved in “back-to-the-factory”
shipments for reconditioning.
And here, too, is a tool so ruggedly engineered that it stands up through a longer “spell”
of continuous driving, free from change-off interruption.
But standardization of your assemblies on CLUTCH HEAD Screws gives you other ad-
vantages for faster, smoother, safer, lower cost production:—
e The safety of automatic Center Pivot entry for straight non-slip driving.
e All-square contact for effortless driving with freedom from end pressure to combat
ride-out as set up by tapered driving.
@ CLUTCH HEAD’s positive Lock-On for easy one-handed reaching.

o Simplified field service because CLUTCH HEAD is the only modern screw designed
for operation with the ordinary screwdriver.

a package assortment of
CLUTCH HEAD Screws,
sample Type ‘““A”’ Bit; and
fully Illustrated Brochure.

You are invited to make
your own test of these and
other exclusive advantages
by asking us to mail you

UNITED SCREW AND BOLT CORPORATION

CLEVELAND 2

ELECTRONIC INDUSTRIES

-
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™

COMMON
SCREWDRIVER

NEW YORK 7
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ELECTRONIC INDUSTRIES

ALL NEW — incorporating new tech-
niques; new circuits, new tubes.

NEW TRANSMITTERS . .. with-impres—

sive high fidelity, low harmonie distor-
tion, low hum level . . . with outputs of
1, 3, 10 and 50 kilowatts . . . plus ample
operating safeguards,

The basic unit is the exciter, generating
250 watts of RF power. Its design per-
mits adding power units as desired . ..
at any time . . . in selected steps that
make possible the different outputs.

® October, 1945

NEW ANTENNAS,,O( two or more

loops with two-of more half-wave ele-
ments; are factory tuned for easy
installation. Standard coaxial lines feed
them.

NEW POWER TUBES... highly efficient.
incorporate notable Federal achieve-
ments in design and production. They
assure long, dependable performance in
FM broadcasting.

Look to Federal for the finest in FM
equipment.

Fe‘de/ elephone and Radio (orporation

4}*/
*op,,);:-‘-‘)' Newark 1, N. J.

n



BROADGAST STATION COMPONENTS
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Including

RELRIBHIUANRIC
IINIDIUISYRNEES

INDUSTRIAL

ELECTRONICS

O. H. CALDWELL, EDITOR % M. CLEMENTS, PUBLISHER % 480 LEXINGTON AVE., NEW YORK (17), N. 7.

The Underpaid Engineer

That radio and electronic engineers need a new
yardstick for computing their own compensations, in
comparison with salesmen, lawyers, and other execu-
tives in their organizations, is pretty evident to most
readers of Electronic Industries. The following survey
of a Cornell University class, made ten years after
graduation, reveals average incomes which certainly
are not representative of the relative services to the
employing company or to the community and public.
Surely something ought to be done to bring engineers’
compensation up to levels corresponding to the true
value of engineers’ contributions of ideas and services.

Bankers and Brokers...$11,040 Newspapermen . %5,180
Manufacturers ......... 8,624 Accountants and

Physicians . ........... 7,944 Statisticians . ....... 5,004
Architeets ... ......... 7,230 Insurance men 4 wese 2033
Merchants . ........... 7,136 Farmers ..,........... 4,461
Lawyers .............. 5,905 Contractors ........... 4,287
Salesmen ........... 5,690 Engineers .... ....... 3,724
Purchasing Agents .... 5,600 Teachers ...... ....... 3,137

Incentive Compensation Plans

To give proper rewards to electronic engineers who
make important contributions to the earnings of their
corporations, Dr. J. A. Stobbe presents some interest-
ing proposals in an article in this issue. For, not only
should the radio and electronic technician benefit in
a real way from the inventions and ideas which he
originates, but he should also share prcportionately
in the general prosperity of his company, as it earns
substantial sums for other executives and for the
stockholders. In too few instances, so far, has the
electronic engineer received his fair share of the
peaches-and-cream.

Be Wise: Standardize

Everyone agrees that tube, component and equip-
ment standardization has served a great purpose in
insuring adequate production of the electronic ma-
terial of war.

The future of peacetime electron-tube applications
to industrial processes may very well depend on this
avallability of “packaged goods.” The manufacturer
who intends to make motor control equipment, weld-
timers, photoelectric units, or almost any other type of
industrial electronic device, designed for flexibility
of application, should standardize, then let production
roll. Only in this way can costs be cut and reliability
and ease of maintenance be upped to the point where
prospects generally can’t afford NOT to employ elec-
tronic processing devices.

Sauce for the Gander

The shoemakers’ children go barefoot, .and M.D.'s
die young from neglecting their health, but you’d
think that the cold light of costs and profits would
induce manufacturers of electronic equipment to use
electronic equipment on their own production lines.
We've been quite surprised to see how many tube
structures are welded without benefit of tube-con-
trolled welding time, or how much gas and I2R elec-
tricity go up in smoke and wasted heat, brazing and
soldering electronic components that could be put
through in a tenth the time with electronic induc-
tion heating. How come? Aren’t outsiders going to
be suspicious of the golden claims for tubes in indus-
try if they get wind of this preposterous situation?
Let’s be our own best customers now, thus modern-
izing our production facilities for that hoped for post-
war business.

ENGINEERING DIRECTORY NUMBER in December

At the moment when manufacturers are announcing their new peace-time products and completing 1946 design
and marketing plans, the publishers of Electronic Industr'es announce the Engineering Directory to be published in

December as an integral part of the regular magazine.

This Directory—an editorial service for the benefit of our engi-

neering readers—will include complete listings of all manufacturers of finished products, raw materials, parts and com-

ponents, equipment and accessories, laboratory apparatus and production equipment.

Be sure to return your questionnaire to editors of Electronic Industries, 480 Lexington Ave., New York 17, N. Y.
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STRAIN ANALYZING AND

® Engineers today are faced with
the problems of designing for high-
er speeds and lighter weight, re-
quiring a closer knowledge of ac-
tual strains and much more care-
ful attention to vibration. In many
modern structures, the strain in-
troduced by vibration may be many
times the static strain, and the
only practical way to determine
this predominant vibratory meotion
is to measure it under operating
conditions in an actual machine.
Instruments to measure strain in
this manner have been of inesti-
mable value to aeronautical engi-
neers during the rapid aircraft de-
velopment of the last five years,
and these methods will, no doubt,
prove to be of almost equal value
in the post-war development era.

Dynamic strain recording and
analysis as an aid and adjunct to
engineering development and de-
sign was probably first applied on
a major scale jointly by the Penn-
sylvania. Railroad, the General
Electric Co. and the Westinghouse
Electric Corp. in 1935. This was in
connection with development of
electric locomotives, and their ap-
plication to the electrified Penn-
sylvania system. Electric strain
gages connected to remote oscillo-
graphs recorded pressures on rails,
rail joint bars, and locomotive
parts at various speeds, up to 100
miles per hour and over.

The dynamic strains and impacts
determined by this analysis led to
rapid advances in electric locomo-
tive design, and provided valuable

Fig. 1.

By CLAUDE M. HATHAWAY,

Hathaway Instrument Co., Denver, Col.

Practical schemes developed include inductance and re-

sistance type gages with results recorded on moving film

Part of the modern concept of
industrial design is to know ac-
curately the stresses applied to
each part and where on the part
the greatest strains occur. In
very many cases mathematical or
graphical analysis of strains is
dificult or impossible. This for-
merly necessitated the inclusion
of large safety factors to cover
ignorance. Even then safety was

doubtful, parts became bulky
and costs rose. An exact knowl-
edge of strains has produced

notable improvements in military
equipment designs, and will do the
same for many more peace time
products where economy and ef-
ficiency are both to be con-
sidered.—The Editors.

information on stresses encoun-
tered in rails and joint bars. The
valuable results obtained led to the
application of strain recording to
aircraft propellers and engine
mounts, and then to all other
stressed parts in airplanes, so that
at the present time dynamic strain
recording is one of the necessities
of the aircraft designer.

The methods of strain recording
proved particularly important in
this field because of the greatly in-
creased necessity of weight reduc-
tion and the economic use of ma-
terials, as well as of the fact that
failures must be held to an abso-
lute minimum. Vibratory strains
are also of particular importance

in this field because of high speeds
and accelerations, and all of these

factors together make accurate
strain measurement a prime neces-
sity.

The many applications of electric
strain gages that have been made,
and the many more applications
that can and will be made, will not
be discussed here, except to say
that almost without exception,
strain gages can be applied to any
stressed member regardless of size,
regardless of the material, regard-
less of the value of the strain, and
regardless of the frequency range
of the strain if it is not steady.
This fact, together with the obvious
fact that strain is everywhere and
is an underlying factor affecting
the design of every machine part
or device, is enough to convince
everyone of the basic importance
and absolute necessity of dynamic
strain measurement. With this in-
troduction to the subject and eval-
uation of its importance to modern
engineering, we will proceed to a
discussion of the instruments and
equipment involved.

Apparatus needed

Electric strain-recording equip-
ment consists of the strain gages
which are attached to the member
in which strain is to be measured,
amplifiers for amplifying the strain
gage outputs, and a recording in-
strument, usually a multi-element
oscillograph, for recording the am-
plifier outputs. In some instances,

Inductance type strain gage applied to a rail. As this must be screwed in place it is most used on large pieces. This gage measures

strain at a point stightly off the surface thus permitting errors due to bending. This fault is not present in the type shown in Fig. 2, right
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RECORDING INSTRUMENTS

the strain gage output is suf-
ficiently high and the recording in-

strument sufficiently sensitive so

that the amplifier is not required.
Supplementary to this funda-
mental equipment are the sources
of electrical energy for operation
of the equipment., Frequently, the
primary source of electric power
does not supply the right kind of
power so that a special power-
supply unit is required which op-
erates from the primary source of
power and supplies electric power
suitable for the- strain recording
equipment in regard to voltage,
frequency, regulation, etc.

Strain gages

An electric strain gage is an elec-
trical device that is attached to the
member at the point to be studied.
Variations in electrical properties
of the strain gage, as a result of
strain in the member to which it is
attached, are translated in deflec-
tions of the measuring instrument
or oscillograph galvanometer.

Strain gages have been built in-
volving capacitance change, in-
ductance change, and resistance
change. Gages involving capaci-
tance change are seldom used be-
cause of the relatively greater dif-
ficulties in measuring the change,
and this discussion will, therefore,
be limited to gages involving in-
ductance and resistance change.

Inductance-type strain gages

Strain gages involving inductance
change have been used over a con-
siderable period of time with very
satisfactory results, and are still in
considerable use, particularly on
large members such as bridge
members and railroad rails.

This type of strain gage has a
laminated magnetic circuit in
which a small air gap is introduced,
and the gage is attached to the

Fig. 6. Coil type galvanometer. Character-
istics are high sensitivity at low frequencies

ald-
e
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member in such a way that the air
gap varies with strain, Variations
in the air gap cause variations in
the inductance of a coil wound
around some portion of the lami-
nated structure, and the deflection
of the measuring or recording
equipment is made to depend upon
the inductance of the coil.

A typical inductance-type strain
gage is shown in Fig. 1. The lam-
inated magnetic circuit is made up
of two parts, an E-shaped assembly
and a straight bar which completes
the circuit. The coil is wound
around the center leg of the E, and
the entire E assembly and coil is
mounted on a rigid base and at-
tached to the member under test
by means of a single screw. The
bar assembly or armature is like-
wise attached to a rigid base and
to the member under test by means
of a screw. Strain in the member
between the two screws will pro-
duce a variation in the air gap be-
tween the two assemblies and
hence variations in the inductance
of the coil.

Dimensions

The strain gage shown in Fig. 1
has a gage length of two inches,
which is the distance between the
two mounting screws, and a weight
of 4% oz. This gage can be used
satisfactorily on large members,
but cannot, of course, be used on
small members where the gage
weight is of significance or where
it would not be practical to attach
the gage by means of screws. On
large members where the gage
shown in Fig. 1 can be used, it has
certain advantages over other
types, however, and these are ex-
treme ruggedness and simplicity
and the fact that the strain gage
output is high enough to drive re-
cording equipment without the use
of amplifiers.

Another disadvantage to the use
of the large inductance strain gage
shown in Fig. 1 on small members
arises from the fact that the air-
gap change is not measured on the
surface of the member but approx-
imately 5/16 above the surface. Be-
cause of this fact, errors may be
introduced if the strain is due to
bending and if the distance from
the air gap to the surface of the
member is appreciable, as com-
pared to the distance from the sur-
face to the neutral axis, This dis-
advantage is eliminated in the in-
ductance strain gage shown in Fig.
2.

The strain gage shown in Fig. 1

=)
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Fig. 3. Schematic view of the construction
of the gage of Fig. 1. Movement of the ma-
terial under the knife edges alters inductance

Fig. 4. Constructional drawing of bifilar
galvanometer. A mirror bearing loop of
metallic ribbon is stretched over a magnet

‘ ]

Sensitiv-

A Dbifilar
ity of 50 mm/ma scale deflection at 1 meter
can be obtained with low frequency stringing

Fig. 5. galvanometer,

has three knife-edge feet that rest
in tiny indentations in the surface
of the member. Two feet are rig-
idly attached to the frame of the
strain gage, and the third is at-
tached to a rocking lever supported
by knife edges, as shown in Fig. 3.
The rocking lever is terminated
with a small armature which is
movable between a pair of coils.
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The diagram shows that a change
in the distance ab between the
knife-edge feet will resmlt in a
change in the location of the arma-
ture between the two coils.

Resistance strain gages

A resistance strain gage utilizes a
change of resistance with elonga-

Fig. 8. Semi-portable type of nwlti-element oscillograph arranged to accommodate 12 to 24 bifilar or 14 to 36 coil type elements.

Construction of coil type galvanometer.
of the moving coil as compared with the bifilar type,

Due to the much greater mass and inertia
frequency response limit is low

tion. This type of gage consists of
a resistance element attached so
that strain in the member will re-
sult in a small dimensional change
in the resistance element, produc-
ing an actual change in the resist-
ance of the element.

A resistance strain gage is usu-
ally a very simple device. The
Baldwin - Southwark type SR -4

strain gage, which is the most suc-
cessful and generally adaptable re-
sistance strain gage with which the
author is familiar, consists of a
grid of fine wires about .001 diam-
eter, cemented between two small
pieces of thin paper. To measure
static or dynamic strain at any
point in a member, it is only neces-
sary to attach the strain gage to
the member at that point with ce-
ment, with the axis of the gage in
the direction of the strain compo-
nent that it is desired to measure.

The resistance change with
strain in a wire strain gage, such
as the Baldwin-Southwark type
SR-4, is partly due to an actual di-
mensional change of the wire, and
partly due to the fact that the spe-
cific resistance of the wire changes
with strain, a phenomenon discov-
ered by P. W. Bridgeman in his ex-
perimental work on the physical
properties of materials at high
pressures.

Several years before the devel-
opment of the Baldwin-Southwark
type SR-4 strain gage, considerable
use was made of another type of
resistance gage in which the re-
sistance element consisted of some
form of graphite or carbon. A
simple construction used by Hull of
the General Electric Co. was a strip
of paper coated with India ink.
Another construction was a thin
strip of phenolic material on one

Light

for recording is furnished by one or two standard auto headlight lamps. The instrument of Fig. 9, right, is similar, but smaller and lighter

ELECTRONIC INDUSTRIES o

October, 1945



side of which a thin layer of graph-
ite was deposited electrolytically.

Resistance strain gages employ-
ing graphite or carbon have an ad-
vantage over those using metallic
wire, in that the voltage output is
very much greater, but they have a
disadvantage in that the resistance
is also a function of humidity. Be-
cause of the greater stability of the
wire-type gage, and because satis-
factory amplifier equipment has
been developed to handle its low
output, this wire-type gage is used
almost exclusively at the present
time.

Gage factor

The output of a resistance strain
gage, in terms of strain, is a func-
tion of the ‘“‘gage factor,” which is
defined as follows:

resistance change

total resistance

Gage Pactor —
length change

total length
A typical wire strain gage has a
gage factor of approximately 2, and
a resistance of 120 ohms. This
means that a strain of .001 inch
per inch, or a stress of 30,000 Ib.
per sq. in. in steel, will result in a

resistance change of .24 ohm.

Oscillographs

The oscillograph must be design-
ed for recording quantities that are
subject to rapid variation. Oscillo-
graphs are wusually electrical, in
that they are designed to record
electric currents, and recording is
usually accomplished on a moving
chart or sensitized paper or film by
small spots of light reflected from
galvanometer mirrors.

The galvanometer is the measur-
ing element of an oscillograph. Its
moving element, consisting of the
mirror and its driving means, must
have a high natural frequency, in

ELECTRONIC INDUSTRIES @ October, 1945
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Fig. 10. Portable
oscillcgraph design-
ed for field wuse
such as strain re-
cording in fighter
aircraft and other
general uses

Fig. 12. Strain gage control unit used to apply the gage current to an oscillograph

order to follow rapid variations in
the strength of the electric current,
and it must be properly damped
according to the well-known laws
of vibrating systems.

Several types are in common use.
The bifilar type, generally used for
oscillograph work, e¢onsists of a
single loop of fine metallic ribbon
tightly stretched between the pole-
tips of a permanent magnet with a
small mirror cemented to the loop
at its center. This construction is
shown by the diagram in Fig. 4,
and a typical bifilar galvanometer
is shown in Fig. 5.

The performance characteristics
of an oscillograph galvanometer
can be expressed by sensitivity,
natural frequency, mirror area and
degree of damping, and these char-
acteristics can be varied between

wide limits in the case of the bifilar
galvanometer by varying the cross-
section of the suspension strip, tne
tension in the strip, the length of
strip between supports, and the size
of the mirror. With the bifilar
galvanometer illustrated, sensitiv-
ities up to 50 mm/ma at 1 meter
can be obtained for low-frequency
stringing, and an undamped nat-
ural frequency of 10,000 cps can he
obtained with a high-frequency
stringing with a corresponding
sensitivity of 0.1 mm/ma at 1
meter.

The coil-type galvanometer, as
as shown in Figs. 6 and 7, is ce-
casionally used where a high fre-
quency response is not required.
The moving element in this gal-
vanometer consists of a small coil
held in place between the poles of

Rectif icr—\

Filters Attenuator
p Oscillograph

Strain Galvanomerar
Gage
Zero L L
Adjustor . T
Batancing | 4
unit I ‘

To Carrier

Power Source

Fig. 11. Circuit of the strain gage unit. This operation from a 2000 cycle carrier source and

is accurate for strains up #o a frequency of 600 cycles per second
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Fig. 13.

shows the strain gage bridge, the oscillograph galvanometers and the intermediate amplifier

a permanent magnet by two taut
suspensions, in a construction sim-
ilar to a conventional but minia-
ture D’Arsonval galvanometer. This
type of galvanometer is generally
useful only in those applications
where the maximum frequency re-
sponse is not greater than several
hundred cycles per second.

For low-frequency work where
the coil-type galvanometer can be
used, it has several distinet ad-
vantages over the bifilar type, as a
result of its larger mirror. The
large mirror of the coil-type gal-
vanometer permits the use of a
simpler optical system and a less-
sensitive recording paper. The
record traces obtained with a coil-
type galvanometer are usually
somewhat sharper than those ob-
tained with a bifilar galvanometer,
because a small amount of diffrac-

tion is produced by the small bifilar
galvanometer mirror, whereas mir-
rors used on coil-type galvanom-
eters can be large enough to elimi-
nate diffraction almost entirely.

Multi-element oscillographs

Three multi-element oscillographs
widely used for strain recording
are shown in Figs. 8, 9 and 10.

This oscillograph, in Fig. 8, is ar-
ranged to accommodate 12 to 24
bifilar type OA-2 galvanometers or
12 to 36 coil-type galvanometer ele-
ments. Light for recording is sup-
plied from one or two standard
automobile headlight lamps. For
charts, either sensitized paper or
film can be used in widths of 6 or
10 in., and in lengths of 100 or
200 ft. The chart is driven by an
internal governor-controlled motor

Fig. 15. A 12 channel strain gage control unit, for which three types of amplifier ele-
ments are available. These can be inserted in unit to make any desired combination

78

A typical amplifier circuit for direct current in the strain gage circuit and a wide band low-frequency ac amplifier. This diagram
quip t. s 1

is from 3 to 3000 cps

at any one of 16 speeds between
1/3 and 40 in. per sec., and the
speed desired is selected by means
of a quick-change transmission.

Time-coordinate lines are photo-
graphed on the record as it is
taken, by means of an internal
tuning-fork controlled synchro-
nous motor-driven shutter with a
time-line spacing of 1/100-second
or 1/10-second as desired. Consec-
utive record numbers are automat-
ically photographed on the end of
each record, and an automatic rec-
cord length control device can be
set to run off any length of record
desired after the oscillograph is
started. A calibrated viewing
screen on the top panel of the
oscillograph provides for visual ob-
servation of spot positions and de-
flections even when records are be-
ing taken.

The oscillograph shown in Fig, 8
is classed as semi-portable. Its ex-
ternal dimensions are 18 x 1034 x
28Y4 inches, and its weight com-
plete with 12 galvanometers is 125
1b.

The type S8-D oscillograph,
shown in Fig. 9, is similar to the
above but omits several convenient
features, such as automatic num-
bering and automatic record-
length control. It is, basically, a
complete oscillograph for general-
purpose requirements, however.

The type S12-A oscillograph, Fig.
10, is a portable instrument de-
signed for field use, such as for
strain recording in fighter aircraft,
as well as for general or laboratory
use. It is a 12-element instrument
with a number of convenient fea-
tures such as a time-coordinate de-
vice, record-numbering device, au-
tomatic record - length control,
viewing screen, and magazine load-
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14. A typical amplifier using a carrier in the strain gage circuit,

and an amplifier with flat frequency response over a range wide

enough to cover the carrier and both side bands. This circuit has a phase selective demodulator in the output circuit to remove the carrier

ing, all included in a case 18 x 9
X 8 in,, and with a weight of only
40 1b.

It can be equipped with 12 bifilar
type OA-2 galvanometers or with
one 12-element type OD-12 coil-
type unit. Six-inch recording chart
is loaded into the record magazine
in 100 ft. lengths, and any record
speed desired between Y. and 48
inches per second can be selected
by inserting the proper change
gears into the gear train, accessible
through the hinged cover on the
side. All controls, adjustments,
and indications are mounted on a
single control panel on the top.

The term ‘“strain-gage control
unit” has been assigned to all the
auxiliary electrical equipment be-
tween the strain gages and the
oscillograph. This unit is usually of
multi-element design and may or

Fig. 16A, left.

ELECTRONIC INDUSTRIES @ October, 1945

may not contain amplifiers. Sev-
eral variations of strain-gage con-
trol units will be described and
illustrated.

Amplifier equipment

Large inductance-type = strain
gages, such as the type shown in
Fig, 1, may drive their oscillograph
galvanometers directly without the
use of amplifiers. A typical circuit
for this type of operation is shown
in Fig. 11, and a complete 12-chan-
nel strain-gage control unit which
houses the balancing gages, adjust-
ments, rectifiers, filters, etec. for 12
separate channels is shown in Fig.
12.

The equipment illustrated in
Figs, 11 and 12 operates from a
2000-cycle carrier and provides a
strain record that is accurate for
static strain and for dynamic

strain, up to a frequency of 600
cycles per second. No amplifiers
are required. The strain gage is
connected in a bridge circuit con-
sisting of the strain gage, a bal-
ancing unit similar to the strain
gage, and a center-tapped induct-
ance unit. Carrier power is sup-
plied to two corners of the bridge
and the carrier voltage across the
other two corners is a function of
strain. The voltage output from
the bridge is demodulated to re-
move the carrier by means of a
full-wave rectifier and proper fil-
ters, and then applied to the oscil-
lograph galvanometer terminals
through an attenuator, as shown in
Figure 11,

In general, resistance strain
gages and small inductance gages
require the use of an amplifier be-

(Continued on page 182)
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An electronic power supply unit to supply power for 24 large 2000 cycle inductance strain gages.
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Fig. 16, right.

A power sup-
ply unit designed for use with type MRC-10 control unit-to supply 5000 cycle power for carrier circuits and also all dc for amplifier elements
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MODERN

Viewing some of the labora-
in the Cedar Rapids plant

A Position of circuit elements, shields and
leads & critical factor in design of higher fre-
quency equipment. At this stage, months are
spent n these specialized laboratories arrang-

ing and proving circuit for its intended purpose

W Although components, sub-assemblies, wiring
and soldered joints have been inspected and
tested, each finished transmitter is completely
operated into a simulated antenna load. Here
measurements of all characteristics are recorded

Fe

A The cemmunicatian equipment pmduced cftem cepy s from current
conventional design. Therefore much of the naxxded st and eontrol
equipmert not being commercialls availasle. 5 desijted and built
in the T2t Equipment Departmen* of the Crllins Racio Company

¥ Ccllin: Auatotune 1eads are synckronized im 3 sourc-proof beoth so
that th2: pawls ar2 heard when the~ drop. Indicater lights show which
channel is zlectrically selected. Large dial gives psecise e ectro-
mezhanical synchronization simpl fying tast > conwlete assembly




Radio PR

tory and factory methods
of the Collins Radio Co.

A (Top 1ight) Main plant of the Collins
Racio Co., centainirg 150,600 square feet,
administration, engin2ering and man-

g. Above Test of Autoture as-
semblwes with torque meter at “forty below.”
(Righ:) Tubes are checked under actual
operafing conditions. Rotary tube checker
in fareground prebeats filament before
a fube reaches the high-voltage rectifier
tesier or the high pewer tube tester at rear

W (Eelow) Each laboratory includes well
equipped machine stop and assistants. (Be-
low right) Each aircraft tranimitter is tested
in cimat2 chamkter, which simalates
the camplete gamut of servics temper:ztures




IMPROVING RECORDINGS

By NORMAN C. PICKERING

Control Instrument Company, Inc., Brooklyn, N. Y.

Houw to get the most out of phonograph records including
a new design for a volume expander to increase ‘presence’

® It has long been realized that
reproducing phonograph records in
the home in such a manner as to
invoke all the psychological re-
sponses experienced in the concert
hall is a formidable problem. At
the outset we are faced with the
realization that the atmosphere of
excitement and expectancy which
gives glamour to all performances
in a concert hall will be entirely
missing in the familiar and pro-
saic living-room. And, unless the
room is very large, the feeling of
acoustic spaciousness which con-
tributes so much to the grandeur
of the sound in a good auditorium
just isn’t there, unless some clever
auditory faking is done.

It is the purpose of this article
to explain some of the more easily
applicable methods by which re-
production of phonograph records
can be enhanced to the point
where, instead of being merely a
reminder of an actual performance,

GAIN
CONTROL

the playing of a recording can be
a thrilling musical experience in
itself.

All musical performances can be
analyzed into the simple elements
of rhythm, dynamics, pitch and
tone-color. If these elements are
present in the proper quantities at
the proper times the result is a
satisfying musical performance.
Rhythm, of course, being a time-
sequence function, is dependent on
turntable speed and stability. It is
important that the absolute time-
sequence of successive tones in a
musical performance be maintained
accurately, because “tempo” is the
most important single factor af-
fecting the emotional response to
a musical performance. Inasmuch
as “pitch,” or fundamental fre-
quency, is also affected by turn-
table speed, it is most important to
rotate the record under the pickup
at a steady speed of exactly 78.26
revolutions per minute. The word
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“steady” in this statement has
great significance inasmuch as the
“wow” caused by non-uniform turn-
table rotation is the most irritating
distortion possible. Unfortunately,
many commercial pressings are re-
leased with the “center” hole any
place but in the center. With a disc
like this, the “wow” will be bad
even on a perfect turntable, and
since the eccentricity is contant it
will be more noticeable toward the
center of the record. This is shown
in the following derivation:

Let R == radius of a given groove,
inches

« = Angular speed of turntable,
radians per second

A = Wavelength of modulation,
inches

f — Frequency of output voltage
from pickup

For a record with no eccentricity:

wR
f =

A

The wavelength of a constant
frequency tone is directly propor-
tional to the distance from the
center of the record.

Frequency varies

Let us assume a constant fre-
quency record, where the center of
rotation is not at the true center
of the grooves. (The groove on a
record is a continuous spiral, of
course, but for this discussion no
error is involved in assuming a
given groove to be a circle.)

Let d = distance in inches from
true center to center of rotation.
Then the frequency will vary from

w(R -+ d) w(R—d)
—— to fa =
\ A

-

Fig. 1. Schematic diagram of the volume
expander. The signal is amplified through one
single and one push-pull stage. In the bot-
tom circuit the same signal is amplified
and rectified to bias the push-pull grids

ELECTRONIC INDUSTRIES o October, 1945
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Fig. 2. Gain in db-versus frequency curve for the amplifier of Fig. 1 |,

Fig. 3. Calibration of the 10 ma mater shown in the plate feed circuit
in Fig. 1. The range of volume expansion available depends on the ini-
tial plate current. The 500 ohm potentiometer shown in Fig. 1 adjusts
the fixed bias on the grids of the control stage of the amptifier. The re-
laxation time of the expander is made much slower than the respon

The relative frequency change is
f1— 1 2 wd /X 2d

== =— (1)
R

Af=

f wR/\

From the Bell System Technical
Monograph No. B-621 it is found
that the minimum perceptible in-
crement of pitch for frequencies
from 500 cycles to 2,000, which is
the band in which most of the
energy of music appears, is less
than 0.005 at normal levels, Since
these measurements were made un-
der laboratory conditions with pure
tones, we will double the amount
for complex waves in music under
usual listening conditions. This
gives us a limit of 0.01 for A f.

Substituting in equation (1)

2d
001 = ——
R

A common minimum value for R

(2)

is 1.7 in. (There are records with
even lower minimum groove
radius.)

Substituting in equation (2) and
solving for d
d = .0085

This represents the eccentricity
at which pitch variations become
noticeable, hence objectionable. In
this light it is astonishing to realize
that many commercial pressings
have been purchased where the ec-
centricity is 0.020 inches or more!

A partial remedy for these rec-
ords is to have a centerpin on the
turntable which is about 0.040
inches smaller in diameter than
the standard 0.281 inches. A tubu-
lar sleeve with the standard out-
side diameter would be normally
placed on the centerpin. When an
eccentric record is encountered the
sleeve would be removed and the
record moved about on the turn-
table until the grooves run true. A
mark on the record label would
simplify future location of the true
center. With a light-weight pick-
up the weight of the record will be
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enough to hold it in position on the
turntable. With some pickups ex-
tra weight at the center of the
record will be necessary.

If the music on the record is of
such a nature that there are no
notes sustained for more than one
rotation of the turntable, quite a
large amount of eccentricity can
be tolerated. However, if the re-
cording contains music having sus-
tained tones played by instruments
not normally employing vibrato,
such as the clarinet, horn or piano,
the limit of eccentricity given here
may be even too much.,

Tone-color

Tone-color is the name given to
the character of the sound. It is
well known that the quality which
enables us to distinguish between
two instruments playing the same
fundamental sustained tone is the
number and relative intensities of
the “overtones” or harmonics which
are multiples of the fundamental
frequency.

High frequency response is the
controlling factor in the reproduc-
tion of the distinguishing harmon-
ics of musical instruments. This
has been the most discussed char-
acteristic of reproducing systems
ever since electronic amplification
became popular. It should be clear-
ly pointed out that a high upper
limit of frequency response is not
in itself a desirable characteristic.
In fact, for phonograph record re-
production it is a decided disadvan-
tage, as will be discussed below.
What is important is that through-
out the transmission band of the
system there be no serious discrim-
ination between adjacent frequen-
cies. This dictates smooth fre-
quency response.

The effect of jagged high fre-
quency response is to accentuate
some harmonics of certain tones,
and. attenuate others. " The order
of the harmonics which are altered

(A 6 7 [ o= A

changes for different tones in a
given system. This produces the
curious and displeasing effect of
changing the tone color of an in-
strument in a manner which varies
with the tone being played. As an
example, a clarinet playing a chro-
matic scale with uniform tone
quality would be reproduced so that
adjacent tones differed seriously in
timbre and even in loudness. In
extreme cases adjacent semitones
could assume the character of clar-
inet, flute and oboe respectively.

Smooth frequency response also
results- in much less unpleasant
“surface noise.” The ear appar-
ently responds to the peak noise,
rather than the average noise, in
this case. This phenomenon gives
the effect of an increased signal-
to-noise ratio on a given record
when played on a system having
smooth frequency response over
that when played on a system hav-
ing jagged response over the same
transmission band.

Smooth response is difficult to
obtain with an ordinary single cone
Ioudspeaker. Paper cone “tweeters”
are particularly non-uniform in
frequency response, even though
they do contribute a lot of high fre-
quency energy. However, there are
available loudspeakers of conven-
tional design which have fairly
smooth response. A good horn-type
loudspeaker of the metal dia-
phragm type is the best obtainable
for smooth response and low dis-
tortion.

Harmonic distortion

-Another important factor in nat-
ural rendition of tone-color is the
elimination of harmonic distortion.
The addition of harmonics to the
fundamental tone, other than those
present in the original sound, is
not easily tolerated by the musical
ear. The “raw” sound of a distorted
wave is most unpleasant, and is the
primary cause of the habitual over-
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use of the so-called “tone control.”

It is quite easy to construct an
amplifier in which harmonic distor-
tion is negligible at low power out-
put levels. The most important de-
sign specification for an amplifier
working into a loudspeaker load is
low effective output impedance. The
elimination of transient distortion
accomplished by this means is of
paramount importance.

Any good loudspeaker operating
at the volume levels ordinarily de-
sired in home reproduction of sound
contributes very little harmonic dis-
tortion. This leaves the pickup as
the most likely source of trouble of
this kind. A good magnetic pickup
gives the “cleanest” reproduction of
any kind available today. Unfor-
tunately good magnetic pickups are
not inexpensive and inexpensive
magnetic pickups are, as yet, not
good. There should be develop-
ments in this field in the near fu-
ture, however.

It should be pointed out here that
some record distortion cannot be
eliminated by any means. Records
which have high level passages
close to the center can never be
reproduced with entire lack of dis-
tortion. Good equipment will, how-
ever, reduce it to the point where it
is hardly objectionable.

A decided improvement in the
sound of phonograph records can
be obtained by sharply limiting the
high frequency response of the sys-
tem to 7500 cycles. This represents
about the highest useful frequency
which appears on most pressings
commercially produced. Nothing
appears in the region above 7500
cycles, therefore, but products of
harmonic distortion, :and surface
noise. The improvement in quality
realized on most records by elim-
inating these very high frequencies
is considerable.

Filter

The low pass effect can be ob-
tained by restricting the upper fre-
quency limit of either the pickup,
the amplifier or the loudspeaker.
Since it would be desirable to have
a wider frequency band available
for very noise-free records cleanly
recorded, a filter in the amplifier
which can be switched in and out
is convenient.

The dynamic range, or volume
range, is the final characteristic of
a reproducing system to be dis-~
cussed. Although an orchestra in
a concert hall may have a volume
range of 50 db or so, it is impossible
to maintain the correct relative
volume levels on phonograph re-
cordings. The amplitude of the
modulation in the phonograph
groove is severely limited by the
groove spacing, by the overload
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Fig. 4. Expansion in db plotted against rel-
ative input level. Higher plate currents re-
duce the expansion which is obtainable

limit of the recording head, and by
the ability of the reproducing stylus
to follow the groove.

Results of measurements on
many commercial phonograph rec-
ords show a maximum modulation
level of 30 db above surface noise,
with an average value of 25 db.
Many records show a maximum
level of only 20 db above surface
noise. All measurements were made
on records having the same abso-
lute level of surface noise, and were
of similar types of music, so that
the high level passages would rep-
resent about the same sound pres-
sures in the concert hall.

A 30 db volume range might be
considered by some listeners to be
too great. If the music is being
used as background for conversa-
tion this is usually the case. Many
others, however, consider a range
of as much as 40 db to be desirable
in the home. If the room noise is
low, so that the quiet passages can
be reproduced really pianissimo, a
fortissimo of 40 db above this level
is very impressive. If all the fore-
going factors such as frequency re-
sponse, distortion, etc. are well
taken care of the performance be-
gins to become excitingly real.

Some form of volume expansion
is indicated to produce the dynamic
range mentioned above. If the vol-
ume compression used in recording
were automatic and of known con-
stant characteristics it would be a
simple matter to build a volume ex-
pander with inverse characteristics.
Unfortunately, the compression ac-
tually used follows no pattern, be-
ing entirely manual. Usually the
man who is “riding gain” attempts
to anticipate peaks and reduce gain

gradually before the peak arrives,
so as not completely to spoil the
climax. Sometimes the gain reduc-
tion is not steady, resulting in a
series of “steps” of volume level.
Not always is the same gain setting
used for the same level of sound
pressure from the orchestra. When
this happens one “fortissimo” is
louder than another, or one “pian-
issimo” is softer than another. In
some cases “piano” may be louder
than “forte” or “pianissimo’ louder
than “piano.” When this happens
no volume expander can remedy
the situation.

Circuits

There have been many different
volume expanding circuits de-
seribed in the literature at various
times. Some of the simpler ones
involve such schemes as short-cir-
cuiting the output stage with a
lamp bulb which increases its re-
sistance at high volume levels. The
long time lag is the most obvious
disadvantage of this system. Fur-
thermore, if the output amplifier is
a good one, having low output im-
pedance, a large change of load re-
sistance will have little effect on
anything but harmonic distortion!

The usual expander has a single
control tube, such as a 6L7 or 6KT7,
rectifies the audio signal, filters it,
and applies it as a variable bias to
the control grid. The gain changes
with bias, hence with audio level. A
system of this type can never be
made with a time lag of less than
0.1 second, and can never be en-
tirely free from harmonic distor-
tion. If these two objections are
overcome this system of volume ex-
pansion can be very effective. The
expander to be described does elim-
inate these objections, while retain-
ing the desirable features of the
electronic volume control.

Because of the manner in which
the volume compression is accom-
plished the characteristics of the
volume expender should be as fol-
lows:

(1)—Expansion should not start
until the volume level reaches a
certain minimum value.

(2)—Expansion should be fairly
linear with input level once it does
take effect.

(3)—The distortion introduced by
the expander should be virtually
Zero.

(4)—The amount of expansion
should be limited to a specified
maximum. i

The latter provision is important.
These ‘“steps” in volume, referred
to above, which almost always oc-
cur at rather high levels, are mag-
nified by the expansion. Conse-
quently, too much expansion will

(Continued on page 206)
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INCENTIVE PAY FOR
ELECTRONIC ENGINEERS

® How can an individual’s con-
tribution to the general good be
measured? It is true that out-
standing artistic or scientific
achievement usually does get “de-
layed” recognition—but often so
much delayed that its recipient is
not around to receive it.

On the other hand, commercial,
military and political success usu-
aliy has had wide acclaim, with
timely and substantial benefits to
the man of merit.

Since the popularization of the
corporate form of business and the
far-reaching tendency to special-
ization in our manufacturing plants
and research laboratories, the en-
gineer in his own right has be-
come more and more a mere cog
in the wheel: A cog to be oiled
when it squeaks, but merely praised
when its expected silent, but effi~
cient, operation goes on, year in
and year out!

Labor, because of past evils, was
forced to seek methods of enforc-
ing its rights. Sheer weight of
numbers and organization has pro-
duced such a far-reaching political
result that today an untrained
eighteen-year-old girl starts her
factory job at a 20 per cent higher
rate than was paid to college-
graduate engineers starting in with
electrical manufacturing companies
at the peak of the 1929 boom. In
those same years great communi-
cations research laboratories paid
college trained engineers $27 and
$30 per week to start, with an in-
crease of 10 per cent to $33 within
six months if performance war-
ranted.

The trained engineer of above-
average ability started right in to
specialize, and, unless he departed
from his chosen profession, found
himself ten years later to be one
of a handful of scientists who, of
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Compensation Plans Based upon Individual Achieve-
ments and Inventions as Well as Company Prosperity.
Rewards for Technical Men Comparable to Earnings
of Sales and Other Executives

Is there a yardstick by means of
which the value of an electronic
engineer to his organization can
be gaged? The matter of the
compensation of engineer-exec-
utives is a complicated one and
a subject of grave importance
not alone to the engineers in-
volved but to the industry itself.
Generally, engineers are under-
paid by other-industry standards.
Some sensible, equitable plan
must soon be evolved.—Editors.

all the people in the world, knew
most about that special subject.
The trouble is that he was sup-
posed to be so completely overjoyed
by the possession of this special
knowledge—and his patents which
are not his—that he would be com-
pletely unaffected by his wife’s oft-
repeated comments that they can’t
afford to live with or up to his
contemporaries who became law-
yers, doctors, investment bankers,
industrial -executives, or went into
business for themselves.

Rented for life

True, the corporation provided
comfortably heated, lighted and
well-equipped office and laboratory
facilities. True, it provided a budg-
et and a promise of life-long se-
curity; these latter had a, by then,
almost-forgotten, embarrassing un-
reality about twelve years ago. The
engineer who behaved himself and
became top-notch man in his field,
today in most cases, has as much
future and “cross commercial” rec-
ognition as the heating plant in
the laboratory where he dwells. He

is a machine, rented for life and
expected to function—regularly and
well.

Some forward-looking companies
have seen this engineering cul-de-
sac clearly, and whether by sound
policy or by expedient, under to-
day’s competition for technical
men, have set about to provide sub-
stantial recognition for engineering
achievement. These companies,
however, are few and far between
so that our engineer today is by
and large little better off than was
the skilled Greek scholar during
the early Christian era in relation
to his Roman master-owner.

Unless better methods are de-
vised quickly and are made effec-
tive, the coming years will see the
best engineering minds seeking
more lucrative fields and the less
able men banding together in union
organization to force the issue.
Timely action by employers can
avoid this, but what action?

Some employers have tried a lazy
yardstick like $100 per patent ap-
plication. Others have made prom-
ises that rivaled the traditional
“blue sky” promoter. In a few in-
stances engineers by retaining com-
petent and understanding counsel
have been protected by controlling
their contributions. By and large
the fear of “going overboard” in
wholehearted recognition has re-
tarded any satisfactory solution to
this problem.

We believe that a general pattern
with special deviations to suit each
individual case is a “must” for for-
ward-minded companies, during

-this period of applying war-born

developments to peacetime uses.
In the first place, good engineer-
ing means so much to industrial
progress that any reasonably con-
ceived incentive plan must perforce
pay dividends. If it only eradicates
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this practice of a company’s engi-
neers’ saving their best ideas for a
“special deal” with someone else or
really doing their best work “on
the side” for pay, it will make
plenty of sense, After all, venture
capital expects large rewards if re-
sults are produced. Labor in gen-
eral works for an incentive based
on increased production. Salesmen
operate on commission. Many exec-
utives have bonus or stock option
arrangements. Why should engi-
neers be unique?

Engineering in order to call and
hold good minds and to inspire the
profession to its maximum effec-
tiveness, should be provided with
attractive and adequate incentives.
In such a fast moving branch of
engineering as our electronic in-
dustry only the best mentalities can
keep up. Those who have the ability
should be compensated in keeping
with their achievements. To do so
poses a personnel and administra-
tive problem.

We present here certain sugges-
tions in the hope of stimulating
thought and provoking comment.
The following are in a sense alter-
nates, but can be combined in
whatever way seems best for any
particular group or company:

Compensation plans

1. Straight periodic salary on a
term contract basis with provi-
sion for reexamination and ad-
justment of the rate within
classification limits at stated in-
tervals by the department head.

2. A straight periodic salary with a
quarterly, semi-annual or annual
lump sum bonus determined by
the department head with the
bonus amount set after examina-
tion and evaluation of one or
more of the following:

A. Company profits

B. Inventions conceived

C. Patents applied for (value and
number)

D. Patents issued
number) -

E. Original ideas of value to pro-
duction for all the range of
cost saving, work simplifica-
tion, etc. items

F. Independent thinking

G. General cooperation

H. Saneness of behavior

3. A base periodic salary plus a
regular additional percentage de-
termined on a calculable basis
such as this: Of the entire com-
pany or division earnings, actual
or estimated, before taxes, a pre-
determined fraction is set aside
as an “Engineering Incentive
Fund.” This fund then is ad-
ministered by the department
head on a periodically revised
basis and distributed as addi-
tional compensation to all en-
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(value and

gineering group people with each
individual’s share set much as in
the manner outlined in para-
graph 2 above.

4. A straight salary plus a periodic
royalty calculated somewhat as
follows:

Evaluating results

Each substantial contribution
and/or patent introduced is to be
assigned an arbitrary original
value. This value will be revised
each year. Each engineer’s indi-
vidual part in that invention will
be determined on a percentage
basis (all-50 per cent-25 per cent,
etc.). A “ledger account” to be
opened where all such values are
entered to the credit of each in-
dividual engineer. This capital-
ized basis would handle much in
the manner done by patent hold-

ing companies with cross-licens-
ing agreements. Periodic distri-
bution of “royalties” would be
made to each ‘“‘owner.” These
would continue only during his
term of employment. A fair per-
centage, say 5 per cent, of the
assigned value would be allowed
for each element. The total cal-
culated sum of all royalties would
be paid by the company to this
fund periodically, Depreciation
of the patents over their life
would be unnecessary as the roy-
alty payments would cease on ex-
piration or prior obsolescence. To
avoid confusion this type of ac-
count would be completely inde-
pendent from company books
and have no relation thereto. In
other words, the engineering
group would have their own pat-
ent pool—company supported—

(Continued on page 214)

TELEVISION REFLECTIONS FROM AIRPLANES

A question frequently asked is:
Why can an airplane flying over-
head at a speed low compared with
a television signal (say 250 mph
against some 650 million mph) pro-
duce such a violent signal fluctu-
ation in a television receiver. This
phenomenon is a direct visual illus-
tration of the same basic principle
used by radar: the remarkable de-
gree to which ultra-high-frequency
waves are reflected. Referring to
the diagram, the condition is as
follows:

A plane is flying at a height h,
which is usually a small part of the
direct separation distance d, be-
tween the transmitter and receiver.
Here two signals can reach the re-
ceiver—the second signal being re-
flected by the plane, If these sig-
nals arrive in phase the total re-
ceived signal is augmented. How-
ever, since the plane is moving, the
second path is continually changing
in length—one instant the reflected
signal adds to the normal value and
the next instant it subtracts. At
say 240 miles per hour a plane may
move through about 21 wave-
lengths of the signal per second if
plane and signal directions are par-

allel. This fluctuation would cer-
How airplanes may: cause
video signals to fluctuate
d? di
u W.
d

tainly be too fast to be noted by
eye, if the radio equivalent of the
Doppler effect were effective.

However, the actual path length
over the reflected path is equal to
the sum of that from the trans-
mitter to the plane (di) plus that
from the plane to the receiver (ds).
If the plane is over a point between
these locations, dz is increased at
approximately the same rate that
d;: decreases (or vice-versa if the
plane is moving toward the re-
ceiver). If the sum of d; and de
remained exactly a constant, a
ghost image and not a fluctuating
picture would result.

When the plane is over territory
between the stations, but not neces-
sarily moving in the same line as
the television signals, the common
effect is that the total combined
path d; and d: creeps up one or
loses out one wavelength at def-
inite intervals along its path. A
varying signal strength is received
therefore which causes more or less
violent fluctuation of picture in-
tensity.

The signal fluctuation rate may
change over wide limits depending
on the speed, height and direction
of the plane. If it is flying outside
of the territory between the trans-
mitter and receiver and in a path
roughly the same as that taken by
the television signal, it produces a
signal change twice as rapid as the
Doppler rate (twice the 21 wave-
lengths figured in the example
above). However, if it happens to
be flying at a larger angle with the
signal direction, such as at right
angles to it, it can still produce a
fluctuating effect.
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Broadcasting studio with polycylindrical surfaces having random resonance characteristics af low frequencies. Reversible sections on one end wall

provide a two -to - one range in

SOUND

® To obtain uniform acoustic re-
inforcement with all frequencies of
speech and music without having
any unwanted resonance points,
engineers of KSL broadcasting
studios, Salt Lake City, have re-
designed the walls of the studio.
The effect from the broadcaster’s
point of view is that he can hear
himself and others more clearly,

reverberation time.

Highest. time is 1.4 seconds.

The cylinders

are vertical as well as herizontal

STUDIO DESIGN

and he applies less effort to achieve
a given acoustic level. In addition,
placement of microphones and in-
struments seems far less critical
and the number of microphones is
reduced to the point where in most
cases one alone gets good results
with orchestra.

The object of adding the poly-
cylindrical surfaces, shown in the

photographs is to increase the dif-
fusion of the sounds, particularly
those of lower frequencies. Random
resonance of the cylinders through
the low frequency range offers con-
siderable absorption by diaphramic
action. It also increases diffusion.
This means that the reverberation
time can be fairly long without
spoilage of articulation.

Fixed absorbant is located in corner. The cylinder surfaces are Vi in. tempered masonite of standard 4-ft. stock. The radius of curvature is

4. ft.

Designed for drama, this studio was built for bright sound effect.

QTR T A

Absorption was then added until drama requirements were satisfied




TECHNIC OF ANTENNA

® The main purpose of the VHF
directional antenna is to increase
the field strength at the receiving
point, without the necessity of in-
creasing the power of the trans-
mitter. Since the half-wave dipole
is the simplest type of VHF an-
tenna, it is customarily chosen as a
“reference” antenna and the effec-
tiveness of any other antenna is
evaluated in terms of the increase
of the field strength at the receiv-
ing point in comparison with the
field strength which would be pro-
duced by the -reference dipole,
when fed with the same power. In
other words, if “reference” an-
tenna, when fed with power P,
produces the field strength Er at
the receiving point and if direc-
tional antenna, when located at
the same point as reference anten-
na, and fed with the same power,
produces the field strength Ep at
the same receiving point, then the
antenna field gain (in db) is de-
fined as:

By G. GLINSKI

Eiectronic Division, Northern Electric Co., Montreal, P. Q.

Standing wave ratio obtained by means of slotted

line used to correct power input to antenna under test

An antenna gain of 10 db means
therefore that the directional an-
tenna produces a field strength
about three times as high as the
reference one. To produce the
same field strength with the refer-
ence antenna would require ten
times as much power.

Ep

Given —,
Er

from Fig. 1.

(AFG): can be found

From the above definition it
follows that the gain measurement
reduces to the field strength mea-
surement: a) when reference an-
tenna is used; b) when directional
antenna is used, under the proviso
that both antennas are fed with
the same power. Hence, for an-
tenna gain measurements, and in
addition to the directional antenna
under consideration, the following
items are required:

1) Reference Antenna
2) Receiving Field Strength

Ep Measuring Equipment
(AFG); = 20 log — 3) Transmitting Power Measur-
Er 1) ing Equipment
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If the directional antenna under
consideration is of such a type that
it has some form of half-wave di-
pole as a driving (active) element,
this element, after the removal of
all other elements, can be used as a
reference antenna. Otherwise a
specially built half-wave dipole, lo-
cated at the point where the direc-
tional antenna is placed after-
wards, can be used as a reference
antenna.

Relative measurements

Since in the antenna field gain
formula (1) only the ratio of the
field strength is involved, only rel-
ative values of the field strengths
need to be measured. If the proper
field strength measuring equipment
is not gvailable, any calibrated re-
ceiver (without ave) can be used
for the same purpose.

Any appropriate equipment can
be used for the measurement of
power input, but a measuring sec-
tion of the feeder line is convenient
and can be used with particular ad-
vantage in the way described be-
low.

If, as

is customary, a coaxial

Fig. 1—Curve showing the antenna field gain
in db when the ratio of field strength of di-
rectional and reference antenna is known.
Fig. 3—Input impedance Z of line is resistive
at point of voltage minimum. Fig. 4—Correc-
tion for different power input

10&033.’
R

v 3

Y [

-3 L! =
.6 3 10 12 14 16

4+

X} q,/qv

ELECTRONIC INDUSTRIES o October, 1945



GAIN MEASUREMENTS

feeder is used, the measuring sec-
tion of the feeder line takes the
form of, approximately, a wave-
length section with equidistant
holes in the outer conductor to
permit the measurement of the
voltage distribution. These holes
are conveniently numbered 0, 1, 2

. n starting from the near end.
An example of such a measuring
section is shown in Fig. 2.

As far as the choice of the loca-
tion of the measuring section is
concerned, it is desirable to place it
as near to the antenna as possible.
Since this usually requires a serious
alteration of the existing installa-
tion, however, the simplest solution
is to place the measyring section
between the transmitter and the
antenna feeder proper.

Power measurement

If the input admittance .of the
feeder (with the directional an-
tenna connected at its far end) is
G +- jB and if the input voltage is
V (rms) then the average (active)
power delivered to the feeder is

P=GV2
2)

If the feeder is lossless, this
power is also equal to the power
delivered to the antenna.

If the feeder introduces some
losses, there will be a continuous
loss of power along the feeder and
the power delivered to the antenna
will be smaller by the amount lost
in the feeder itself.

Hence the power measurement
by means of the measuring section
is based on the simultaneous mea-
surement of the conductance and
voltage at any point of the feeder.
Moreover, if between the antenna
and the feeder input there is an
appreciable. length of the feeder,
the power loss due to the attenua-
tion should be taken into consid-
eration in the way explained below.

To measure the power the follow-
ing procedure seems to be the sim-
plest:

The voltage maximum, V max,
and minimum, V min, are measured
on the measuring section. The ra-

V max
tio

gives the standing wave
V min
ratio q:

Fig. 2—Measuring section of co-axial feeder
line consists of a wave length section with
equidistant holes in the outer conductor to
permit the measurement of voltage distribution.
These holes are conveniently numbered O, 1, 2,
etc., starting at near end
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Fig. 5—The ratio of effective attenuation of the feeder to the attenuation under
matched conditions is plotted against the measured voltage standing wave ratio

V max

q ——
V min

(3)
As is known from transmission
line theory, the input impedance
of the feeder at the point of min-
imum voltage is purely resistive

and has the value:

Zq

Z =
q
(4)
where Z.—characteristic impedance
of the line.
Therefore, the input admittance
at the same point is
1
Y = e— T e—
Z Zs
(5)
and the power

qV2min
P=YVmin - ———
Z.
(6)
If, with the directional antenna
connected, the measured power is
Py whereas with the reference di-
pole connected the measured power
is Pg, then the antenna field gain
(AFG). corrected for the constant
power input to the feeder is:
(AFG).=20 log [(ED/\/PD)/(ER/\/PR)]
Ep Py
= 20 log — +- 10 log —
Exr Pr
Py
= (AFG), -+ 10 log —
PR

1)
where (AFG). is given by the for-
mula (1).

(Continued on page 222)




GENERATION OF ATOMIC

® Night and day at Hanford,
Wash,, next to the Columbia River,
a number of self-generating chain
reaction piles are producing large
quantities of heat in connection
with the transmutation of uranium
into plutonium. For every gram of
plutonium up to 1,500 kw hours of
heat energy are produced and re-
moved by the cooling action of the
river.

This heat energy has been wasted
and there were no attempts to
harness it because effort was con-
centrated toward the single goal of
producing an atomic bomb.

However, in the light of such pro-
duction of energy from small
amounts of material who can say
that atomic power is not here!

Of course, there are engineering
difficulties connected with using it.
One obvious way of extracting the
energy would be to reduce the flow
of cooling water so that the tem-
perature would rise to the steaming
point. Possibly troubles would be
encountered in this scheme. Doubt-
less, there is no demand for much
power in that region of the United
States so that an attempt to use
it would prove uneconomic. The
fact remains that here ready at
hand is a means for utilizing nu-
clear binding energies to produce
useful heat.

Judging by the presently avail-
able information, initial develop-
ment of atomic energy would be as
a primary source of power, like coal.
There is no reason to suppose that
shortly this binding energy can be
applied directly to industrial and
domestic processes without going
through a series of complicated
power plants any more than that
coal could be so used. However,
that need not worry us, since
atomic power is undoubtedly here
and may soon be ready to furnish
electricity for our radios, our homes
and our factories.

Modern nuclear physics postu-
lates the atom to be made up of a
nucleus bearing a positive electric
charge surrounded by a system of
electrons at various distances each
bearing a negative electric charge
of 1.60x10-1% coulombs. When the
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By H. GREGORY SHEA,

Associate Editor, Electronic Industries

Electronic principles familiar to tube engineers are of

vital importance in the development of nuclear energy

positive and negative charges are
equal the atom is electrically neu-
tral. The nucleus is supposed to be
made up of one or more positively
charged particles of matter called
protons together with particles
bearing no charge called neutrons.
Since the proton has a mass of
1.6729x102¢ grams and the mass of
the neutron is 1.6751, while the
mass of the electron is 9.1067x10-28
grams it can readily be seen that

The Isotron, a promising but undeveloped
scheme for separating U35 from U238 |t

utilizes the klystron bunching principle
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as it takes about 1836 electrons to
equal one proton, the protons and
neutrons account for most of the
mass of the atom. The mass unit
used in physics is slightly different
from any of these being equal to
1.6603x10°2* grams, or 1/16 the mass
of an atom of oxygen in its most
common form.

Hydrogen is the simplest atom
known, having a nucleus consist-
ing of only one proton with one
electron surrounding it, while
uranium until recently has been
the most complex known atom hav-
ing a nucleus consisting of 92
protons and 146 neutrons with 92
electrons surrounding the entire
mass.

Atomic number

In writing nuclear equations the
number of protons in a nucleus or,
what is the same thing, the num-
ber of positive charges on a nucleus,
is called the atomic number and
is designated by the letter Z. The
entire mass of the nucleus con-
sisting of protons and neutrons
designated by the letter A is called
the mass number. The atomic num-
ber and mass number are written
respectively as a subscript before
and a superscript after the chemi-
cal symbol of the atom thus: ¢.U=38

Since the diameter of a nucleus
is about 107'* centimeters while
that of an atom is 108 centimeters,
it can be seen that most space is
empty.

Atoms having the same charge
but different masses are called
isotopes and in the last twenty
years a very great number of these
has been found. As they have
identical numbers of electrons
(equal to the number of protons)
and as these appear to control the
chemical behavior of matter, iso-
topes have the same chemical re-
actions. On the other hand, two
different chemical elements having
different charges may have the
same mass and in such cases are
called isobars.

Other particles mentioned in the
literature are alpha particles which
are helium nuclei containing two
protons and two neutrons having
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a charge of 2 and a mass of 4, beta
rays consisting of a stream of elec-
trons, gamma rays consisting of
very short electromagnetic radia-
tion similar to radio waves or
X-rays, positrons which are positive
electrons emitted by some artificial
radioactive nuclei and deuterons
which are nuclei of heavy hydro-
gen consisting of one proton and
one neutron. Photon is the name
used for a certain quantity of
radiant energy.

Radioactive materials, or those
bombarded by some kind of radia-
tion, may give up various kinds of
particles or radiation such as those
listed above. The particles which
have been found of such extra-
ordinary use in the development of
atomic energy have been the neu-
trons. As stated before, these are
characterized by their lack of any
charge, This permits them to pro-
ceed through matter unaffected by
the intense electric fields surround-
ing the nuclei.

One of the important discoveries
of physics has been that the sum
of the masses of the protons and
neutrons making up the nucleus of
an atom is not equal to the mass
of the atom nucleus. For example
the total mass (in mass units of
1.6603x10-2¢ grams) of the com-
ponents of the helium nucleus is

Protons Neutrons

2 X 1.00758 - 2 X 1.00893 = 4.03302

whereas the mass of the helium
nucleus itself is 4.00280. As can be
seen the difference is equal to about
.030 mass units.

A number of years ago through
the work of Einstein and others it
was discovered that the mass of a
moving electron depended upon its
velocity, and consequently classical
force, mass, acceleration relation-
ships must be modified when deal-
ing with electrons or other atomic
particles whenever their velocities
begin to reach 1/10 or more of the
velocity of light. For an electron
such a velocity would be reached
if it were subjected to an accelerat-
ing voltage of about 6,000 volts.

This discovery obviously indicated
an equivalence between mass and
energy. This Dr. Albert Einstein
formulated in his equation E — mc2
where E and m are energy and
mass and c¢ is the velocity of light.
Thus multiplying .030 mass units
(1.6603x1072¢ grams) by 9x1020, the
square of the velocity of light one
obtains 4.5x10°% ergs per nucleus.
Since there are 6.07x1023 molecules
in a gram molecular weight this
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The Calutron.

Many of these were used in the bomb project.

Accelerating voltage applied

to particles of equal charge but different mass produces velocities differing by ratio v/v, =

(m,/m) 1/2,

that as a result they are in the ratio of R/R —

equals 2.7x101° ergs
molecule of helium.

In other words we have reached
the startling conclusion that a
gram of helium has 188,750 kilowatt
hours less energy than its indi-
vidual protons and neutrons due to
their association in helium nuclei.
Since energy cannot be destroyed
it must have been liberated during
the combination. Hence, if we
could find a way of combining
protons and neutrons in free space
into helium nuclei, we would pre-
sumably be able to generate such
an amount of power for each gram
of helium we made.

Binding energy

per gram

This energy is called the binding
energy of the nucleus. As the bind-
ing energy per particle is calculated
for various elements it is found
that the elements in the middle
of the periodic table having mass
numbers ranging from 40 to 100 are
most strongly bound, the energy
decreasing toward the lower as well
as toward the higher ends of the
table. This suggests to the mind the
possibility of obtaining energy
either by breaking down heavy
atoms or combining light ones.

In the magnetic field the radii of motion depend on charge and velocity so

mV/eH
mmll/2 /mmi/ = (m/ml)l/Z
mV /eH

Now both of these things actu-
ally have been done—at the lower
end of the scale by bombarding a
lithium target with protons to pro-
duce two helium nuclei each with
an energy of 85 million electron
volts, equal to 65,000 kilowatt hours
per gram of lithium, and at the up-
per end by the breakdown or fis-
sion of U235 gtoms into atoms of two
groups of a number of other ele-
ments which shoot off at enormous
velocities corresponding to an en-
ergy level of 200 million electron
volts (Mev). It is the latter type of
reaction, of course, that made pos-
sible the atomic bomb.

In 1940, A. V. Grosse of Columbia
published a fission equation show-
ing identification of the following
elements in the fission products;
molybdenum, iodine, xenon (4 iso-
topes), cesium (2 isotopes), lanthan-
um and cerium. Masses ranged
from 127 to 140 in the iodine-cerium
group and around 92 for the light
group.

The variety of products is ap-
parently due to the fact that the
ratio of neutrons to protons is
greater in the very heavy atoms
than in the middle range ones.
Therefore two lighter atoms result-
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The cyclotron at the department of terrestrial magnetism of the Carnegie Institution of

Washington.

ing from fission have an excess of
neutrons to dispose of before reach-
ing stable isotopic forms. These ex-
cess neutrons can be either emitted
or can become protons if an elec-
tron is emitted. In the breakdown
of uranium there is a considerable
number of excess neutrons avail-
able. The products of breakdown
are the results of the various pos-
sible combinations obtained by
neutron or electron emission.

The neutrons which are used to
initiate the breakdown of uranium
can be obtained by the bombard-
ment of certain elements such as
beryllium or boron by natural alpha
particles. A common means of do-
ing this is to use a mixture of
radium and beryllium, the alpha
particles of the radium penetrating
the Be® nuclei. These then give off
neutrons and become stable carbon
(C12) nuclei. There are a number
of other reactions that could be
used for the same purpose.

Capture probability

We have seen above how small
the nuclei are in comparison to
the space occupied by atoms so
that it becomes important to con-
sider what chance a stream of
neutrons has of hitting atomic
nuclei in its passage through target
material. This is a statistical ques-
tion which can be resolved by well-
known methods of geometrical
probabilities and depends on the
number of atomic centers in an
area of a plane perpendicular to the
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It weighs over 225 tons, is over 12 feet high, 30 feet long and 20 feet wide

direction of the neutron stream.
As an extension of this plane idea
it is convenient to express the
probability that a particle will hit
such a target in terms of a cross-
section. This cross-section in square
centimeters is defined as the ratio
of the number of processes occur-
ring to the product of the number
of incident particles and the num-
ber of target nuclei per square
centimeter. Such cross - sections
vary enormously depending on the
materials and on the impinging par-
ticles, as much as from 1,000x1072¢

1
cm? down to——x10724 em?2,
1,000

Ordinarily uranium is predom-
inantly the ¢2U“38 isotope contain-
ing about one part in 140 of (U235
As previously stated ¢2U235 can be
broken down with the release of
tremendous energy. However, when
U238 is bombarded with neutrons
it does not break down but pro-
duces ¢2U%39 plus gamma rays.
02U239 transmutes into neptunium
9:Np23? with the emission of one

electron, the half life of this process -

being 23 minutes. In turn osNp=3%
transmutes into plutonium, ¢sPu23?
with the emission of one electron
and gamma rays in a half life
period of 23 days. Like U235,
Pu239 is subject to fission when
bombarded by neutrons. Also like
U235 it releases about the same
amount of energy.

With this background of infor-
mation it can easily be seen that

if a substantial amount of either
U235 or Pu23® could be obtained and
could be caused to break down
rapidly, an explosive action would
result and that the energy release
of 200 Mev would be equal to 23,000
kwh per gram of substance ex-
ploded, or about, 3.57x101° Btu/lb.
Even if only 1/10 of 1 per cent of
the energy were released before the
bomb flew apart and the reaction
stopped this would amount to 36
million Btu per pound of substance.
Assuming that the specific heat of
the exploding material were 1/30
that of water the temperature rise
due to the transformation of that
amount of energy into heating a
pound of material would be one
billion degrees F, an almost incon-
ceivable temperature.

Chain reaction

The question that immediately
arises in an engineer’s mind is
that if all these figures are true,
how can there be any uranium left
in the world. In other words, why
hasn’t all of it disintegrated long
ago? This immediately brings up
the question of chain reaction. If
an ordinary combustible substance
such as a piece of paper is ignited
with a mateh, heat generated by
the burning of the paper at any
one spot is sufficient to ignite the
paper all around that spot and so
the process of combustion goes on
until all of the paper has been
burned. All of us, however, have
had the experience of trying to
light a fire in the fireplace using
heavily coated magazine paper and
have found that often after being
started it would go out due to the
large amount of non-combustible
material present.

It is the same way with uranium
occurring in nature. The amount of
fissionable material is so small a
proportion of the entire quantity
of uranium that a chain reaction
cannot proceed and the neutrons
produced by fission do not produce
enough secondary fissions to keep
the process going. In order to have
a chain reaction it is necessary
that the ratio of fissions produced
secondarily to those produced pri-
marily be greater than 1. If this
ratio is less than 1 fission will die
out. Now neutrons may be dissi-
pated in four different ways:

(1) They may escape out of the
material entirely.

(2) They may be captured by the
uranium in a manner not pro-
ducing fission.

(3) They may be captured by im-

purities.
(4) They may cause fission.
Naturally, whether a ratio or

multiplication factor greater than
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1, as mentioned above, can be
maintained depends on the fre-
quency of occurrence of these vari-
ous means of dissipation of neu-
trons. The escape ratio naturally
depends on the relation between
the surface of the active material
and its volume and hence there is
a critical size which will permit a
chain reaction to exist and below
which none can take place.

Non-fission or so-called reso-
nance capture of neutrons by ura-
nium atoms generally occurs when
neutrons have a speed higher than
that for which fission capture oc-
curs. Since fission itself produces
high speed neutrons which are in-
effective in causing further break-
downs, they must be slowed down,
but in slowing down they must
pass through the middle speed
range. In order to slow down the
neutrons efficiently it is desirable
to make them pass through a re-
tarding or moderating material.
This should have a low atomic
weight because in elastic collisions
the ratio of energy carried off by
light and heavy particles is in-
versely proportional to the masses
involved. For this purpose carbon
in the form of graphite has been
used.

Graphite pile

It can be shown by calculation
that the number of medium speed
neutron collisions can be reduced
more by having lumps of uranium
separated by the graphite rather
than by having an intimate homo-
geneous mixture of uranium and
graphite. Furthermore, since U238
has a large capture cross-section
for medium speed neutrons, pro-
ducing U239 but not fission, it wastes
neutrons, and it seems obvious that
by separating U235 from U238 gnd
discarding the latter, a chain re-
action might be set in motion.

In producing the atomic bomb
both U23% and Pu2?3® were made 80
that no possibility of success might
be overlooked.

The Pu®% manufacturing process
at the Hanford Plant in Washing-
ton- near the Columbia River em-
bodies the principle of a controlled
chain reaction occurring in a pile
consisting of graphite interspersed
with uranium. The first model of
such a chain reaction pile was built
in a rough spherical form some-
what like a door knob. It consisted
of graphite bricks built up in lay-
ers, alternate ones of which con-
tained lumps of uranium at the
corners of squares. It had about
12,400 1b. of metal altogether and
for control purposes had ten slots
pbassing completely through it. One
row of bricks was arranged so that
it could be pushed completely out
of the pile. Control was obtained
by rods of boron steel having a
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high neutron absorbing capacity
placed so that they could be pushed
in and out of the control slots. A
multiplication factor of 1.00us was
obtained with this pile and while
at first it was operated at a power
of Y% watt this was later increased
to 200 watts, a limit caused by the
danger of radiation of the radio-
active substances to the street.
(The pile was in the West stands
of the University of Chicago sta-
dium.)

Since the production of one gram
of plutonium per day results in the
liberation of energy at the rate of
500 to 1,500 kilowatts it is appar-
ent that very expensive cooling fa-
cilities would be required for large
scale production.

Pilot plant

To facilitate study of problems in
connection with handling of sub-
stantial quantities at Hanford, a
pilot plant was built at Clinton,
Tennessee. Instead of having the
uranium formed in lumps, in this
case the pile consisted of a cube
of graphite containing horizontal
channels. Uranium in the form
of metal cylinders protected by
gas-tight casings of aluminum were
placed in these channels and cool-
ing air was forced through the
channels. i

After the reaction has been go-
ing an for a certain time the cans
containing uranium are pushed out
of the pile and chemical separa-
tion of the plutonium proceeds. The
means used to separate out the Pu

General view of a cyclotron.

The cast steel pole structure,

involved the phenomenon of co-
precipitation, i.e., the precipitation
of small concentrations of one ele-
ment along with a carrier precipi-
tate of some other element.

U235 separation

The success of the separation
process at Hanford has exceeded
all expectations and it is interest-
ing to note that the process was
developed from a knowledge of plu-
tonium chemistry gleaned from less
than a milligram of the material.

As stated above, at the same time
that work on plutonium was pro-
gressing, investigations were car-
ried on to determine a method of
separating U235 from U2¢  Two
general methods of separation have
been used, the electromagnetic
method and the diffusion method.
The electromagnetic method made
use principally of what came to be
called 'a “calutron” which name is
a contraction of California Univer-
sity’s cyclotron. Briefly the prin-
ciple of the calutron consisted of
producing positive uranium ions,
accelerating them into the field of
a very powerful electromagnet
which causes them to move in a
circular path and collecting them
after they have traversed a semi-
circle. The separation between
U=% and U238 depended on the fact
that one of them having a slightly
greater mass would move in a
semi-circle of greater radius than
the other.

By placing suitable collectors at
the termination points of these

field coils and magnetic gap

may be seen. Applied to ‘““Calutron” use, the gap is evacuated to permit movement of ions

e
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semi-circles of different diameters,
the separate isotopes could be
caught. The ions were produced by
shooting a beam of electrons
through the vapor of a uranium
salt and permitting the resulting
ionized uranium particles to go
through a slit and through an elec-
tric field which accelerated them.
It can readily be seen that ions
coming out of the slit would ini-
tially be moving in slightly differ-
ent directions, the total dispersion
angles depending on the width of
the slit, All ions of equal mass,
however, would move in semi-
circles of the same diameter and
therefore after completing a semi-
circle they would re-converge so
that the logical place to put the
collector was at the re-conversion
point.

Cyclotron magnet

This electromagnetic separation
method immediately produced
greater concentration than gaseous
diffusion methods and work pro-
gressed on it energetically. There
was available at Berkeley a giant
cyclotron magnet with a pole diam-
eter of 184 in. and a gap of 72 in.
which was to be the largest in
existence. Its completion had been
interruped because of the war and
therefore it was available for dis-
mantling and use in this electro-
magnetic separation scheme. Much
work resulted in a great increase in
the beam strength of the ion. The
width of the slit was increased to
permit more ions to go through
and magnetic focusing methods
were used so that the dispersion
would not be too great.

On the basis of the Berkeley work
a plant was built at the Clinton,
Tennessee, site consisting of a
number of units for this type of
separation.

Another interesting scheme of
separation is based on introducing
a low intensity radio frequency
electric field which would cause the
ions to bunch in their progress
down a tube in a manner similar
to that used for klystron high fre-
quency oscillators. By applying a
transverse focusing electric field
with a radio frequency component
synchronized with the arrival of
the bunches, isotopes can be sepa-
rated inasmuch as the bunches of
ions of different mass travel with
different velocities and therefore
became separated. By this means
U288 jons can be deflected from
the stream whereas the U235 ion
bunches can come through and be
selected. Although this scheme
held great promise, work on it was
discontinued to permit more atten-
tion to be given to the calutron
method.

Of course, in the electromagnetic
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Close up of target and accelerating chamber of the Carnegie cyciotron.
uranium isotope separation, a number of modifications had to be made. Main magnets were kept

method of separation of the iso-
topes, a balance had to be struck
between the yield per stage and the
purity obtained per stage. If the
purity were run up, the yield of
course went down, so that finally a
large number of stages were built.

Gaseous diffusion

It was recognized early that if the
raw materials could be enriched
even by a slight amount, an enor-
mous benefit would result. In or-
der to do this a thermal diffusion
plant for the separation of isotopes
was constructed and its product
was used as a feeder for the elec-
tromagnetic separation plant. Ther-
mal diffusion depends on the fact
that if there were a temperature
gradient in a mixed gas there
would be a tendency for one type
of molecule to concentrate in the
cold region and the other in the
hot region.

In addition to the above a plant
was built for gaseous diffusion at
Charlotte, North Carolina. This
was based on the principle that the
rate of diffusion of a gas through
an ideal porous barrier is inversely
proportional to the square root of
its molecular weight. Thus if a gas
consisting of two isotopes starts to
diffuse through a barrier into an
evacuated vessel the light isotope
diffuses more rapidly than the
heavier.

In conclusion, a word should be
said about the production of the
bomb itself. From what has gone
before it is obvious that a certain

In using these for

minimum size was required for the
reaction to proceed. This suggests
a means of keeping the bomb inac-
tive until the correct moment by
keeping pieces of the reactive ma-
terial separated from each other
and bringing them together with
great rapidity at the time of deto-
nation. This could be accomplished
by firing one of the portions of the
bomb against the other portion to
detonate the bomb. In addition
the bomb would have to be en-
closed in an envelope which re-
flected many neutrons back into
the reactive material and which
would have a high inertia, thereby
delaying the expansion of the re-
active material inasmuch as fission
takes place in 10712 seconds.

Air-borne Radio Station

Army communication units estab-
lished radio contact with Manila
only 45 minutes after American
troops landed on Japanese soil. The
contact was established by a high
power station which had been built
into twelve transport planes and
flown to the Atsugi airfield with
advance units.

The station was constructed on
42 hours’ notice and was comprised
of four three kw transmitters, five
800-watt transmitters, and four
jeep-mounted control towers. Be-
sides being used for Manila con-
tact, the station was also set up
as a navigational direction aid for
approaching aircraft.
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Thru the LABORATORY KEYHOLE

Current Research that Forecasts Future Electronie Developments

3000 MC OSCILLATOR—Certain financial interests are
said to be negotiating with an inventor who has
developed a means of producing 3000 mc oscillation
with an ordinary receiving tube. The scheme is sup-
posed not to depend on the ordinarily limiting tube
constants such as inter-electrode capacitance.

CANDLELIGHT TELEVISION was actually demonstrated as
a possibility of the new supersensitive video pickup
—indicating that postwar television will no longer
require studio intensities of hundreds of foot-
candles. A visiting group saw a television scene il-
luminated only by one candle! And the pickup was
excellent.

RETINA SENSITIVE TO UV—At Harvard biological lab,
Dr. George Wald in experiments with persons whose
eye lenses have been removed in cataract operations,
finds that the human retina, freed of its lens filter,
is highly sensitive to ultra violet or ‘black light.” At
365 millimicrons, this average sensitivity of lensless
eyes is 1000 times normal. In fact, under black light
which made the room Stygean-dark for normal eyes,
60-70 year old patients read a test chart top to
bottom.

BRITISH STUDY FOLIAGE SHIELDING—Regarding recent
articles on the subject of foliage shielding at tele-
vision and FM frequencies, the British have recently
completed some very thorough engineering measure-
ments on the effect of leaves on UHF, continuing
these studies up to centimeter waves. This informa-
tion should be released for publication within six
months.

KRYPTON ONE-TENTH-WATT LAMPS, whichh have been
developed in Westinghouse laboratories at Bloom-
field, N. J.,, offer many new applications for pilot
lamps, instrument boards, clock and dial illumina-
tion. These little KR-110 volt fluorescent lamps,
containing double spiral electrodes, glow with yel-
low-green light at the maximum sensitivity of the
human eye. They are rated at 3000 to 5000 hours’
life, so that for many uses they will be burned con-
tinuously.

SOUND AT 30,000 FT.—The jet plane which flew from
Dayton to New York in an hour, was announced to
have a speed of 550 miles per hour, nearly the “speed
of sound”. At 30,000 ft., the plane’s usual height,
sound has a speed of 680 miles per hour, compared
with 750 miles per hour at sea level.

PISCATORIAL ELECTRONICS—Laboratory tests underway

indicate that elimination of bad odors from fish re-
duction plants by drying the fish meal with heat
from infra-red lamps may enable the plants to be
more conveniently located for reception of raw ma-
terial and shipment of finished product. Further-
more, schools of fish can be located by means of
under-water sound detectors instead of depending
upon the sheen they cause in the water. Finally,
Pacific Coast canneries are also experimenting with
high-frequency cooking in glass jars.

RED POINTS FOR LAB WORKERS—Dr, Irving Langmuir,

who has just returned from a visit to Russian lab-
oratories and research institutes, reports that Soviet
scientists anq laboratory workers are, as a matter
of governmental policy, regularly rewarded with ex-
tra ration allowances as well as money. Since such
rationed goods, including food, furniture and cloth-
ing are sold at pre-war prices, while unrationed
goods carry a surtax as high as 99 per cent, money is
of little importance in the present economy of the
Muscovites.

OLD CHINESE CUSTOM AIDS RADAR—In China for ages,

prisoners have been restrained by simple woven
sleeves placed on their arms. If they try to pull
away, the woven sleeves are drawn tight and grip
more firmly than ever. Later this idea was imported
to America and used as a cable-grip for drawing
cables into conduits. And now the Signal Corps has
applied the pull-grip to removing radio and radar
tubes from their sockets, when the pulling is hard.
Several thousand Kellems grips have already been
purchased for this purpose.

SIMPLICITY IN CHANGERS—New Erwood record-changer

reported from Milwaukee to have only four moving
parts. Finished laboratory models are now being ad-
vanced to be made ready for production schedules
running several thousand per day.

NOTE: Please don’t ask us for more details about any of the

foregoing. We present here all the information we have. As
soon ags we get more about any of these situations, full details
will be printed in Electronic Industries. Our editors run
across many interesting tips, leads, and rumors, both well-
founded and baseless. We thought you would be interested in
hearing about them, even if we can’t give all the details or
vouch for their authenticity. Editors.

CENTRALIZED LABORATORIES FOR BASIC RESEARCH

Formerly it was the practice of large corporations to have research for their various departments and
subsidiaries done in scattered local laboratories under the direction of each division. Now a change is taking
place in the direction of having all basic scientific research concentrated in a principal research laboratory,
while subsidiaries tackie only immediate product research. This newer policy is evident in GE's retfention
of basic electronic research at Schenectady, despite its plans for a great electronic center at Syracuse, Also,
RCA's Princeton, N. J. laboratory layout, follows this principle, as will General Motor's new $20,000,000

research center near Detroit.

More and more, parent corporations will insist on keeping in their own hands all basic research of #heir

fields.

ELECTRONIC INDUSTRIES @ October, 1945
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By C. W. FRANKLIN,

Cambridge Thermionic Corp., Cambridge, Mass

A systematie approach to methods that will result in re-

ducing differences under conditions otherwise standard

In the manufacture of quartz crys-
tal units as in all other branches of
the electronic industry the impatient
and exaggerated demands of the
war years have forced development.
Problems which defied theoretical
solution have had to be tackled
practically and have somehow been
solved. Furthermore a vast amount
of material has passed through criti-
cal fingers and vyielded up new
knowledge. Thus we are now in a
position to do many things that we
could not have attempted before,
and {o advance even further in
others.

® What remains to be done in the
crystal field lies in the direction of
the standardization of electrical
and mechanical characteristics.
Crystals of a given cut and fre-
quency should not vary as much
with respect to resistance, induct-
ance, capacity, activity and fre-
quency drift, as is commonly the
case. Since tolerances and tech-
nics in the matter of cutting, lap-
ping, finishing and mounting are
accurately prescribed, this diver-
gence must proceed from some
other source.

It has been observed that in
“thickness” crystals certain face di-
mensions are extremely favorable
to desirable behavior and certain
others extremely adverse. Some
sort of dimension control is, there-
fore, called for. Unfortunately,
there is as yet no complete body of
information on the vital question of
dimensioning. It is the purpose of
this paper to offer a systematic ap-
proach to the subject.

Let me specify what is meant by
dimensioning. Every crystal when
finished has one dimension which
is thought of as governing its fre-
quency, which is determined as the
ratio of a certain constant K (the
frequency constant) and this di-

K
mension, i.e f = —.
1

If this were

literally the case then problems of
dimensioning would not exist. It
would merely be necessary to as-
sign the determining dimension in
such a way as to obtain the desired
ratio, and the desired frequency
would result,

But it must be always Kkept in
mind that, despite its usefulness in
electric circuits, a piezo-crystal is
primarily a vibrating solid. As such
it is subject to the mathematical
laws of elasticity in which boun-
dary conditions are vital. Hence, a
change in any one of its dimensions
may well affect all its modes of vi-
bration. Thus when we are con-
cerned with the frequency of a
plate in its thickness mode of vi-
bration, we may nhot a priori as-
sume that thickness alone is the
determining factor: all of its di-
mensions affect it.

That this last statement is so
may be readily verified: A thickness
vibrating crystal (AT or BT) is sys-
tematically altered by progressive
reduction of its length (or width).
Its frequency as read with a de-
viator is recorded with successive
values of the dimension under con-
sideration. It is then seen that the
frequency is seldom twice the
same: That changes of .002 in. may
be accompanied by changes of =300
cycles or more and that the over-
all trend for substantial reduction
in surface area is always a substan-
tial increase in frequency. Thus
the thickness which has been left
unchanged throughout is not the
unique determining factor.

Mathematics is corroborated by
practice in finding this phenom-
enon to exist. Unfortunately math-
ematics fails us at this point: It
states the difficulty but does not
offer the cure. The problem of the
finite vibrating plate is incomplete-
ly solved, and if our knowledge of
its behavior is to be made more
precise we must rely on experi-
mental methods. From cumula-
tive exp<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>