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Make all the brown
‘print negatives, blue
or blackline prints
you need from the
PHOTACT. They’ll be
clearer, more legible.

The new way to greater legibility in negatives
and prints—that safeguards costly originals

You can seldom get really satisfactory results
on ordinary reproduction materials from a
pencil original, even when it is new. When it
has been handled, smeared and blurred, the
negatives and prints are cloudier still. An extra
tracing drawn in ink is too costly.

PHOTACT is your answer. PHOTACT /ines
are ink-intense. It takes only a few minutes to
make a tracing paper or cloth PHOTACT from
your pencil original.

Make all your brownprint negatives and blue
or blackline prints from your PHOTACT.
They’ll be far stronger and more legible than
any made direct from even a brand new pencil
original.

As for your valuable pencil original—file it .

away. Keep it safe from wear and dirt.
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PHOTACT Papers and Cloths are distinct and
different from any other reproduction material
in generzl drafting room use. PHOTACT emul-
sion reproduces pencil drawings with opaque
lines of uniform ink-intensity. They won’t
smudge. Of course, they’ll last far longer than
a pencil original.

For complete information about PHOTACT, write:
PHOTACT DEPT., KEUFFEL &
ESSER CO., Third & Adams Sts.,
Hoboken, N. J.

EST. 1867

KEUFFEL & ESSER CO.

NEW YORK -

HOBOKEN, N. J.

CHICAGO + ST. LOUIS - SAN FRANCISCO

DETROIT MONTREAL

+ LOS ANGELES
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service 1s the characteristic you
want most in a capacitor. And that’s the
Y “,{" ) repucation of Tobe Capacitors, earned 'through'an
' almose complete absence of “‘returns’’! o Lasting stamina
is built into Tobe Capacitors through every careful step in their
manufacture. . . checked and cross-checked by frequent, rigid inspections.
For your further assurance of complete satisfaction, every Tobe Capacitor is rated
ultra-conservatively. e The Tobe Oil-Mite Capacitor shown below is oil-impreg-
nated and oil-filled. Tt meces Army and Navy immersion tests. « The ingenuity of
Tobe engineers is at your ready disposal in all capacitor
problems. Inquiries will receive prompt attention.

9 3
Q %
‘ g A ¥ d
»EQ'& & t
. e <
SPECIFICATIONS—TYPE RAL 300 CAPACITOR o”'MAssAC—\““‘)
SHUNT RESISTANCE INSULATING RESISTANCE—
1000 megohms or better  TERMINAL T0 CASE 5000 megohms
" POWER FACTOR . .. .002—.005 CAPACITY ... .. 5.0—5.0 Mfd.
E WORKING VOLTAGE DIMENSIONS . . . 2" x 3%" x 3%"
[ LONG LIFE 400 Volts D. C.at 72°C.  Meets Army and Navy Immersion Tests
ASSURED! 600 Volts D. C. at 38°C.  0il Impregnated— Gil Filled

4 e i = . ]
(e A small part in victory today. .. A BIG PART IN' INDUSTRY TOMORROW '

=1 e il
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LY there’s scarcely a problem that

Faer
-ﬁé = doesnt have its electronic answer.
&

- Electronics seés all, hears all, knows all!
sl

ﬁ)m trapping microscopic dust particles

% _«suto welding giant girders . . . or sewing

~ .together metal skins that surface zirplanes

. electronic tubes perform a multiplicity

of special tasks and daily duties that stag-
ger even present day imaginations.

in this field of modern magic Westing-
house has an outstanding record.

5 wiL 803
entode RF p
2 ower Amplif;
scillator, Used in crrcré;:’r :"j
n
Nservice, Ask

ground commumcoho
for Bulletin SP.15

-
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On a thgusand front,, military ; ahd indus-
tmghouse Electronic Tubes are ™
doing a thousand jobs. Sound%‘ﬁ”esxgned
and engineered they-a;e»éﬂ*ifue products.
of Westinghouse “know-how”! -

Include electronics in your post-_vm plan- %ﬁr

ning . . . but before you carry your plans

too far, make sure they are practical eleﬁ.&

tronically. Take advaatage of the teehnical ﬁ:«
£ o

assistance Westinghouse has to offer.
VRS Wl

Westinghouse engineers have their heads 1

in the clouds but their feet, you'll find, .

are on the ground. Westinghouse Electric

and Manufacturing Co., Bloomfield, N. J.

Plants in 25 cities . . . offices everywhere.

. WL 6324

her"on (V)

9 i sed in ¢j

ing h reuits

°"gd c'oi':r F;:ed Siive ::C’I:"

Bull olted rectifiers, . L
ulletin SP.12g. Ask for



QUALITY FIRST

The “MTC”—a quality transmitting condenser

HAMMARLUND variable condensers have always
been leaders in the field of communications. Qur
practice of putting “quality first” is your guarantee of
getting the finest engineering combined with precision

craftsmanship.

THE HAMMARLUND MANUFACTURING CO., INC.
% 460 West 34th Street, New York, N. Y.
(—J
=3
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Pat. Pending

' ‘A' Oil Impregnated- 0il Filled
0il Sealed
Ceramic or Bakelite Tubes

Bakelite Cement Ends
(0il Proof)

Suitable for Operation
75° to 100° ¢

Ideal for Extreme High
Altitude Duty

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

ﬁ No Internal Corrosion

%% At o et

DUE TO ITS
CONSTRUCTION

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

DUMONT

ELECTRIC CO.

MFR'S OF
CAPACITORS FOR EVERY REQUIREMENT

34 HUBERT STREET NEW YORK, N. Y,

BUY

BONDS
NOwW

—_—
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A TYPE AND SIZE FOR EVERY

RQUIREMENI INCLUDING
DIRECT PROCESS [PRINTING AND DEVELOPING-MACHINES:
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EFORE it becomes just “water over the dam”, every working hour,
every problem solved, contributes in some measure to the reservoir of
practical knowledge we call experience.

There is 2 wealth of such experience behind Simpson instruments and
testing equipment. Into their making has gone all the knowledge acquired
during the more than 30 years which Ray Simpson has devoted to the
design and manufacture of clectrical instruments—all the experience and
know-how of a group of men who have long been associated with him.

The important thing today, of course, is that this enables Simpson to
build instruments of proven accuracy and stamina, at a rapid rate. Each
one has a full bridge type movement with soft iron pole pieces. For the first
time this admittedly finer design has been made a matter of mass producticn
—with all the resulting economies and speed.

When it comes time to apply the many things learned under the impetus
of war, remember that true progress has its roots in the past. For the utmost
in lasting accuracy, and value, look to Simpson.

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

T ARECT CUNAEy,

T ST

Wt 209

MILLIAMPERES
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This G-E electronic t
cut transmitter rectifie
losses by 95 pe

anither G Eeloitimic FIRST/
=

¥opay’s complete line of G-E
transmitting and industrial tubes
includes many basic electronic

“firsts.”

For example, G.E. developed
the hot-cathode mercury - vapor
rectifier tube, the tube which has
cut rectifier losses to a twentieth
of what they were with high-
vacuum reciifiers and reduced
over-all transmitter power costs
by 15 per cent. Moreover, the
mercury-vapor rectifier has a
lower first cost and longer life

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

ELECTRONICS — January 1944

than the high-vacuum rectifiers
that it has replaced. And by
making it possible to use less ex-
pensive transformers and filters,
over-all transmitier costs have
been appreciably reduced.

ALL G-E transmitting tubes
are designed and built to provide
the greatest efliciency, Iongest
service, and maximum operating
economy possible.

Ask your G-E electronic tube
distributor for current prices
and delivery dates.

FREE BOOK—*“How Electronic Tubes
BWork.” Address Electronies Department,

* Tune in ""The World Today'' every evening
except Sunday ai 6:45 E.W.T. over CBS, On
Sunday listen to the G-E “'All Girl Orchestra'
at 10 P, M. E.W.T. over NBC.

G-E TUBES ARE.“FIRST IN
2 INDUSTRY, TOO!

Many modern methods of manufacture could
not have been achieved if G-E electronic
tubes had not been developed to do the
job. The G-E steel-clad ignitron and the
G-E thyratron, for instance, made today’'s
high-speed welding of aluminum and stain-
less steel both possible and practical.

GENERAL @) ELECTRIC

161-C1-8850

A
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G-E TELEVISION RELAY ANTENNA. This relay
type of television antenna, developed exclusively
by G.E., is in use at General Electric’s television
“workshop” station WRGB at Schenectady. It
has had a remarkable record of performance
and reliability since its installation.

This antenna is completely enclosed and con-
tains four horizontal bays. It is highly direc-
tional and is especially designed to permit the
wide band operation which is so necessary to
successful television transmitting. This G-E an-
tenna is so efficient that no relay link should
be built without it!
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G-E S-T FM RELAY ANTENNA. A multiple-dipole p’\F
antenna easily mounted on a single pole. Its housings ! i K
(appearing as dipole tubes in the photograph) are ‘: .
completely sealed and pressurized to keep out mois- \ i
ture. One bank of enclosed dipoles is the antenna i
while the other acts as a reflector, and permits ex- Bt
tremely sharp-focus directional beaming in a powers ..‘»l’
ful, narrow, horizontal pattern. This gives a power : &l 4
gain of 10 at the studio transmitter and, if also ;."
used at the receiver, it provides an additional and if‘
second power gain of ten. ;..‘.
144
2 '}Fl
- ol e ;r'r X
i -,41 i -
: . / -
b F
A bdb
AM, FM, and TELE i
: ' o4 A A e K!“'I.
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AMONG the important.'rece'nt G-E contributions G-E electronic engineers can provide the an- A
to broadcasting, broadcast and relay anzennas tenna best suited to your nezds whether AM, FM : L
are especially outstanding. Illustrated arz four. ot TELEVISION, cr, indeed, can help you equip "; E

types of G-E antennas, for four distinct uses. Al your station with any equipment you may nezd ;
four are proving their high efficiency in present from microphoune to antenna. !
broadcast use . . . all four are unique in their

performance .. . all four are rugged in construc-
tion and easy to install. G-E can supply all these
types of antenna with the station equipment.

The operating characteristics of these antennas
enable the broadcaster to put out more radio
frequency power, and to radiate that increased
power with more effective coverage. G-E an-
tennas, properly co-ordinated with their trans-
mitters, give greatly improved performance . ..
profitably . . . by more efficient and economical
distribution or radiation over broader areas.

A P L A N THAT WILL SECURZ YOUR PLACE IN Kign
g RADIO BROALCASTING POST-MAR !

General Blectric offers you "The GE Equipment Reservation
Plan”. . . a plan derignad to enable rous to cemplete yoia pisi-
war plans now. It wil enable you t> estanlish a post-war pr: ority
on a broadcast ‘ransmitter and associated  eguipment. Jt will
ensble us to plam defintely for large-szale pest-war produstion;
thereby giving ycu the fastest possible’ postiwar delivery end: the
savings of planned procuction. Investizate this plan todny and
assure your place in radio broadsasting post-war. Elespronics

 Deportment, Genera’ Eiectric, Schenccmdy, New York,

e Tunc in Gencral Blectric’s “The W o:13 Teday™ every evening

except Sunday ai 6:45 EW.T. over €BS. On Sunday evening
listen to the G-E “All Girl Orcheswa” «: 10 E.W.T. ove- NBC.

BACK THE ATTACK — 3UY WAR BONDS!

Complete Station Equipment « Studio Equipment - Transmitters - Antennas - Electrotic Tubes - Resdvers

GENERAL@ELECTRIC

"80-C2

FM - TELEVISION - A
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To safeguard our fighting men, hand
grenades must be flawless — every fuse
must be timed to split-sécond accuracy.

From the engineering laboratory of
General Electric has come an automatic
X-ray inspector—the first of its kind—
which checks time fuses at the incred-
ible rate of 4000 an‘hour . . . with the
unerring accuracy no other inspection
method can even approach.

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

i4

SERIES EXPLAINING THE

A
1 ‘ L}

~ a &-E thyratron tube_(3), and several G-E
~ amplifier tabes are the “eyes and brains”

- [ S—

Sy

DUt

This electronic fuse inspector helps to make

Band

grenades

AU,

AL L

?_G_'-E_ X-ray n;be (fyva G-E Epho!tbt'llnlm (2),“7}3

1
1

~ of this ingeaious machine. -

e T

A movable belt carries the fuses
through the penetrating beam of a
100,000-volt G-E X-ray tube which casts
its glow on a fluorescent screen. A G-E
phototube, or “electric eye,” inspects the
glow. If constant, verdict is “O.K.* If
intensity changes, powder charge is in-
adequate for proper timing. Instanta-
neously, a four-way alarm is given , . .

a bell rings; a red light flashes; the

USES OF ELECTRONIC TUBES IN

R =

INDUSTRY

-
e

e —

L
i

-_.,‘. . .

safe for Johuny Doughboy

imperfect fuse gets a dab of red paint;
a photo-electric meter chart records
the “dud.”

It is the purpose of G-E electronic tube
engineers to aid any manufacturer of
electronic devices in the application of
tubes. Through its nation-wide distribu-
tion system, G. E. is also prepared to
supply wusers of electronic devices with
replacement tubes.

FREE BOOKLET ON ELECTRONIC TUBES

Send us the names of interested men in your
plant. We will mail them, without charge, an
illustrated, easily understood book on “How
Electronic Tubes Work.” Address Electronics
Department, General Electric, Schenectady, N.Y.

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

GENERAL @3 ELECTRIC

162.C-1-8850
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T SUPNRORE |

INSULATORS 50|

Engineered with the proper material Vi /
: ot y Ceramliec
/

for your particular application | =S

® POST © TUBULAR—SINGLE OR MULTIPLE HOLE lMNSU_J;lEO‘L;},g J/

® LEAD-IN ® SPACER —
© ANTENNA @ ELECTRONIC TUBE
© SPREADER © ENTRANCE
COIL FORM @ SPECIAL

——

Buy War Bonds

STUPAKOFF CERAMIC AND MANUFACTURING CO., LATROBE, PA.

ELECTRONICS — January 1944 15,



The familiar Triplett trademark stands as a pledge of long service for

those who require instrurments that fa/thfully retain their accuracy over

the years. Engineers realize the importance of Triplett contributions in
making better instruments. In Triplett laminated magnet construction,
for example, exclusive methods give permanency and provide for uni-
form scale linearity. Scientific hezt-treating in automatic furnaces, fol-
lowed by peening of each lamination, and the use of selected “cut-off”
segments insure uniform standard printed scale accuracy. Careful ageing
of all magnets follows to provide unchanging permanency of strength.

THE TRIPLETT ELECTRICAL INSTRUMENT CO.»BLUFFTON, OHIO

Buy More
War Bonds

Model 625—0-30 D.C. Volt-
meter (Ijlus.) is one of
today’s most popular port-
ables. This new design has
8 hinged dial cover for
added protection; insulated
molded case, and hand cali-
brated mirror scale 4.58" in
length. Furnished to an
accuracy within one-half of
one per cent,

ELECTRICAL MEASURING INSTRUMENTS
RADIO AND INDUSTRIAL TEST EQUIPMENT

Jasvory 1944 — ELECTRONICS
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INTTED electronic power tubes cannot spin out on
swift, autonmtic assembly lines. The painstakiug nanu-
facturing of these sensitive devices requires the skill of

human hands.

[{ere at the “Uniled™ Plunt, incredibly accurite hands
perform under a system of personal supervisien by electronic
engineers. One by one, the steps of forniing and fitting the
stems, leads, plates, grids, wires and rods combine to produce
transmitting tubes of snch flawkss precision that they con.
sistently win top rating for performance. Never hefore were
the hands of craftsmen ind the brains of scientists so superbly
“United™” in sdvancing the scope and purpose of electronics.

Consistent technical advances in tubes, now required for
war. some day will be more readily available to vou for
radio communication, physiotherapy and industrial elec-
tronics. Remember to look for “"United” on the tubes.

UNITED ELECTRONICS COMPANY

NEWARK, NEW JERSEY
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At each step, from the brain of the designer tojits final critical
fesf%n?g, w&irkmbnshib of the highest calibre insures efficiency
and long service in every Temco transmitter. /

This has been a Temco tradition ihrou'ghéut the many years
we have been building far:the most exoc;ti.ng transmitter equip-
ment users. :

Today, our Armed Forces are provjn.g the dependability of
Temco equipment under the most od&frse conditions. Tomorrow,
Temco advancements in design, mu(;:riols and construction will

be available as an aid in the success of your post-war plans.

TEMCO Model 10C0P—radio tefephone and telegreph
transmitter, rated at 1000 watts output; also availoble
for 2000 watts output. Designed for brecadeast or
point-to point communication service.

RADIO COMMUNICATION EQUIPMENT

TRANSMITTER EQUIPMENT MFG. CO., INC.
345 Hudson Street o New York 14, N. Y,



"But he that is greatest among you
shall be your servant’

Matt. 23:11

NM
L - '
icro-processing” sets new standards of design

and performance for beryllium copper coil and flat

springs. We at Instrument Specialties Company take
pride in the fact that the service record of millions
of Micro-processed springs has resulted in nation-
wide acceptance of our unique precision production

methods.

In five short years I-S springs have proved their
superiority over any beryllium copper springs —
whether their ultimate use is average or highly
critical. In the same five years we have repeat-
edly shown that only Micro-processed beryllium
copper can achieve certain desired
physical and electrical characteris-
tics. Every step in our progress is
hacked up in fact — on your own
springs, designed and Micro-proc-

essed 1o meet your particular need.

How does I-S attain mass pro-
duction when orders range from
1.000,000 to 10 springs with simple
or complex requirements? The an-
swer is vlain to see. Special “spring
grade” wire, drawn to specifications
set up by the I.S production control
laboratory; coiling, heat treatment
and electronic micrometer inspec-
tion is directed by routine control
methods based upon known fac-
tors; specially trained tool and die makers skillfully
apply the principles of Micro-processing 10 flat spring
work; and in addition, Instrument Specialties Com-
pany has in the field, resident engineers in major
industrial areas who are ready to discuss with you

and act upon your spring problems.

By re-defining the possibilities of spring performance
we have opened new avenues for the use of beryllium
copper springs — Micro-processing, more than ever

bejore, is a servant to the nation’s industry.

INSTRUMENT SPECIALTIES CO., INC.

DEPT. D., LITTLE FALLS, NEW JERSEY

\  ea0cHssED”

FIELD ENGINEERING OFFICES: BOSTON- CHICAGO - CLEVELAND - PHILADELPHIA - NEW YORK
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Is this the beginning of a miracle?

FOOTE DUCTILE ZIRCONIUM NOW IN PRODUCTION!

Here is real news for every one of
vou in the radio and electronics
industries, news we have heen wait-
ing to give vou for months. We are
now in production on ductile zir-
conium.

You are, of course, well ac-
quainted withzirconium metalpow-
der and its advantages for vacuum
tubes. Ductile zirconium, like the
powder, isan active “getter’ at ele-

vated temperatures. However,
duetile zirconium is doubly useful,
since — because of its structural
strength — it may be shaped into
vacuum tube elements. In fact, the
metal may be spot-welded, butt-
welded or machined. Experimental
quantities are available as wire,
sheet, rod, and woven screen. Other
special forms can be made on re-
quest. Your inquiries are invited.

Mr. Ernest G. Enck, our technical director, thinks we
should put greater emphasis in our advertising on
our sizing and beneficiation of ores and minerals.
We do, he emphatically reminds us, prepare a signifi-
cant list of chemicals from these ores and minerals.

There are, for instance, the earbonates and chlo-
rides of lithium and strontium; the nitrates of lithium,
yltrium, caesium, thallium and zirconium: and the
benzoate, chloride, hydroxide, fluoride, and stearate
of lithium . . . to mention only a few. A better under-
standing of these underemployed chemicals is already

producing startling discoveries.

. \ Lithium stearate is a case in point. Lithium stear-

b, ale or “metal soap”, was just what petroleum
A researchers needed to compound for our fighting

planes one grease which tames the biting cold
of Reykjavik as easily as it does the scorch-

ing heat of Tunisia. Will the automobile industry

look into the post-war lpossibi]ities of this Foote

. patented product? Probably! Another example is

ésj strontium. Strontium salts, now vilal to the war
effort, are intriguing the interest of ceramic en-
gineers and, after the war, may well influence

é the making of whiteware, glazes, lustres and
optical glasses.

Yet, this is only a beginning. Much of our most in-
teresting exploratory work is still quietly bubbling
within the retorts of our laboratory. Today or to-
morrow it is just possible we may help you achieve
another miracle of chemistry, or to start one. If yon

saspect we can help you now, please write us.

MINERAL COMPANY

A Srge Abead

PHILADELPHIA -«
Home Office;

ASBESTOS -

EXTON,

PENNSYLVANIA
1617 SUMMER STREET, PHILADELPHIA, PA.
West Coost Representative: GRIFFIN CHEMICAL CO., San Francisco, California

2 aisal ves
ana Chemeass

January 1944 — ELECTRONICS



Since 1921

Designers and Builders

of
ELECTRO-STATIC

or
ELECTRO-MAGNETIC

For more than two decades, leading manufacturers
of electronic, neon, X-Ray and (more recently) fluores-
cent tubes, have used our apparatus for such operations
as degassing, sealing glass to glass or glass to metal
(Kovar or copper).

Use of our apparatus always has afforded highly
satisfactory results plus economy.

As dielectric and induction heating equipment, our
better-built units are showing many points of supe-
riority in metallurgical, plastics, plywood and dehy-
dration applications.

It will pay you to let us supply the unit of proper
frequency and power output for your particular needs.
VWrite for further information today.

7

Division of

“S” CORRUGATED QUENCHED GAP COMPANY
GARFIELD, NEW JERSEY

119 MONROE STREET

ELECTRONICS — January 1944
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{Above)
Advanced custom-
built heating vnit
for o wide range
of industrial uses.

(Right)
Low voltage, high
current supply: 1
to 9 volts at 300
amperes.
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... and how they are applied

For a dozen years past the Allen
B. DuMont Labora:ories have spe-
cialized in the development, pro-
duction and application of cathode-
ray tubes.

DuMont was the first to iritroduce
the commercialized cathode-ray
tube as a practical tool for research
worker, production engineer and
technician. Not only have DuMont
tubes and oscillographs resulted in
savings in time required 1o inves-

tigate the many problems to which
they are applicable, but they have
also revealed truths in man’s laws
of the working forces of nature.

And now, as a furthér service,
DuMont engineers have compiled
a manual of pertinent data, together
with detailed descriptions of
DuMont tubes and associated
equipment. This data is in loose-
leaf form. The binder permits con-
stant revision to keep pace with the

>

il

CONTENTS
OF MANUAL

The Cathode-Ray Oscillo-
graph: introduction, gener-
al description, high-voltage
power supply, amplifiers,
linear time-base generator,
intensity modulation, low-
voltage power supply, me-
chanical considerations,

conclusion.
. . .

Oscillograph Design Con-
siderations: power sup-
plies, amplifier design,
time-bases or sweep gener-
ators.

. . o
DuMont Cathode-Ray
Equipment: description,
specifications, accessories,
oscillograph type compari-
-son list, specialty products.

. . .
DuMont Cathode-Ray Tube:
general information, instal-
lation notes, type specifica-
tion sheets, tube type com-
parison list.

. . .
Sales and Service Informa-
tion: how o order, patent
notice, price list. etc.

o . .
Instrument and Tube Appli-
cation Notes: frequency
and phase determination,

- photographic measure-
ments, observation of relay
rebounce, efc.

fast-moving cathode-ray technique.
Each manual bears a serial number
so that the name and address of its
recipient may be duly registered.
Additional pages are mailed from
fime to time.

Write on your business station-
ery for your copy. Our Engineer-
ing Department is interested in
aiding you with your cathode-ray
application problems.

ettt b~ i et i U

o N

DUMONT LABORATORIES, INC., PASSAIC, NEW JERSEY - CABLE ADDRESS: WESPEXLIN, NEW YORK

3.0 = -lﬁj:.-'h‘l
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In this new Picker Magnifying Misninater the industiicl )
radiograsher will fiad a praciical instrument for the

magni-icaion inspecticr and study of critical film areas.

for the critical study of
industrial radiographs
A magniZying facter of 212X provides ample power for
minute st.dy of spot weld mdiogrephs, or those exhibiting
porosity, shrinkage cracks. gos indusions, and similar faults.

Picker Bulletin 1143 gives detcils, specifications, prizes.

PICKER
MAGNIFYING
ILLUMINATOR

Telescopic lens mount adjustable fo
individual vision...variable intensity
fluorescent illumination . . . sliding
bafile hood . . . adjustable viewing
angle . . . takes any length film vp
to 14" wide...operates on AC or DC.

PICKER X-RAY

C ORP ORATI ON
300 FOURTH AVENUE ® NEW YORK 10, N. Y.
Branches everywhere in U.S.A. and Canada
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UNDER 447 TRYING CONDITION

g
(=

Tropical heat, moisture, vibration, efc. . . .

DeJur wire-wound potentiometers provide maxi-
= Mum service and efficiency. Rugged, durable and
’ dependable . . . engineered to meet rigid govern-
ment requirements. There’s a type to fill your bill
. + « or we'll build to special resistances. Technical

data sent upon request. Our engineers will gladly
assist you.

N foe : °
7o € JUr-Amsco gorporation
Awarded for Excellence in Pro- . -——ccssss e — =

duction and Quality of Materiol SHELTON ? CONNECTI cCurT

SPECIAL

More Purchases of War Bonds
Will Help Shorten The War

NEW YORK PLANT: 99-Hydson Sercee, New York City * CANADIAN SALES OFFICE:

560 King Street West, Toronto
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MORE PRECIOUS !

1
THAN GOLD u TANTALUM
1 (ATOMIC WEIGHT: 180.88)
Tantalum is one of the earth’s rare and 1 IN MINERAL AND POWDERED FORM
!

unique metals. Rare because itis mined
in only a few spots in the world. Unique

because it is the only metal that readily ! “getters” to absorb gases. These chemi-

cals are not stable—the heat from an
overloaded plate causes them to release
gas suddenly, and the tube goes dead.
: One of the reasons you will find so many
Gammatrons in use where dependa-
bility is essential, is that all Gammatrons

absorbs gases. 1
This ability of tantalum to soak up and !

retain gases—even while being sub- u
jected to intense heat—makes tantalum
priceless in the manufacture of electron

I
1
tubes. 1
Up until the time Heintz and Kaufman ] have tantalum plates and grids. They
l' can and do take heavy overloads safely
]

—punishment which would cause any
other type of tube to cease functioning.

engineers built the first vacuum tubes
with tantalum plates and grids, the elec-
tronics industry had to rely on chemical I

% HEINTZ AND KAUFMAN LTD.

1
!
' 2 SOUTH SAN FRANCISCO « CALIFORNIA, U.S. A,
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THE FORMICA

Formica MF—Glass Mat Base—Is a High
Frequency Insulating Material That Can

Replace Ceramics for Many Uses!

One of the recent developments of accelerated
research in the Formica laboratories — Grade MF—
has qualities of the greatest usefulness to the
electronic designer.

As an insulating material it permits only minimum
losses at high frequencies.

It has mechanical strength to stand extreme con-
ditions of vibration and stress in antenna insula-
tors, coil forms, tube bases.

Its efficiency is little affected by moisture absorp-
tion. Cold flow is less than for the best previous
grades of laminated plastics. It is readily machined,
and therefore handled at low costs in production.

“The Formica Story” is a sound-moving picture
showing the qualities of Formica, how it is made,
how it is used. It is available for meetings.

INSULATION COMPANY

4661 SPRING GROVE AVE., CINCINNATI 32, OHIO
Jonuary 1944 — ELECTRONICS
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Do these applications ofl/m?'é'zz

plastic negative.

This plastic negative is then sandwiched between a sheet
of light-sensitized steel and the glass door of a special print-
ing box. Vacuum draws the :hree into perfect contact. Then

To speed the making of templets for complex aircraft
parts, one of America’s leading fighter plane manufacturers
uses an ingenious method of photcgraphing tracings directly on
steel plates. The original drawing is carefully traced on a sheet
of VINYLITE Rigid Plastic. The result is an exztremely clear,

9

suggest answers to your problems?

As Basic Raw Materials, VINYLITE Sheets, Moldings,

and Adhasives Solve Hundreds of Critical Problems

...for these reasons:

coatings and adhesives.

oils, and chemicals.

CL]

arc lights make a contact print of the templet drawing directly

on the steel. Because VINYLITZ Plastics are dimensionally
stable, no distortion occurs under this shasp temperature
change, permitting the image to maintain the absolute
accuracy required in the final part.

Coatings,

VINYLITE Plastics have taken a major role on two im-
portant fronts...the battle front and the industrial front

First, they are supplied, or can be fabricated, in a wide
variety of forms...rigid sheets, elastic sheeting and film,
rigid and elastic moldings and extrusions, or bases for

Then, too, VINYLITE Plastics are strong, lightweight,
dimensionally stable, non-flammable, resistant.to water,

Because they have found such wide application in essen-
tial uses, these plastics are restricted to high-priority
applications. Qur Field Engineers and Development Lab-
oratories will be glad to help you with such problems.
Get in touch with them, now, or write for Booklet 18,
“Vinylite Resins —Their Forms, Properties and Uses.”

Plastics Division

CARBIDE AND CARBON CHEMICALS CORPORATION
Unit of Union Carbide and Carbon Corporation

30 EasT 42ND STREET, NEW YORK 17, N. Y.

The final steel print
is developed by applying
acid and friction. When
compared against the trac-
ing on the VINYLITE sheet,
it proves to be a perfect
reproduction.

Atter checking the steel plate against the original drawing, it is
cut to shape. The entire process, from drawing to templet is completed in
only one hour.



LIFE JACKET
DYE MARKER

\ 10 RELEASE DYE
L PULL THIS TAB DOWN 4
-5 4
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Survivors of sea casualties are easier
to spot from a rescue plane now that both the
Army and Navy are providing life jackets
with special packets containing a ‘“tea-bag”
of fluorescent dye. In times of emergency the
dye is readily released to spread quickly over
a large area of the sea. One problem in the
manufacture of these packets was to find a
coating and an adhesive that were strong,
waterproof, and that would protect the dye at
extreme temperatures. The answer was found
in a /INYLITE Plastic. Cloth is coated, then
instructions are printed on it. The “tea-bag’
is inserted and the packet edges are heat-
sealed“using the coating as the adhesive.

T |
|

i s

A manufacturer of machine roll
coverings experimented with an extruded tube
of VINYLITE Elastic Plastic applied over the
metal core. But, with vulcanizing impossible,
how could this new material be successfully
bonded? The answer came in the form of an
adhesive made with VINYLITE Resins. And
because VINYLITE Plastics do not oxidize the
new platen is proving to be superior to its
rubber predecessor.

PROPERTIES OF “'VINYLITE’ ELASTIC
PLASTICS —These are a relatively new group of
VINYLITE Plastics with rubber-like or elostomeric
properties. They are produced in a variety of
forms, ranging from soft to semi-rigid. They
possess great toughness, and excellent resistance
to continued flexing, and to severe wear and
abrasion. Tensile strength is higher than that of
most rubber compounds. Their electrical insulating
properties are outstonding. They are not subject
to oxidation. By correct choice of plasticizer, they
can be made non-flammable, and highly resistant
ta water, oils, and corrosive chemicals. They are
available in a wide range of calors, either trans-
lucent or opaque, or can be supplied in their
natural, colorless, transparent state. Since all
VINYLITE Elastic Plastics are thermoplastic, no
curing of vulcanizing is required. They are mare
affected by temperature changes than is rubber,
but their operating range is wide, some types re-
maining flexible at —50 deg. F., yet tack-free at
200 deg. F.

VINYLITE Elastic Plastics are supplied as sheet-
ing and as compounds for calendering anto cloth,
and for molding and ®&xtrusion,

PROPERTIES OF “’VINYLITE RIGID PLASTICS
— Produced from unplasticized vinyl resins,
VINYLITE Rigid Plastics possess a combination of
properties found in no other thermoplastic material.
Because of their extremely low water absorption,
these plastics remain dimensionally stable under

These two storage tanks contain con-
centrated sulfuric acid. The temperature of
the metal is usually between 90 and 100
dégrees F. There is considerable spillage.
Under these conditions, ordinary coatings
broke down in less than a month. One year
ago the tanks were refinished with VINYLITE
Resin VMCH air-dry coating. Today, al-
though stained by spilled acid, this coating
is unharmed.

Tiny grommets must be made by the
thousands to supply the needs of American
military planes and trucks. Today these grom-
mefs are injection molded of a VINYLITE
Elastic Plasti¢. Thisseonversion saves large
quantities of critical rubber, but even more
important; it cuts molding time to a fraction
of that formerly needed. Scrap and trim can
be remolded immediately withotit costly re-
processing,

widely varying atmospheric conditions. They have
exceptional resistance to alcohols, oils, and corro-
sive chemicals. They have high impact strength and
tensile strength. They are odorless, tasteless, and
non-toxic. They do not support combustion. They
are avoilable in a wide range of colors, translu-

cent or opaque, and also in colorless, transparent
forms. They are supplied as rigid sheets or as
molding and extrusion compounds. Rigid sheets can
be fabricated by forming, drawing, blowing, spin-
ning or swaging, and can be punched, sheared,
sawed, ond machined on standard metalworking
tools. Molding compounds are suitable for both
compression and injection molding. Extrusion com-
pounds give highly finished continuous rigid rods,
tubes, and shapes directly from the die.

PROPERTIES OF “VINYLITE” RESINS FOR
SURFACE COATINGS— Correctly formulated and
applied, VINYLITE Resins yield finishes of un-
usual toughness, gloss, ‘adhesion, and chemical
resistance. They can be applied by spraying, knife-
coating, or dipping to a wide variety of surfaces,
such as metal, cloth, paper, and concrete. Pre-
pared by dissolving resins in organic solvents, these
finishes can be modified with a wide variety of
pigments, dyes, and plasticizers. These resins are
generally not employed with other film-forming
bases, therefore, coatings formulated from them ex-
hibit the desirable features of VINYLITE Resins alone.
Drying is solely by evaporation of solvent, and
finishes can be either air-drying or baking types:

Important blueprintsbecame oil stained,
wrinkled, and:tofn in war-plant shops. How
could they be made more durable to eliminate
this waste? Now a thin shéet of VINYLITE
Elastic Film, backed with*paper, is laid over
the print . . . then ironed on at moderate temp-
erature. The thermoplastic film softéns . . .
adheres to the print. As soon as it cools the
backing paper is stripped off, leaving a strong,
glossy, water- and oil-proof coating.

Bomber floor mats and catwalk mats
must be skidproof and unaffected by oil. A
prominent rubber company, using standard

rubber - processing equipment, calendered
VINYLITE Elastic Plastics on a cloth base . ..
embossed the surface for maximum traction.
Since VINYLITE Elastic Plastic requires no
curing or vulcanizing these sturdy, skidproof,
oilproof mats are made at low cost.

PROPERTIES OF “VINYLITE” RESINS FOR
ADHESIVES —Unusual toughness, resiliency, and
impact resistance are characteristic of adhesives
made of VINYLITE Resins. These resin adhesives
are widely used as bonding agents for such ma-
terials as cellophane, cloth, paper, cardboard,
porcelain, metal, mica, stone, leather, wood, and
plastic sheets and film. They are available as
powders for the compounding of adhesives, or as
solutions sold under the trade-mark VINYLSEAL.
The latter are especially recammended for bonding
impervious materials, such as metals, and urea
and phenolic plastics. Their bonding strength is
comparable to that obtained with soft solder. By
the addition of plasticizers, adhesives based on
VINYLITE Resins can give almost any degree of
flexibility desired.
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ELASTIC PLASTICS =
RESINS FOR ADHESIVES
RESINS FOR SURFACE COATINGS

The words “Vinylite” and *'Vinylseal” are registered trade-
marks of Carbide and Carbon Chemicals Corporation.

RIGID PLASTICS
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In a few cubic inches of space National
Union tube designers plan and build their
electronic skyscrapers. Many fragile parts
of these intricate mechanisms are precisely
balanced, buttressed and welded fast.

For N. U. engineers well know the rough sailing
that’s ahead for these tubes—the shocks, concus-
sion, vibration—relatively far more shattering than
the impact of an earthquake on a modern steel and
masonry building. So their war job is to build tubes
which will stand up and take what comes—whose
parts will szay in precise alignment—whose exact

NATIONAL

clearances will not be altered—whose air seal will
not be broken.

To master this complicated construction problem
calls for precision engineering of the first order—
and a minute knowledge of the strength, rigidity
and other characteristics of many metals. The point
is—modern electronic tubes are scientific instru-
ments. And to be sure of getting the tubes which will
best handle your post-war work—you’ll want to
seek sound technical advice. Call on National Union.

NATIONAL UNION RADIO CORPORATION, NEWARK, N. J.
Factories: Newark and Maplewood, N.J., Lansdale and Robesonia, Pa.

RADIO AND ELECTRONIC TUBES

itting, Cathode Ray, R

, Special Purpose Tubes e Condensers  Volume Controlse Photo Electric Cells » Panel Lamps o Flashlight Bulbs
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’"“§ PERFECTED IN WARTIME
_ DEPENDABLE IN PEACETIME
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Immedlafe cn’d susyained coﬂtgﬂﬁicﬁ*bns:me N7

now ipléying the greatest role in'the world's histary
{ !’

Precisin crystals’ are a vital part of communicatiors
on all fronts .. . enabling the Allies to establish

and maintain superiority in the present world struggle.

Multiple
Crystal Unit

PRODUCTS COMPANY
1519 McGEE STREET - KANSAS CITY, MISSOURI

@'Wtd 0/ .WW Pheceseose %ﬂyM %# %@4& -%tegtmway CCorntict
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gAY JONES Lﬂc/rg, ”0103 i mm con S A\

SHocy. PROOE m\\s‘“

A d“' t : f th Typifying the rasd; wdvinese pos- -
= - l]ro uc 0 e ~ sible theough close coliaboration
! c 2;? between the Army, Navy and.
N Q ; Q T N:Y+T engineers, this unit cop-'-
. ' forms to the most exacting requ re-

SerVice Departme"t ::::5 of modern military ,qt,gp_

‘Embodying the very latest ir: ‘d;- e
sign, ity -preportions have  been
engineered to permit maximum
performance, whi e utilizing only a

minirzum of space.

The immersion-proof case has b been
custom-built to do o specific ios;_'
further illustrating the policy of the

. NY'T Sample Depcrfmm_—
meeting individual mechanical ahd -

" electrical requirements. Your in-

quiries are invited.

NEW YORK TRANSFORMER COMPANY

26 WAVERLY PLACE, NEW YOREK, N. Y.
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DR 24 G
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'é Suitable for pulses of
¥ instantaneous high

R el

power at high frequen-
cies. Also for ultra high
frequency work,

VACUUM CONDENSER

A permanent capacitancé)

IONIZATION GAUGE

A very sensitive instrument for
determining degree of vacuum
in a system. Convenient, stable,
trouble free. Indispensable for
production of quality vacuum
tubes.

Ul Protected by vacuum from
moisture, dirt, changing chare
acteristics and mechanical in-

jury. 50 mmf. 5,000 volt.

&

-l DR 872 A

Medium power Rectifier.
10,000 volt inverse
peak. Extensively used
for power supplies from
1,000 t0 5,000 volt out-
put. Current output .

g VACUUM PRODUCTS

S e FOR ELECTRONIC APPLICA

DR 873

A Phoougy o,

Similar to 872 A except
that it's grid controlled.
Can be used for the very
smooth control of recti-
fied DC voltage,

DR 17

Grid Control Rectifier
similar in characteristics

to 866.

{
£. DR 300

A rugged tube for
rugged service, Made
by pioneers in the use
of graphite anodes
which protect against
excess anode tempera-

ture. 300 watt capacity.
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HOW TO GET 250 MEN
BEHIND A RADIO TUBE

1!
L1 2% |

T sounds like a big order—but we do it at

Corning. And for any user of electronic
glassware, big or little, this is a service
mighty hard to equal. i

T
L1331 RS
T

Behind everyradio tube, x-ray bulb,cathode
ray bulb, resistor tube, every one of the
hundreds of electronic glassware products
made by Corning Glass—stand 250 glass
experts. Planners, research workers, en-
gineers, production men—each a special-
ist in his own right, backed by one of the
largest, most modern laboratories in the
United States.

This unmatched reservoir of glass-making
experience is one of the factors which make
Corning’s position unique in the industry.
In its 75 years of pioneering, for example,
Corning has developed more than 25,000
glass formulae. It has made Pyrex brand
heat resistant glasses a practical fact instead
of a dream; it has developed glasses with an
expansion coefficient practically equal to
that of fused quartz, and which can be
formed in a variety of intricate shapes
which only recently were impossible in
glass.

To the manufacturer of electronic equip-
ment—Corning’s “know-how” in glass is
particularly important. It means that here,
under one roof, you too can find helpful,
expert advice on any glass problem. If you
are interested in a detailed study of electri-
cal glassware, write for “Glass in the Elec-
trical Industry.” Address Electronics Sales
Dept. E-1, Bulb and Tubing Division,
Corning Glass Works, Corning, N. Y.

4———means———
Research in Glass

“PYREX" and “CORNING" are registered trade-marks of Corning Glass Works
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HALLICRAFTERS WAS READY!

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

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

Just as Hallicrafters Communicaiions receivers are meeting the
demands of war Today—they shall again deliver outstanding recep- i\
tion for the Peace—Tomorrozw!

hil"itl‘ﬂﬁl!l‘s BUY MORE BONDS [Eﬁ

World’s largest exclusive manufacturer of
shott wave radio communications equipment...First exclusive
radio manufacturer 10 win the Army-Navy Production Award for the third time.
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ore/co Searchray

Saves Manufacturing Trouble

Above is a photograph of o
vacuum tube as the inspector’s
eye — and the camera —see
t. A certain defect in manu-
facture is hidden to the eye.
But Searchray, the new self-
contained X-ray unit, shown in
center, can spat it. See illus-
tration at right.

If you manufacture Lamps, tubes, electrical parts, rubber,
ceramics, light alloys or plastics—Nokgerco Searchray
can pay for itself many times over by acting as an X-ray
inspection tool at every step of manufacture or assembly.
Shockproof, rayproof, foolproof and readily mobile,
Searchray, the self-contained X-ray unit, is so simply
devised that anyone can operate it safely. Tt examines
objects both fluoroscopically and radiographically; it is as
useful in the laboratory as on the assembly or production line.
The Searchray Model 80, illnstrated above, is an 80
KvP, 5MA unit which operates on 110 volt A.C. simply
by plugging into an outlet. Another Searchray —— Model
150, likewise a self-contained, rayproof, shockproof, X -ray
unit for [tuoroscopic and radiographic examination, permits
wse of any kilovoitage up to 150 KvP, 10MA. It operates
on 220 vohts A.C.

Same tube as seen radio-
graphically by Searchray.
Note defect. The filament is
too clase to the grid, whith
will cause the tube to heat up.
Searchray saves time, money
and labor by checking prod-
ucts before assembly.

Searchray may be of help in your product inspection
problems. Write today to North American Philips. Let us tell

vou more about Scarchray —-and other NORELCO products.

For our Armed Forces we make Quartz Oscillator Plates;
Amplifier, Transmitting, Rectilier and Cathode Ray Tubes
for land, sca and air-borne communications equipment.

For our war industries we make Searchray (X-ray)
apparatus for industrial and research applications; X-ray
Diffraction Apparatus; Electronic Temperature Indicators;
Direct Reading Frequency Meters; Tungsten and Molyh-
denum in powder, rod, wire and sheet form; Tungsten
Alloys; Fine wire of practically all drawuble metals and
alloys: bare, plated and enameled: Diamond Dies: High
Frequency Heating Equipment.

4nd for Vietory we suv: Buv More War Bonds.

o,e/co ELECTRONIC PRODUCTS

NORTH AMERICAN PHILIPS COMPANY, INC., 100 EAST 42*> STREET . NEW YORK 17, N. Y.

Factories in Dobhs Ferry, N.Y.; Mount Vernon, New York (Philips Metalix Corporation) ; Lewiston, Maine! (Elmet Division)
Represented in Canada by Electrical Trading Company, Lid., Sun Life Ruilding. Mentreal, Canada
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Years
ahead- |

ears

Y ago

MICAMOLD pioneered in the develop-
ment of basic capacitor designs many
years ago. These desians are still the
standards in the field . . . applicable to
new electronic techniques as well as to
those in general use...superior in engi- e
neering, construction and service. If you f
are now engaged in an assignment .. .
for present or future use...a Micamold
engineer will be glad to work with ycu..

KEEP EACKING THE ATTACK . ..
KEEP BUYING MORE WAR BONDS

/

There’s a Micamold Cc/ﬁucilor for All Radionic and Electrical Applications:

Receiving and Transmitting Mica Capaxcitors + Molded Paper Capacitors
e Oil Impregnated Paper Capccitors « Dry Electrolytic Capacitors ¢
Molded Wire Wound Resisfors

MICAMOLD RADIO CORPORATION

1087 FLUSHING AVENUE BROOKLYN 6, N. Y.
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A PLANET 7.7 #/elcor—

Ever notice how a meteor streaks across the heavens in a blaze of fiery splendor?

It's a beautiful sight. .. while it lasts. But most meteors burn themselves out long
before striking the earth. Not so a planet...though much less brilliant, it's there to
stay. That's how we like to think of I. C. E. Here to stay...Born of the war...yes,

but acquitting itself well, and all the better to serve you in the post-war future.

[ 4
%Z%ﬁ&w
.the promise of great things to come

INDUSTRIAL & COMMERCIAL ELECTRONICS
BELMONT, CALIFORNIA
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GREASED LIGHTNING STREAKS IN
FOR THE KILL

HE bigger they are, the harder they fall! That’s the

slogan of the PT’s. There’s nothing the NIPS can
show that PT’s won’t take on and send to the bottom.
The record proves it.

In the production of PT boats, lightness in weight
and exceptional strength are important factors. That’s
why there is found in their construction and insula-
tion—strong, lightweight plastics like National Vul-
canized Fibre and Phenolite, laminated Bakelite. We
salute the Naval architects who gave our fighting men at
sea the lightning striking panther, the PT boat.

NATIONAL VULCANIZED FIBRE €O

DELAWARE

WILMINGTON

Offices in Principal Cities

National Vulcanized Fibre and Phenolite,
laminated Bakelite parts, because: of their
lightness-in weight, high dielectric strength,
exceptional .wearing and other qualities,
are playing a vital part in everything of
Uncle Sam’s that *'flies, floats or:shoots.”

liéfﬂa\:y Photo _... =

e



"CONTINUING LEADERSHIP
. . . through the war and beyond!

The start of the new year finds instrument head-
quarters still busy at it in the final drive for
victory. Dependable WESTON instruments, in all
familiar types, continue flowing in unprece-
dented quantities to every battle front. In new
types, too; for all during this period of stress
WESTON development laboratories also have

measurement problems of this mechanized war.
Thus when instrument priorities are relaxed,
WESTONS will continue as industry’s standards
for all measurement needs. For, new measure-
ment tools as well as old will be available in their
most trustworthy form . . . here at instrument

headquarters. Weston Electrical Instrument

led the way . . . continually meeting the new Corp,, 618 Frelinghuysen Ave., Newark 5, N. J.

Laboratory Stahdcrds . . . Precision DC end ' p ] ] |

AC Portaples . . . Instrument Transfemers ' T
© ... Sensitive Relays . . . DC, AC, ond 4 Ac -
" Thermo Tvaih:'.l!fbomd and Panel Instruments. 3 L

FOR OVER 55 YEARS LEADERS IN ELECTRICAL MEASURING INSTRUMENTS

Specialized Tsst Equipment . . . Light
Measurement and Control Devices . .

Expossre Metess;. Aircroft Instruments...

Electric Tachometers...Dial Thermometars,

i
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7&%%‘2 %t >. ENGINEERED TO A SPECIFIC NEED

This is a special-purpose electronic part. Itis a plug-
receptacle assembly for use with rack-panel type of
mounting. Twenty-four silver-plated phospher-
bronze contacts are provided, each male and female
contact full floating between steatite plates. Heavy
guide pins and matching holes in the frame assure
perfect alignment.

We don’t know that your product has any need for ~

such a part as this. We do know, however, that this
part is most exactly suited to its special requirement,
just as are hundreds upon hundreds of other parts
which have been created through Lapp engineering
and Lapp production facilities directed to the solu-
tion of specific problems.

With a broad basic knowledge of ceramics—their
capabilities and their limitations—Lapp has been
able to simplify and to improve many types of elec-

tronic equipment through engineering and produc-
tion of sub-assemblies that make most efficient use of
porcelain or steatite and associated metal parts.
There may be a way you can improve performance,
cut costs and cut production time through use of
Lapp-designed and Lapp-built sub-assemblies. We'd
like to discuss your specific requirements with you.
Lapp Insulator Co., Inc., LeRoy, N. Y, 5
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Lend-Lease did not inaugurate foreign shipments
of Ken-Rad tubes Long before the war sixty
countries on every continent including all United
Nations and major islands in every ocean utilized
for peacetime activities Ken-Rad tubes in hun-
dreds of thousands

Today millions of Ken-Rad tubes serve every battle
front and we are proud that in war or peace the
entire military world and civilians alike recognize

Ken-Rad dependability

TRANSMITTING TUBES FLUORESCENT LAMPS
CATHODE RAY TUBES '. SPECIAL PURPOSE TUBES
INCANDESCENT LAMPS METAL AND VHF TUBES

EXECUTIVE OFFICES

- OWENSBORO  *-KENTUCKY

EXPORTS 116 BROAD STREET NEW YORK
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Designing, Engineering and Build-
ing for Victory...and the Future...

Air Communications Products include:
Radio Range Receivers, Glide Path Re-

cmvers,MarkerBeacon Receivers, Aircraft

Automatic Direction Finders, Aircraft
Traasmitters, Command Receivers, Com-

mand Transmitters, Small Transmitters'

up o 1 K.W,, Interphone Equipment,
Badio Telephone Equipment, Adaptors
forRadio Compasses. Out of theirachieve-
.ments for war, Air Communications en-
gineers will bring you new knowledge
and experience of value in peacetime
aviation development. Codperative engi-
neering available. Let us help you solve
your engmeermg problems of the future.

The skyways of tomorrow will be paved with new safeguards
* resulting from new and amazing developments in air communica-

tions. Private planes as well as great commercial airiners will
pierce the veil of fog, clouds and darkness with an ease and accuracy
undreamed of only a few short years ago! Starding advancements
already made in electronic communications, and assured develop-
ments yet to come, give us this portent of the future . .. and Air Com-
munications plans are divected toward that future!

Now, Air Communications precision-built Products are being
used to increase the operating efficiency of America’s warplanes. After
victory, Air Communications skilled organization will be at the service
of America’s great post-war aviation industry...ready with the advanced
engineering and designing ability needed tc produce everything for
the safety, convenience and economy of flying.

N —r [ommemrcamons, ve

For victory

KANSAS CITY 8, MISSOURI
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« « « Thousands of Antenna Masts of
copper plated compreg wood for
Combat planes

. « « Thousands of Plastic Housings
plated with copper and cadmium for
our Bombers.

Each and every non-conductive unjt meticu-
lously electroplated to meet the usudl, rigid,
ultimate-in-precision specifications of the
Army and Navy. That's the unheralded rec-
ord of Metaplast and its group of labora-
tory technicians, chemical engineers, and
highly skilled electroplaters.
Metaplast is the accepted precision-tested
method for electro-depositing a smooth,
non-porous, adhesive, metal coating in any
desired thickness on non-conductive
surfaces.

May we work with you on your problems.
War work or post-war planning are of
equal ‘nterest to us.

METAPLAST CORPORATIGN
205 WEST 19th STREET o New York 11, N. Y.

AMelafilast

Metal Plating on Plastics

U.S. Patents 2,214,646-2,303,391 U.S. and Foreign Patents
COPPER ¢ SILVER o CADMIUM o GOLD ¢« NICKEL » CHROME o LEAD ¢ PLATINUM




WILCOX IS IN SERVICE

... Along the Route of The Capital Fleet

Photograph, courtesy PENNSYLVANIA-CENTRAL AIRLINES,
(left) B. J. Vierling, Supt., Maintenance, (right) Earl Raymond, Chief, Ground Station Maintenance.

“Installation of Wilcox transmitters, Central Airlines. In addition to in-
at many of our points, has given our stallations on major airlines through-
communications the high degree of out the United States, Wilcox radio
dependability so necessary for airline equipment is being used now in

connection with world-wide

operations,” states Mr. Earl -
(- 55 : .
military aircraft operations.

Raymond of Pennsylvania- |,

|
WILCOX ELECTRIC
COMPANY

MANUFACTURERS OF RADIO EQUIPMENT ° FOURTEENTH & CHESTNUT, KANSAS CITY, MO,
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oday’s Production Perfection
— Insuring Tomorrow’s Product Prestige

VACUUM TUBE
TEST EQUIPMENT

Sherron facilities and experience encom-
pass the full range of vacuum tube test
equipment — from the "peanut’ size to
the giant transmitter type.

::‘.’ in the balance, Sherron Test Equip-

ment is” helping monuurers maintain

reputations for perfection. Existing
stapdards are high, - : They'lle equally high in the postwar tomor-
réw when they will be spotligh igorous sales competition. Manufac-

" turers of vacuum tubes, as well as other precision instruments, can insure post-
/l war acceptance now — with production testing equipment that assures

superior product pertormance.

MANUFACTURERS: We offer an unusual combination of facilities to com-

panies contemplating design, development, or production of test equipment.

ENGINEERING DESIGN, MANUFACTURING, ASSEMBLY — COMPLETE PRO-
DUCTION (INDIVIDUAL UNITS OR QUANTITIES) TO SPECIFICATIONS.

Sherron Electronics
SHERRON METALLIC CORPORATION
1201 Flushing Avenue Brooklyn 6, New York

4. January 1944 — ELECTRONICS
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THERE IS ONLY ONE MYCALEX

This building houses MYCALEX which, in the opinion of reputable engineers, is “. . .
the most nearly perfect electrical insulator known today”. Developed and -perfected
more than twenty-five years ago, MYCALEX has been improved to such an extent
that it now possesses advantages which make it superior to other types of glass
bound mica insulation.

In any number of military and industrial applications . . . in any weather and
climate . . . the unique properties of Leadless MYCALEX have been tried and
tested, and found more than satisfactory. A few desirable properties are high

dielectric strength combined with mechanical sirength, heat and arc resistance, low

moisture absorption, low power factor and low loss. Furthermore, MYCALEX

meets all standards for close tolerances. Leadless MYCALEX is adaptable, too . ..

it can be cut, tapped. machined, drilled. ground, polished . . . or moulded.* And

in any of these assignments it will prove to be exiremely dependable. Sheets

Trade Mark Reg. U. S. Pat. Oii.  and rods are immediately available for fabrication by us or in your own plant.

Remember . . . MYCALEX is not the name of a class of materials, but the
registered trade-name for low-loss insulation manufactured in the WESTERN

Keep Buying HEMISPHERE by the ,Mfcalex Corporation of America.
More and More
War Bonds 1f you have a special job where moulded parts are needed, we- invite your specifications

MycaLEXx CORPORATION oF AMERICA

_ Exclusive Licensee under all patents of MYCALEX (PARENT) CO., Ltd.
60 CLIFTON BOULEVARD CLIFTON, NEW IERSEY
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AEROVOX TYPE ‘26

Applications:

X-ray filter capacitors

Impulse test generators

Carrier-current coupling capacitors

High-voltage laboratory equipment

Many other high.voltage
applications

Ratings :

50,000 v. D.C. —.005 to
75.000 v. D.C. —.001 to
100,000 v. D.C. —.001 to

.1 mid.
.05 mid.
.05 mid.

X-Ray and Impyse

Generator Capacitors

@ Charged In parallel, discharged in
series, tiese capacitors provide for
voltages Lp to ten million and over
for certain deep-penetration X-ray and
impulse cenerator applications. For

usual X-;ay work, single units oper-

ate up tc 150,000 volis.

Aerovox Type ‘26 capacitors are de-
signed #o- just such service. Multi-
layer paper sections, oil-impregnated,
oilfilled. housed in sturdy tubular
bakelite cases. Choice of metal cap
terminals facilitates stack mounting
and conrections. Sections of matched

capacitance insuring uniform voltage

gradient throughout length of capaci-
tor.

Behind thése capacitors stand those
giant Aerovox winding machines
handling dozens of “papers” at a time
for highest-voltage paper sections.
Likewise batteries of Aerovox vacu-
um tanks insuring.thorough impreg-
nation even- to.the-last paper {ibre.
Such facilities spell Aerovox-the last
word in oil capacitors—safeguarded
by thorough inspectiion and testing
from raw materials to finishediunits.

A

150,000 v. D.C. —.001 to .03 mid. ® New catalog, listing an outstanding line of heavy-duly capacitors for
radio, electronic and industrial funclions, sent on request to individuals
engaged actively in professional engineering or production. Submit your

capacitance problems and requirements.

R

INDIVIDUALLY TESTED

SALES OFFICES IN ALL PRINCIPAL CITIES
AEROVOX CANADA LTD., ONT.

NEW BEDFORD, MASS., U. S. Aa.
Cable: 'ARLAB" =

AEROVOX CORPORATION,

In Canada: HAMILTON,

Export: 100 VARICK ST., N. Y. C. =«
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THE MESSAGE THROUGH"

— Another War Service of Belden Electrical Cords

“GET

CORDITIS-FREE

ELECTRONICS — Jonuary 1944

This is an electrical war— planes, tanks, ships, submarines—all are
electrical -mechanical devices. Hence, practically all the country’s elec-
trical wire capacity has been mobilized.

Belden Corditis-free ‘Electrical Cords have gone to war. They are
used on head phone sets for important communications equipment
—to “Get. the Message Through.” This is but one of the hundreds of
instance{‘Where Belden Cords are insuring long, dependable service
on war equipment.

ate Belden Electrical Cords today.
ng Co., 4625 W. Van Buren St., Chicago, IlL

WIRE

ELECTRICAL CORDS



... Since we changed fto

== AMERICAN
PHILLIPS SCREWS
that drive straight and
set up tight. . .with no
burred heads or scarred work

51, SAFE . : : . :
oRLD'S ERSIEST: ‘::fgcncw DRIVING Every fastening made with American Phillips Screws is a clean, strong fasten-
w RODUCTIO = ing. .. the first time it’s made. No ctooked screws to be re-driven. No burred and
broken screw-heads to be backed out and replaced. No holes to be re-tapped.

g il
h‘é" 372

Neither are there any gouges on the work-surface, to cause rejection of
finished material. For the Phillips Driver engages the American Phillips Re-
cessed Screw Head in a firm contact, making one single, self-aligned driving
unit that stays put until the screw is turned up tight and flush. There’s no wob-
bling at the start, no physical strain in the driving operation. So women and
inexperienced men can keep up the work-pace, without difficulty or undue
fatigue. And output increases as time-per-fastening is cut .. .as much as 50%.

In addition, there are special advantages to American’s brand of Phillips
Screws: I'ull Value, assured by automatic weigh-count. Piece Inspection of head,
thread, and point. Delivery Service, maintained by high-speed production.
Engineering Service, at your service on any special fastening problem. That’s
why more and more buyers of screws specify: “American brand’.

"

Tk

RHODE 1SLAND

E. Jilinois Street
Building

AMER'CA

pROVIDENCE

589
Chicago: 58
Detroit: 502 Stephenson

46 ’ January 1944 — ELECTRONICS



ELECTRONICS -~ Janaary ‘1944

SN T E————

The Westarn Brass that went into dootknebs and a myriad
of peacetime items is flowing into diesel engines and
beHle equipment of every deschiatiom. « « The output of
our mills at East Alten, lll., and New Haven, Conn., now
many times mulfiplied, is helping our 20ys fo blast the

foes of Freedom—speeding the day when we can serve

you. We are ready now to help vvigf_’:;(dur post-war plans.

TRADE MaFK REG. L. 8. PAT, OFF,

FHOTOLIT wgass muis

Divésior. of WESTERN CARTRIDGE COMPANY,&EQ% Alton, Il
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IT IS SAID that no chain can be stronger than its weakest

link, and this is equally true of a rectifier. All three
magnetic components are important, and the design of each
should be coordinated to the other two units for best results.
AmerTran Plate Transformers, Reactors and Filament Trans-
formers, operating together, insure optimum overall perform-
ance.

These economical dry type, self-cooled units are wound and
treated to withstand wide climatic changes and operating con-
ditions. Adequate insulation — well above minimum require-"
ments — and rugged construction provide trouble-free opera-
tion. 'Compound-filled, adequate bushings, electrostatic shields,
are a few items of construction that dencte the high quality of
these units. The three components are designed to meet all the
usual, and some of the unusual, requirements common to such
applications.

AMERICAN TRANSFORMER COMPANY

178 Emmet Street, Newark 5, New Jersey

MANUFACTURING SINCE 1901 AT NEWARK, N. J
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A typical MULTI-SWAGE job.
Most of the electronic tube
contacts used today are made by
this advanced swaging process.

BEAD CHAIN MULTI-SWAGE PROCESS is the eco-
nomical way to produce small metal parts in volume.

Original tool costs are lower and tool wear is consider-
ably less with MULTI-SWAGE than with other machin-
ing processes. Because parts are formed from flat stock,
or wire, without waste, scrap is practically eliminated as
an item of cost. High speed production with close toler-
ances is characteristic of the MULTI-SWAGE PROCESS.

If you are planning post-war products using small hol-
low, or solid round parts, our Research and Development
Division will gladly show you the advantage of making
them by MULTI-SWAGE.

mulii-swuge BUY WAR BONDS

— ey
——

THE MOST ECONOMICAL METHOD OF PRODUCING SMALL METAL PARTS TO CLOSE TOLERANCES WITHOUT WASTE

THE BEAD CHAIN MANUFACTURING COMPANY

MOUNTAIN GROVE AND STATE STS., BRIDGEPORT 5, CONN.
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War's necessity mothers tomorrow’s blessing. War-
born electronic devices which now strengthen and
sharpen a war pilot’s radio signal may, some happier

tomorrow, guard the glory of a symphony.

Who knows the future of these discoveries which
keep our pilots in clear communication, even
through the deafening crackle of a tropical storm?

Who knows what undreamed comforts, undreamed

T0 N7 amotber mist 1rom 1he mind of man

glories flicker in the electronic tubes? Or in
any of the modern miracles so familiar to us at

Sylvania?

New sound for the ears of the world. New knowl-
edge for the eyes of the world. More mists of
ignorance swept away! Those are the potentials
which inspire ‘us, in everything we do, to work to

one standard and that the highest known.

SYI-VANlA ELECTRIC PRODUCTS INC.

EXECUTIVE OFFICES: 500 FIFTH AVEINUL, NEW YORK 16, N, V.

RADIO TUBES, CATHODE RAY TUBES, ELECTRONIC DEVICES, INCANDESCENT LAMPS, FLUORESCENT LAMPS, FIXTURES AND ACCESSORIES

IN ACTION ON THE HOME FRONT . . . Sylvania Fivorescent Lamps ond Equipment

—et

e S

are helping our war factories speed production. Sylvania Radio Tubes are help-
ing bring information and entertainment to homes throughout the land, Sylvania
{ncondescent Lamps are serving long and economically in these some homes.

As always, the Sylvanio trade-mark means extra performance, extra worth.

January 1944 — ELECTRONICS



In Production Now! R

Input impedcnce 600 ohms and bridging. Gain
60 db in the former case, 46 in the batter.
Ovutavt impedance adjustable 1 tc 1000 shms.

GAIN V5, FREQUENCY CHARACTER sncs
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THE _ANGEVIN TYFE 101-A Amplifier s a good amplifier. Its most outstanding
virtue is excellent low-frequency wave form at high output levels, as shown in graph
above. In this regard it is unique among commercial amplifers. Its volume range is
also excellent, ‘nherent ncise level being 68 db unweightad below full output of plus
47 VJ at 2% RMS harmonic distcrtion. The frequency characteristic leaves nothing to
be cesired in the reproduction of music. Electrically and mechanically it is as good a
prodict as we know how to build atter more than 20 years experience in the sound
field. Specification upon request.

The Langevin Company

7 INCORPORATED w3
SOUND 'REINFPCRCE_MENT AND REPRODUCTIGN ENG NEERING

NEW YORK SAN FRANCISCO LOS ANGELES
37 N. 65 S, 23 1050 Fowasd Si.; 3 1C00 N. Seward St., 31




FREE FROM THE BLACK HAND
OF ELECTRO-CHEMICAL

CORROSION

UNLIRE many diclectrics, Lumarith (cellu-

lose-acetate base), when in contact with cur-
rent-carrying copper wire, remains unaffected
in the presence of moisture, and does not pro-
mote corrosion of the wire. In foil and film, it
is used as an extra covering for bobbins and
spools and as between-layer insulation in wire-
wound coils—wherever the black hand of
corrosion threatens.

A-78 finished Lumarith

faced on one side—eliminates the need of tale

foil —matte-sur-

or lubricants required by ordinary foil when it

LUMARITH PLASTICS IN FILM .. FOIL.. . MOLDING MATERIALS AND OTHER FORMS

is slit and wound into cops. A-78 finished foil
has good elongation—making it ideal for use in
automatic machinery. You are invited to
write for booklet of facts about Lumarith
plastics and their special electrical applica-
tions. Celanese Celluloid Corporation, The
First Name in Plastics, a division of Ceélanese
Corporation of America, 180 Madison Avenue,
New York City 16. Representatives: Cleveland,
Dayton, Philadelphia, Chicago, St. Louis,
Detroit, Los Angeles, Washington, D. C.,

Leominster, Montreal, Toronto, Ottawa.

LUMARITH

*Reg. U. S. Pat. Off.

52

A CELANESE* PLASTIC
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THE

When she drops her nickel in the juke box,
she never thinks about the motor that turns
the table or changes the records. All she
wants is her money’s worth, in musie.

How dependably she gets it rests largely
on the small motors that furnish the power.
If they’re “Smooth Power”, neither she nor

the maker of the juke box need worry.

ENERAL

NDUSTRIES
COMPANY

T4 2%

ELECTRONICS — January ' 1944

“Smooth Power” motors start instantly, at-

tain speed quickly and run as smooth as silk.

We’ve been making these powerful, com-
pact motors for years. They’re driving such
varied devices as record changers, tape re-
corders and intricate control systems. What-
ever lype ol service they’re doing, vou can
be sure they answer promptly to every order.

Right now, War demands take all of our
manufacturing capacity. But our engineers
have time available to study your present or
future needs, and make suggestions for the
right “Smooth Power” motor for your par-

ticular job. Let’s talk it over.

THE GENERAL INDUSTRIES COMPANY
Elyria Ohio
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Pat'd
June 8, 1943
U.S.A,

Since the days of radio infancy GOAT has been
able to meet the demands for greater quality,
durability and quantity production. Throughout
the years, GOAT has proved its ability to. design
and handle tough jobs requiring skill, precision
and efficiency. Today GOAT serves almost
every electrcnic tube manufacturer with a tre-
mendous variety of stock and special parts made
of any metal to any specified degree of accuracy.

For Small Tough Jobs

\» !

STAMPING GROUNDS l

JUJ 11 ] METAL STAMPINGS, INC.
A DIVISION OF THE FRED GOAT CO., INC...EST. 1893
314 DEAN STREET fBROOKLYN, N. Y.
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F OR rapid, permanent installations of STANKON Pressure (Solderless) Wike
Terminals, correctly engineered T&B STANKON Tools are indispensabl
e All T&B Tools are quick and easy to operate)\\ @ There are different model
for whichever type of power you prefer: manual, \air, hydraulic or electric. o
In fact, the STA-KON Way has been called the speed way of assembly line pro-
duction by many electronics manulfacturers who have thanged over from solder.
e The electrical joint made by the staking tool is vibralon and corrosion proof
and is today performing on fractional current, high fréguency circuits. e
STA-KONS are made in hundreds of shapes and wire capaciies, with and ggith-
oul Insulation-grip. e Under the T&B Plan, STA-KONS and TA-KON " Tools
are sold only through T&B Distributors, who reduce the manufas
costs, thereby reducing the cost of all electrical equipment to the ‘,

WRITE FOR ILLUSTRATED STA-KON BULLETIN 500

* Patented STA-KON: Reg. U. S. Pat. Off.

THE THOMAS & BETTS CO.

INCORPORATED /

MANUFACTURERS OF ELECTRICAL FITTINGS SINCE 1899 |
ELIZABETH 1, NEW JERSEY
In Canada: Thomas & Betts Lid. Montreal

E Flag awarded April, 1943
White Star awarded October, 1943



“Shall I call a Taxi; Sir?”

% The flight has been discovered. Enemy
fighters are swarming above and the flack
from below is getting thick. Coolly the tail
gunner, a whimsical sort of chap, speaks
through his “mike” to the pilot. “I think
someone is shooting at us, sir. Let’s call a
cab and go back to the hotel.”

Conversation like this (an authentic incident)
reveals the calm, deadly courage of our aerial
fighters, and it reveals, too, the supreme im-
portance of the Communications System. Above
all else, this equipment must be dependable.
It must function perfectly in the extremes of tem-
perature and weather. It must withstand the
shocks and strains of combat...foruponits per-
formance depend the safety of ship and crew.

Months ago, Rola, for twenty-five years a leader in
the manufacture of radio loud-speaking equipment,
turned to the making of highly specialized trans-
formers, coils, headsets and other electronic parts
Jor the Army-Navy Air Forces, and again and again
Rola bas proven its ability to produce to the most
exacting specifications . . . and on schedule. -

If your war production job invelves the things we can
make, our facilities and our experience are at your
disposal. The Rola Company, Inc., 2530 Superior
Avenue, Cleveland 14, Obio.

Let's do more W in forty-four!

MAKERS OF THE FINEST IN SOUND REPRODUCING AND ELECTRONIC EQUIPMENT
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E are in an excellent position

to provide you with hermeti-
cally-sealed capacitors for wartime ap-
plications. Our extensive engineering,
research, and manufacturing facilities
are at your service.

In some cases there will be no need
to look further than our standard line
of Pyranol* capacitors for built-in
applications.

The line includes more than 350
ratings in space-saving shapes and

sizes. Many of the ratings are avail-
able in three shapes—oval, cylindrical,
rectangular—to make your design
problems easier. And they can be
mounted in any position.

BE SURE TO GET your copies of our
time-saving catalogs on d-c (GEA-2621A)
and a-c (GEA-2027B) types. Ask your G-E
representative for them by number, or
write to General Electric, Schenectady,
New York.

*Pyranol is the G-E trade mark for capacitors and for asharel, the synthetic, noninflammable liquid used in

treating G-E capacilors.

BUY WAR BONDS

ELECTRONICS — January 1944

GENERAL

ELECTRIC

your specifications,

we’'re likely to have the answer

PYRANOL
CAPACITORS

(7]



With the Simplest Fastening method...
P-K Self-tapping Screws...
Gehnrich spreads scarce Manpower further!

“Especially in times like these,” saysa Gehnrich Corpora-
tion executive, “with the shortage of labor so severe, we
appreciate the simplicity which Parker-Kalon Self-tapping
Screws bring to assembly work. If we had to tap holes and
put up with tap breakage and maintenance as we once did
with machine screws, we would probably have to divert
manpower from other vital production, or take much
longer to do a given assembly job.”

Hundreds of concerns, like this well-known maker of in-
dustrial ovens and dryers, are finding that the P-K Self-
tapping Screws which they adopted to cut costs in peace-
time, are an important help in meeting the rush schedules
of war. The simplicity of making fastenings with Self-tap-
ping Screws means that fastening work gets done from 25 to
50 percent faster...releasing men for other duties. It
means that “green hands” can equal the performance of
experienced assembly workers.

Question every fastening job . .. on the drafting board
... 1in production. In 7 out of 10 cases you’ll find that P-K
Self-tapping Screws will save operations. ..salvage vital
man-hours . . . speed production . . . cut costs. At your re-
quest, a P-K Assembly Engineer will call and help you un-
cover all opportunities to apply this simplest fastening
method. Or, send details of your assembly for recommenda-
tions. Parker-Kalon Corporation, 192-194 Varick Street,
New York 14, N. Y.

SELF-TAPPING: SCREWS FOR

Ample Nolding Power for Heavy Assemblies. The Sehnrich
Corps Long Island City, N. Y., uses P-K Type “Z”, Hex Head
Cap, and Type “A” Self-tapping Screws for a large number of
fastenings in heavy units (one oven door weighs 1500 pounds),
evidence of dependable holding power. P-K Screws fasten : the
14 in. steel cover plate to the 3/6 in. angle iron frame of oven
door; the 14 in. steel frame to oven; the ashestos door-seal; the
base pan te the front panel; the name plate to door. Below, a
€ehnrich oven heat-treating airplane engine eylinder heads.

PARKER-KALON
SELF-TAPPING SCREWS

January 1944 — ELECTRONICS.




° LOMDON L HAVANA

“From the Woods and
Mountains of Yugo-Slavia”
to the World Via
PRESS WIRELESS

N 8 J ’ %

When Station YTG, operated by the guerrilla forces of Gen.
Draja Mikhailovich in the Nazi-infested woods and moun-
tains of Yugo-slavia, sought means for sending news and offi-
cial dispatches to the world, it called Press Wireless.

Awarded to Our Hicksville
Loeg Island Flant for Out-
standing Achievement in

War Preduction

How contact was made with this heroic little station and PRESS WIRELESS, INC.,
how, in spite of frequent interruptions due to enemy attacks, IS DEVELOPING
it has been giving the world, thru Press Wireless, news of the OR MANUFACTURING
gallant Struggle the YugO—SIaVian patriots are making against o RIGH POWER TRANSMITTERS
the invaders constitutes one of the most interesting radio e —
tories yet to come out of the war. >
S o AIRCRAFT AND A RFIELD

Press Wireless considers it an honor to perform this service RADIO EQUIPNENT
for YTG and regards that station’s unsolicited call as recog- SRR LRI SYSTENS
nition of the efficiency of Press Wireless in world-wide radio  SULILITZEA S LIRS H LIS
communications. o CHANNELINC BEVICES

Press Wireless is now handling more international radio [y RADID PHOTO TERMINALS
press traffic and more radio photos than any other commu- RIS

nications company in the world. AND OTHER TYFES OF RADID. AND
COMMUNICATIONS EQUIPMENT

PRESS WlRELESS Executive Offices Sales Office, Manufacturing Division
{ 9 INC. 435 N. MICHIGAN AVENUE, CHICAGO 1475 BROADWAY, NEW YORK CITY
°

RIO DE JANEIRO

MONTEVIDEO o BERNE o SANTIAGC DE CHILE
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We are just as "fussy” as you!

MANY manufacturers of electrical devices require stamped
metal parts of absolute dimensional accuracy. If you are
among those who must have close tolerances use Stewart
Stampings.

Frequent checks by micrometer, snap gauge and other
precision instruments are your assurance that any part manu-
factured under the Stewart name conforms to specifications.
We are just as "fussy' as you.

We carry hundreds of items in $tock to meet
practically every installation requirement.
Odd shaped pieces stamped and formed from
strip or wire on high speed machines.
Our Tool Room is equipped to make dies for
your special needs.

Send for samples and quotations. Let us have
your blue prints and specifications.
Quick Response to Inquiries

HOT TINNING
NICKEL, CADMIUM, SILYER AND ZINC PLATING

All pieces can be furnished in any desired finish

STEWART STAMPING COMPANY
621 E. 216th Street, New York 67, N. Y.

TERMINALS,

&0 January 1944 — ELECTRONICS
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to-Lite Wire and Cable can meet the

~ electrical need of your product. Wire is

. : > ". ie'_d' i_n. a full range of sizes, shapes

s, R S }§  and materials. Insulations of all types

. e g are available including special develop-

: 2 ments like Auto-Lite’s Vega Chromoxide

Enamel, an insulation of decided advan-

tage where resistance to heat is of para-
mount importance.

Equally revolutionary advances in
other types of wire and cable have
helped manufacturers perfect products
with increased heat resistance, improved
performance characteristics...and often
at decided savings in cost.

For further information on your spe-
cific problem, write to

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

A“T -LITE wfﬁ?ﬂféggls
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OUR //// PLANT
steps up ARHCO profluction |

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

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

Y nerican Radie Hapdware Co., Ine.
%} 152-4 MacQuesten Parkway South, Mount Vernon, N. Y.

MA'N:I{‘CHIP(RC"%J SHORF WAvE w TELEVISTON v RADIO « SOUND ETUIPMENT
/ g
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Here is a |
B RC ow-powered EslL
e i it pon 0
3 volts :

age is 350 volts DC at 25 ré:.nf: 3:’;2:2 i
only

5 pounds.

This EeL Pawe
¢ Suppl:
- : pply {Modet S- i i
i oe;:di’ur‘lg putting out 750 vol'l-:Zn‘) i
volts DC, and output voz:'::i:nrlg

volts, 60 cycl or
b ooy es AC. Efficiency is 70%. It waighs

Can You ] | % »
Build a Vibrator Power Suppl
y.

only E-L VIBRATOR POWER

Offer All These

1. CONVERSION——DC 1o AC; DC
1o DC; AC to pC; AC to AC.

2. cAPAclTlES-——Up to 1,000
Watts.

3. VARIABLE EREQUENC|ES—A
power supply maY be designed 10
furnish any frequency from 20 to
280 cycles, oF @ controlled variable
output within @ 5% range of the
output frequency.

4. MULTIPLE |NPUTS——For ex-
ample, one €+L Power supply, in
quantity produc'ion today. operates
from 6, 12, 24, 110 volts DC or N0
volts AC, and 220 volts AC, with @
single stable output of & volts pC.

5. MULTlPLE OUTPUTS——Any
number of output voltages ™aY
be secured from one power supplY
to svit individual needs.

6. WAVE FORMS—A vibratof
power supply con be designed to
provide any wave form needed for
the ea\fipmem to be opercled.

y p

SUPPLIES
Advantages:

T. FLEXIBLE IN SHAPE. SIZE

AND WElGHT-——The component
ports of a vibrator power supply
fend themselves to @ variety of
assembly urrangemenis which makes
them most flexible in meeting space
and weight' fimitations.

8. HIGHEST EFFIC\IENCY—E'L
Vibrator Power Supplies provide the
highest degree of efticiency ayail
oble in onY type power supply-

9. COMPLETELY RELIABLE——Use
on aircraft, tanks, PT boats,“Wu\kie-
Talkies,”

military equipment, under toughest

jeeps: peeps and other’

operating conditions
srated that gL units have what it
takes!

10. M|N|MUM MA\NTENANCE—-
There are n° brushes, armatures
or beorings requiring |ubrication oF
replocement because of wear. The
entire unit may be sealed against
dust or moisture.

Copr- 1943, Electron'\c Labora(ories, inc., Indianapolis,

ind.

Increasi
sing w .
1,000 in twi ;Lattage limitations from 100 u

ars is no accid . p to
many YCars’ 3 .. cident. It is 1116 o

. . e
power suppli c};ccml(;zatmn in the technique of v is}:ll:t of
conducted o , and the most extensive researcl e
n power supply circuits arch ever

For radio, lighti
| need,s lll?lltjnpg, communications, and oth
depcn(lability"exn(l . Of“CT_Sllpplies will bring yo c’r
would have daredberwcellfe far beyond anytllii u ,d
This is being pro perPheSy even a few years i“e
under the toupheve( e day, all over the wo %3
No matter ‘gvh:tt ;I:l:.atmg conditions of war =
ey g power su :
inpu:.h etl(icr it’s primarily one of SIE::Y 1)r(11?l¢?m g/
..output . .. efficiency . . . or w'h'at‘cc‘:ght .l_ .
r—the

chances are tl

1 hat E-L engin .

. gineers w

you with the best solution will be able to provide

LABORATORIES. INC.

E-L ELECTRICAL PRODUCTS—

Vi

mﬁ:r:i:;:::miower L§u£plies for Com-

7 .- - lig ting . . - i

"Zﬁgr Operation . . . EIecfrit:E‘eEﬁmc

HE n‘n’c and other Equipment LA
nd, Sea or in the Air. '

INDIANAPOLIS

. on




Our Wartime Worries
Are Your Peacetime Profits

This fast-moving mechanized war is a terribly
exacting proving ground. It often crowds into a
few hours the normal wear of months and vears.

Take vibrator power supplies, for instance. They
take a lot of punishment going over rough terrain
in tanks and trucks. The stress and strain of
operating in dive bombers is almost unbelievable.
And in all instruments of war—from planes, to
boats, to submarines—they are subject to extremes
of temperature and atmospheric pressure as widely
different as our far-flung battle lines.

To build vibrator power supplies to master these
conditions involved many an engineering head-
ache. But, by new designs and constructions, by
better materials and imaginative experiments,
Mallory succeeded in building them.

*Vibrapack is the registered trademark of
P. R. Mallory & Co., Inc., for vibrator power supplies.

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

Today they serve on land and sea — above the
clouds and below the waves — thoroughly tested,
and completely dependable.

Born in the crucible of war, these same Mallory
Vibrapacks* are ready to further your peacetime
profits tomorrow. Write us about your application
requirements.

MALORY “Know How” Serves
4 i Your Vibrator Needs

Fully protected against corrosive fumes,

extremes of atmospheric pressure and mois-
ture-laden air, Mallory hermetically-sealed
vibrators operate under ideal conditions
for economy and long life,

It’s Your War Too—

Buy Bonds and Stamps
P.R.MALLORY & CO.Inc.

o ‘:VIVB.'R"ATORS

“AND VIBRATOR POWER SUPPLIES

64
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¥
TURNER

PIONEERS

/IN THE
COMMUNICATIONS.
, FIEWD
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T oo TUPNER catalg.

"

CROP

- R

'1‘ C

w

e

Regardless

mount the
music with
ing on every war front —

plants, docks,

Model 211 at lett is specifically engineered), in police trans-
raitters as well as public address systems of every type. For

the highly sensitive transmission,

turn to a Turner.

design,

The TURNER

CEDAR RA

Crystals Licensed Under Patents of

units,

SOUND

of acoustic or climatic conditions, you can surs
barriers of distance with
a Turner. Today, Turner
in war plants, air dromes, ordnance

army camps,

deliver under toughest usage
22 D Dynamic and 22X Crystal

HONES |

ENGINEERING

L]

1

L]

i

reproduc a
¢

1

clear, crisp speech or

Microphones are servs

in broadcast studios (for which

where accuracy is vital,

a Microphone,
you can be sure
when you specify

1 odern

Company
U.S.A.

The Brush Development Company’

Wi
rite today for yours. Gives full details on all availabl
™

and how to care for those you now own

65



REG. U.S. PAT. OFF.

HE two condensers illustrated above are examples of
two basic ceramic condenser designs developed by Erie
Resistor for high voltage, high KVA applications.

Shown at the left is the Erie Type 680A transmitting
condenser that is designed for 6000 volts RMS test voltage.
This unit consists essentially of a number of silvered ceramic
discs, each having the well known stability and temperature
retrace characteristics of compensating Ceramicons, and
in addition are designed to safely withstand high voltages
required in this type of condenser.

The Antenna Coupling Ceramicon illustrated at the
right employs the double cup design originated by Erie
Resistor. In developing this unit Erie engineers success-
fully overcame the problems of eliminating corona and
dissipating internal heat while retaining small size and
simplicity of design. The specifications of this condenser,
given at the right, show the high degree of perifection
it has now reached.

Erie Resistor is working further on the development
of similar Ceramicon designs for other applications. If you
have a condenser problem connected with present day

a@ y
FOR HIGH VOLTAGE AND
HicH VA ApriicATIONS

equipment, or for postwar applications involving
high voltage, high KVA units, we would like to
discuss Erie Ceramicons with you, Our wide ex-
perience, beginning in 1935 with the first de-
velopment of ceramic condensers in this country,
gives us a comprehensive background on which
to base recommendations.

CHARACTERISTICS

Left: Type 680A Transmitting Ceram-
icon Maximum capacity 400 MMF in
zero temperature coefficient, 2000
MMEF in -750 P/M/°C. 10,000 volts
D. C. test voltage,

Right: Erie Antenna Coupling Con-
denser: Maximum capacity 50 MMF
in zero, 250 MMF in -750 P/M/°C
temperature coefficient. Typical rating
in zero coefficient, maximum R, F. cur-
rent 3 amps ot 3 MC ond 5 omps ot
9 MC at 657C. Test voltage 4000
volts D. C.

i
FOR HIGH ACHIEVEMENT
IN WAR PRODUCTION

Back The Attack—With War Bonds

ERIE RES'STOR CORP., ER'E, PA. LONDON, ENGLAND - TORONTO, CANADA.

January 1944 — ELECTRONICS



SucH Sentlment can }xave full mean1:g

only when tolerance, Jecency and ]ugt;l,g?
again rule the world. On this Chnstné@‘
Day 1943 our men on the })attlefron,‘ '
are flghtlng to preserve these values. "%

Let us at our bencl'les, machines aﬁd
desks dedicate ourselves to the same Eight_.
Let us work to hasten the da"y when our
men and women at the front can return
home—home to new years full of promise
and to other Christmases really bright!

The men ﬁncl waornen o[ Jensen pledge
themselves to do their part.

ensen

RADIO' MFE. €O. s €6C1l SO. LARAMIE ¢« CHICAGO.38, lLLINOIS
Mokers - cf. Fine Acouvstic Apparatus and. Precisson Instruments

ELECTRONICS — Januvary. 1944
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Where is the Airport?

The pilot knows—because, far below these clouds,
the ever dependable radio range constantly sends
out safety signals . . . signals which guide him
down through the mist, past jagged mountain
peaks, on to the haven of the airport.

Radio Receptor, since the very beginning of the
U. S. system has worked with governmental
authorities in the development of radio ranges
and other radio navigational aids.

In peace, we equipped many leading airports and
airways. Today, we are making radio ranges and
airdrome traffic controls as our special contribu-
tion to the war effort.

When peace comes again, Radio Receptor, with
its rich background of experience in the design,
manufacture and installation of radio navigational
aids and airport traffic control equipment, will

=

Awarded for Meritorions
Neryice on the Production Front

SI NCE 1922 I N R AD

broaden its activities in keeping with the tremen-
dous growth of postwar aviation.

Send for a copy of our non-technical booklet,
“Highways of the Air” — peskx E-1

A postwar airport development program to cost
approximately $800,000,000.is recommended
by William A. M. Burden, sperial aviation
assistant to the Secretary of Commerce. The
airport survey, made by the CAA in 1939 and
which recommended some 4000 airports, will
now be increased to approximately 6000,
most of the increase being in small fields.
“One thing is certain,” Burden said, “And
that is, if the program is to be developed on
a sound basis, there must be a far higher
proportion of local financial participation
than there has been in the past.”

Radio Receptor €o.

o

INCORPORATED

231 WEST 19th STREET NEW YORK 11, N. Y.

A ND ELECTRONICS

*
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LAURELS HAVE BEEN WON!
WE SHALL NOT REST ON THEM . ..

Bestowal of the coveted ARMY-NAVY Production Award
upon ELECTRONIC ENTERPRISES convevs to us a solemn sense
of responsibility. The power transmitting and rectifying tubes
that we produce—glistening magic bottles of glass and metal
—these are the vocal cords of the voice of freedom. We are
determined that for your sake and for our own sake these
voices shall ring loud and clear. Our accomplishments will
increase. The high quality—the rugged, precise construction
of these electronic components will be maintained while at
the same time production soars to ever higher levels. In
planes and tanks and on the battle wagons E-E electronic

vacuum tubes shall continue to serve their country well.

[ ELECTRONIC \.. §= ENTERFRISES |\

L ==

B

ELECTRONIC ENTERPRISES - INC

GIN RA. OFFICES: 65767 SEVENTH AVENUE, NEWARK, 4,'N_ 1" — EXPORT:OEPT. 25 WARREN STREET,_NEW YORK CITY. K Y., BABLE ADBRESS SIMONTRICE, N2Y.

ELECTRONICS — January 1944
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Rings, Octals, Flats

Ceramic sockets are a specialty of ours. We know all about them, from long
experience. Ring mounts, octal mounts and flat types of many kinds and sizes go
through the assembly lines at Ucinite on a streamlined schedule.

We do our own fabricating of metal parts, plating, heat-treating and assembling

. all under one roof and one management. And it vou want us to start from
scratch and produce a new design, we have the engincering talent to do that, too.
Ucinite offers you the kind of planning and production that can relieve you of
many a connector problem so thut you can forget about it until it’s all done.

Specialists in RADIO & ELECTRONICS

Tlle [TCINITE CO- LAMINATED BAKELITE ASSEMBLIES

.
Newtonville 60, Mass. CERAMIC SOCKETS - BANANA PINS &

Division of United-Carr Fastener Corp. JACKS + PLUGS *+ CONNECTORS - ETC.

Janvery 1944 — ELECTRONICS



SO MUCH_

One of the great products to come frcm the world's
oldest and largest capacitor manufacturer is the type
IR mica capacitor—the now famous “Silver-Mike.” At
the other extreme of the scale from its big brothers,
huge capacitors for power distribution systems, yet
comparable to them in reliability of performance and
in comparative life span, this tiny featherweight repre-
sents an achievement for which C-D engineers can well
be proud. Type 1R is fully described in our Catalog.
Cornell-Dubilier Electric Corporation, So.Plainfield,N.J.

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

Cornell Dubilier

more in use today than any other make

capactlors

ELECTRONICS — January 1944

TYPE IR SILVERED MICA CAPACITORS

Suited for use in circuits where the LC
product must be kept constant. Here are
some of the C-D features that make IR
outstanding among silvered mica capacitors:

SILVER COATING THOROUGHLY BONDED TO
MICA—Uniform and low capacity-temperature
coefficient (4.002%, per degree C.)—excellent
retrace characteristics.

EXTRA-HEAVY SILVER COATING — Practically
no capacity drift with time.

STANDARD UNITS MOULDED IN LOW-LOSS
RED BAKELITE — Protection against physical
damage and change of electrical characteristics
—exceptionally high Q (3000 to 5000)

TINNED BRASS WIRE LEADS—Prevent breakage
—easily bent in any direction without offecting
characteristics of unit.

COMPLETELY WAX - IMPREGNATED — Assures
excellent humidity characteristics.




"The dlff'culf we do immediately, 'rhe mpossnble fakes a ||H'|e longer. —Army Service Forces

&CM ‘VO‘&C@ DIFFERENTIAL MICROPHONES

Developed by our Engineering Department in close collaboration with the Fort Monmouth

Signal Laboratories, and hailed as an accomplishment in the science of speech transmis-

sion, the Differential Microphone effectively shuts out all ambient noises and reverbera-

tion . . . permitting voice to come through clearly and distinctly . . . while rejecting the

terrific din in tanks and the roar of gunfire.

In its present form, the Differential Microphone is produced as the T-45, a "Lip Mike,”

for use in battle by our Armed Forces and those of our Allies. Postwar developments will

provide a variety of models with advantages that will be felt in many phases of civilian life.

L & A 4 & d

74

P

Frequency response substantially flat from 200-4000 cps.
Low harmonic distortion

Cancellation of ambient noise, but normal response to
user's voice

Self-supporting, to free both hands of the operator

Usable when gas mask. dust respirator or oxygen mask
is required

ELECTRO-VOICE MANUFACTURING CO., INC. - 1239 SOUTH BEND AVENUE - SOUTH BEND 24, INDIANA

Export Division:

L A 4 JI o 4

13 East 40th Street,

Uniform response in all positions

Unaffected by temperature cycles from —40° F. to
+185° F.

Ability to withstand complete immersion in water
Physical strength to withstand 10,000 drops

Weight, including harness, cord and plug, less than
2 ounces

New York 16, N. Y. — U.S. A, Cables:
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“In recognition of Service beyond the call of duty _—

In this grim business of war, the men in
uniform take the risks; they deserve the
decorations.

We tube manufacturers don’t expect med-
als. When, however, credit does come
our way . .. and when it comes from such
a man as Paul V. Galvin, President of
RMA . ... it makes us mighty proud and

happy,
“"Let me take a moment for special
mention of the tube engineers. Too
often they are not fully recognized.
We see fine accomplishments in ap-
paratus, but we fail to appreciate the
important work that has been done be-

<TURER
OLDEST EXCI.US\VE MANUFA

OF RADIO RECEIV ING

hind the scenes by the tube engineer.
Hats off to you—your accomplishmient
has been most extraordinary. But you,
also, you cannot as yet rest upon your
oars. The job is not finished, and new
and additional accomplishments are
required before we are finished with
this war.” *

Hytron engineers realize fully that “the
job is not finished”, and they continue to
strive for “new and additional accom-
plishments” needed to win the war. Their
aim is to develop better tubes to make
possible better fighting equiment—let the
decorations fall where they may.

* Excerpt from address o Paul V. Galvin, president of the Radio Manufacturers Association
at the Institute of Radio Engineers’ Rochester Fall Meeting, November 9, 1943.

ANOTHER
WAR BOND

ELECTRONICS — January 1944
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* Twisting a piece of wire sounds like a simple
matter, but actually, in the making of better springs, it is
quite a significant operation. By evaluating the results of
a twist test, the Muehlhausen spring technician is able
to select stock that will withstand the torsional strains to
which springs are subjected in use.

In this test, a specimen of wire, held between two chucks
of a specially designed laboratory machine, is twisted clock-
wise and counter-clockwise a predetermined number of
times. Weakness is revealed by premature breakage or the
opening of hidden seams. Only wire that can withstand the
punishment of the twist test is approved for production.

Scores of such tests are conducted daily at Muehl-
hausen to make sure that every spring leaving this factory
will perform with maximum efficiency and long life.

MUEHLHAUSEN SPRING CORPORATION
Division of Standard Steel Spring Company
760 Michigan Avenue, Logansport, Indiana

TWO NEW FOLDERS — FREE

Die Spring Bulletin illustrates, describes 206 sizes and
types of die springs. ® Armament Bulletin shows im-
portance of springs for many types of war equipment,

MUEHLHAUSEN

_@ SPRINGS

EVERY TYPE AND SIZE
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TWO-MAN TORNADO!

THE BAZOOKA ... ANOTHER SPECTACULAR
AMERICAN “"SECRET WEAPON"... ANOTHER
DRAMATIC STORY OF PHILCO AT WAR

WO MEN AND A BAZOOKA ... morethana
match for sixty tons of steel! Yes, that’s the latest
story of American ingenuity and productive skill.

A single soldier carries and fires it, his teammate
loads it . . . and 60 ton enemy tanks, concrete pill
boxes, brick walls and bridges wither under the fire
of its deadly rocket projectile. It’s an amazing achieve-
ment of ordnance design, conceived and developed
by the Ordnance Department of the United States
Army. And it’s another stirring chapter in the fasci-
nating story of Philco at war.

The men and women of the Philco Metal Division,
whese huge presses produce the metal parts of peace-
time Philco radios, have played a leading part in the
final perfection and production of the Bazooka. With

ELECTRONICS — January 1944

their colleagues in the Philco Radio Division, they are
turning out miracles of war equipment. After victory,
their new knowledge and skill will bring you the
newest achievements of modern science in radio,
television, refrigeration, air conditioning and indus-
trial electronics under the famous Philco name.

After victory Philco peacetime products will offer

the highest achievements of modern science
for the homes and industries of America.

PHILCO

CORPORATION
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RADIO INDUSTRY NOW PRODUCES FOR

WAR-BUT PLANS FOR PEACE

UTAH EMPLOYEES BREAK
PRODUCTION RECORDS FOR
UNCLE SAM

Month by month, production rec-
ords have been broken as Utah has
gone “all out” for Uncle Sam, accord-
ing to Fred R. Tuerk, President.

He points out that experience gained during the
war period will be ably utilized in efficient peacetime

production.

With emphasis on quality, the dependability of Utah
parts, long a by-word in the radio and sound equip-

ment industries, will be maintained.

CARTER DIVISION IN FULL SWING
FOR WAR PRODUCTION—
AND POSTWAR PLANNING

Frank E. Elli-
thorpe, Sales
Manager of the
Carter Division of
the Utah Radio
Products Com-
pany, declared in
a recent interview
that Utah Jacks,
Switches, Vitre-
ous Enameled Resistors, Plugs,
Wirewound Controls and other
Utah-Carter parts are seeing serv-
ice on wide fronts—in the air, on
the sea and on the ground. They are
playing an important part in adapt-
ing the new electronic and radio
developments—in making them

FRANK E. ELLITHORPE

YOU ARE PART OF
UTAH’S POSTWAR PLANS

“We’'re working for Victory and ’

planning for peace now,” stated Oden
F. Jester, Vice-President in Charge
of Sales of the Utah Radio Products
Company, when querjed recently on
Utab’s postwar plans. “Our experts

ODEN F. JESTER

are hard at work, developing plans for the future—
plans that take utmost consideration of the needs of
industrial concerns. Better products are on the way.

In the Utah laboratory rapid strides have been made

in adapting new electronic and radio developments
for war uses—and making them available for the

requirements of tomorrow.”

militarily and commercially usable.

Mr. Ellithorpe went on to state
that Utah-Carter parts are proving
that the engineering which created
them and the manufacturing meth-
ods which are turning them out in
ever-increasing quantities are
worthy of the fighting men who
depend on those parts. This same
engineering staff and these same
manufacturing facilities, Mr. Elli-
thorpe went on to say, will be con-
verted to the development and pro-
duction of the Utah products to
meet the demands of industry for
“‘tomorrow.”

WAR DEVELOPMENTS AND
THEIR PEACETIME MARKETS

The war has speeded discoveries
and improvements in many fields,

said W. A. Ell-
more, Vice-Presi-
dent in Charge of
Engineering of
the Utah Radio
Products Co.
“Nowhere,” he
went on, “has this
been more true
than in the radio
and communications fields. Today,
electrical and electronic miracles
are enlisted in the armed forces—
but tomorrow they will be at the
service of peacetime America.” Mr.
Ellmore further pointed out that be-
cause of the wartime research and
improvements now going on at
Utah, there will be greater enjoy-
ment and convenience in the Amer-
ican home—greater efficiency in the
American factory.

W. A. ELLMORE

UTAH RADIO PRODUCTS CO., 837 Orleans St., Chicago, Ill.
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WELDRAWN 'S
superior's Answer

to Industry’s Need for
Welded Stainless Tubin

(MAXIMUM 0.D. %) |

Tubing from %" OD doton...SUPERIOR (g3

Welded and drawn ‘“Monel”” and “‘Inconel”. SEAMLESS and Patented LOCKSEAM Cathode Sleeves.
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Mm life and death vide on a slender needle. . .

fr you have ever walked into the
white hush of a modermn operating
room you have seen the metered in-
struments on which the surgeons de-
pend as the age-old battle of life and
death is fought across the operating
table. These meters must be true. They
must be unfailingly precise. Life itself
depends upon them.

It is measuring, metering, and test-
ing equipment of this kind—equip-
ment that accepts the responsi-
bility of sustained accuracy*—that is
built by Boes. Whether it be for
the professions, the sciences, or for
production, a Boes-made instru-
ment is worthy of the work that
it must do.

* SUSTAINED ACCURACY is not an casy
quality to achieve. It must take into account
all factors of use—must then employ the
design, the alloys, the construction that
infallibly protect an instrument against all
threats to its reliable performance. Such
instruments, obviously, must be built with
performance—not price—in mind. We invite
the inquiries of those who are interested in
such standards.

3@% 1Struments

for Measuring, Metering & Testing Equipment < The W W Boes Co., Dayton, Obio

80
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Manufacturers of
Quality Electro-Mechanical
Components Since 1896

Plugs Jacks Switches

Representatives
R. W.Farns
2600 Grand Avenue
Kansas City 8, Missoun
Phone: Victory 3070

Frank A. Emmet Co.
2837 West Pico Boulevard
Los Angeles 6, Califorma

ELECTRONICS — January 1944

Variable Resistors

CHICAGO TELEPH

ELKHARY

—

*

The Chicago Telephone Supply

Company has specialized in variable
resistors for 15 years . . . production
of them in the last peace-time year
exceeded 14 millions. ~

Today, all production is going into
the war effort.

When peace-tim= production .can
be resumed, Chicago Telephone Supply
will continue to serve the electronic in-
dustries with the quoality workmanship
and the service thal customers have

grown accustomed to during the years.

Telephone Generators
and Ringers

A Branch Otfices
D S. J. Hutchinson, jr.
ONE SUPPLY e s FiETH
In Canada

C. C. Meredith & Co.
Streetsville, Ontario

ST
e

INDIANA
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MUSCLES FOR THE MIRACLES OF

82

AND OTHER qqm}ho;-uevrc:s

AUTOMATIC

ITH the aid of Automatic Electric relays and
other control devices, electronic science is help-
ing industry do a thousand new jobs—speeding new
electronic ideas through the laboratory and putting

them o practical use on the production line.

Automatic Electric field engincers, armed with the
technique which comes from long experience in elec-
trical control applications, are working daily with the

makers of electronic devices of every kind—offering

elnys

ELECTRIC

time-saving suggestions for the selection of the right

controls for each job.

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

you time and money.

AUTOMATIC ELECTRIC SALES CORPORATION
1033 West Yan Buren Street

In Canada: Automatic Electric (Canada) Limited, Toronto

Chicago 7, linois

ELECTRONICS
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THE COLLAR
IS ELASTIC,

LOCKED ON
THE BOLT BY

THE ACTION OF
THE GRIPPING
'RED COLLAR.

+
MADE IN ALL SIZES AND TYPES — WITH
THREADS TO FIT ANY STANDARD
TYPES OF BOLTS,

THE NUT CAN BE
USED TIME AND
TIME AGAIN.

ELIC

One feature that has played an im-
portant part in the success of the
Sikorsky helicopter is the develop-

ment of “cvclic pitch control.”

The mechanism that operates this
control passes through the main rotor

hub.

OPTER'S HEART

Tt is the heart of the helicopt;ar.

And you will find this heart fastened
safely and securely with Elastic Stop
Nuts.

These are the nuts with the red elastic
collar — the nuts which have revolu-
tionized aircraft construction.

That red collar hugs the bolt and grips
tight. It does not loosen under vibra-
tion or shock. It locks fast—anywhere
on the bolt.

Nevertheless, you can take Elastic Stop
Nuts off, and put them back on, time
and time again, and they still retain
their locking effectiveness.

Elastic Stop Nuts are going to prove
godsends in countless postwar fasten-
ing problems. They will make prod-

ucts safer, better and longer lasting.

Any time you wish, our engineers will
be glad to help with whatever fasten-
ing job you might have. They will
recommend the correct Elastic Stop
Nut to meet the situation.

ESNA

TRADE MARK OF

ELASTIC STOP NUT CORPORATION OF AMERICA
UNION, NEW JERSEY AND LINCOLN, NEBRASKA

O

ELIASTIC STOP NUTS

Lock fast to make things last

ELECTRONICS — January 1944
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Designed to speed production testing and save valuable
engineering time in the laboratory, RCP Model 662 Elec-
tronic Multitester combines maximum flexibility and sensi-
tivity with general purpose utility. Now being used by the
Signal Corps, U.S. Navy Yards, leading research labora-
tories and government suppliers of precision products, this
tester incorporates the latest RCP developments in vacuum
tube D.C. Voltmeter, A.C. Voltmeter, Ohmmeter, and
Capacitymeter in one instrument.

extra features of model 662
% 27 Vacuum tube operated ranges.

* VR105-30 Voltage regulator tube and its
associated circuits, insuring freedom from
error due to line voltage fluctuations.

* 13 A.C. and D.C. voltage scales, measuring
from a fraction of a volt to 6,000 volts.

* High voltage test leads; r.f. lead; signal
tracing probe; resistance and capacity lead.

% Wide scale on 4%" D’Arsonval Microam-

RCP MODEL 662

meter with guaranteed accuracy of 2% at
full scale. Linear meter movement.

% Foolproof — maximum protection against
meter burn-out. Meter cannot be damaged
by checking a live resistor or using too low
a range for making a measurement.

% Has pilot light indicator.

% Matched pair multiplier Resistors accurate
to ] °/o.

* Rugged welded steel case, thoroughly
shielded. Sloping front.

Crystalline gray finish. Complete with 5 leads; large ca-
pacity batteries, easily replaceable, tubes and pilot lamp.
Size 934" x 9)4" x 738", Weight: 7% lbs. net......$47.50.

For complete details of RCP Model 662 Multitester and
other RCP Elecironic and Electrical Instruments, send for
Catalog 126. Onr engineers will gladly advise on unusnal
test problems, either of production orlaboratory, on request.

REASONABLE DELIVERIES ARE NOW BEING SCHEDULED

RADIO CITY PRODUCTS COMPANY, INC.

127 WEST 26th STREET

NEW YORK CITY

MANUFACTURERS OF PRECISION ELECTRONIC LIMIT BRIDGES — VACUUM TUBE VOLTMETERS — VOLT-OHM-MILLIAMMETERS ~— SIGNAL
GENERATORS — ANALYZER UNITS — TUBE TESTERS = MULTI-TESTERS — OSCILLOSCOPES -— AND SPECIAL INSTRUMENTS BUILT TO SPECIFICATIONS

84
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No more restrictions on the
sale of Audiodiscs! Those of you
who have waited for these fine
recording blanks can once again
get them. Now, more Audiodiscs will
add enjoyment to the American scene,
just as they have brought a chunk of
home to soldiers at the front lines.

Built for greater durability, impervious to
temperature changes and assuring absolute
fidelity of performance, Audiodiscs are “first”
with recording and broadcasting studios, for
wartime as well as peacetime applications. Audio
Devices, Inc., 444 Madison Ave., New York 17, N. Y.

& 3
thy sppoat for thomscdios

-
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Manufacturers of Mm

and Components for Electrical, Electronic and Mechanical Applications

EASTERN AIR DEVICES, INC.

585 DEAN STREET ¢ BROOKLYN 17, N. Y,
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Mark of Progress and Quality

In the modern _
industrial plant o

articles are counted faster than human eye can function. Electronic
devices inspect the interior of solid objects. Electronic equipment con-
trols temperatures, eliminates smoke, operates lights, classifies colors
. . . establishes heretofore undreamed of standards of accuracy and
increased production,

And that only begins to tell the story. New methods . . . new
materials , . . new uses of electricity . . . will be matched by the new
and improved standards of design and construction now being per-
fected by Ferranti Transformer precision and craftsmanship.

In the tempo of things to come, you can rely with confidence upon
the things Ferranti is doing today , . . Ferranti Quality and increased
facilities will enable you to solve your PRESENT as well as your
postwar problems . . . to meet the increased complexities of today’s
and tomorrow’s production,

CONSULT WITH FERRANTI NOW — wherever Quality
and prompt delivery are of paramount importance.

PLAN
WITH

FERRANTI ELECTRIC, INC. * RCA BUILDING ¢ NEW YORK CiITY

ELECTRONICS — January 1944 87



Naturally, we cannot answer all your questions right
now. But it is certain that our production of tens of thou-
sands of mechanical tuners and variable condensers to
the precision standards required for military use will lead
to many new postwar designs.

PHONOGRAPH RECORD CHANGERS-HOME PHONOGRAPH RECORDERS —VARI-
ABLE TUNING CONDENSERS - PUSH-BUTTON TUNING UNITS AND ACTUATORS

C cnerat PNSTRUMENT........

-3
g // 829 NEWARK AVENUE, ELIZABETH , N.J.

4
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Reconversion
and Contract Termination

MERICAN industry is dedicated to an all-out
Acﬂ:ort to achieve victory, and its good faith
in this direction is amply demonstrated by the
results.

American industry also is dedicated to making
democracy work effectively after the victory. And
it is toward this objective that industry must
prepare itself to guide the processes of demo-
bilization and reconversion in order to minimize
the dislocations and chaos which too easily can
result from so tremendous a task.

We exercised foresight from the very beginning
of the war mobilization program. Let us now ex-
ercise foresight in the approaching changeover
from a wartime to a peacetime economy.

The first step in converting American industry
from military to civilian production is the termi-
nation of contracts between the government pro-
curement agencies and the producers. There are
now In force war contracts amounting to tens
upon tens of billions of dollars. As the demand
for weapons of war decreases, the Armed Services
will undertake to cancel contracts. With the em-
phasis shifting from weapons of one category to
weapons of another category, many billion dol-
lars worth of contracts already have been termi-
nated. It is hoped that the experience now being

gained in this work will provide the basis for ef-

fective and sound procedures when an avalanche
of cancellations comes later.

Many complex problems involved in the termi-
nation of contracts will materially influence the
success of the entire reconversion program. Once
war demands fall off sufficiently to permit the
renewal of civilian production, we will have to
act with great spced if we are to avoid large-scale
unemployment. Prompt financial settlements of
contracts and the rapid clearance of plants are of
immediate and great sighiﬁcance. In many cases
the removal of equipment and raw materials will
be more important than money payments. The
allocation of raw material for civilian production
will be of paramount importance.

Government agencies obviously must exercise
great care in spending the people’s money and
in protecting the interest of the public against
excessive payments. Unjust enrichment at the ex-
pense of the people will not be condoned nor
will it reflect favorably upon management to
present inflated claims. But long-delayed nego-
tiations, which will retard the initiation of ci-
vilian production, likewise must be avoided.

The contracting agencies and the manufac-
turers both know that the greatest losses in the
reconversion period will result from delays in

getting peacetime production under way. The



greatest potcntial wastes lie in unemployment
and in idle plants. The magnitude of such losses
to the public can be far greater than the money
spent in liberal settlements; to the manufacturer,
these losses can represent vastly more than the
cxtra funds that might result from interminable
litigation. Policiecs must be firmly established
now whereby the manufacturers, including sub-
contractors and suppliers, will receive substantial
settlements immediately in order that ample
funds be available for reconverting plants and
accumulating necessary inventories of peacetime
goods. Nor must we overlook the fact that the
uncertainty of long drawn-out disputes will have
a stifling effect on enterprise and that final settle-
ments, therefore, should be made as promptly
as possible.

Plants that are equipped largely with special
wartime tools and machines and that are fully
stocked with materials, components, and finished
military products will not be able to undestake
any substantial degree of conversion until this
machinery and this inventory are removed. Ad-
vance arrangements are essential for the prompt
clearance of great numbers of plants the country
over. Adequate warchousing facilities must read-
ily be available so that the changeover to civilian
production will not be hampered.

As war demands decline, civilian output will
be resumed; and while we recognize that the
demands for munitions must vary as the strategy
of the military leaders is changed, it is hoped
that the Armed Services already have or soon

will develop schedules of their continued needs

under different strategic assumptions. If we know
in advance the probable curtailment in war re-
quirements wc are in position to estimate the
timing and the quantities of raw materials, the
number of workers, and the industrial facilities
which will be available for peacetime purposes.
It will then be possible to integrate the lifting
of restrictions on civilian production with the
drop in war production.

Necdless unemployment and idle plants will
prevail if restrictions on the output of civilian
goods are removed at a slower rate than available
manpower, materials and plants permit. On the
other hand, if the controls on civilian produc-
tion are removed prematurely or too freely, then
the production of military requircments will be
hampered correspondingly. There will be great
clamor and pressure for eliminating all restric-
tions as soon as any measurable quantity of mate-
rials and numbers of workers arc freed from war
work. Tt will react adversely on industry as well
as on government if these pressures are heeded
indiscriminately, thereby retarding the produc-
tion of munitions for our boys who still will be
fighting and dying at the front. The coordination
of declining war demands with increasing civilian
production probably is the most difficult and at
the same time the most important task in our
entirc reconversion problem. Advance planning
and sound judgment are essential.

An order of priority for initiating non-war or
civilian production must be prepared beforehand.
The schedule of resumption of peacetime pro-

duction should be governed by the amounts of



materials; manpower and facilities that are avail-
able as well as by the relative needs or importance
of diffcrent products. There will be strong com-
petition for priority among the various kinds of
consumer goods, cquipment needed for recon-
version, producers goods required for cxpansion
and modernization, and export demands. Rela-
tive nced obviously is the most compelling cri-
terion. But because of the importance of cxﬁcdit—
ing rcconversion, carliest consideration is urged
for the tools and fixtures and models which will
expedite large-scale civilian production when ade-
quate labor and materials are available. In anv
case, advance schedules will be needed to avoid
a makeshift, piccemcal lifting of controls on the
basis of who shouts the loudest.

Another difficult problem of the reconversion
period will be to keep to a minimum the distor-
tion of inter-industrial and intra-industrial rela-
tionships. Many varicties of consumers goods
compcte for the consumer dollar, and some in-
dustries will offer strong resistance if the green
light is given first to industrics whosc products
mav thereby acquire a time advantage.

Even more difficult will be the matter of com-
petition between companies producing the same
products. Some manufacturers may find them-
sclves tied up with continuing war contracts
with restrictions on their pecacctime products
suddenly lifted and their compctitors frce to
take advantage of the situation. The declining
need for different kinds of war materiel will vary
greatly, and some producers incvitably will be

available for peacetime production considerably

in advance of some of their competitors:

This raises the question of victory models oe
nucleus plants to eliminate competitive advan-
tages among producers of identical products
pending the time when all are on an cqual
footing again. Policies controlling this should
take into account the degree or the cxtent of
competitive advantage which reconversion might
bring, and also upon the time interval during
which these advantages will prevail. Such pro-
grams necessarilv mean increased government
control, hence they should be adopted only un-
der the most pressing circumstances.

There is the important question of termina-
tion as between large and small plants. Fairness
must be exercised, and undue advantage to either
group must be avoided in extending opportuni-
ties to continue receiving profitable war orders
or in getting back into civilian production. The
problems of small manufacturers must not be
neglected in this period. Likewise, any restraints
on new ventures and on more vigorous compcti-
tion must meticulously be avoided.

There also is the question of communities
which have becen greatly enlarged and others
which actually have been brought into being
by the war. It might be advisable to terminate
contracts in thesc areas first in order that the
workers might be encouraged to migrate clse-
where while employment prospects are most
favorable. Also, if continued production of some
armaments is contemplated after the war, it might
be well to concentrate this production in commu-

nities which otherwise would be stranded.



If the process of terminating contracts s to
be geared into meeting continued demands for
munitions and also expediting reconversion, then
the Armed Services must accept broad policy
consiclerations as criteria for cancelling contracts.
Procurement officers might be inclined to cancel
contracts with all high cost producers first. Or
they might be inclined to cancel small producers
first so as to reduce the administrative burden.
Then again, they might cancel the newer pro-
ducers of specific products rather than the older,
time-tried manufacturers.

These procurement criteria may all be highly
desirable and efficient but other important con-
siderations such as those mentioned above must
be given proper attention. Demobilization can-
not be a separate process from reconver-
sion. They must be united. The termination of
contracts is a demobilization task, but I am con-
fident that the procurement agencies appreciate
the importance of this operation in facilitating
reconversion and that they will take full cogni-
zance of the policies necessary for giving cvery
assistance to initiating peacetime production.

I have not attempted to raisc all the important
policy questions in terminating contracts, nor do
I propose specific solutions for cach major prob-
lem. Rather it has been my purpose to indicate
the complexities of the task which faces us and
to urge that intelligent and sound plans be de-
veloped now while there is time. By so doing,
we can avoid the dislocations and economic dis-

order which otherwise might characterize the re-

conversion period. The better we are prepared,
the morc rapid will be the resumption of full
employment and good business after the war
1S wor.

This job of changing America’s industrial pat-
tern from war to peace specdily and efficiently,
is onc which will tax the talents and knowledge
of the ablest business men of the country. These
men can, and I am sure that they will, attack
this task with the same energy and determina-
tion that characterized their efforts in the period
of mobilization for war.

Industry advisory committees were established
to cooperate with governmental agencies in the
great task of conversion to a full war economy.
These committees are the means through which
mdustry has the opportunity to playv a major role
in the solution of the problems of reconversion. It
must assume that responsibility or accept the con-
scquences in the form of enforced government
control. Industry must take a renewed interest in
these committees and make certain that our best
minds and strongest men arc available for the
challenging job of conversion which we face now.
It is a job that must be done well if we are to have
a good start on the road to a greater democratic

and free enterprise nation.

President, McGraw-Hill Publishing Company, Inc.



the amateur is
still in radio... |

No other industry has had the benefit of such an eager and
proficient group of supporters as the radio amateur.

By his own experimentations and inventions, and because
of the extreme demands he made upon radio equipment, the
radio amateur has been the driving force behind many of the
major developments in radio. Out of the amateur testing
grounds have come advanced techniques and vastly superior
equipment of which Eimac tubes are an outstanding example.

Eimac tubes created and developed with the help of radio
amateurs, possess superior performance characteristics and
great stamina. They will stand momentary overloads of as
qluch as 600% and mhey are uncondi- gy e eaders to
tionally guaranteed against premature
failure due to gas released internally.
These are good reasons why Eimac tubes

s

are first choice among leading elec- we ¥
tronic/eélgineers throughout the world. A pE

EITEL-McCULLOUGH, Inc., SAN BRUNO, CALIF.
Plants ai: Salt Lake City, Utah and San Bruno, California

Export Agents: FRAZAR & HANSEN, 301 Clay Street,
San Francisco, Califernia, U, S. A.

et 81"
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End of an Enemy

Ina split second this enemy plane will be blasted
from the skies by a shell from one of our anti-

aircraft guns on the ground.

How can a gun hit a plane going 300 miles an
hour 20,000 feet up ... when it takes the shell 15
seconds to get up there and in that time the plane
has gone more than a mile? Besides, the shell curves
in its flight. Wind blows it. Gravity pulls on it.
Even the weather affects its velocity.

The answer is the Gun Director—an electrical
brain which aims the guns. Swiftly it plots the
plane’s height and course. Instantly it solves the
complex mathematical problem, continuously match-
ing the curved path of the shell to the path of the
plane so that the two will meet. It even times the
fuse to explode the shell at the exact instant.

The electrical Gun Director has greatly increased the
deadliness of anti-aircraft gunfire. Developed by Bell
Telephone Laboratories and made by Western Elec-
tric, it is one of many war weapons now being pro-
duced by the peacetime makers of Bell Telephones.

Until the last enemy plane is knocked down,
buy War Bonds regularly—all you can?

&4 Western Eleclric

N The nation’s largest prodicer of electronic
€ - k and communications equipment for war

/L.
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Postwar Planning — Carrying
along his often-voiced theme of “So
little time and so much to be done,”
FCC chairman Fly stressed the urg-
ency of studies of technical prob-
lems vital to the future of radio in
his remarks before an important
postwar planning conference in
Washington. In attendance were
members of the Radio Technical
Planning Board, the Interdepart-
mental Advisory Committee (com-
posed of 13 government agencies),
the Board of War Communications
and the Federal Communications
Commission. It was generally
agreed that allocation studies
should be speeded, subject to priori-
ties. of war work, even though
characteristics of the higher fre-
quencies are not fully known.

Various panels of RTPB and gov-
ernment groups will consider major
changes which may be necessary in
services such as standard broad-
casting, FM, television, interna-
tional point-to-point, etc.; changes
to be made in FCC’s present stand-
ards of good engineering practice
and other technical rules; and the
possibilities of utilizing frequencies
above 300 me. It was suggested
that the studies be completed as
soon as possible so that manufac-
turers can be ready with plans to
produce equipment when materials
are again made available.

The group was informed of
studies that FCC is making to de-
termine the possibility of long-dis-
tance skywave interference in the
present FM and television bands.
There was also some discussion of
international television transmis-
sions.
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Patents—The exchange of pat-
ent rights and technical informa-
tion between the United States and
Great Eritain is expected to be
greatly facilitated by the setting up
in London of a Legal Agency, which
will operate as a field division of
the Legal Section of the U. S. Signal
Corps.

Experience has demonstrated that
even where agreements for joint use
of patents have existed there has
been such a lack of understanding
that full advantage has not been
taken of them. It has, for example,
been difficult to know when British-
owned patents are being used by
American manufacturers in such a
way that licenses are needed. It has
also been hard to keep track of the
ultimate user of licenses and techni-
cal data transferred to the British.

The new Legal Agency maintains
direct contact with British industry
and patent owners. It should be able
not only to get complete details of the
requisitions involved, but also to
bring together the interested parties.
Another service it performs is in
connection with British patents on
inventions relating to classified ma-
terial. Applications for use of such
patents are affected by the Espion-
age Act, Army regulations on secur-
ity, and the patent law on publica-
tion of data which might be detri-
mental to public safety or defense.
The result of the various regulations
has been that some companies have
sacrificed their foreign rights rather
than take the responsibility of filing
their applications abroad. The Legal
Agency will take such applications,
sent to the Signal Corps, and clear
them through the nroper channels.

Production Figures—Donald M.
Nelson, chief of WPB, in a recent
production report, pointed to the 9
percent increase over September in
communication and electronic equip-
ment as “one of the brightest spots
of the month.”

That the electronics production
program must, nevertheless, show a
continued increase was stressed by
Ray C. Eliis, director of the Radio
Division of WPB, when he told a
group of his field representatives
meeting in Washington recently that
production must move from a $250,-
000,000 monthly basis to over $300,-
000,000 per month. This will consist
of about 50 percent radio, 42 percent
electronics, and 8 percent telephone
and telegraphic requirements, accord-
ing to Frank S. Horning, chief of the
division’s Field Service, as compared
with the 1943 volume of 60 percent
radio, 31 percent electronics and 9
percent telephone and telegraphic
equipment. In 1942, the volume was
given as approximately 70 percent
radio, 17 percent electronics and 13
percent telephone and telegraphic
equipment.

There are now, it appears, 161
prime contractors, with approxi-
mately 1000 “direct contributors” of
electronic component parts, accord-
ing to an official statement from the
Radio Division.

Radio Census—Radio shortages
are being checked in a nationwide
survey of consumer needs which the
Bureau of Census is conducting for
WPB’s Office of Civilian Require-
ments. Visiting 7000 households to
ascertain shortages in more than 100
types of goods and gervices, census
enumerators are gathering informa-
tion regarding shortages in radio
sets (excluding automobile sets),
radio tubes, farm-radio batteries and
also radio repair service.

Replies to a number of set ques-
tions will be tabulated by OCR as
quickly as possible so that production
of any items critically needed by
civilian consumers may be planned.
—G. T. M.

N



From Crystal Set to Walkie-Talkie . ..

Complete listings of Mallory units
— their sizes, dimensions and
rated capacities—are contained in
this Mallory Catalog. Send for
Yyour free copy.
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Buy War Bonds
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The History
of MALLORY Components
is the History of Radio

For almost a quarter of a century, the history of Mallory elecironic
components has paralleled the development of radio itseir,

From the earliest plugs and jacks, to the latest hermetically-sealed
capacitors and vibrators, the list of parts has reflected the prog-
ress of the communications industry—literally step by step.

Because of their reputation for outstanding performance in peace-
time applications, they were readily adapted to military use.

Today’s roll call of standard Mailory componenis includes single-
gang, multi-gang and push button switches, attenuators, variable
resislors, polentiometers, jacks, plugs, dial light assemblies, mount-
ing hardware—a brilliant and highly versatile array, ready to solve
your most complex design problems.

Before you specily a special part that might require costly tooling
and production delays, check the Mallory Catalog. You’ll find elec-
tronic components available in a broad range of sizes and capacities
—and available through Mallory distributors in the United States
and Canada.

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

» EXPERTS . .. How best to learn what electron-
ics offers an industrial company interested in apply-
ing tubes to its own processes is a question that faces
every wideawake concern today. Now that electronic
experts are virtually unobtainable without stealing
them from someone else, the next best (and perhaps
the very best) plan is to look around one’s own plant.
What is required is a man who has a good mechanical
background and who in the pre-war days was an
amateur radio operator or, going further back in time,
a home-set builder.

Old-line electrical engineers may have trouble
grasping electronics. For them a vacuum tube is an
open circuit; to them the concepts of wave guides in
which electric energy is piped over a single conductor
will prove most troublesome,

Every industrial plant should have someone ap-
pointed, now, to begin learning electronics. If possible
he should be given a place to work, some money for
books, so he may learn what has been done, and some
apparatus, to enable him to get the feel of the equip-
ment. This man, in time, could advise the company on
the merits of electronic apparatus on the market and,
given the proper encouragement and ability he could
soon learn where and how electronics could be applied
to his own plant processes.

Waiting until after the war to get a start may prove
to be waiting much too long.

»SOS . . . According to the New Yorker, much of
whose contents we enjoy but do not believe, one of the
lifeboat transmitters pictured on ELECTRONICS’ Septem-
ber cover was shipped to someone around New York
City for some experimental work. The office secretary
opened the bundle, and seeing the handle of the radio
transmitter, gave it a couple of good whirls, as who
wouldn’t?

Within a short while, they got a call from the
Coastal Command, who wanted to know who the hell
was lost at sea on lower Madison Avenue.

TALK

»RTPB ... With the complete roster of panel
chairmen appointed and placed before the industry
by Chairman W.R.G. Baker, work is already under way
on the many important problems to be discussed by
this board. One of the major conflicts, according to
Dr. Baker, is the desire of television and FM enthu-
siasts for ether space. As we remember the earlier con-
flict the FM people wanted the lowest television chan-
nel and would have been satisfied if they had secured
this additional waveband. Whether still more chan-
nels are now deemed necessary for I'M expansion, is
not known. Mr. Fly has stated that he believes the
existing 16 to 17 channels available for television is
not sufficient. Six months ought to see the answer to
this dispute, according to Dr. Baker.

Since a 1-kw FM transmitter complete with mike,
turntable and antenna costs only $10,000 approxi-
mately, there will undoubtedly be a big demand for
permission to broadcast by FM. Many agencies not
now in the broadcast business will want to break into
it in this manner. The scramble for frequencies will
remind old-timers of the days when all broadcast sta-
stions were on 360 meters.

As a matter of fact (the reader may sense that we
are now warming up to the subject) there is really no
reason why any existing broadcast station which is
really performing a service, and which wants to keep
on with this job, should not have an FM outlet. There
is no reason why there should not be several hundred
channels and not just a dozen. This would immediately
remove broadcasting time from the realm of the hard-
to-get, with the result that politicians might not try
$o hard to get it.

The broadcasters, however, seem to be least wide-
awake to the portent of frequency modulation, at least
in New York. Here it is treated as a sort of ugly step-
child to be killed, if possible, with hour after hour
of recordings, many with loud needle scratches. CBS,
for instance, does not put the New York Philharmonic
on its New York FM outlet, although the NBC big-time
event, the NBC Symphony, now provides FM listeners
with the big treat of the week.



OMPONENT PARTS

P IN THE ALEUTIANS an army

plane took off on an emergency
patrol with its direction-finding gear
inoperative for lack of a replacement
capacitor. Fog closed in and, prob-
ably because the d-f equipment was
not functioning, the ship and its crew
were lost at sea. Technicians later
discovered that a suitable replace-
ment capacitor was available all the
time in a nearby navy stockpile.
When tested, the part proved to be
electrically identical but it was, un-
fortunately, dissimilar in shape and
differently marked.

Aside from the obvious desirabil-
ity of employing standard identifica-
tion codes and so conserving shipping
facilities to and storage space on the
fighting fronts, there is good reason
for universal adoption of physical
and electrical component parts stand-
ards in wartime. It appears that a
30 to 35 percent increase in produc-
tion of electronic equipment will be
required for military purposes in
1944. Labor is at a premium and fac-
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One standardization objective.
in a typical prime-contractor's stock. Right, actual requirements
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tory facilities ave already taxed to
the utmost. Standardization can help
produce the required production in-
crease.

The Objectives of Standards

Advocates of component parts
standardization list the major objec-
tives of the present program as fol-
lows:

Concentration of component parts
manufacturers upon fewer types can
increase production by utilizing la-
bor, machinery and even materials to
better advantage. More efficient oper-
ation will carry right on down
through testing and packaging.

Availability of standard parts from
more sources of supply will insure
continuous production of finished
gear by prime contractors. Here too,
the testing and handling problems
will be simplified.

Standards have already been writ-
ten and approved for ten component
parts, accessories and associated test-
ing devices.* The ten include fixed

WITH
DESIRED
| STANDARDIZATION

&7

o

Left, multiplicity of resistors

mica-dielectric capacitors, 23 and
3-inch round flush-mounting panel-
type electrical indicating instru-
ments, ceramic radio insulating ma-
terials intended primarily for use as
insulators, ceramic radio dielectrics
intended primarily for applications
where capacitance is the prime con-
sideration, shock-testing mechanisms
for 2} and 3-inch round flush-mount-
ing panel-type electrical indicating
instruments, ferrule-terminal style
external meter resistors, glass-
bonded mica radio insulators, stea-
tite radio insulators, fixed composi-
tion resistors and 120-milliampere to .
10 ampere-type external radio-fre-
quency thermocouple converters. Ap-
proval dates range from November
12, 1942 for the first to October 19,
1943 for the tenth.

Standards have been proposed on
limited sizes of fixed molded paper-
dielectric  capacitors, dynamotors
(third draft), porcelain radio in-
sulators (third draft), glass radio
insulators (fourth draft), low oper-
ating-temperature variable wire-
wound resistors (seventh draft.
Originally entitled “wire-wound po-
tentiometers and rheostats”), one
crystal unit involving a piezo-electric
element in a sealed holder and de-
signed for non-keying applications
in aireraft (fourth draft), power-

type wire-wound rheostats (third
draft. Originally entitled ‘high-
power variable wire-wound resis-

tors”) and 600-volt rms low-tension
radio and instrument hook-up wire
employing thermoplastic synthetic in-
sulation (third draft). Some dozen
or so more proposed standards are in
preparation.

Progress is being made but the
chief standard-bearers for the pro-
gram say that lack of genuine en-
thusiasm on the part of some agen-
cies and outright opposition by
certain individuals involved in the

* American Standards Association, 29 West
39th St., New York 18, N, Y.
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STANDARDS

THESE

work renders speed consistent with
the requirements of the war effort
difficult.

More complete cooperation is
clearly required between the various
groups and companies necessarily
involved in the component parts
standardization program if wartime
objectives are to be obtained. Gén-
eralizations are rarely accurate in
every detail but it is believed that
the following editorial observations
constitute a fair overall picture of
the major obstacles in the path of
the program.

Some Program Obstacles

Standardization must stem from
the Army and Navy. Neither branch
of the service is entirely consistent
in its own component parts specifica-
tions. Moreover, while some effort
has been made to dovetail the speci-
fications of various branches of the
service one gets the distinct impres-
sion in the field that much more
might be done in that direction.

WPB, utilizing the facilities of
ASA, is the guiding spirit in the
program. The agency, it appears, is
currently endeavoring to speed up
standardization by inducing prime
contractors to insist upon standard
parts rather than by means of direc-
tives. This may be considered weak
or it may be considered strong, de-
pending upon where the reader sits.
One obvious weakness is the fact that
it provides little centralized direction
for the program and less enforce-
ment “teeth.”

Prime contractors, for the most
part, appear willing enough to specify
and use standard parts. They will
not, however, hold up a production
line when they themselves are under
pressure to meet contract delivery
dates, where standard parts are not
quickly available and where other
parts will pass the required tests.

Component parts manufacturers,
similarly, are cooperatively inclined,

ELECTRONICS — January 1944
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Stand-
cases,

Another example,
ardization of the
dials and ranges of the
10 instruments at the top
permits their compression
into the two at the bottom

with some few exceptions, up to the
point where the demand for stand-
ardized designs makes it necessary to
even temporarily shut down machines
in production in order to make the
require¢ changeovers. Insistence
upon rapid changeovers, they point
out, could easily disrupt factory oper-
ations and defeat the very purpose
of the program. Where a component
parts manufacturer’s attitude toward
standardization is completely nega-
tive it will often be found that he has
his eye on the immediate post-war
competitive objective rather than
present wartime necessity.

Summing up the above analysis, it
might be said that a lot of people
like the general idea of wartime com-
ponent parts standards but too few
are doing something about it.

Specifications and Symbols

The need for wartime component
parts standards goes right down to
the tap-roots of the industry and
even affects paper work. Many diffi-
cult design drawings have had to be
duplicated, with resultant bottlenecks
in drafting departments, because of
minor differences which could have
been resolved by closer cooperation
between the Army and the Navy, or
between various groups within each
service. Similarly, many change-
orders and other forms have had to
be turned out in duplicate, triplicate,
quadruplicate and quintuplicate for
one agency or group or customer,
civilian as well as military, and then
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done all over again with minor varia-
tions for another.

ELECTRONICS has for some time
agitated for one set of standard com-
ponent parts symbols, and this sub-
ject too should be part and parcel
of the present standardization pro-
gram. There is an international set
of circuit symbols. There are the
radio symbols. There are power sym-
pols. And now there is a fourth set
of symbols, involving differences, in
use to designate electrical or elec-
tronic component parts in the air-
craft field.

The symbols situation has become
so complicated that one of the best-
known companies in this industry
has designed its own set of symbols,
into which all other symbols are re-
solved before drawings coming from
outside sources are placed in the
hands of engineers. We don’t know
how much of the component parts
standardization program can be
carried over into peacetime practice
but it does appear safe to say that
virtually all work done now in con-
nection with symbols could readily
carry over. It is felt, furthermore,
that unless symbol standards are
straightened out now, under pres-
sure of wartime exigencies, there is
little likelihood that they will be
later. As this is written there is
some indication that meetings now in
progress may soon resolve the situa-
tion and come up with one set of
symbols, to be used at least for the
duration.—w. MACD
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FIG. 1—Type L-2 plane, built by Taylorcraft. Multi-laminar spars are being used successfully in ships of this type

R-F Heating Sets

' Laminated

 AIRCRAFT SPARS

ADIO-FREQUENCY HEATING is be-
R ing employed to advantage in set-
ting the synthetic-resin glues used in
assembling laminated aircraft spars.
During the past year the multi-lam-
inar spars used in the Taylorcraft
Type L-2 plane have been made by
this method and the advantages of
using. radio-frequency heating are
considered to have been well proved.

Time for complete setting of the
glue has been reduced from eight
hours to twenty minutes. Production
capability of a single small plant has
been upped from 25 spars per day to
200 spars per day. Even more im-
portant—the use of r.f. has made it
feasible to use smaller pieces of wood,
thus overcoming a critical shortage
of full-size lumber and, incidentally,

96

Use of electronic gear reduces glue-setting time from

eight hours to twenty minutes, increases output of typical

small plant from 25 to 200 spars per day and cuts lumber

cost 40 percent.

Spars so produced are stronger than

those made from a single piece

permitting a 40-percent saving in the
cost of lumber. The laminated spars
made by this method are stronger
than spars cut from a single piece;
in fact, some tests have indicated
they may be stronger than the metal
spars used before the war.

Use of Laminated Spars

Planes such as that shown in Fig.
1 formerly made use of a fabric-cov-

ered metal-frame type of wing con-
struction. The main spars were
usually of extruded aluminum or
nicralumin.

Sometime before Pearl Harbor it
became apparent that aluminum
would not be available for this pur-
pose. Aireraft manufacturers then
turned to spars cut from solid wood
planks, usually spruce. However, as
Grade A spruce of the kind specifi-

Jonuary 1944 — ELECTRONICS
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FIG. 2 (above)—Steps in the construction
of multi-laminar spar showing (a) narrow
boards edge-glued to obtain 6-in. widths,
{b) short boards scarf-glued to obtain 16Y2-
ft length, (c) % x 6-in. boards flat-glued
to obtain 6 in. x 6 in. x 16%2-in. block, (d)
block sawed vertically to obtain edge-
grain laminated spars % in. x 6 in. x
16%2 ft

FIG. 3 (above at right}—Multilaminar

spar ¥ in. x 6 in. x 16%2 ft size) made

by radio-frequency gluing can be twisted
through 180 deg. without damage

FIG. 4 (right)—Approximate time required

for setting resin glue used in making

multi-laminar spar, plotted against tem-
perature at the glue line

By
JOHN P. TAYLOR

RCA Victor Division
Radio Corporation of America
Camden, N. J.

cally designated for aircraft use con-
stituted only about one-half of one
percent of all of the standing timber
of this type, the total usable supply
was strictly limited. Manufacturers
therefore turned to making spars by
gluing several thin boards together to
obtain the necessary thickness. The
next step was to use up short lengths
by scarf-jointing these together, and
eventually to use narrower widths by
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edge-gluing. By this means the
amount of usable lumber was greatly
increased, although at the cost of
adding several steps to the process of
turning out spars.

At about the same time poplar was
approved for use as an alternative to
spruce. Unfortunately, poplar was
not available in edge-grain cut, so
that still another gluing operation
was involved when it was used. This
is best explained by describing the
steps in the construction of a typical
spar.

Multi-Laminar Construction

The sketches in Fig. 2 illustrate
the evolution of a multi-laminar spar
such as those used in the Taylorcraft
1-2. Other methods of assembly are
used at times, according to the mate-

rial available, but the one shown il-
lustrates all of the steps ordinarily
required.

The lumber as received is about
% in. thick. It comes in various
widths, specified as “4 inches and
over,” and in various lengths “4 feet
and over”. The first step is to select
two boards of approximately the same
length and to edge-glue these as
shown in Fig. 2a. The result is a
board which can be trimmed to a 6-in.
width.

The second step is to scarf-joint
two or three lengths of the 6-in. wide
boards together to obtain the re-
quired length of 16% ft, as shown in
Fig. 2b. If the material is poplar,
the wood will be flat-grain (i.e., grain
roughly parallel to the face of the
board), whereas the specification
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FIG. 5—Radio-frequency equipment installed at Tolerton Lumber Company, Alliance.
Ohio, for making laminated spars. The r-f generator is located in the room in the
background. Transmission lines consisting of sheet-metal outer conductors and copper
tubing inner conductors can be seen running around the top of the room to the
edge-gluing press just barely visible at the left and the big flat-gluing press at right
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FIG. 6 (above)—Simplified schematic cf

the r-f generator used in the installation

pictured in Fig. 5. The load is tuned by

means of inductances in parallel, facilitat-

ing the use of transmission lines beiween
generator and load

FIG. 7 (right)-—An alternative load tuning

circuit using series inductance. This ar-

rangement can be used only when the rf
generator is close to the load

FIG. 8 {(below at right)—Arrangement for
gluing by concentrating i}ow of current
" through the glue lines
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calls for the wood in the spar to be
edge-grain (i.e., grain roughly per-
pendicular to the face of the board).
To get around this two additional
steps are required.

Six to eight of the flat pieces, made
up as described above, are assembled
and glued together as shown in Fig.
2¢. The result is a single block of
wood about 6 in. x 6 in. x 163 ft long.
This block is then sawn vertically into
six strips, each % in. x 6 in. x 163 ft
as shown in Fig. 2d. This laminated
plank, which looks as though it had
been assembled from a number of
3-in. squares, is the piece from which
the desired spar is shaped and fin-
ished.

While a spar which has been made
as described may consist of as many
as twenty separate pieces (if %-in.
thick boards are used), it is in some
ways actually stronger than a spar
made from a single plank. Such a
spar,  in. x 6 in. x 163 ft in size, can
be twisted through 180 deg. as shown
in Fig. 3, a test which few solid
Spars can pass.

Need for Heat Curing

In order to appreciate the advan-
tages of heat in curing glued aircraft
assemblies, it is first necessary to
realize the important difference be-
tween the resin adhesives now used
and the animal and hide glues used
in the wood airplanes of the twenties.

Animal glues and other early
types obtain their set by the evapora-
tion of moisture. Strong joints may
result but these joints are generally
not water or fungus-resistant and
hence deteriorate in time. Resin ad-
hesives, on the other hand, obtain
their set by chemical reaction under
heat and pressure. They are at least
water-resistant, and can be made
completely waterproof.

The time required to set resin
glues is an inverse function of the
temperature and, in the working
range, is approximately logarithmic.
This is shown in Fig. 4. The type
used in the spars under discussion
will polymerize or set in about eight
hours at a temperature of 80 deg. If,
however, the temperature is in-
creased to 180 deg. it will set in two
or three minutes. Thus, by provid-
ing some means of heating, the cur-
ing time can be enormously reduced
as compared to drying in air.
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Moreover, when this is done fewer
fixtures are required, space is con-
served, and multiple-step laminating
processes become practical, since the
time required for the individual oper-
ations is not excessively long.

Advantages of R-F Heating

Various methods of providing the
heat needed to expedite the setting
of resin glues are in use.

Thin resin-bonded plywood (often
referred to as “aircraft-quality ply-
wood”) is usually made in hot-plate
presses, that is, presses in which the
platens are heated by steam piped
through them. However, for thick-
nesses greater than an inch, the time
required for the heat to penetrate to
the center glue-lines is excessive. The
wood is a very poor thermal con-
ductor, and the maximum outer tem-
perature must be limited to not much
over 300 deg. if charring is to be
avoided. Approximate -calculations
indicate that about four hours would
be required for the center of a 6-in.
thick assembly to reach 200 deg. F
when the platens are maintained at
300 deg. F.

Another method which is some-
times used is to clamp the lamina-
tions as in cold-gluing and place the
whole agsembly in a heated kiln. This
requires about the same time as the
hot-plate press but has the advantage
of not tying up press facilities.

In addition to the time required
and the tying up of scarce equipment,
there is in both these methods an
added disadvantage in that some dry-
ing-out of the wood, particularly
near surfaces, is almost certain to
occur. Since the moisture content of
aircraft woods is specified within
close tolerances, this often necessi-
tates reconditioning of the wood
after gluing.

R-F heating has been in use in the
manufacture of the spars under dis-
cussion only a little over a year and
in only a very few installations.
Nevertheless, it is already evident
that the advantages which it offers
are considerable.

The wood, with r-f heating, is
actually heated from the inside out.
This follows from the fact that while
heat is generated uniformly through-
out the wood, there is always some
loss by conduction from the outside,
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FIG. 9—One end of a special press used for edge-gluing. The fire-hose at the front
of the press is utilized to provide {luid pressure along the length of the boards to
be edge-glued
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FIG. 12 (above)—Scarf joint in @ % x 6-
in. board made by the method illustrated
in Fig. 11

FIG. 13 (right)—Large press used in glu-
ing up the 6 in. x 8 in. x 16%-it blocks
from which multi-laminar spars are sawed

so that the center ordinarily will be
somewhat hotter than the surface.
As a result, there is more heat at the
glue lines, where it is wanted, and
less at the surface, where it is of no
use. Moreover, the time required to
reach curing temperature is not de-
pendent on thickness and can, within
the limits set by allowable inter-elec-
trode voltages, be made as short as
desired.

A 6-in. thick assembly requiring
four hours in a hot-plate press (or
eight hours at room temperature)
can be cured in twenty minutes with
ease by means of r-f heating. It
could be done in ten or even five min-
utes if the greater power required
could be economically justified. Be-
cause of the short curing time in-
volved, little loss of moisture occurs.
The joints made in this way are at
least as strong as those obtained in
other ways.

Equipment for R-F Heating

The theory of r-f heating as ap-
plied to wood has been presented in
an earlier article.* This discussion
of equipment will, therefore, stress
the application angles. The equip-
ment to be described is that installed
at the Tolerton Lumber Company,
Alliance, Ohio, where the spars de-
scribed above are manufactured.

The r-f generator used in making
these spars is a 15-kw (output power
rating) device of modified radio
transmitter design. This unit is

housed in a small room which is
provided with several windows look-
ing out into the operating area. The
room was found desirable to protect
the equipment from the hazards of
lumber-mill operations.

Emanating from this “r-f room”
is a transmission line. Branches in
the line, with appropriate switching
arrangements, allow power to be fed
to any one of three press positions.
Some idea of the arrangement of the
equipment can be obtained from
Fig. 5.

A simplified schematic of the r-f
unit is shown in Fig. 6. The circuit
is that of a Colpitts push-pull osecil-
lator. Output coupling is by means
of a two-turn pickup loop, the posi-
tion of which, relative to the split
tank inductance, can be varied by a
motor which 1is push-button con-
trolled from the panel.

The load coupling arrangement
used is also shown in Fig. 6. Ordi-
narily, a load of this type represents
a fairly high capacitance and at the
frequency used (approximately 8.5
Me) only a small inductance is re-
quired for resonance. By making this
inductance of large current-carry-
ing capacity (usually copper pipe)
and locating it near the load, it is
possible to keep copper losses low
while at the same time allowing the
r-f unit itself to be located some dis-
tance from the press.

An alternative series tuning ar-
rangement, shown in Fig. 7, is often

used in heating plastic preforms * and
sometimes in wood heating, but is
practical only if the r-f unit can be
placed very close to the press. Where
it is desired to feed power to several
locations, as in the present case, it is
almost always necessary to use trans-
mission lines, and since these must
usually run overhead, the minimum
lengths are likely to be 20 ft or more
even for very compact layouts. This
makes the parallel tuning arrange-
ment of Fig. 6 the logical choice.
Another load arrangement is
shown in Fig. 8. Its usefulness is lim-
ited to special cases. In this setup the
electrodes are placed at the sides of
the assembly rather than on the top
and bottom. With such an arrange-
ment the current, instead of flowing
uniformly through the wood, tends to
concentrate in the glue lines, due to
the moisture which they contain. As
a result, the glue rises quickly in
temperature to about the boiling
point and curing is almost immediate
(providing the glue used ordinarily
sets rapidly at 210 deg. F or lower).
Since the only power required is that
necessary to heat the glue lines and
the immediately adjacent wood, the
action is many times more efficient
than when all the wood must be
heated. There are several practical
drawbacks which limit the useful-
ness of this method. However, where
it can ‘'be used, as in one case noted
below, the results are outstanding.
The actual arrangements of elec-
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trodes are worth noting, since they
illustrate the approach to several
common application problems.

Connecting R-F to Presses

As noted above, a transmission
line from the r-f generator is ar-
ranged so that power may be fed to
any of three press positions. This
line consists of an inner conductor of
one-half inch copper tubing, mounted
on 4-in. standoffs, and an outer con-
ductor of sheet metal in the form of
an inverted U. A 1 x 6-in. board sup-
ports the line through its entire
length. This type of line has the me-
chanical and safety advantages of a
concentric type line without the volt-
age-flashover problem involved in the
use of standard concentric lines of
relatively small diameter. Moreover,
it is easily constructed from readily
available parts and easily chan'ge(li;
when necessary.

Switching is accomplished by knife-
blade switches mounted on standoffs
directly in the line. In Fig. 5 one of
these switches may be seen at the
right-angle junction of the lines to
two of the presses.

Spar Manufacturing Procedure

The first of three presses to be used
in the spar-manufacturing operation
is the edge-gluing press. This is a
press which was built on the location
for this particular job. An end of it

can be seen at the left in Fig. 5 and
part of the length (it is 25 ft. over-
all) in Fig. 9. The retaining mem-
bers of this press are U-shaped chan-
nel irons welded to form a rigid
framework and supported by a wood
frame in a convenient working posi-
tion. An end view diagram is shown
in Fig. 10.

Boards to be edge-glued are placed
side by side, with the outer edge of
one board pressing against the re-
taining frame and the outer edge of
the other board pressing against a
length of deflated fire-hose. Pressure
is applied by filling the fire-hose with
water at 100 1b pressure. As the fire-
hose expands it presses the two
boards firmly together and holds
them for as long as required, after
which a valve at the far end is oper-
ated to release the pressure.

The arrangement of electrodes

“used with this edge-gluing press may
be seen in Fig. 10. The top electrode
is about 8 in. wide, so that the joint
to be glued can fall anywhere within
this width. The electrodes are nearly
25 ft long, allowing boards as long
as the press will accommodate to be
glued in one operation. Gluing in
this case is accomplished by making
most of the current flow through the
glue line.

Using only part of the available
power, edge joints in boards 163 ft
long are securely set in two minutes.
Temperature measurements show

that the glue comes up to a tempera-
ture of over 200 deg. in a period of
ten to fifteen seconds. The joints
made in this press have been care-
fully tested by several laboratories
and found to exhibit strength which
in all cases is above specifications,
and in most cases is greater than
that of the wood itself.

The second press position, in the
ordinary sequence of operations, is
the scarf-jointing press. Several dif-
ferent presses have been used for
this purpose, the most satisfactory
of which, from the r-f viewpoint, was
an all-wood press using two lengths
of fire-hose to obtain the necessary
pressure on the top caul board.

The arrangement of electrodes is
shown in Fig. 11. In this instance
the whole body of the wood is heated
(experiments with heating only
through the glue line having yielded
questionable results). For most op-
erations a number of scarfs are done
at one time since plenty of power is
available and a saving in handling
time is effected. Making eight scarf
joints as shown usually requires
about ten minutes. A scarf joint
made in this manner is shown in
Fig. 12.

The third press operation is that
of assembling the several layers to
make the 6 x 6-in. block. This is done
in a large press which originally was
used in making simple laminated

(Continued on page 196)

Fra

me

cyli

Prneumatic|

nder

T

A

2l

-

o
'

f l Moving platen l \
1[ Insulation 1\0
o S, ) N g
E : S e——Se
{ Insulation [ =
‘ Press base
Tuning stub Tuning stub
Trans. line
from
R~F Gen.

FIG. 14—Arrangement of electrodes and
press. Two tuning inductances are used i

tuning inductances (stubs) on the large
n order to reduce voltage variation due to

the standing wave along the platen

ELECTRONICS — January 1944

FIG. 15—Piece cut from the end of the
6 in x 6 in. x 16%-ft block from which
the multi-laminar spar is cut
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P-M Communication System
for CHICAGO SURFACE

mddulated radio equipment and seven super-
visory cars with receivers keep streetcars and
buses operating smoothly under all' emergen-
cies, proving the effectiveness of low-power

Forty-four mobile units with two-way phase-

p-m in covering 190 square miles of territory

HE phase-modulated radio com-

munication system which is be-
ing used by the Chicago Surface
Lines to provide city-wide coverage
for emergency operation now has a
background of a year and one-half
of successful operation.

The system fulfills an important
need when fires, floods, accidents or
other emergencies endanger life and
property and normal communica-
tion is not readily available. It has
even been called upon to obtain
medical attention for streetcar pas-
sengers suddenly taken ill, and in at
least one case a squad car became
an emergency maternity ward. Fur-
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thermore, by bringing squad cars to
accidents promptly, the system has
materially aided in adjustment of
claims and reduction of losses.
With an area of some one-hun-
dred square miles, Chicago has a
population of approximately three
and one-half million persons served
by several transportation systems,
of which the largest is the Chicago
Surface Lines. This system pro-
vides approximately four million
passenger rides per day by means
of approximately 3500 streetcars,
electric trolley buses and gasoline-
powered buses, of which the latter
are used primarily in outlying sec-

LEFT: Battery of squad

cars equipped with mobile

P-m communication equip-
ment

BELOW: Control panel for
mobile radiotelephone set
is mounted ‘at base of
dashboard in squad cars

tions of the city as feeders to the
main streetcar system.

The operation and maintenance of
so vast a transportation system re-
quires an elaborate means of com-
munication which in the past has
been provided largely by telephone
service. Telephone service, how-
ever, has been found inadequate for
meeting the various emergencies
which must necessarily be expected
to arise when several thousand mo-
bile units are in constant use, for
a telephone communication system
operates satisfactorily in only one
direction. While it is possible for
streetcar operators to phone the
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WRECK WAGON

v

TRANSMITTING
| ANTENNA

.- COAXIAL
CABLE

MAIN TRANSMITTER
AND RECEIVER

ANTENNA

RECEIVING AMPLIFIER

MTENNA -
A MODULATED 377}

EXCITER |

DISPATCHER'S
CONSOLE

(75 MILES FROM

TRANSMITTER)-

TRANSFORMERS |

ABOVE: FIG. 1—Functional

diagram illustrating opera-

tion of p-m radio system

used by Chicago Surface
Lines

LEFT: Main antenna tower.

Receiving dipole can be

seen at the 86-foot level on
the 267-foot tower

RIGHT: Interior view of
Motorola transmitter and re-
ceiver unit at main station.
The tank in the corner
maintains dry atmosphere
of nitrogen in coaxial
cables. On wall at left are
a Weston photoelectric con-
trol unit for tower lights
and a Sola constant-voltage
transiormer

central office in the event of emer-
gency, it is not possible for the cen-
tral office to get in touch with the
public transportation units or squad
cars, wrecking wagons or line
trucks whose positions vary con-
stantly.

Outline of System

The radio system which has been
installed provides two-way com-
munication between a dispatcher’s
office located in the loop and 44 mo-
bile units distributed throughout
various sections of the city. In ad-
dition, seven automobiles are pro-

vided with receivers for one-way
communication and are used by ex-
ecutives of the company for super-
visory control. All transmitters and
receivers operate on the same car-
rier frequency. Since all receivers
are in continuous operation, each
mobile unit is kept in constant
touch with other units and with the
dispatcher’s desk.

Of the 44 two-way mobile units,
18 are installed in Chevrolet pas-
senger automobiles which tour the
entire city throughout the day for
approximately 18 hours. Only three
of these cars are used during the
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FIG. 2—Simplified schematic wiring diagram of p-m mobile
A similar unit, but with two 807
(or RK39) tubes:i parallel in the final rf stage, and powered
from a rectifier-filter system rather than from storage batteries

transmitter delivering 30 waits.

and a generator, is used as the exciter unit for the remotely-
controlled main transmitter. For purposes of simplicity, numerous
protective, remote control and interlocking circuits have been

omitted from

this diagram

Cl —5,000 uuf, 300 v
C2 —50 put, 400 v
C3 —100 yuf, 400 v
C4 —2,000 uuf, 500 v
CS5 —10 uuf, 400 v
C6 —100 uuf, 400 v
C7 —5,000 uuf, 300 v
C8 —20 uf, 25 v

C9 —0.05 uf, 600 v
C10-—0.05 uf, 600 v
C11—100 uuf, 400 v
C12—35,000 uuf, 300 v

C13—2,000 uuf, 500 v
C14-—2,000 uuf, 500 v
C15—100 uuf, 400 v
C16—2,000 uuf, 500 v
C17—2,000 uuf, 500 v
C18—2,000 uuf, 500 v
C19—100 uuf, 400 v
C20—2,000 uuf, 500 v
C21—2,000 uuf, 300 v
C22—35,000 puf, 300 v
C23—2,000 uuf, 500 v
C24—50 uut, 400 v

C25—0.05 uf, 600 v

C26—5 to 44 uuf
C27—50 uuf, 200 v
C28—50 uuf, 400 v
C29—500 uuf, 400 v
C30—0.05 uf, 600 v
C31—0.05 uf, 600 v
C32—0.05 uf, 600 v
C33—5 to 44 uut
C34—50 uuf, 200 v
C35—50 yuf, 200 v
C36—5 to 44 uuf

C37 to C41—trimmers
R

1 —470,000 ohms
R2 —1,000 ohms
R3 —10,000 ohms
R4 —47,000 ohms
R5 —47,000 ohms
R6 —100 ohms
R7 —4,700 ohms
R8 —330 ohms
R9 —100,000 ohms
R10—100,000 ohms
R11—33,000 ohms

R12—33,000 ohms
R13—220,000 ohms
R14—100 ohms
R15—1,000 ohms
R16—150,000 ohms
R17—220,000 ohms
R18—100 ohms
R19—1,000 ohms
R20—150,000 ohms
R21—220,000 ohms
R22—100 ohms
R23—1,000 ohms

R24—2,200 ohms
R25—1% ohm
R26-—20,000 ohms
R27—22,000 ohms
R28—220,000 ohms
R29—220,000 ohms
R30—22,000 ohms
R31—470 ohms
R32—5,000 ohms
R33—18 ohms
R34—22,000 ohms
R35--27,000 ohms

remaining six hours. Effective cov-
erage of all of the company’s trans-
portation units is provided by these
squad cars. Fifteen wreck wagons
equipped with two-way units are lo-
cated throughout the city in the
company’s garages, which are con-
nected by telephone lines to dis-
patcher’s office. These wreck wag-
ons serve to remove stalled vehicles
from the right of way, clear colli-
sions between vehicles when these
occur at locations which would
block the passing of the company’s
passenger-carrying units; guard
fallen wires and feeder cables while
awaiting arrival of regular repair
crews; cooperate with the fire de-
partment at fires *o maintain regu-
lar transportation and to safeguard
life and property and perform sim-
ilar emergency functions.

The remaining 11 two-way mobile
units are located on trucks equipped
to handle the installation and re-
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pairs of overhead contact wires and
feeders. These trucks are also
available for emergency service.

Communication from a central
dispatcher’s office in the centrally
located business district with the
51 mobile units is made possible by
a remotely controlled transmitter and
receiver combination operating un-
der the call letters WAYH. The
transmitter and receiver are located
in a small tile building at the base
of a 267-foot triangular steel tower
at Madison Street and Austin Boule-
vard.

This site marks the western city
limits and the dividing line between
the north side and the south side of
the city. This site was determined
by Motorola engineers after a com-
plete survey of the city for a suit-
able location. It offers a low noise
level to facilitate the reception of
signals from the mobile units lo-
cated at any point in the city and

provides complete coverage of the
city with the 250-watt, 39.86-Mc
phase-modulated transmitter lo-
cated in the small building at the
base of the tower. The transmitter
and receiver are connected to a ver-
tiecal half-wave antenna.

Figure 1 indicates the functional
arrangement of the communication
units of the system.

Although the origination of a sat-
isfactory communication system is
in itself a design problem of appre-
ciable magnitude, the organiza-
tion and proper administration of
the operating personnel requires the
services of several hundred em-
ployees. Each of the men in the
squad cars and the foreman of the
wrecking wagons and'Zable trucks
are required to. posséss restricted
radio telephone licenses in order to
operate the radio equipment in the
automobiles. In all, some 250 em-
ployees of the Chicago Surface
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Lines have radio licenses for operat-
ing such equipment. This number
includes a sufficient number of men
for maintaining 24-hour operation
of the system and for relief person-
nel to replace those on vacations.
It is estimated that during a nor-
mal day’s operation, between 100
and 200 messages per day are trans-
mitted over this system. This is
approximately an average of four
calls per mobile unit each day.
Although all components of the
system have been found to operate
in a highly satisfactory manner, a
maintenance and repair shop is op-
erated at one of the storage barns
and garages owned by the surface
lines. Several spare units are al-

ways kept available in this shop for
immediate replacement should this
become necessary. By according
proper service to the transmitters
and receivers in the mobile units,
major repairs are reduced to a min-
imum.

Mobile Units

Flexibility of operation has been
one of the foremost design charac-
teristics in establishing this radio
system. Not only is the equipment
of one mcbile unit interchangeable
with that mounted on any other mo-
bile unit, but with minor modifica-
tions which may be easily effected,
the same equipment is used in the
main transmitting and receiving

station. Such a system makes pos-
sible the ready replacement and
servicing of units which may not
perform as well as may be expected
or which may become damaged in
service. Accordingly, a description
of the equipment in the mobile unit
will likewise constitute a descrip-
tion of the major part of the trans-
mitting and receiving equipment of
the main station.

A complete installation for a mo-
bile unit includes the following
equipment: (1) antenna; (2) re-
ceiver; (3) transmitter; (4) control
head; (5) microphone; (6) connec-
ting cable; (7) accessory kit and
instruction-service manual.

The antenna is customarily

FIG. 3—Wiring diagram of the p-m receiver used in mobile units.
An input stage of r-f amplification, two limiters, and squelch
circuits are features of this double superheterodyne, both oscilla-

Cl —3.5 to 50 uuf

C2 —500 uuf, 400 v
C3 —5,000 puf, 400 v
C4 —5,000 uut, 400 v
CS5 —2 uuf

C6 —2,000 puf, 400 v
C7 —5 to 44 put

C8 —5,000 puf, 400 v
C9 —5 to 44 uuf
C10—100 put, 400 v
C11—5,000 xuf, 400 v
C12—5 to 44 puf
C13—10 uuf, 500 v
C14—10 puf, 500 v
C15—5 to 44 puf
C16—500 uut, 400 v
C17--5,000 puf, 400 v
C18—5,000 uuf, 400 v
C19—5 to 44 put
C20—10 puf, 650 v

— 650767
RF AWP

C21—10 puf, 650 v
C22—5 to 44 uut
C23—500 uuf, 400 v
C24—5.,000 uuf, 400 v
C25—0.05 uf, 600 v
C26—5,000 ppuf, 300 v
C27—2,000 puf, S00 v
C28—35 puf max.
C29—140 yuf max.
C30—0.01 uf, 2500 v
C31—2,000 puf, 500 v
C32-—2,000 uuf, S00 v
C33—40 uf, 25 v
C34—2,000 puf, 500 v
C35—+6 uf, 10,000 v
C36—2 uf, 1,000 v
C37—100 put, 400 v
C38—0.05 uf, 600 v
C39—0.05 uf, 600 v
C40—5 to 44 puf

6S0D7G6T
4 3 MC
1LFAMP

65076T
15T MIXER

C41—50 puf, 200 v
C42—50 puf, 200 v
C43—5 to 44 uut
C44—100 puf, 400 v
C45—0.05 «f, 600 v
C46—40 uuf, 200 v
C47—5 to 44 put
C48—500 uut, 400 v
C49—500 uput, 400 v
C50—40 uuf, 200 v
CS51—S5 to 44 uuf
C52—2,000 ppf, 400 v
C53—0.05 uf, 600 v
C54—2,000 pxf, 400. v
C55—5,000 uuf, 400 v
C56—15 uf, 250 v
C57—5.,000 paf, 400 v
C58—5,000 uaf, 400 v
C59—0.05 uf, 600 v
C60—0.05 uf, 600 v

6XBGT
2NO MIXER

tors of which are crystal controlled. Receivers for mobile units

employ battery and vibrator power supply.

Similar units with

supply from rectifier-filter systems are used at the main station

C61-—15 uf, 250 v
C62—5,000 uuf, 400 v
C63—35,000 uuf, 400 v
C64—100 put, 400 v
C65—20 uf, 25 v
C72—2,000 uuf, 400 v
C73—0.02 uf, 600 v
C74—0.25 uf, 100 v
R1 —100,000 ochms
R2 —270 ohms

R3 —68,000 ohms

R4 —4,700 ohms

R5 —4.7 megohms
Ré —47.,000 ochms
R7 —47,000 ohms
R8 —27,000 ochms
R9 —470,000 ohms
R10—100,000 ochms
RI11—330 ohms
R12—15,000 ohms

6S076T

LF
LF AMP

R13 470,000 ohms
R14—27,000 ohms
R15—330 ohms
R16-—47,000 ohms
R17—150,000 ohms
R18—10,000 ohms
R19—1I megohm
R20-—1 megohm
R21—100,000 chms
R22—1 megohm
R23-—560 ohms
R24—27,000 ochms
R25—100,000 ohms
R26—47,000 ochms
R27—1 megohm
R28—1.5 megohm
R29—100,000 ohms
R30--27,000 ochms
R31—1.5 megohm
R32—-100.000 ohms

65076T
15T LIMITER

SWITCH

{ METER gy

R33—27,000 ochms
R34—100,000 ohms
R35—470,000 ohms
R36—100,000 ohms
R37—1 megohm
R38—1 megohm
R39-—470,000 ohms
R40—15,000 ohms
R41—I1 megohm
R42—I1 megohm
R43—1 megohm
R44—270,000 ohms
R45—6,800 ohms
R46—4,700 ohms
R47—47,000 ohms
R48—270,000 ochms
R49—820,000 ohms
R50—220,000 ohms
R51—2.2 megohms
R52—1,000 ohms
R53-—4,700 ohms

88D76T
2ND LIMITER
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Cable truck equipped with radio facilities.

mounted in the center of the roof
on squad cars. In the case of wreck-
ing wagons or cable trucks suitable
space is at a premium. The antenna
is mounted above the driver’s seat
and out of the way of ladders, cable
reels, or other equipment.

At the frequency of 39.86 Mc, the
quarter-wave antenna is approxi-
mately 5% feet tall. This roof-type
antenna is sufficiently rigid to be
self-supporting under ordinary con-
ditions of operation. At the same
time, sufficient flexibility is pro-
vided so that the antenna may bend
over should it strike the limb of a
tree or other obstructions lower
than approximately 12 feet above
street level. The roof-top antenna
is supported by a cone-shaped heli-
cal spring. The antenna is cut to

The steel rod antenna mounted on roof of

driver’s cab is at a 45-deg. angle pointing forward, and the two radio units are mounted

in the wooden case below the large gong. Microphone, loudspeaker, and control panel
are mounted inside roof of driver's cab

the exact length for the operating
frequency. A V-shaped antenna is
used on the wrecking trucks due to
lack of space for the usual type of
antenna.

Transmitters for Mobile Units

The transmitters for the mobile
units are phase-modulated and op-
erate at a carrier frequency of 39.86
Mc with a maximum rated carrier
power of 30 watts. They are de-
signed for 100-percent phase modu-
lation at 15 ke deviation. The oscil-
lator is crystal-controlled and is
guaranteed to maintain its fre-
quency to within ==0.02 percent of
its assigned value without temper-
ature control. Except for antenna,
storage battery power supply and
microphone with its accessory con-

FIG. 4—Schematic wiring diagram of push-pull neutralized final rf power amplifier
delivering 250 watts output
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trol circuit, the transmitter is self-
contained in a gray crackle-finish
steel cabinet. Most of the circuits
in the transmitter operate at low
power and employ receiving-type
tubes and receiver construction.
The 30-watt output amplifier uses.
heavier coils and exhibits the con-
structional features of a low-pow-
ered transmitter.

Power for operation of the mobile:
transmitter is obtained from a
heavy-duty storage battery. This is
used to operate the filaments of the
transmitter tubes. It also supplies.
power to drive the dynamotor,
which provides 160 ma at 600 volts
for the final power amplifier, as
well as 240 volts for the supply of
the oscillator and exciter amplifiers.

A simplified schematic wiring
diagram of the mobile transmitter
is shown in Fig. 2. The transmitter
employs a 7C7 oscillator connected
as a triode, two frequency quadrup-
ling stages each using a 7C7 tube.
and a frequency doubler using a
6V6 beam power tube whose power
output is fed to the grid circuit of
the final stage employing one 807
or one RK-39 beam tube as the
power amplifier. In addition, two
TA8 tubes in a push-pull arrange-
ment are used simultaneously as
r-f amplifiers at the crystal fre-
quency and as a push-pull modu-
lator. It will be seen that the fre-
quency is multiplied 32 times in the
various amplifying stages, and ac-
cordingly the quartz crystal oper-
ates at 3> of the assigned carrier
frequency, or at 1,245.6 ke.

The first r-f amplifier, operating
at the crystal frequency, is also the
modulator and makes use of a pair
of TA8 tubes in a push-pull arrange-
ment. R-F energy from the crystal
oscillator is fed through a phase-
splitting circuit to the first grid of
each of the TA8 tubes, whereas the
audio voltage from a split-phase
microphone transformer is fed to
the second control grid of the 7TA8
tube to provide phase modulation.
Either a military type microphone
or a cradle type hand set may be
used interchangeably if the receiver
in the hand set is not to be used.

The schematic wiring diagram
does not show the details of the var-

(Continued on page 238)
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Post-War
INDUSTRIAL EQUIPMENT

Distribution

There are three types of electronic gear—devices which

will probably have to be sold by their manufacturer,

products which can be merchandised by “middle men”

and component parts. Education of industry rather than

engineering is the key to the future

By S. S.

NDUSTRIAL electronics, in the
I author’s opinion, will develop
less rapidly than many people think,
immediately after the war, due to
several factors:

First: The demand for new home
radios and other communications
equipment will to some exlent domi-
nate the initial post-war activities
of the industry.

Second: Many circuits needed to
practically adapt electronic princi-
ples to industry are being developed
during the war period and it will
take time to convert them to peace-
time use.

Third: Education of industry to
the use of electronic equipment must
be more widespread. It must also be
based on sound economic facts and
will require time and effort to de-
vise and execute.

Fourth: A complete new distribu-
tion plan must be developed to sell
many newly-created industrial items.

Three Types of Gear

In spite of these initial difficulties
the industrial electronics field is
destined to become one of our largest
industries. Speed of market devel-
opment will depend to a considerable
extent upon solution of the distribu-
tion problem.

Unfortunately, industrial elec-
tronics has no precedent on which to
base a distribution plan. Its wide
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scope requires a plan which reaches
and informs people with such widely
divergent interests as scientists,
teachers, design engineers, produc-
tion managers, service engineers,
sales engineers and other personnel
in many fields and industries.

Industrial electronic equipment
may be divided into three main
groups, as follows:

Group 1—Devices which require
direct selling by the manufacturer.

Group 2—Devices which may be
sold by “middle men” but which re-
quire specialized knowledge for in-
stallation.

Group 3—Basic component parts.

A short discussion of each of these
groups may help the reader’s think-
ing.

Direct Distribution

Group 1—Items of direct sale will
require highly specialized selling
knowledge. Each sale will have large
dollar value. In areas where the vol-
ume of business warrants it, factory
branch offices may be maintained. In

areas where there is insufficient vol-
ume the work would have to be han-
dled direct from the home office.

One industrial item which at pres-
ent appears to be in this group is
the electronic heating unit. Even
though the actual basic units may be
similar for many varied applications,
only trained specialists thoroughly
familiar with the equipment and its
application can sell, install and serv-
ice it. This is due to the highly spe-
cialized knowledge necessary for ap-
plications involving processes of
welding, melting, brazing, plating,
ete., on varied products such as
metals, wood and plastics.

In merchandising this type of
equipment, literature, advertising
and sales effort must be based prin-
cipally on cost-saving thoughts.

Jobber Distribution

Group 2—This group includes in-
dustrial electronic devices which can
be packaged and sold through jobbing
outlets with trained sales and serv-
ice-engineering personnel. Examples
of such items are packaged photc-
electric relays, capacity relays and
specialty test equipment.

From present indications the bulk
of the items in this group will first
be distributed by electrical or elec-
tronic-radio jobbing houses. As the
volume of the individual items in-
creases some distribution will be
taken over by other jobbers serving
specific fields, such as those handling
mill supplies.

Jobbers can obtain technical help

(Continued on page 200)

ONE MAN'S OPINION

THE AUTHOR is a salesman of electronic apparatus, with a technical back-
ground and considerable practical experience in the field. His future business
prospects depend largely upon careful planning for things to come

THE PREDICTIONS advanced here, nevertheless, represent just one man's
opinion. He may be right or he may be wrong in his thinking concerning the
post-war industrial market. Comment is invited
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Electron Bombardment in
TELEVISION

A detailed analysis of  actions occurring in an Iconoscope when an elemental area of

the mosaic is bombarded by the scanning electron beam under conditions varying from

dark to light. The sticking effect, important in projection kinescopes, is explained
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FIG. 3 (left)—Ratio of collector current to

beam current as plotted against negative

retarding potential (collector negative with

respect to target) when using a pure nickel

target and a fixed primary electron speed

of 500 equivalent volis in the cathode-ray
tube of Fig, 1

N AN ORDINARY VACUUM TUBE there
are two main effects—the con-
trolled unidirectional flow of elec-
trons from cathode to plate, and the
bombardment of the plate by these
electrons. The controlled unidirec-
tional conduction is in these tubes
the desired effect, and the electron
bombardment is generally undesir-
able because it heats the collecting
electrode and results in energy losses.
While modern all-electronic televi-
sion makes use of a great number of
ordinary radio vacuum tubes, its
actual functioning depends mainly
on cathode-ray tubes at the trans-
mitting and receiving ends of the
television system. In television cath-
ode-ray tubes the same two main ef-
fects exist, but with an important
difference—the electron bombard-
ment is utilized, while the unidirec-
tional conduction is incidental to the
operation of the tubes. Electron
bombardment of targets and the re-
sulting secondary emission make pos-
sible the operation of both the Kine-
scope (receiving tube) and the Icon-
oscope (camera pickup tube).

There is another distinction be-
tween the ordinary vacuum tube and
the television cathode-ray tube. In
ordinary tubes the plate acts as both
the target and the collector, whereas
in television tubes the target is either
an insulator or an insulated con-
ductor, with the collection of elec-
trons being done by another elec-
trode. This collecting electrode is
usually the second anode.

When a surface is bombarded by
electrons of considerable velocity, the
incident electrons may impart to the
electrons near the surface sufficient
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TUBES

energy to escape from the surface.
The incident electrons are called the
primary electrons, while the elec-
trons leaving the surface are called
the secondary electrons. The number
of secondary electrons emitted for
each primary electron, and the veloc-
ity of the secondaries, vary with the
velocity of the primary electrons and
with the chemical nature and physi-
cal condition of the surface.

Bombardment Research Tube

In Fig. 1 a typical tube for study-
ing electron bombardment of a given
surface is shown. The target is lo-
cated at the center of a metallic
sphere and is kept at a desired po-
tential with respect to the cathode,
thereby assuring a definite velocity
of the bombarding primary electrons.
The electron beam is produced in a
conventional electron gun and enters
the sphere through a small hole in
its wall. Provisions are made for
varying the potential of the sphere
with respect to the target, as well as
for reading the currents to the tar-
get, the sphere and the beam cur-
rent.

For a conducting target, such as
pure nickel, the target current I, is
equal to the beam (primary) current
I, minus the collector current I. (I, =
I, — I.). A negative value for target
current I, indicates that the ratio
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By I. G. MALOFF

RCA Victor Division, Radio Corporation of America, Camden, N. J.

of secondary current to primary cur-
rent (I,/I,) is greater than unity.
When 1, is positive, the ratio is less
than unity, and when I, is zero the
ratio is unity. A curve of variation
of this ratio for pure nickel target as
a function of velocity of primary
electrons is shown in Fig. 2. (For a
contaminated metal surface the sec-

ondary emission ratio is generally
greater than for the clean surface
shown.)

Equilibrium Potential of Target

At a given voltage difference be-
tween the target and the cathode one
may apply increasing negative or re-
tarding voltages on the collector with
respect to the target. When this is
done, the collector current will grad-
ually drop to zero.

For pure nickel and a 500-volt
beam, the curve of the ratio of col-
lector current to beam current as a
function of the retarding voltage is
shown in Fig. 3. At point P, where
the curve goes through a ratio value
of unity, the target current I, is
equal to zero. This is an important
point on the curve. Since there is no
current flowing to the target, the
lead to the target may be cut under
the conditions at P without disturb-
ing either the electrode potentials or
the currents to them.

Since the potential of the target is
not changed when the target lead is
cut under the conditions at P, the
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FIG. 4—Essential features of a standard Iconoscope lor electironic television cameras
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target potential is still equivalent to
the beam velocity. The collecting
sphere, however, is at —3 volts with
respect to the target. A conclusion
follows: an insulated nickel target
will assume a potential of 8 volts
higher than the collector for 500-volt
primary electrons. (The collector has
to be at 497 volts.) Or, generally
speaking, when the secondary emis-
sion ratio is higher than unity, an
insulated metal target will assume a
potential of a few volts positive with
respect to the collector. This poten-
tial is called the equilibrium poten-
tial of an insulated target under elec-
tron bombardment. The velocity of
the primary electrons will of course
be equivalent to the sum of the col-
lector voltage plus the voltage be-
tween the insulated target and the
collector.

Sticking Effect

Now let the nickel target float and
increase the collector potential to
1700 volts. The secondary emission
ratio of pure nickel at this voltage is
unity and the target will float to the
same potential as the collector, so
that the difference of potential be-
tween the two is zero.

If the collector potential is fur-
ther increased, the insulated target
will stay at the same potential with
respect to the cathode. In other
words, it will be getting more and
more negative with respect to the col-
lector. This phenomena is called the
“sticking effect” in television ver-
nacular. To observe how it happens,
make a metallic connection between
the target and the collector and
raise both to 2000 volts with respect
to the cathode. The secondary emis-
sion ratio at 2000 volts is nine-tenths,
and while meter I, will measure the
current flowing to the target and
collector together, nine-tenths of it
will flow to the collector and one-
tenth to the target.

If the target is now disconnected
and left floating, more electrons will
be arriving at it than departing
from it, charging it negatively with
respect to the collector. At the same
time the arriving primary electrons
slow down to the velocity equivalent
to the actual voltage between the tar-
get and the cathode.

With primary electrons slower
than 2000 volts, the secondary emis-
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sion ratio increases, and finally,
when the target is at exactly 1700
volts positive with respect to the
cathode, and 300 volts negative with
respect to the collector, the ratio be-
comes unity. In other words, the tar-
get here “sticks” at an equilibrium
potential of 1700 volts, and any in-
crease in the voltage on the collector
will not increase the potential of the
floating target.

The two cases just described play
a very important part in the per-
formance of television cathode-ray
tubes and have to be clearly under-
stood before an analysis of their per-
formance can be undertaken. Stick-
ing is especially important in pro-
jection kinescopes when it is desired
to use high voltages on the second
anode to get more light. Before us-
ing these high voltages, such as 20
to 70 thousand volts, one must make
certain that the luminescent material
does not “stick” below the value
chosen.

Mosaic is Target in Iconoscope

The action of electron bombard-
ment in a standard Iconoscope is
somewhat similar to the case of
bombarding an insulated metal tar-
get with electrons having a velocity
at which the secondary emission
ratio of the target is greater than
unity.

Figure 4 shows the arrangement
of the essential parts in a standard
Iconoscope. Generated by a con-
ventional electron gun, an electron
beam of approximately 1000-volt ve-
locity enters a nearly equipotential
space in the bulb portion of the tube,
where it strikes the photosensitive
mosaie. The mosaic consists of a mul-
tiplicity of minute silver globules,
oxidized and caesiated (in other
words, photo-sensitized), uniformly
distributed on a 9 x12-cm sheet of
mica only 0.0025 cm thick. The back
side of the mica sheet is platinized to
form a capacitor between the glob-
ules and the platinum coating, hav-
ing a value of 122 puf per sq cm.

The secondary emission character-
istics of oxidized and caesiated silver
vary greatly, depending on the condi-
tion and method of preparation of
the surface. These variations how-
ever are restricted to the maximum
value of the secondary emission,
while the relative velocity or energy
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FIG. 5—Secondary emission characteristic
of photosensitized silver

FIG. 6—Charging current characteristic of
an Iconoscope mosaic

distribution of secondaries changes
little.

A typical energy distribution curve
of secondary emission of photosensi-
tized silver for 1000-volt primaries
is shown in Fig. 5. As may be seen
from the curve, the secondary emis-
sion characteristics of a complex sur-
face differ from those of pure metals.
In the case under consideration two
important characteristic features at-
tract attention at once. The first is
the fact that the secondary emission
ratio reaches a very high value of
5.1, compared with slightly more
than one for pure nickel.

The second feature is that, with
the collector at zero potential with
respect to the target, not all the elec-
trons from the target are collected.
Apparently either there are some

-January 1944 —ELECTRONICS



s 1
%\ r'ﬂ—lb X
5 ANV By
b £im g,_L '
=
7—Equivalent circuit of a dark

mosaic undergoing scanning

Scanning
spot

FIG. 8—Scanning from a dark area into a
lighted area

“Norr-Conductive
Conduct k—! 0.2 E
R 5 == i
fet 4
SN P a7 N B 5
> fe- Nor-Lonductive
=0.5 4
%
0 ark Lighted &
t 7 Position in Mosoic

FIG. 9—Transient charging current I and
mosaic potential V during scanning

electrons hidden in the crevices of
the surface, or some electrons are
emitted with “insufficient” velocities
to reach the collector. They may be
drawn to the collector by applying
positive potentials to the collector
with respect to the target. The sec-
ond feature, while interesting, is of
little importance to us since the col-
lector is seldom positive with respect
to the mosaic. Our interest lies,
therefore, in the portion of the curve
to the right of the line of zero col-
lector potential.

Scanning Action

In actual Iconoscopes, the primary
beam may be used with electron ve-
locity between 500 and 2000 volts.
Usually however, the velocity is 1000
equivalent volts, The beam is fo-
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cused at the mosaic to an area of ap-
proximateiy one picture element.
Therefore, at any one instant the
area under electron bombardment is
that of one picture element. The
scanning spot, however, moves along
the mosaic at a very high speed,
bombarding a point on the mosaic
for only 1.28x107 sec. for every
frame of a 441-line picture.

If light falls on a portion of the
mosaic, photoelectric emission takes
place, and by losing some electrons
that portion of the mosaic acquires a
positive charge. Suppose a portion
of the mosaic is charged to one volt
positive, and consider what happens
when this mosaic is scanned, first the
part of it having no charge, then the
boundary between the dark, the un-
charged mosaic and the positively
charged lighted mosaic, and finally
when the lighted area is scanned.

The scanning spot may be consid-
cred as a square brush having an
area of one picture element. The
charges on the globules or sub-ele-
mentary capacitances under the spot
are instantaneously equalized, so that
one may talk of the potential of the
spot and the charge on the spot. The
charge on the spot is affected by the
charging current, which is equal to
the difference between the secondaryv
current and the primary or beam
current.

The charging current characteris-
tic shown in Fig. 6 is easily derived
by subtracting the beam current
(unity) from the secondary emission
characteristic. In the interval from
0 to 2 volts the charging characteris-
tic is represented very closely by the
straight line: Ipy = (¢ — B VI, =
(3 — 1V)I,, where V is the potential
of the target with respect to the
collector.

Scanning a Dark Area

Now suppose the spot is moving
in a normal scanning manner along
the uncharged portion of the mosaic.
If a steady state has been reached,
the current to the signal plate, the
potential of the moving spot, and the
potential of elements already scanned

are all steady and constant. The
charging current is therefore
Tew = (a— BV I (1)

The mosaic elements after scan-
ning are all charged to the same po-

tential V. Since the capacitance
charged per second by the spot is
nNC, the charge left by the spot on
the mosaic is nNCV coulombs per
second, ‘where n is the number of
elements per frame, N is frames per
second and C is the capacitance of a
picture element. Coulombs per sec-
ond is current in amperes; therefore,
the two currents must be equal:

I(— 8V)I, = nNCV

Solving this for V gives
aly _a ]
“aNC — 8l. B aNC
Bl
Now letting 1/aNC = R, letting
1/8 I, = » and letting a/f = F, gives

By
r+ R

The solution in Eq. (3) is an ex-
act equivalent of a simple charge of
capacitors by a commutating brush
in the arrangement shown in Fig. 7.
The brush, covering a number of
capacitors of a total capacitance C
and commutating nNC farads per
second, charges them through a re-
sistance 1/p I, from a battery of a/f
volts.

2

+ 1

|4

V =E,

(3)

Scanning a Boundary

If at time ¢ = 0 the leading edge
of a rectangular scanning spot or
brush reaches the boundary between
dark and lighted portions of the
mosaic, a transient condition will
prevail until some later time, when a
new and different steady state will be
reached. As shown in Fig. 8, before
the leading edge of the spot reached
the lighted portion, the current to the
mosaic and voltage to which its ele-
ments are charged are both steady
and of values given. Thus, before
t =0,V =ER/(r + R) and I, =
E.R/(r + R)

After ¢t = 0 the charge coming un-
der the spot is nNCE, coulombs per
second, the charge left over on the
mosaic after scanning is nNCV cou-
lombs per second, and the secondary
emission charging current is (E. —
V)/r. These quantities should sat-
isfy the following equation at all
times:

Ve = ﬁ' (nNCEo e L nNCV)
dt ‘(4
Equation (4) reduces to a linear
(Continued on page 327)



Electronics In The Study
of HEAD INJURIES

Pickups are attached to the patient in a manner involving
The left hand is attached to a unit
under the table containing the pickups for arterial pulse,
sweating of the palm and tremor of the fingertips.
patient is here performing an assigned mechanical task

minimum discomfort.

HE APPLICATION of electronic

methods to allied fields of tech-
nology and science has already be-
come a commonplace fact. Under
the impetus of global war, research
in all fields has surged forward on
a broad front. No more powerful
tool has arisen to the hands of
investigators in the allied technol-
ogies than the application of elec-
tronics. And hardly a more fertile
field for such application exists
than the field of medicine.

The ensuing discussion will de-
scribe qualitatively an example of
such application. Although contain-
ing nothing that can be construed
as a development in electronic sci-
ence per se, the special configura-
tion and application of known
circuits and devices will (it is
hoped) be instrumental in solving
one of the important medical prob-
lems arising from the war.
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The

The apparatus to be described
was constructed and is now being
used for psychophysiological re-
search by the Head Injury Project
in the Department of Neurology at
the College of Physicians & Sur-
geons of Columbia University, New
York City.* The main purpose is to
provide a means for the differential
diagnosis of certain types of head
injury cases which are common
among the casualties of modern
warfare.

The Medical Problem

In particular these are the cases
of service men who have experi-
enced concussion without severe
penetrating wounds of the skull and
in which there exists doubt as to
the actual presence or extent of
brain damage. Such cases may be
classified roughly into three groups.
In the first, called the organic

(moving a metal electrode
shaped maze as rapidly as possible without touching

the sides of the groove).
more difficult conditions such as viewing the maze in a
mirror while listening to disagreeable sounds in phones

through grooves of a star-

The task is later repeated under

group, there is actual damage to the
brain as an organ, but it is not
severe enough to be clearly recog-
nizable as such by ordinary clinical
examination. The second group has
no actual brain damage but, as a
consequence of shock, has suffered
a mental disability, the so-called
“traumatic neuroses.” The third is
a mixed group in which there is in-
jury to the brain as well as aberra-
tions of the normal mental proc-
esses.

Among the most common symp-
toms resulting from such head in-
juries are headaches, dizziness,
emotional irritability and personal-
ity changes, loss of memory, and a

*The work described in this paper repre-
sents a partial report on research done under
a_contract (Head Injury Project No. OEM-
CMR148) recommended by the Committee on
Medical Research, between the Office of Sci-
entific Research and Development and Colum-
bia University. This project is directed by
Dr. Tracy J. Putnam and Dr. John G. Lynn.
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Psychophysiological research
has

electronic instrument for in-

evolved a promising

direct diagnosis of brain
damage in concussion cases.

Technical features include

use of FM carrier amplifica-

tion, differentiating circuits

and trigger circuits that pro-

vide constant-amplitude

pulses for time-axis record-
ing of 20 variables

By CHARLES SHEER and
JOHN G. LYNN, M. D.

. Department of Neurology,
College of Physicians and Surygeons
Columbia University, New York Cily

general lowering of physical and
mental efficiency. These symptoms
are common to all three groups,
making it almost impossible to de-
termine the origin of the disability
by ordinary medical examination.
The efficacy of medical treatment
and rehabilitation of these men,
however, depends chiefly on an
exact knowledge of the relative
weights of the organic and mental
causal factors operating In each
case. Hence the development of an
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Fig. 1-—Block diagram showing seven indicators attached to various parts of the

patient, and the successive amplifying, analyzing,

counting and recording stages for

each indicator

accurate and dependable means for
making such a diagnosis represents
an important problem in war medi-
cine.

Method of Approach

In view of the present inadequacy
of standard clinical methods and
ordinary diagnostic instruments,
such as x-ray, brain-wave records,
ete.,, a different approach to the
problem was formulated and a-
dopted for this study. The latter in-
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Fig. 2—Block diagram of typical FM car-
rier amplifier unit for a single indicator
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volves an indirect evaluation of
brain function by the measurement
and analysis of the activity of cer-
tain other parts of the body over
which the brain exerts control. This
constitutes the fundamental pre-
cept of the branch of science known
as psychophysiology.

The idea that the dynamical char-
acteristics of the aetivity of a par-
ticular organ, muscle, or gland is
directly related to the condition of
the nerve center which controls it
has gained considerable credence
among psychophysiologists at the
present time. Hence the basic con-
cept of this research is to measure
accurately and simultaneously the
activity of certain so-called indi-
cator organs, chosen specifically
with regard to their control centers
in the central nervous system. Fur-
thermore, any abnormalities in the
nervous system can be exaggerated
by placing the individual under
stress. The abnormalities thus ac-
centuated by induced stressful situ-
ations are reflected in the corre-
spondingly amplified changes in the
activity of the various indicator
organs being measured.

If the measurements are of a
sufficiently high order of accuracy
and the analysis of the records suf-
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FIG. 3-—Square-law rectifier circuit for converting the velocity-
time signal into an energy-time signal. and characteristic operat-
Curves for sections A and B are plotted back to back
in order to show the operation of a stage having push-pull input

ing curves.

ficiently fine, it is expected that
even slightly abnormal patterns of
response will be distinguishable
from normal records. This view-
point further presumes that the na-
ture of the deviations will correlate
with their causes and thus desig-
nate unequivocally the cause of the
abnormality, so that the method
may be of practical value in a
clinical diagnosis.

It seems apparent at present that
the success of this method devolves
largely upon the technique of meas-
urement and analysis. Instruments
wherewith to perform the latter
were lacking and the early work of
the Head Injury Project clearly in-
dicates the inadequacy of the exist-
ing methods. The manifest needs for
newer and more accurate instru-
ments led to the decision which cul-
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minated in the construction of the
apparatus to be described below.

The Technical Problem

The problems facing the engineer
engaged in such work are, on the
whole, somewhat different from the
average development work in com-
munications. One is soon impressed
with the fact that a precise analysis
is to be attempted of perhaps the
most complex mechanism in exist-
ence, of which an almost random
variability is a chief characteristic.

A further complication lies in the
fact that no one, as yet, has clearly
demonstrated exactly what must be
measured in order to obtain the de-
sired “index” of nerve center con-
trol. For example, the “indicators”
measured in this study are respira-
tion, heart action, eye mcvements,

and parallel output. Projection of the total input signal on the

combined characteristic gives the output signal.

input and output signal curves are corresponding oscillograms
obtained, showing the fidelity of the square-law operation

Alongside the

contractions of the facial muscles,
sweating of the palm, finger-tip
tremor, and speech. Nearly all of
these involve movement of one form
or another. Previous investigators
have recorded this motion as the
instantaneous displacements of the
various indicator organs during ac-
tivity. However, the amplitude-time
functions were found to be at best
only vaguely correlative with nerve
center control. The weight of ex-
perimental evidence emphasizes the
fact that this is not the most desir-
able criterion for the measurements.

Choice of Measurements

Any study of this kind which
makes even a pretense of being quan-
titative must establish a logical work-
ing criterion of exactly what must
be measured. It is commonly accepted
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Top and bottom views of the chassis containing ten of the counter circuits of Fig. 5. With B0 tubes on « single chassis
(10-35L6, 20-VR-105, 20-12S]7 and 10-125C7), a top deck {(at left in each view) had to be provided for some of the parts

that the degree of control that the
nerve centers have on a given organ
may be related directly to the aver-
age rate at which nerve impulses are
dispatched to and received by the
organ. There is no way this can be
measured at present in a clinically
applicable manner. But we may seek
some aspect of the activity of the or-
gan in response to the controlling im-
pulses which relates in the simplest
possible manner to the rate at which
they are received. This, if known,
would constitute the most logical cri-
terion on the basis of which the
measurements would be made.

In view of the impossibility of
measuring nerve impulses directly,

we are forced to use a trial-and-error
procedure, measuring the response in
terms of external activity and evalu-
ating the results in terms of how
clear-cut a manner the measurements
thus obtained serve to distinguish
between carefully selected and
matched groups of pure brain dam-
aged, pure neurotically maladjusted,
and normal control subjects.

A survey of previous work yields
scant information that is helpful in
indicating a definite choice. One can
deduce, for example, that the ampli-
tude-time functions of movement, or
the bioelectric potentials which ac-
company the acivity, although related
te nerve center control, are not re-

lated simply enough for this prob-
lem. However, out of the agglomera-
tion of reported facts, there appears
an orientation which seems somewhat
more likely to be a better criterion
than any heretofore considered. This
is the amount of work done or me-
chanical energy output during activ-
ity. It does not necessarily purport
to describe the total energy transi-
tions involved in the functioning of
any organ or nmuscle.

The total energy-time function
would not be a practical criterion
because it is almost impossible to
measure. But some evidence exists
that the mechanical aspect of the
energy involved in activity is the

Top and bottom views of a chassis containing two units each of square-law rectifiers. Each unit con-
tains a selection of filter capacitors for C, of Fig. 6 and four of the diffentiator circuits of Fig. 4

ELECTRONICS — January 1944
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quantity most simply related to
changes in the central system. Fur-
thermore, the mechanical aspects are
relatively easy to measure. The heart
and lungs, for example, may be
treated as pumping engines, finger-
tip tremor may be treated as a vi-
brating rod, while the rate at which
fluid is produced may be taken as a
measure of the mechanical work in
sweat secretion, and so forth.

This orientation is, of course, nec-
essarily over-simplified, but accurate
measurements are meaningless on

the requirements of the apparatus
itself.

Use of Carrier System

The instrumentation designed for
use in this study is subjeet to many
restrictiens ot both a technical and
practical nature. The variations (ex-
cept in speech) occur at sub-audio
frequencies ranging from about 20
cps down to 0.05 cps, with the major-
ity occurring in the neighborhood of
1 cps. Amplifiers involving conduec-
tive coupling to accommodate such

plifying stages, such as the Miller
cathode control amplifier.’ The appli-
cation of these circuits to this work
has proved eminently successful.

Overcoming Thermal Drifts

The necessity for quantitative
measurements imposes severe restric-
tions on the quality and construction
of the component parts. In d-c¢ cir-
cuits sensitive to changes of a few
millivolts, thermal drifts of circuit
parameters are a serious problem.
It was found necessary to dispense

Front and rear views of the analyzer rack. Each chassis has a
rear panel with jacks and patch cords to provide @ maximum
of flexibility in interconnection of the various units. Protruding
boxes on the sides contain air-circulating fans. This and two other
racks of similar size constitute the bulk of the equipment
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Examples of representative types of signal inputs. A-—Muscle

contraction record: B-—Record of fingertip movements under

normal or calm state; C—Fingertip fnovemeénts under agitation «or

excitement; D. E and F—Various types of ¢ye movement -recozds

({blinking, rolling and lateral movement. respectively): G—Normal
breathing record: H—Deep breathing record

any other basis. We may therefore
state as a working hypothesis that
the instantaneous kinetic energy (or
some similar quantity from which
the mechanical energy may be de-
rived) 4s to be measured as the
criterion of psychophysiological ac-
tivity. Recognizing that this orienta-
tion is based on presumption, and in
the hope of proving its validity, we
may proceed to the consideration of

1é

signals are troublesome, especially
where high-gain circuits are vre-
quired. For this reason the carrier
system was adopted for the major
part of the amplification. The .tech-
nique of handling the signal 'after
demodulation involves the use of ex-
ceptionally well regulated power sup-
plies, of constant-voltage gas tubes as
“d-¢ capacitors” for both coupling
and by-passing, and of stabilized am-

with all carbon resistors and potenti-
ometers, as wel as all electrolytic
capacitors: The potentiometers used
were of the General Radio wire-
wound type. .Nearly all the resistors
‘Weére-1RC precision units-(because of
their "very low temperature coeffi-
cient): .The capacitors were GE py-
ranols for the large values, and Cor-
nell-Dubilier low-loss micas for the
small values. The excellent construc-
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Fig. 5 (at right}—Counting circuit, consist-
ing easentially of a vacuum-tube bridge
(A, B, C and D) in which the input signal
causes an unbalance which charges the
4-44 capacitor C, through constant-current
tube 12S5]7(2). When g cyitjcal: voltage is
reached, the Eccles-Jordan- trigger circuit
(in shaded area) is tripped, causing sec-
tion A of the 12SC7 to pass current, operat-
ing the micro-relay which in turn dis-
charges C, reinverts the trigger circuit
and activates the 35L6G driver tube
momentarily. This tube drives the writing
pen whose field coil is connected between
X and Y

Fig. 4 (below)—Differentiating circuit (R-C)

and amplifier circuit for very low-fre-

quency signals to compensate for the
ingertion loss of the R-C circuit

#
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Fig. 6 (above)—Simplified diagram of
vacuum-tube bridge in counter circuit of

Fig. 5

Fig. 7 (at right}—Examples of pulse pat-
terns obtained in time-axis recording. A
and' B represent a norrial breathing ampli-
tude record with its corresponding time-
axis record. C is an artificial amplitude
signal, and D, E and F are respectively
its time-axis record. the first time deriva-
tive and the second time derivative
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tion of Western Electric jacks, plugs
and switches was made use of in
eliminating contact troubles. For
the many other component parts em-
ploved, a careful selection was made
in each case, based on an investiga-
tion of performance characteristics.

Types of Pickups Used

A block diagram indicating the
multiplicity of the channels and the
successive treatment of the signal
from the pickup on the patient to the
final record on the paper tape is
shown in Fig. 1. Three of the pickups
are electro-mechanical transducers
involving linear variations in capaci-
tance proportional to the amplitude
of movement (respiration, finger-tip
tremor, and pulse movement) ; one is
a fixed capacitance (sweating); two
are direct electrical contacts (eye

: ' J_ 420 V.
A ‘Evvvv‘ - 50
10 0 = M
o 10
M

S shs WS
movements and movements of the
facial muscles) ; and one is an ordi-
nary microphone (speech). For the
latter the acoustic energy of the voice
output is taken as a measure of the
mechanical energy output of the
vocal cords. Therefore, a microphone
and standard audio amplifier provide
the necessary equipment for the
speech channel. (The value of the
voice mechanism as an indicator is
still obscure and its usefulness in
this respect is under investigation.)

Eye-Movement Pickup

The measurement of the move-
ments of the eyveballs and facial
muscles is subject to the restriction
that the pickups must be small and
provide no discomfort to the patient.
In the past the amount of muscular

(Continued on page 338)
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Alnico permanent magnet with air gap.
Its cross-sectional area ‘and total length
for a particular purpase can be esti-
mated quite accurately by following

the instructions in this article

DESIGNING

Stabilized Permanent

Having covered fundamental design equations of permanent magnets in a previous article,”

the author here considers motor, generator, magneto and similar applications where demag-

netizing influences exist and provide stabilization of flux density in air gaps

N a previous article fundamental
concepts and units of permanent

magnet theory were defined, funda-
mental design equations were devel-
oped, and a method for the determi-
nation of the leakage constants was
discussed. Finally, using the meth-
ods developed, certain elementary
problems were set up and solved in
which the only demagnetizing in-
fluence exerted on the magnet was
that of the working air gap itself.
The problems neglected the stabiliza-
tion of the magnets as a protection
of their -calibrations from stray
fields, load fields, shock and other
demagnetizing influences.

It is proposed in this present arti-
cle to further develop the theory of
permanent magnet design, including
the cases omitted or excepted in the
first article. This involves first, how-
ever, the necessity of becoming fa-
miliar with minor hysteresis loops in
general, and with the phenomenon of
stabilization in particular. A con-

By
EARL M. UNDERHILL

Chief Engineer
Cinaudagraph Corp.
Stamford, Conn.

sideration of the problems involved
in the design of permanent magnets
for motors, generators, magnetos,
and other devices, the operation of
which impose demagnetizing intlu-
ences (in addition to the influence of
the gap) upon the magnet, will then
logically follow.

Minor Hysteresis Loop

Suppose that the magnet of Fig.
1 (a) has just been magnetized,
fully saturated, and then removed
from the influence of the magnetiz-
ing field. This procedure is per-
formed with a soft iron keeper in
the gap of the magnet, and the flux

* Underhill, Tarl M., Permanent Magnet
Desizn, ELEerroxics, p. 126, Dee. 19435,

density in the magnet is now at the
point B, of Fig. 1 (b). When the
keeper is removed, the magnet oper-
ating point will move down the curve
to the point & in accordance with the
laws developed in the previous ar-
ticle.

Now, what happens if the keeper
is put back into the gap? The oper-
ating point does not move back up to
the B, point as might be expected,
but starts off on a new curve as indi-
cated by the arrows of Fig. 1 (b),
and arrives at the point y. Thus, in
the single removal and replacement
of the keeper, the magnet has suf-
fered in flux density the difference
between B, and y. When the keeper
is again removed, the operating point
travels back to « over the upper
curve as indicated. The loop thus
formed by the two curves between z
and ¥ is known as a minor hysteresis
loop.

In handling minor hysteresis loops,
two approximations are usually
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made, both of second order effect.

First, it is assumed, as stated above,
that the loop closes itself at the
points « and y. This is not strictly
the case. The operating point, on its
return trip from y towards z, actually
crosses its outbound path (near 2)
and intersects the major hysteresis
loop slightly below .

Theoretically, also, this same phe-
nomenon happens to a smaller and
smaller extent each time the keeper
is replaced and removed. Actually,
however, the difference becomes al-
most entirely unmeasurable after
about two or three cycles. For the
purposes in mind in this article we
can forget this and assume, as above,
that the loop closes itself at the
points x and ¥.

Magnets

which acts as the path of the magnet
operating point in both directions.

Effect of Demagnetizing Field

Let us now take our two design
equations and write them in the
form:

An

B, = fa,

B. 1)

B, @

If these two equations are plotted
against coordinates B, and H., as in
Fig. 2, Eq. (1) will be identical in
shape to the demagnetization curve
(B.. vs. H,) but multiplied by the
constant factor A,/FA,, and Eq. (2)
will be a straight line passing through
the origin and of slope 1./fl,, Obvi-
ously, the intersection of these two

lm
_f—l_,,H'"

FIG. 1—Basic magnet shape considered in this article, and
demagnetization curve showing minor hysteresis loop between
x and y

The second approximation made
relative to this type of minor hys-
teresis loop is that it is not a loop at
all, but rather a straight line. This
approximation is permissible be-
cause of the extreme narrowness of
the loop, and inaccuracies thus in-
troduced into our calculations are
negligible. Henceforth, therefore,
we shall think of and handle the
minor hysteresis loop as a single
siraight line (between the points @
and y of Fig. 1 (b), for instance)

ELECTRONICS — January 1944

netizing field may be an a-c field, a
d-c field in opposition to the magnet-
ization of the magnet, heat, etc.)
When the additional demagnetizing
field is removed, the operating point
will run up the minor hysteresis
loop x ¥ until it reaches the point z,
the intersection of xy with the
straight line of Eq. (2).

This process has resulted in the
loss of flux density in the air gap of
amount B, — B,. but it has given us
a stable magnet. To show this, let us
imagine that the magnet we have
just stabilized is put into service and
that in the field it encounters a de-
magnetizing field of strength AH,.
The operating point will run down
the minor hysteresis loop ay till it
reaches the point p. Here a state of

FIG. 2—Plot of Eq. (1) and (2), with minor hysteresis loops
represented by straight lines x-y and m-n. This type of graph

permits determining stabilizing effect of a demagnetizing field

curves at the point w is the graphical
solution for B, of the two simulta-
neous equations. This, of course, is
the flux density in the gap (of size
I, A,) of a magnet (of size I, A.)
having leakage constants f and F
and having been completely saturated
and its keeper withdrawn.

Let us now deliberately apply an
additional demagnetizing influence to
the magnet in question, forcing the
operating point down the curve to
the point z. (This additional demag-

balance is again reached, and as long
as AH, persists the magnet will sup-
ply a flux density of B, to the air
gap. Of course, as soon as AH, is re-
moved, the operating point returns to
2 and the flux density in the gap
again becomes B,..

Now, let us suppose that we had
not stabilized the magnet before put-
ting it into operation and that the
magnet was again subjected to the
demagnetizing field AH.. The oper-
ating point would move down the .

e



major hysteresis loop from w to m,
where it would remain for the dura-
tion of the demagnetizing influence.
The flux density in the gap would
change from B, to B,,, a far greater
change than B,.—B,. Furthermore,
when AH, is removed, the operating
point will not return to its original
position, but will move up the minor
hysteresis loop mn to the point n, its
intersection with the straight line
of Eq. (2). Thus, the unstabilized

magnet not only suffered more dur-
ing the application of AH,, but, upon
its removal, presented the air gap
with a permanent change, B,, — B,
in flux density.

It is evident, then, that any appara-

tus requiring a gap flux of constant
calibration must employ a stabilized
magnet. Of course, there are limits
to the demagnetizing field which any
stabilized magnet can stand and the
limit in the case under discussion is
shown by AH, If the demagnet-
izing field exceeds this limit, the oper-
ating point will drop further down
the major hysteresis loop and, upon
removal of the demagnetizing field,
come back up on a different minor
hysteresis loop.

The more a magnet is demagnet-
ized from the point w (Fig. 2), the
more stable it becomes. The de-

120

signer must take into consideration
the maximum adverse field his mag-
net has to stand before specifying
the amount of stabilization it is to
receive.

Demagnetization Curves

Having thus familiarized ourselves
with minor hysteresis loops and hav-
ing reviewed briefly the phenomenon
of stabilization, let us pass on to
design considerations for a motor or
magneto magnet.

Since the demagnetization curve
is an important factor in these con-
siderations and since it is desirable
in many cases to do our work analy-
tically rather than graphically, the

FIG. 3
Graph showing
open - circuit condi-
tion for same prob-

lem as in Fig. 2

FIG. 4
Final graph, from
which the operat-
ing point can be
determined

first job is that of writing an equa-
tion for the demagnetization curve.
This may be done in many ways but
perhaps the two most useful methods
of expressing B as a function of H
are either by a power series or an
equation of a parabola.* (It must be
borne in mind that although the
demagnetization curve is in the -sec-
ond quadrant of the major hysteresis
loop, we will refer to H as positive,
not negative.) At the moment we are
interested in the parabolic relation
between B and H. Within very close
limits the following equation may be
made to approximate the demagneti-
zation curve of any properly heat-
treated alloy:

B, (H.—H)
& H. — aH @)
where: B = dependent variable
H independent variable
B.. = residual flux density (gauss)
H., = coercive force (oersteds)
a = a constant for the particular

curve under consideration.
This equation may also be written:

1 —
(4)

1 — a6
where:
B8 = B/B,
0 = A/H.
In this A may also be expressed as
o= 1= P &)
Now, multiplving Eq. (4) and (5)
together, differentiating with re-
spect to 6, and setting d (B9)/ds
0, we get
Z—f =-1 (6)

* The fact that the demagnetization curve
may be very closely approximated by a parah
ola was pointed out by Watson.
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Differentiating Eq. (4) with respect
to 8 and substituting Eq. (6) ‘into
the result, we get
=26 @

This establishes a very important
point, that B/B, = H/H. at the point
of maximum energy product, B,H..

The form of Eq. (8) shows that
only three points are necessary to
establish fully the complete demag-
netization curve. These points may
be any three points along the course
of the curve, but upon occasion it
may be desirable to specify a curve
by the three cardinal points, B,, H.,
and the point of B,H,. B, and H. fit
directly into Eq. (3), and the point
of B,H, is introduced through the
constant, a. Transposing Eq. (4):
At the point of B,H,, 3 = 6. Hence,
combining Eq. (7) with Eq. (8), we
have

=T T pe

Multiplying these two equations to-
gether and taking the square root of
the result:

L o22Ve-1 2 L

- 8o T Jpe po
And thus we obtain a value for a, in
terms of B.H,:

B.H, B-H.
a =24 12— 55
B.H, B.H.

Stabilization of Magnets

©

Before going deeper into the analy-
tical work involved in the design of
4 magneto magnet, let us pause mo-
mentarily to get a glimpse of the
path to be followed.

As stated earlier, the primary dif-
ference (from a design standpoint)
between a magneto magnet and, let
us suay, a loudspeaker magnet is the
fact that the former is subject to
heavy demagnetizing influences over
and beyond the demagnetizing influ-
ence of the air gap itself. The mag-
neto manufacturer long ago discov-
ered that if he assembled his instru-
ment completely and then magnet-
ized the magnet: (which would be
the proper procedure in the case of
the loudspeaker), the instrument
when placed upon test would deliver
an output that would be high initially
hut would fall off rapidly at first and
then asymptotically approach some

ELECTRONICS — January 1944

Examples of Alnico permanent magnets to which design data in this article applies

much lower value. This phenomenon
is due, of course, to the demagnetiz-
ing effect of the current in the coils
of the magneto, and the only possible
practical remedy is the use of a
stabilized magnet right from the
beginning.

The next question, then, is: How
much shall the magnet be stabilized
in order that the magneto’s initial
output shall remain constant with
time? This question, of course, is re-
lated to the magnitude of the demag-
netizing forces present in the oper-
ation of the machine. These forces
may be computed, if necessary, on
the basis of the machine’s maximum
load or even on the basis of short-
circuit (if a generator or magneto)
or stalled (if a motor) conditions.
Most manufacturers, however, have
found this computation to be un-
necessary. They have learned from
experience that, in general, a ma-
chine magnet is sufficiently stabi-
lized if it is fully magnetized prior
to inserting it in its magnetic circuit.
This is true whether the magnet be
part of the stator or the rotor.

To better picture exactly what
happens in this process, let us take a
look at Fig. 3. This is similar to
Fig. 2 except that we now have H,
plotted against B,, instead of against
B, as previously. This means that
the slope of the straight line of Eq.
(2) is multiplied by the factor
FA,/A,, and the equation of this line
becomes

FA,
=T (10)

Now, when our magnet is magnet-
ized to (or beyond) its saturation
point, the operating point runs up

B. H.

the normal magnetization curve (not
shown on Fig. 3) to some point high
up on the major hysteresis loop and
remains there until the current in
the magnetizer is turned off, at which
time it drops to the point B, of Fig.
3. When the magnet is removed from
the magnetizer it is “open-cir-
cuited”, i.e., operating in no magnetic
circuit other than that formed of it-
self and a return path of unit per-
meability, and this condition is in-
variably one in which the pole faces
of the magnet exert a self-imposed
and very severe demagnetizing influ-
ence.

Of course, the severity of this de-
magnetizing force is a function of
the dimensions and shape of the mag-
net, being much greater for short,
fat straight rods than for long, thin
horseshoes, for instance. But for
practical magneto and motor mag-
nets made of a practical alloy (such
as one of the Alnicos) the demagnet-
izing influence of the open-circuit
condition is large, and the operating
point of Fig. 3 will run down the de-
magnetization curve from B, to some
point (B,, H,).

If, now, the.magnet (regardless of
whether it be part of the rotor or
stator) be encased in its housing,
and the magnetic circuit completed,
(working air gaps in such machines
run of the order of 0.010” in total
length) the severe demagnetizing
influence of the open-circuit condi-
tion will have been removed, and the
nly demagnetizing influence then ex-
erted on the magnet (until the ma-
chine starts operating) is that of the
working air gap itself.

(Continued on page 310)

121



QUARTZ CRYSTAL
FINISHING

By L. A. ELBL

Crystal Products Company
Rangas City, Mo.

Initial and intermediate stages in crystal production are generally accomplished by machines,

but final adjustments for frequency and activity still involve much hand work. Some of the

problems encountered are discussed, and mechanical and chemical methods of minimizing

the use of highly skilled labor are described

9

FIG. 1—Individual finishing position and operator.

Test gear may be seen in the

background, with a heavy, circular metal block and light copper plate constituting
electrodes projecting from it for rapid and convenient frequency and activity checks.
The girl is lapping a crystal on a flat qlass plate smeared with abrasive

UARTZ CRYSTAL PRODUC-
TION, in its initial and inter-
mediate stages, is generally accom-
plished by automatic or semi-auto-
matic machires. Final finishing is
still largely a hand operation.
While several methods of speeding
up the finishing operation have been
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devised in recent years and are
briefly described here, highly-skilled
operators continue to play an im-
portant part in most plants because
physical dimensions of the order of
sub-millionths of an inch are in-
volved. Furthermore, the extremely
sensitive electronic apparatus used

to check final frequencies and other
factors does not readily lend itself to
full automatic control.

Procedure and Equipment

While there are many hand finish-
ing procedures in use in different
plants, common practice is as follows:
The finisher is furnished with a work
position as shown in Fig. 1. A por-
tion of a finishing department is pic-
tured in IYig. 2. Necessary gear in-
cludes frequency-checking equipment,
a flat glass plate, fine abrasive (No.
125 optical powder or its equivalent),
water, bowls, brush, cleaning solu-
tions, several lint-free towels, a
raicrometer, an optical flat, and a
small square.

The test equipment in use in dif-
ferent plants varies in detaii. Usually,
however, it consists of two compari-
son oscillators built to the same de-
sign. A standard crystal of the de-
sired frequency is placed in one oscil-
lator and this frequency is matched
by that of the crystal under test and
installed in the second oscillator. The
crystal under test is repeatedly
lapped until its frequency zero-beats
with that of the standard.

For matching crystals whose fre-
quencies differ appreciably a cali-
brated variable oscillator is some-
times used until the crystal under
test is within 15,000 cps of the stand-
ard crystal. When the crystals are
within 15,000 cps of each other an
audible beat note is produced. This
beat note can be detected in phones.
The note can then be measured by
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matehing it with a calibrated audio
oscillator. Another way is to apply
the beat-note audio-frequency volt-
age to a visual audio-frequency meter

which the operator cun read di-
rectly. Such an arrangement is called
a deviation meter or cyvcle counter.

The activity or oscillating strength
of a crystal is usually measured by
reading the rectitied grid current on
a milliameter placed in the grid cir-
cuit of the oscillator in which the
crystal under test is placed.

The finisher receives the crystals
as they come ofl the mechanical lap-
ping machines. Such crystals have
been pre-dimensioned to proper
length and width and have usually
been brought to within ten ke of the
desired frequency. A mixture of
abrasive and water aboul the consis-
tency of syvup is prepared on the
glass plate. The finisher then takes

a erystal and removes all chips and
cracks from the edges by stropping
successive edges on the plate. This
procedure is called beveling or edge-
rolling. It is continued until the
activity of the crystal has been
hrought to a maximum and all visible
imperfections have dizappeared from
the edges.

A preliminary frequency check is
made by comparing the frequency of
the crystal with that of a standard
crystal whose frequency previously
has been accurately determined. Thz
finigher is now ready o reduce the
crystal Lo the preoper thickness, which
is accomplished by grinding with =
rotary or figure-eight motion on the
flat plate, keeping faces as flat and
parallel as possible.

Al frequent intervals the crystal
is checked for activity and frequency.
This is done by thoroughly cleansing

FIG. 2—A portion of the crystal-finishing
department in the author’s plant

and drying the crystal and placing
it belween a heavy metal block (a
typical circular block may be seen
projecting from the lower right side
of the {est oscillator in Fig. 1) and
a small copper top electrode. The
activity is checked, and then the fre-
quency. The activity must remain at
a certain minimum while the fre-
quency is brought within the desired
limits. If activity is lost, additional
beveling is required.

When both activity and frequency
are within required limits the crys-
tal is ready to mount. Usually around
1200 to 1500 cps are allowed for a
normal change in frequency in the
holder. The procedure of placing the
crystal between electredes in a holder
is called “mounting.” * Final activity
and frequency adjustments ave made
in the holder.

Frequency and Activity

On the surface, the job of finish-
ine erystals appears rather simple,
but it is difticult for several reasons.
No hard and fast rules for finishing
a erystal can be set down hecause no
{two crystals finish exactly alike.
Each is an individual problem.

Certain suggeslicns can be given
but it is largely up to the finisher to
determine throngh a process of trial
and error the particular steps which
will give the desired results on a
given crystal. Experienced finishers

Crystal Holder design, BLEC-
101,

L DI REY R PR W
rroNtes, Ovtober

\

U

V13

Jscitiator

Finishing

’ Saw Lap pattern  Lap pattern
Out of square  Wedged blank fracture e oo & Bndiitn B o B eolby
scrotch loose porticle ‘ijed particle
s 5
’ ¢ b s i
Bubble Needle Veil Chuva Mm(el;?’l*;;ﬂec)luswn Ghost E:grk ‘Twinnin'g

FIG. 3-Examples of imperfections in finished crystals.
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Finishers must instanily reccgnize such imperfections
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cannot be taught by instruction
alone. They gain proficiency only by
practice and experience over a con-
siderable period of time.

Let us consider a little further this
process of crystal finishing. As men-
tioned previously, a finisher has two
chief concerns: (a) bringing the
crystal to the desired frequency, and
(b) maintaining sufficient activity to
pass the minimum activity test.

As far as is known now, the activ-
ity of a erystal is determined by its
geometric dimensions, its flatness,
absence of flaws, and cleanliness. To
raise the activity, the finisher is told
to (1) make the faces as flat and
parallel as possible, (2) remove all
flaws such as chipped edges, broken
corners, ete., (3) check dimensions
and change if necessary, (4) make
crystal perfectly square, and (5) be
sure the crystal is surgically clean,
Consequently, when the finisher en-
counters a crystal of low activity
these steps are successively tried
until activity is satisfactory. Whether
to reduce the width or the length, in-
crease the bevels of the edges or
round a corner is something that can
be told only by judicious and careful
“feeling out”.

To change the frequency, the fin-
isher grinds on the faces of the crys-
tal, reducing the thickness. Also,
each time that the finisher* works on
the edges, he changes the frequency
at the same time. Dimensional ratios
have been worked out for thickness
vs frequency but the exact value
varies with the quartz structure and
other conditions. As the final fre-
quency is approached, extreme care
must be exercised, for if the crystal
is ground a few millionths of an inch
too thin, it will be over-frequency.
A crystal cannot be made thicker,
but by working perpendicular to the
electric axis the frequency may be
lowered a small amount (a few hun-
dred cycles). Usually, however, a
crystal ground five hundred cps or
more over frequency is a crystal lost
beyond chance for salvage.

Final frequency grinding may in-
volve merely touching the crystal to
the glass. To bring a crystal in at
the proper activity and at the same
fime maintain its activity is truly a
delicate job. Some crystals may be
finished in five minutes, others may
require as much as thirty minutes.
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Sometimes, after trying every sug-
gestion known, the finisher is still
unable to bring the crystal to specifi-
cations.

Imperfections and Ageing

A crystal which has perfect activ-

ity on the block may have very poor
or no activity when it is placed be-
tween electrodes and pressure is ap-
plied. In most cases changing the
dimensions of the crystal will remedy
this. In other cases the electrodes
have to be flattened. If neither of
these methods remedy the situation,

or to the rearrangement of molecules
on the surface which were disturbed
or thrown out of their original ar-
rangement by finishing. :

Whatever the cause, ageing may
cause the frequency of a ecrystal to
rise as much as 500 to 1,000 cps, de-
pending upon the frequency of the
crystal. A finisher must allow for
this frequency change in finishing be-
cause if it is not done, the crystal
may age out of tolerance. To compli-
cate matters, ageing is not uniform.
It varies with the frequency, the
cleanliness of the crystal, and even

FIG. 4—Finishing crystals by “tumbling.”
with abrasives. and the jars are rotated by means of a motor

the crystal probably has some im-
purity in it or is out of flat, and is
discarded.

Numerous imperfections may be
found in a finished crystal blank.
Some of these are shown in Figure 3.
A finisher must be able to recognize
such imperfections.

Another difficulty which must be
considered in finishing is that of
“ageing.” This phenomenon, not too
well understood, has to do with the
change in frequency of a crystal with
age. It is thought to be due to the
working out of microscopic dirt par-
ticles from the pores in the quartz

They are placed in glass jars, along

the electrodes between which the
crystal has been placed and the holder
in which it has been incorporated.
Recent experiments prove that acces-
sory parts also go through an ageing
period.

Importance of Cleanliness

Another difficulty in finishing a
crystal is that of getting the finished
crystal perfectly clean. Considerable
experimenting has been done on
cleaning crystals, the criterion being
the condition at which further
cleansing with various solvents
causes no rise in frequency.
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FIG. 5—An cutomatic “beveling” machine.

Crystals and abrasives are placed in

glass tubes equipped with baftles. The tubes are rotated and at the same time tilted
up and down by means of a motor-driven eccentric

Cleaning a crystal will frequently
cause its frequency to rise as much
as 1,000 to 1,500 cps. This too, must
be taken into account in finishing.
It has been found that crystals are
rarely thoroughly clean unless scrub-
bed with a brush and soup. Accepted
procedure is to serub the erystal thor-
oughly with soap and then rinse it in
a series of solvents such as ammonia,
water, and chemically-pure alcohol
or carbon tetrachloride. Crystals are
then dried in a blast of air. Even dry-
ing on a towel gives trouble, due to
the lint deposited. Accessory parts
must be cleansed as well.

Keeping Crystal Clean

One of the chief difficulties of
keeping a crystal clean is to prevent
the finisher from getting oil on it
from the fingers. In final stages,
crystals must be handled with
tweezers or rubber gloves to elimi-
nate this factor. (In final assembly,
they must be mounted in an enclosed
dust proof room. The air in this
room is filtered and all precautions
are taken to keep the interior sur-
gically clean. The crystal blank is
given a final cleaning and all parts
of the crystal unit are thoroughly
“blown out” with compressed air.)

After all these precautions, as
much as 15 percent of all finished
crystals may be thrown out during
final checking because of activity or
frequency variations. The cause for
rejected crystals may be found in

FIG. 6--Mass etching of crystals, latest
innovation in the chemical method of fin-
ishing. Harmless fluorides less difficult to
handle than hydrofiuoric acid have re-
cently been developed for such work
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any of the difficulties discussed
above. They must be reprocessed or
repaired by altering dimensions, fur-
ther grinding, cleaning, or changing
electrodes and holders. Approx-
imately 60 percent are eventually
salvaged.

Last of the difficulties to be men-
tioned in finishing is the fact that
the personality of the individual
creeps into his work. This introduces
an element of uncertainty. No two
people finish a crystal alike. Some-
times little personality traits are
beneficial while in other cases they
are detrimental. This accounts for
the fact that some finishers can finish
70 good crystals a day, while others
working and trying just as hard
reach a peak at 25.

For the past ten years crystal
manufacturers have been attempting

fada
o

Bak

to produce a machine for finishing
crystals, thereby eliminating the hu-
man element. Many of these have
been tried and some have been rea-
sonably successful in reducing if not
eliminating hand work.

Machine Finishing

One machine method of finishing
is called “tumbling”. When using
this process, shown in Fig. 4, semi-
finished crystals are placed in candy
jars along with coarse abrasive and
water. The jars then are placed on
long shafts which cause them to
rotate. Crystals and abrasives slide
over each other in random rotation.
There is very little préssure on the
crystals so the rate of grinding is
very slow. As little as one to three
ke can be removed in one hour. This
is equivalent to one small sweep
across plate glass by a finisher. As
many as 1,000 crystals can be ground
at once by such a machine and the
crystals remain perfectly flat.

A machine has also been designed
for beveling crystals. It is shown in
Fig. 5, and is a tubular affair. Crys-
tals are placed in the tubes along
with a small amount of abrasive. The
tubes rotate slowly, at the same time
running on an eccentric so that they
are tipped first towards one end and
then toward the other. The crystals
ride on the abrasive in the lower part
of the tubes and are frequently

(Continued on page 288)
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Typical diffraction pictures:

HE DEVELOPMENT of the electron
diffraction camera as a tool in
chemistry and physics arose from the
prediction by de Broglie in 1924 that
a wave system is associated with
particles in motion. According to this
prediction the wavelength A of the
associated wave system of a particle
in motion is given by ) = h/mv. Here
v is the velocity of the particle, m is
the mass and h is Planck’s constant.
One of the important developments
in the techniques of electron diffrac-
tion was the discovery by Matukawa
and Shinohara and by Thomson in
1930 that electrons impinging at
grazing angles on plane polyerystal-
line specimens would give diffraction
rings characteristic of the material
in question. In this case only half-
circles were obtained on the photo-
graphic plate. Two main types of
diffraction analysis are in use today,
namely: (1) transmission patterns
obtained by passing the electron
beam through thin sections of the
material, and (2) reflection patterns
obtained by impinging the electron
beam at grazing angles.
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(a) Elecirolytic iron
oxidized: 1 c¢cm of air for 15 minutes at 600°C—
Fe;Os; (b) Electrolytic iron oxidized in a vacuum of
2 x 107" mm of Hg at 850°C —FeO lattice; (¢) Alumi-
num oxidized in 1 cm of air at 500°C—-Al lattice

X-ray and electron diffraction tech-
niques differ as a result of the charge
characteristic of the electrons and as
a result of the wavelengths of the
radiation. Electrons. are scattered a
million times more effectively than
x-rays, which fact limits the thick-
ness of the films in the transmission
technique to 300 Angstroms or less.
In the case of the reflection technique
it is evident that at grazing angles,
the first few atomic layers only are
effective in the diffraction. This fact
makes the electron diffraction camera
extremely useful for the study of sur-
face phenomenon.

The wavelength of electrons of 50
kv energy is 0.0533 Angstrom. For
x-rays the wavelengths run from
0.55683 Angstrom for the Ka, line of
silver to 2.2850 for the Ka, line of
chromium. This difference in wave-
length decreases the angle of scatter-
ing and the diameter of the diffrac-
tion rings for a given distance from
specimen to film for the use of elec-

FIG. 1 - Optics of electron diffraction
camera

ELECTRON

Description of a typical electron dif-
fraction camera for study of surface
reactions at elevated temperatures.
with the technique of analyzing the
characteristic ring patterns and sev-
eral examples of the use of the in-

strument in oxidation and corrosion

research

By EARL A. GULBRANSEN

Research Laboratories
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DIFFRACTION ANALYSIS
of Surface Films

tron diffraction techniques, as con-
trasted to x-ray techniques.

The intensities of the diffracted
patterns for the electrons are much
greater than those obtained with
x-rays. Thus, exposures of from 1
to 20 seconds are common in elec-
tron diffraction analysis, and the pat-
terns can usually be seen on a fluores-
cent screen.

Electron diffraction analysis is not
to be thought of as a substitute for
the usual x-ray analysis because of
the difficulty of preparation of the
specimen for the general case. How-
ever, in its special field of surface
phenomenon, it shows utility.

Among the many problems which
have been studied by the electronic
diffraction technique are:

1. Thin films of inorganic and or-
ganic materials
Oxide and other corrosion films
Polished surfaces
Crystal growth
Electrodeposited materials
Surface catalysis
Thermionic emission
Colloidal state
Photoelectric emission
Wear and lubrication
Impurities on surface
Running in of bearings
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The electron diffraction camera in
use at our laboratories consists of a
source of homogeneous high-voltage
electrons of 30 to 60 kv energy, a
magnetic focussing system, a sample
holder and manipulator and a camera
section. The optical diagram of the
electron diffraction camera is shown
in Fig. 1, and a schematic diagram
of the apparatus with some auxiliary
equipment is shown in Fig. 2.

Apparatus

The high-velocity electrons are
formed in the cathode discharge tube
using hydrogen gas. After the beam
passes through the 0.004-inch anode
hole, it is collimated by a magnetic
lens and brought to a focus on the
fluorescent screen or photographic
film. The reflection or transmission
samples are placed between the mag-
netic lens and the photographic film.
The specimen holder and manipulator
allow movement of the specimen rela-
tive to the beam. At the same time
the beam can be moved through small
angles in order to graze the speci-
mens mounted for reflection pictures.

For proper operation of the cam-
era, a vacuum of about 10° mm of
Hg is maintained in the main sec-
tion of the camera, while a pressure
of about 0.01 mm of Hg is main-
tained in the gas discharge tube.
The pressure in the discharge tube is
regulated by a well designed needle
valve operating with a constant pres-
sure drop across the valve. With con-
stant high direct voltage, the current
in the discharge tube is dependent on
the pressure. Using a current of 50
microamperes in the discharge tube,
exposures of the order of 1 to 10
seconds are necessary. The voltage
is maintained constant to about 0.1
percent by a well regulated input
source and high-capacitance filter.

The specimens for transmission
patterns are thin sections of material

FIG. 2—Schematic diagram of electron
diffraction camera
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DIFFRACTION PATTERN OF EVAPORATED ALUMINUM

Electron Diffraction

X.Ray Tables

Radius dun Intensity dags Intensity
in cm in A in A
1.09 2.31 strong 2.33 strong
1.25 2.015 strong 2.02 strong
1.78 1.415 strong 1.43 strong
2.07 1.215 strong 1.219 strong
2.17 1.16 weak 1.168 weahk
2.73 0.922 weak 0.928 weak
2.81 0.895 weak 0.905 weuak
3.08 0.820 weak 0.820 weak
3.29 0.765 weak 0.778 we:ik

30 to 200 Angstroms thick. The
usual technique involves evaporation
of the material on to 4 thin organic
film. Other methods, such as film
stripping techniques, are used de-
pending upon the particular problem.
In general, the transmission tech-
nique suffers from the considerable
difficulty of preparing specimens.

Technique

The reflection technique is more
versatile since the only requirements
are that the material be plane crystal-
line and of a certain area. The area
and the surface preparation are im-
portant factors in regard to the over-
all intensity of the pattern. Usually
the surfaces are made smooth with
various types of polishing paper be-
fore subjecting them to the experi-
mental procedures. Care must be ob-
served to prevent organic and other
films from contaminating the surface.

Analysis of Patterns

Figure 8 shows schematically the
variables involved in the analysis of
reflection patterns. The poly-crystal-
line specimen at a distance L from
the film diffracts electrons giving
rings of radii, R,.. In the case of
single crystals or specimens in which
orientation effects are present, spots
or lines may be obtained instead of
rings. The undiffracted beam is
shown striking the film behind the
shadow edge. The angles of scatter-
ing correspond to those which are
predicted by a simplified form of
Bragg’s law applicable only to small
angles

AL

thl | d_h‘k—[
Here X is the wavelength of the elec-
trons and d,., is the lattice spacing
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effective in producing the diffraction
hkl. Thus, by measuring the radii of
the diffraction rings, the correspond-
ing crystal spacings can be deter-
mined when L and % are given. A
knowledge of the values of the radii
of the various rings and their rela-
tive intensities leads directly by com-
parison with tables to the identifica-
tion of the material or film.

The instrument can be calibrated
either by directly determining the
voltage or by making diffraction pat-
terns of known materials and calcu-
lating the value of A. The table shows
a typical comparison of the lattice
spacings of evaporated aluminum, as
determined by electron diffraction,
with the spacings listed in Hanawalt,
Rinn and Frevel’s tables* obtained by
x-ray analysis. The agreement is
good to about 1 percent. This order
of agreement is to be expected be-
cause of the uncertainty in the speci-
men to plate distance. The width of
the specimen is about 1 em while the
specimen to plate distance is 48 cm.

Application to Surface Film

One of the interesting applications
of the electron diffraction technique
has been the study of oxidation and
corrosion products of the various
metals in different gas atmospheres.
The apparatus in our laboratories is
fitted out to study surface reactions
and allows the diffraction picture to
be taken at the temperatures in ques-
tion. This is done by enclosing the
specimen in a silver furnace whose
temperature is carefully controlled.
The samples can be cleaned by treat-
ment with hydrogen. The behavior
of the metal in various gas atmos-

- rF‘(anawalt, Industrial
and Kngineeritng Chemistry, Anualytical Edi-
tion, Vol 10, p. 457-512 (1938).

Rinn and Frevel,

pheres can then be studied by ad-
mitting the gases to the camera for
specified time intervals at various
pressures. At the conclusion of the
experiment the camera is evacuated
and the diffraction picture taken at
the temperature in question.

The photographs show three typi-
cal diffraction pictures obtained by
the reflection technique. At (a) is
the diffraction pattern obtained by
subjecting pure electrolytic iron to
an air atmosphere of 1 cm of mer-
cury pressure for 15 minutes at
600C. The structure is found to be
Fe 0. At (b) is the pattern obtained
when pure electrolytic iron is heated
to 850°C in a quartz tube in a vacuum
of 2x10"* mm of Hg. The structure
is FeO and shows evidence of pre-
ferred orientation as indicated by
the spots. At (c) is the result of heat-
ing aluminum in air at 1.5 ¢cm of Hg
for 2 minutes at 500°C. The pattern
is that of aluminum and shows that
the aluminum oxide film that is
formed is nonecrystalline in nature.
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FIG. 3—Schematic diagram of variables
involved in reflection patterns
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Electronic Locator for
SALVAGING TROLLEY RAILS

UE TO THE SHORTAGE of steel, a
New England city decided to
salvage trolley rails from abandoned
routes. In parts of the city, the two
rails were tied together beneath the
pavement with steel cross-ties con-
gisting of % x2-in. straps placed on
edge at a depth of about one foot. To
" avoid destruction of the pavement
‘between the rails as they were lifted,
it was desired to locate these cross-
ties so that they could be cut off with
an acetylene torch.

A simple electronic locator was
devised using a circuit which de-
pended upon the changes of induc-
tance of a search coil when metal was
brought into its vicinity. This change
resulted from eddy currents in
the metal, which established a flux
opposing the flux from the coil.

Figure 1 illustrates the circuit
used to detect this very small change
in inductance. The search coil, L,,
was made the inductor of the tank
circuit in one of two r-f oscillators
which were operated at slightly dif-
ferent frequencies. These frequencies
were mixed in the 1R5 and detected.
The difference frequency was ampli-
fied in the 1S4 and fed to a speaker.

JCa Ommf

ge

R-F Osc.and
Converter

1000t uf
1
S0yt
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=

FIG. 1—Complete circuit of locator =

By JAMES G. CLARKE and CHARLES F. SPITZER

Asst. Prof. in FElec. Eng.
Yale University

duces a large change in cycles per
second for a given percentage change
in inductance. Also, the effect of
eddy currents is more pronounced at
high frequencies.

If the operating frequency selected
is too high, the disturbing influence
of stray capacitances and ground
currents may become appreciable. A
frequency of 2 Mc was found to be a

FIG. 2—Effect of search coil shape on dis-
tance at which cross-ties can be detected
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A fairly high radio frequency was satisfactory compromise between
used in the oscillators, since this pro- these effects.
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To minimize the influence of stray
capacitances, a comparatively large
capacitance and small inductance was
used in the tank circuit containing
the search coil, and a Faraday elec-
trostatic screen was placed between
the search coil and the ground. In-
crease of capacitance and decrease of
inductance reduces the impedance of
the tank circuit. This reduction re-
sults in a poor impedance match with
the plate resistance of the tube.

Since the length of the cross-ties
which were to be located was great
compared to their thickness, it was
expected that a long narrow coil
would be more sensitive than a cir-
cular coil. This assumption was
found to be incorrect.. The shape of a
coil was changed, and the minimum
distances permitting detection were
plotted in Fig. 2 against t<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>