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(A) Filter performance is dependent upon three major factors, basic design...

Q of coil and capacitor elements... and precision of adjustment. The superi-
ority of UTC products in this field has been effected through many years of
research and development on core materials and measuring apparatus. We
illustrate below a typical filter formula and some of the UTC apparatus usec
to determine quantitative and qualitative values:

(C) The UTC oscillator is direct reading. &‘.r\‘ -~

where the frequency desired is set as in «a (D) The UTC Q meter is a unique de{
(B) The UTC inductance bridge is four digit decade box, and is accurate with- which has helped considerably in the:
capable of four digit accuracy and in 1 cycle at 1,000 cycles. The range is 10 velopment of the special core materials 1
covers a range from extremely low cycles to 100 kc. Accuracy of this type is es- in our filters. It is also of importance in m
values to over 100 Hys. The effective sential with filters having sharp attenuation taining uniform quality in our produc
resistance and inductance values are characteristics.This instrument is augmented coils. The Q is read directly and covers
direct reading, eliminating the pos- by a UTC harmonic analyzer for the output entire range of possible Q factors ove‘i
sibility of error in conversion. measuring device. entire audio frequency band.
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(R) Filter performance is dependent upon three major factors, basic design...
Q of coil and capacitor elements. .. and precision of adjustment. The superi-
ority of UTC products in this field has been effected through many years of
research and development on core materials and measuring apparatus. We
illustrate below a typical filter formula and some of the UTC apparatus used
to determine quantitative and qualitative values:
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(C) The UTC oscillator is direct reading,

S

where the frequency desired is set as in «a (D) The UTC Q meéter is a unique de
(B) The UTC inductance bridge is four digit decade box, and is accurate with- which has helped considerably in the
capable of four digit accuracy and in 1 cycle at 1,000 cycles. The range is 10 . velopment of the special core materials v
covers « range from extremely low cycles to 100 kc. Accuracy of this type is es- in our filters. It is also of importance in m/
values to over 100 Hys. The effective sential with filters having sharp attenuation taining uniform quality in our produd
resistance and inductance values are characteristics.This instrument is augmented coils. The Q is read directly and coverg
direct reading, eliminating the pos- by a UTC harmonic analyzer for the output entire range of possible Q factors ovep

measuring device. entire qudio frequency band.

sibility of error in conversion.
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One reason why Tobe Capacitors have
forged to the front is their consistently

LONG-LIFE ASSURED
For This Unique Capacitor

long life. But there’s another rea-
son — the successful pioneering
work of Tobe engineers. 1

'Take*ds an example the CA—355,

shown below in streamlined, her-
metically sealed drawn contain-
er. It is being used in large quan-
tities by the U. S. Army Signal
Corps in front line telephones.

SPECIFICATIONS—CA-355

Wax impregnated, wax filled capacitor

Capacity Rating: ... . 2.0—0.5—0.3 mfd.
Voliage Rating: ... . ... 200 D C

.-(@ 1000 cycles .01 maximum

Power Factor:

Resistance:.... 2000 megohms per microfarad
" depth—215" length—21,"” height

Dimension:

r‘hvw"'.

V‘m,m ;

Tobe is the only manufacturer
furnishing this capacitor in a
drawn container.

The CA—355 is just one instance
of Tobe engineering mgenulty in
developing and perfecting néw
devices. However tough your own
condenser problems we invite the
opportunity for our engineers o
help you solve them. Please get
in touch with us.

Meets requirements of U. S. Army Signal Corps

A small part in victory today—A BIG PART IN INDUSTRY TOMORROW

L
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REG.U.S.PAT. OFF.

* STABILIZED to keep its tough-
ness and transparency — that’s
Albanene Tracing Paper. Because
it is treated with crystal-clear
Albanite, a new synthetic solid
developed in the K&E laborato-
ries—Albanene will not oxidize,
become brittle or lose transpar-

ency with age. Albanene’s im-

proved.drawing surface takes ink U-IL
or pencil ﬂu;ntly, erases with ease ) r\-"- C _

TRADE MARK
. . « Ask your K&E dealer.

KEUFFEL & ESSER CO - Est. 1867
_ CHICAGO « NEW YORK » HOBOKEN, N.J. . MONTREAL o
| ST.LOUIS « SAN FRANCISCO + LOS ANGELES « DETROIT
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ADVANCED DESIGN—IMPROVED MANUFACTURING METHODS—

MODERN PRODUCTION FACILITIES—PLUS LONG AND CONSTANTLY
GROWING EXPERIENCE... ENABLE GENERAL ELECTRIC TO ANNOUNCE

' SUBSTANTIAL PRICE
REDUCTIONS IN
TRANSMITTER TUBES

GL-169 (and GL-159)

Transmitting triodes —
for police radio

old price . . . . $80
NEW PRICE. . . . $60

THERE’'S A G-E

GL-880

High-frequency #riode —for
international short-wave,
frequency modulation

Old price . . . . . $850
NEWPRICE . . . . $600

ELECTRONIC TUBE FOR

GL-893

Transmitting triode —fop
broadcast, international
short-wave, and also for
bigh-frequency heating
Oldprice . . . . . $750
NEWPRICE . . . . $650

EVERY PURPOSE




GL-862 (and GL-898)
100-kw triodes = for 50-kw
broadcast,and also for high-
frequency heating

Oldprice . . . . . $1650

NEW PRICE . . . . $1250

GL-8009

GL-857B (and GL-266B)

High-frequency t#riode —for
frequency modulation and
television

Mercury vapor rectifiers —
for 50-kw broadcast aand
international short-wave

Old price .

LEADERSHIP. General Electric has prob-
ably made more important contributions to
the development of transmitting tubes than
any other manufacturer. For example: G.E.
did much of the early development work on
tubes and circuits to produce the high-
frequency oscillations that make radio broad-
casting possible. G.E. developed the first
water-cooled transmitting tube which made
high-power broadcasting possible. G.E. devel-
| oped the hot-cathode mercury-vapor tubes

NEW PRICE .

. « $1100
« o $850

Old price . . . . . $240
NEW PRICE ., . . . $200

Write for COMPLETE new price list showing reductions on additional tubes
(Publication ET-5). Address Dept. 6-215, General Electric, Schenectady, N. Y.

which cut broadcasting power costs greatly.

G-E research, tube developments and
manufacturing improvements go on—end-
lessly. Savings gained in this progress will
always be reflected in favorable price advan-
tages, in still higher tube efficiency, and
in longer service.

® Tunein “The World Today” 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.

* BACK THE ATTACK—BUY WAR BONDS! *

SIRTIUN AND STUDIO EQUIPMENT ¢ TRANSMITTERS ¢ ANTENNAS o ELECTRONIC TUBES  HOME RECEIVERS

GENERAL @ ELECTRIC

160-810



GEARED TO THE JOB

Designed to meet a wid : variety of essential requirements.

EVERY HAMMARLUND variable condenser 1s
“geared to the job.” Combining mechanical
and physical features with electrical characteristics
to meet specific requirements is an art for which
Hammarlund engineers have built an enviable

reputation.

N /4« THE HAMMARLUND MANUFACTURING CO., INC.
460 West 34th Street, New York, N. Y.
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Callite Stainless Steel Wire, processed by The
Montgomery Co., manufacturers of wire and tinsel
products in Windsor Locks, Conn., serves as a
filter in the Cambridge Anoly515 Cell.

1'4'% v it %

2
A

RN
CHECK ALL FOUR

Precision flight depends on the teamwork of
many men. In a T.W.A. Stratoliner, a vitally im-
portant precision device, the Cambridge Aero-
Mixture Indicator constantly informs the pilot of
the fuel mixture in all four powerful motors.
This constant check enables optimum engine
performance . . . greater safety. Unseen delicate
spiral wire in the Analysis Cell functions faith-

fully, resisting torrid heat and corrosion.

Seek teamwork in your sources of supply. ..

Callite offers fine alloy wires for springs, instrument parts, check these four factors — \/ Precision Produc-

scratch brushes, control cables, bonding jumpers, and sieves;
in 9 major metals and their alloys; in precision diameters : ; .
down to .002 or smaller, drawn to your specifications. tion, Controlled by 10ng-experlenced, teChnlcallV
Callite Tungsten Corporation, 544 — 39th St., Union City, N.J. E

trained men: \/ Expert metallurgical and en-
gineering cooperation; Vv Consistent de-

liveries — the ability to meet emergencies;
/i

A%

A fair price.

- &?WM‘! &yﬂu\‘%f

|har

A i‘l“‘“ NBAN Y v
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ﬁ | EMEMBER
' YOUR FIRST
DESIGN JOB?

.

Chances are you do and will never forget that
first contribution you made to a new and grow-
ing industry. That's the way we feel about our
“first job”, too — Varnished Cambric and Tape.

y

| Shortly after the turn of the century, Varnished Fabrics became

a vital factor in controlling the current that was harnessing

electric power to the wheels of industry. For it was then that

| the Irvington Varnish & Insulator Company, a pioneer in the

field of electrical insulation, began its career by developing an

| improved yellow varnished cambric and perfecting the manu-
facture of black vatnished cambric. Later, as the need became
evident, Irvington also developed and first introduced seamless
bias cut tape.

Today, with a line embracing a wide range of electrical insu-
lation requirements, we still regard Varnished Cambric and
l'ape as our "first job” and steadfastly maintain the standards
which earned their early success. From its founding 38 years
ago, on an unswerving policy of high quality and rigidly con-
trolled production methods, the name “Irvington™ still signifies
outstanding electrical insulation.

If you do not already use the dependable products manufac-
tured by Itvington, send for latest literatute on any of those
listed at the right. Or, if specific information is needed on any
unusual problems, our engineers are always ready to assist you.
Write Dept. 106.

IRVINGTON

ELECTRONICS — November 1943

Varnished Paper
Varnished Tubing
Varnished Nylon
Varnished Rayon

Varnished Canvas & Duck
Varnished Fiberglas
Insulating Varnishes
Extruded Plastic Tubing
Varnished Slot Insulation

IRVINGTON VARNISH & INSULATOR CO.

Irvington, New Jersey, U. S. A.
Plants at Irvington, New Jersey, and Hamilton, Ontario, Canada
Representatives in 20 Principal Cities
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NORTH AFRIC

ALEUTIANS

!

ITALY

In our nine vears, Superior has become a strong company, through
careful management with inherent economy as our watchicord.
As we start our tenth vear, we are interested more in winning
the War than in plans for Post Bar.
Let us, as we work to win, keep our Domestic House in order.
IWhen we come out of this conflict as winners. we can then, with

high purpose, work together to go forth in the Peace.

o
“ (
TG AL

SUPERIOR PRODUCTS IN SMALL TUBING

5% "' OD and Smaller)

CARBON STEELS NICKEL AND “‘INCONEL"

ALLOY STEELS “MONEL"

STAINLESS STEELS (Seamless and Brawn ")
(Seamless and Weldrawn*® ALUMINUM

COPPER AND BERYLLIUM COPPER

SUPERIOR is the only American producer of pure nickel cathode
sleeves in both Seamless and Lockseam.**

* Registered U. S. Trademark ** U. S. Patented




WAR

TELESCOPES
TIME

UNE YEAR AGO, we at Superior thought
our sights were set and that we were ready for
war-time production. But in this year since
our eighth birthday, we have successfully re-
cast our ideas to a program which far exceeds
our earlier expectations.

Superior fine small metal tubing, some-
times erroneously called “specialty” tubing,
is being produced today in a mill which has
upheld quality standards in the face of labor
shortages and greatly increased demands for
a wide variety of tubing.

In electronics, aviation. instruments, and
L) )

PENNSYLVANIA

NORRISTOWN,

hundreds of mechanical applications, the
fruits of our labor are going out to do battle
as radio equipment, aircraft engine and struc-
tural parts, surgical and other instruments,
fire alarm systems, and a myriad of tubular
parts for tanks, ships, and industry.

What is just as important is the healthy im-
pact that the past year has had on our organ-
ization and our plant equipment. Today we
are ready for any task for tomorrow-—capa-
ble and tried in the heat of battle production.

Superior is doing a big job in small tubing.
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HE war record of America’s radio tube engi-
neers is an impressive one. Yet these able and
ingenious men, too, have their “problem children”.

In this category are the minijature tubes used by
our combat troops in communication radio sets.
Admittedly these tubes are tough little “*hombres”
— especially “tough” for that selected group of
engineers whose responsibility is to produce them
by the tens of thousands. Only because of the
sweat and tears of these men has the flow of mini-
atures to our armed forces been maintained and
steadily expanded month after month.

That National Union is one of the nation’s im-
portant manufacturers of miniatures is evidence of
the success of N.U. engineers in helping to solve
one of this Industry’s most difficult war production
problems. Thus do research and development ex-
periences in wartime build a reservoir for post-war
accomplishment. Whenever problems involving
vacuum tube design and application press for
solution, look to National Union engineers for
the answers. Learn to count on National Union.

NATIONAL UNION RADIO CORPORATION, NEWARK, N. J.
Factories: Newark and Mapleuood, N. ], y Lansdile and Robesonia, Pa.

RADIO AND ELECTRONIC TUBES

Transmitting, Cathode Ray, Receiving, Special Purpose Tubes+ Condensers « Volume Controls » Phota Electric Cells » Panel Lamps Flashlight Bulbs
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ESIDUAL MAGNETISM, in plane parts and members, too
often causes compass deflections that set a pilot off his

course. Magnetic fields, to be properly dealt with, must be meas-
ured—their effects at compass locations accurately determined.

WAUGH MAGNETOMETERS provide a practical means for
measuring residual magnetic fields accurately and instantane-
ously. Deflections can be read in milligausses or degrees. Polar-
ity 1s also indicated. MODEL Mw-2 is for inspection of airplane
materials and parts. MODEL Mw-3, especially fitted for usc
in checking compasses in completed
planes, speeds and simplifies the impor-
tant operation of swinging planes on
the compass rose. MODEL MW-4 has a
miniature pick-up unit that can be sub-
stituted for the compass in the instru-
ment panel.

Send for descriptive literature.

3 - \ o -
i T it W ol b D | Y L T

MAGNETOMETER
WAUGH —MW?2
Materials inspection type,

O T T T e 1
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: i, B e RO S A e i .1 S S T it e

Pacific Coast Branch: 180 East California St, Pasadena 5, California 420 LEXINGTON AVE., NEW YORK 17, N. Y.




In the railroad systems of Tomorrow, it 1s possible that locomotaves
o f ee o9
will be reached by telephone—as easily as you would “call up” the

drug store today. By means of radiotelephony a yardmaster, for

example, may contact locomotive engineers in their cabs, or con-
ductors, yard foremen and other supervisory personnel in direct
two-way communication.

Indeed, the postwar potentialities for expansion of communica-
tions through new applications of radio and television have only

B

begun to be explored. In precisely what new directions this expansion
may go, and how soon. is of course still anybody’s guess.

Right now, the entire output of Communication Products 1s
needed for war purposes. But with Victory, the items shown here
will again be available for peacetime purposes. And if their contri-

bution to the war program is any indication, these products will

have a vital part to play in Tomorrow’s applications.

cevdl et
. ow
W\ ca\\ “\“. Py a“d
"“C “Se,
(4

o November 1943 — ELECTRONICS.




PRODUCTS

744 BROAD STREET, NEWARK, NEW JERSEY
FACTORY: 346 BERGEN AVE., JERSEY CITY, N. J.
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ARNOLD BRILHART LTD. 434mipoLeneck ro, GREAT NECK,NY.
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THAT ASSURES

PERFECT CRAFTSMANSHIP

att radio telegraph transmitter with
pretuned tank circuits for 6-frequency
operation with motor driven frequency

selection.
°

Below: TEMCO Model 350 AG 350 watts
output 6-frequency band switching mo-
bile transmitter, designed for military
service aboard trucks.

Hundreds of hand operations enter into the custom-style construction
of every TEMCO unit.

Of all these, the last and simplest is the most important: the affixing
of the TEMCO name plate, which seis our “*hand and seal’ to certify
that the last detail of perfect workmanship has been patiently and
skillfully built in . . . assuring years of dependable service.

Application of the name plate signifies that the job has passed the
most exacting inspections and tests imposed by our own engineers . . .
and now invites inspection by U. S. Government services, or any other
users employing the most critical standards.

RADIO COMMUNICATION EQUIPMENT

' TRANSMITTER EQUIPMENT MEG. CO., INC
’ 345 Hudson Street ® New York 14, N. Y.




SEAw

Throughout the ages, the products
of certain masters of handceraft have stood out above

all others in their class.

Despite the wonders of this machine age, the fash- |
toning of United Electronic Tubes is essentially an opera-

tion of unsurpassed hand craftsmanship.

‘T'ubes by United are regarded as masterpieces in
their field. One of the many reasons for this reputation is
that United has been for long years a specialist and pioneer

in transmitting tube design and production ... exclusively.

Another important reason for UNITED leadership

is that the UNITED production policy never has been

Transmitting Tubes EXCLUSIVELY Since 1934 one of how many—but how well.

www americanradiohistorv com
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Just off the press! The new Lafayette Radio Corporation Catalog 94 is now
ready for you! It presents hundreds of new listings of radio and electronic parts
and equipment. Many items shown were merely designs on the drafting board a
short while ago.

Lafayette Radio Catalog 94 lists the most complete stock of radio and elec-
tronic products available today for industrials, the armed forces, government
agencies, schools, etc., on priority. For civilian maintenance and repair items, your
order will bring quick delivery without priority.

This catalog is a must for all procurement men and expediters — for industrial,
civilian and military needs. Write today for your FREE copy of this complete,
up-to-the-minute Lafayette Radio Catalog 94.

LAFAYETTE RADIO CORPORATION

; E T T E R A D I o c 0 R P 901 W'. Jackson Blvd., Dept. 11G3, Chicago 7, Il.
A ° : Please send me a FREE copy of the New Lafayetie Radio

901 W. JACKSON BLVD. CHICAGO 7,ILLINOIS

265 PEACHTREE ST.. ATLANTA

LECTRONICS — November 1943
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® And,do‘mq more
qrowmq week by week.
Qharetovv
° Consult our local jobber regarding your W
tor needs. Ask tor lates! calalog: also ire€ subscr'\phon
10 the Aerovo¥ Research Worker. Or wrie direct

INDIV
DIVIDUALLY TESTED

: CORPOR
ATION;
700 VARICK - NEW BEDFOR
cK ST., NuY.  EDFORD 3
0t s s A q MAS £
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Large river and stream_

Intermitient stream .

Intermittent lake

Aimy, Mavy or Marine Corps Field

Commercial or Municipal Airport

Intermediate Fie

Markdd Auniliary Field

o

O

Civil Asronautics Authority s Q
-+

o

(tess than 1,000, .

Cities and lowns < 1,000 to 5 000 o

| more than s.000. ()

actud’ thapel

Prominent highway

Secondary highway

Race frack . . . _ | L=

Misc. landmark

Rotating beacon

Rotating beacon
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Dry lake _

Glacier on
contoured peak .

Seaplane base . . N Z
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Radio marker. _ _
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schedule}
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Protected Anchorage . _
tno facilities!
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Mooring mast

Airspace reservation or Quarry or mine.

Danger area.  _ _ .
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A
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High explosive area
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Coast Guard station . ¢ LG 32

Lookout tower
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Flashing code beacon. . -
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TRUE NORTH
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i

“— 270° 90°—» O,

- 270° 90°—=

—— 2707 90"
Diagrams courtesy C.AA

Rldio\:aanp \with tunnel ..
Bearings are magnetic at the station

SYMBOLS ...

some of safety and some of danger...all are aids to navi-

gation of the airways—the “Highways Of The Air".
Another symbol — | — the trademark of
RADIO RECEPTOR CoO., INC.—stands for advanced de-
sign, honesty in manufacture and reliability of operation
on all types of airline and airport radio equipment.

AIRPORT TRAFFIC CONTROLS
RADIO RANGES o MARKERS e LOCALIZERS
COMMUNICATION TRANSMITTERS AND RECEIVERS

Please do not ask us now for catalogs or technical literature be-
cause all of our efforts are concentrated on war work, We shall,
however, have off the press shortly an interesting non-technical
booklet, “HIGHWAYS OF THE AIR”, which we will send on request.

EXECUTIVE OFFICES, 251 WEST 19th STREET, NEW YORK 11, N.Y.

Keep It Up—Buy More War Bonds

BLECTRONICS — November 1943
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Hlustrated

at right are
standard model
Webster voltage
regulators.

h 3
B SRR ITE

3825 W. ARMITAGE AVE.

20

CHICAGO 47, ILLINOIS

FEATURING ECONOMY OF SPACE
FOR AIR-BORNE APPLICATIONS

Occupying exactly the same chassis
space as previous conventional designs
... with 8% less cubic volume . . . only
6% heavier . . . but dissipating 300 fo
400% more power—these are the rev

markably advanced performance specis
fications of the new Webster-developed

VR-2200 Series carbon pile voltage
regulators.

Manufacturers of communications

equipment are invited to consult with
us regarding the many advantages of
this new design. We will make every.
effort to adjust our production to meet
all urgent requirements.

November 1943 — ELECTRONICS
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Science has finally proved that it can outstrip nature —
by devising a mule that doesn’t balk. This offspring of
a tugboat has outgrown the stubbornness characteristic
of the old Missouri Army Mule. A small, floating power
unit for propelling barges, scows, and many other types
of motorless vessels, it has to be thoroughly dependable.

If you are producing electrical war equipment or ma-
chines, keep them from “balking” caused by wiring fail-
ures or Corditis. Belden engineers have had over forty
years of experience in building plus values into wire.
Investigate Belden wire and Belden wiring assemblies.

BELDEN MANUFACTURING COMPANY™
4625 W. Van Buren Street, Chicagn 41, Ninois

Belden wire is used

in this “Sea Mule.”

|. Awarded the U. S. Treasury Special
“ Citation of Merit for initiating the
Far Bond-or-Cash Dividend Plan

;FLECTRON'ICS — November 1943
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Yoo H. P. .

(enfarged illustration)

22

J,

.. developed for space saving,

'”f’ ' welght savmg, dependqblllty

curcraff uses...

This Oster 1/100 H.P. motor is designed
for continuous duty in high ambient tem-
peratures; it operates satisfactorily in
a 90° ambient — standmg up under the
most adverse conditions in blower ap-
plications. .. Behind it stands the 15-year
performance record of Oster motors,
used exclusively before the present war
as original equipment on Oster motor-
driven appliances. These Oster appli-
ances, Oster- powered have long been a
recognized leader in their field, widely

used by the armed services and other
departments of U. S. and foreign gov-
ernments... Type C-2B-1A is one of many
Oster motors now being built to pow-
er vital instruments and mechanisms in
alrplanes and submarines. It is ball-bear-
ing equipped, built in an aluminum die-
cast housing. 6, 12, 24, or 115 volts DC;
115 volts AC . . . For satisfactory results
that are a credit to your judgment, select
Oster motors. Let us help you fit this or

other Oster motors to your requirements.
M-12

John Osi*er Mfgo Co. of III|n0|s

Department L-l2

AR D

Genoa, ||||n0|s

[ 3
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These are the BENEFITS of
CLOSELY HELD VOLTAGE SUPPLY

Better performance, greater reliability, and

longer life of electronic devices

Protection of delicate instruments and ma-

chines, precision tools, and electronic tubes

against sudden overvoltages

More accurate test results, fewer rejects EXTREMELY CLOSE VOLTAGE REGULATION,

so essential to speedy, accurate pro-
duction-line testing, is automatically
And manufacturers—don’t forget: maintained by a 500-volt-ampere

G-E stabilizer on a test bench in a

A product’s salability can be increased when fluorescent-ballast factory.

voltage stabilization is a built-in feature.

Output vaits

95 100 105 110 N5 120 125 130

Input voits -

LOOK AT THIS PERFORMANCE—Practically
constant voltage for several typical
conditions (A—Open circuit; B—
Full load, unity power factor; C—
Full load, 0.8 power factor lagging).
Stabilizing action practically in-
stantaneous, taking place in less
than three cycles.

IMPROVES THE PERFORMANCE
OF EQUIPMENT LIKE THIS:

Radio transmitters and testing equip-
ment ¢ i
Photoelectric equipment and other
electronic-tube apparatus
Motion-picture projectors and sound
equipment

Telephone apparatus

X-ray machines 4

Precision photographic equipment
and photometers

Color comparators

Calibration of meters, instruments,
relays

Laboratory precision processes and

VQ LT AGE testing equipment

FOR DETAILS on this stabilizer’s unique

; - ' circuit, write for Bulletin GEA-
‘ 3634. General Electric Company,

Schenectady, N. Y.

A The best investment in the world is in this
GENERAL @ ELECTRIC |"ission

403-563-5205'

ELECTRONICS — November 1943 23
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'/loo H.P.

(enlarged illustration)

J) | ..developed for space savmg,

f INJD 9 = In specialized
aircraft uses...

This Oster 1/100 H.P. motor is designed
for continuous duty in high ambient tem-
peratures; it operates satisfactorily in
a 90° ambient — standing up under the
most adverse conditions in blower ap-
plications...Behind it stands the 15-year
performance record of Oster motors,
used exclusively before the present war
as original equipment on Oster motor-
driven appliances. These Oster appli-
ances, Oster-powered, have long been a
recognized leader in their field, widely

s

used by the armed services and other
departments of U. S. and foreign gov-
ernments... Type C-2B-1A is one of many
Oster motors now being built to pow-
er vital instruments and mechanisms in
airplanes and submarines. It is ball-bear-
ing equipped, built in an aluminum die-
cast housing. 6, 12, 24, or 115 volts DC;
115 volts AC . . . For satisfactory results
that are a credit to your judgment, select
Oster motors. Let us help you fit this or

other Oster motors to your requirements.
M-12

J’JJJJ welght saving, dependability

John Osferw;vl\fg.m Co. ofmllliui;;isu

Department L-12

.
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These are the BENEFITS of a

CLOSELY HELD VOLTAGE SUPPLY

Better performance, greater reliability, and

longer life of electronic devices

Protection of delicate instruments and ma-
chines, precision tools, and electronic tubes

against sudden overvoltages
More accurate test results, fewer rejects

And manufacturers—don’t forget:
A product’s salability can be increased when

voltage stabilization is a built-in feature.

%
o

...and Here's the Way |/

VOLTAGE
STABILIZERS

ELECTRIC

408-53-5206

GENERAL @

ELECTRONICS — November 1943

WWW._americanradiohistorv. com

EXTREMELY CLOSE VOLTAGE REGULATION,
so essential to speedy, accurate pro-
duction-line testing, is automatically
maintained by a 500-volt-ampere
G-E stabilizer on a test bench in a
fluorescent-ballast factory.

95 100 105 110 135 120 125 130

Input voits -

LOOK AT THIS PERFORMANCE-—Practically
constant voltage for several typical
conditions (A—Open circuit; B—
Full load, unity power factor; C—
Full load, 0.8 power factor lagging .
Stabilizing action practically in-
stantaneous, taking place in less
than three cycles.

IMPROVES THE PERFORMANCE
OF EQUIPMENT LIKE THIS:

Radio transmitters and testing equip-
ment Ik b -

Photoelectric equipment and other
electronic-tube apparatus
Motion-picture projectors and sound
equipment

Telephone apparatus

X-ray machines )

Precision photographic equipment
and photometers

Color comparators

Calibration of meters, instruments,
relays

Laboratory precision processes and
testing equipment

FOR DETAILS on this stabilizer’s unique
circuit, write for Bulletin GEA-
3634. General Electric Company,
Schenectady, N. Y.

The best investment in the world is in this
country's future —BUY WAR BONDS

23
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0il Impregnated- 0il Filled
Oil Sealed

*

*

v Ceramic or Bakelite Tubes

Y Boakelite Cement Ends

(0il Proof)

Y JSuitable for Operation

75° to 1000 €

Y Ideal for Extreme High
Altitude Duty

Y No Danger of "Flash Over”

Between Terminals

Y No Metal for "Body Capacity”

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. YV,

November 1943 — ELECTRONICS
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USED in aircraft applications, the AmerTran Airborne RH

Transtat Voltage Regulator for 400 Cycle A. C. is a new
addition to the- already famous Transtat family. It meets the
rigid tests of combat aircraft equipment in action.

Like other Transtats, the Airborne RH is a highly efficient transe
former type regulator. The velvety smooth Transtat system that
controls without circuit interruption is further refined in this
newer unit. And, similar to its predecessor, it does not distort
wave form or interfere with radio reception. Small, compact, its
weight is the minimum achieved for its power rating.

Well suited to incorporation in other electrical equipment where
precise line voltage correction or special voltage maintenance is
required, its dramatic wartime performance presages a useful
peacetime future.

AMERICAN TRANSFORMER COMPANY

178 EMMET STREET, NEWARK S, NEW JERSEY

MANUFACTURING SINCE 1901 AT NEWARK, N. J

L
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DELCO RADIO
PRODUCTION METHODS

represent the

practical application of =¥ .t Al
s . ELECTRONICS RESEARCH
reseaqarc h Clnd II‘IVEI‘II‘IOI‘I Technicians of Delco Radio are carrying forward

pioneerresearchin thefield ofradioandelectronics.

The products of research and invention be-
come factors of Victory only after methods

are developed for mass-producing them.

This is a skill which Delco Radio has acquired

through years of automotive radio manu-

facturing for millions of cars. It is serving
wartime needs through the volume production

of highly intricate radio communication parts

and equipment . . . push-button tuning for ‘

tank radio receivers . . . parts for air-borne PROCESS ENGINEERING

communication equipment. .. complete trans- Delco engineers are equipped through years of
. . . . experience to translate swiftly the product of re-

mitters and receivers for artillery equipment search and design into practical, useful products.

. . . and many other products.

Yesterday, Delco Radio’s ability to combine
research with production worked for higher
entertainment value. Today it works in,
Victory’s cause. Delco Radio Division, Gen-

eral Motors Corporation, Kokomo, Indiana.

-+ + Back the Attack
PkECISlN ON A PRODUCTION BASIS

WITH WAR BONDS
Delco specializes in the ability to mass-produce

o % * * * * * * * 4 highly intricate products. Years of experience in
the automotive radio field qualify Delco for
vehicular radio production for war.

]

DIVISION OF

SNERAL MOUORS

26 November 1943 — ELECTRONICS




N COMMON with other wire and
l cable manufacturers, Roebling is
doing its best today to meet the
needs of war plants with the best
products that can be made under
government restrictions.

We appreciate the consideration and

understanding being shown by our
customers It has not been easy, for
us or for the industry, to step from
known, proved products and engi-
neering standards into new fields that
must be proved in use.

We are looking forward to the day

after Victory when Roebling Elec-
trical Wires and Cables can again
serve you with the full measure of
performance this name has always
stood for.

JOHN A. ROEBLING'S SONS COMPANY
TRENTON 2, NEW JERSEY
Branches and Warehouses in Principal Cities

"ROEBLING/
»'m

ROEBL

NG

ELECTRICAL WIRES AND CABLES

ELECTRONICS — November 1943
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Doorway to Electronic Vision

Control of the forces of electronics begins with vision . . . especially by experienced
engineering minds accustomed to achievement. RAULAND engineers and scientists have
earned recognition in the field of electronic achievement with such notable examples as
(1) High Powered Cathode Ray Tubes for large screen (15 foof x 20 foot) television projection of
fine line definition. (2) Frequency Standards having a control accuracy of 1/100th of 19, and
maintaining this almost unbelievable control throughout the entire temperature range of
minus 30°C to plus 50°C. (3) Communications, as exemplified by precision-built transmit-
ting type tuning condensers, two-way radio and intercommunicating and sound
control units for industry. All of the fruits of RAULAND Electroneering* are at
work for our war effort today as they will serve industry in the new days to come.

% The Rauland word for all of 2he carefully thought out steps in electronics from vision to completion.

&m R TR R R wvw 2730y '74-*

RADIO...SOUND...

Electroueering Zs our business
THE RAULAND CORPORATION ... CHICAGO, ILLINOIS

Buy War Bonds and Stamps! Rauland employees are still investing 10% of their salaries in War Bonds

28
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Picker X-Ray Diffraction Equipment is serving industry in many

ical
diverse roles . . . in the identification of unknowns . . . in qual- ChelIIICCI
ity control . . . in analysis of sub-microscopic crystal sfructures. and
. - - . . °
It provides quick, accurate determinations in a fraction of the phys.ca'

time required by other methods, and has wide applications, de'ermina'ions

particularly in cold work, alloy structures and silicates in clays.

PICKER X=-RAY
DIFFRACTION
APPARATUS

Two Portal Beryllium window. Water-

Pty

PICKER X-RAY CORPORATION

300 Fourth Avenue, New York, New York
WAITE MANUFACTURING DIVISION CLEVELAND, OHI1O
MANUFACTURERS OF HIGH VOLTAGE ELECTRICAL APPARATUS SINCE. 1879

ELECTRONICS — November 1943 29
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TOMORROW is on the drawing boards
of today! :

Y.es, it’s here in sketches, charts, plans—
proved and being proved by today’s en-
gineers and designers. It’s here in tried
and tested formulae. Here in the perform-
ance records of electronic tubes and
countless other devices which bring
Victory nearer!

-

Consider now the help that Westinghouse
and Westinghouse Electronic Tubes can
give you! Tubes, which “stop” and record
the flight of a bullet! Tubes which make

wood strong as steel, weld metals, clean

ercy
ﬁ“ed types, 4

D-81; 1D.79

ELECTRONICS — November 1943

the air of every particle of dust in vast
rooms! Tubes which see, hear, feel, per-

form endless jobs with speed, accuracy

and dependability!

All this is yours to command in planning
products . . . electronic tubes built with
all the care and skill for which Westing-
house is famous . . . plus the “know-how,”
the advanced technical assistance, West-
inghouse can offer to help pre-prove your
ideas for the post-war world of tomorrow.

For further information, address West-
inghouse Electric and Manufacturing
Company, Bloomfield, New Jersey.

wWww_americanradiohistorv com
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THE ELECTRONIC ENGINEER NEEDS ”ftP...

1938 g i o S R TE
General Ceramics is at his beck and call to help with 333&{5@ o it h“{,,?;‘gu il
his insulator problems. In nine cases out of ten the s A el B -
solution will be STEATITE.

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

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

R R CE

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

eneral

i JENERAL AND STEATITE CORPORATION
KEASBEY . NEW JERSEY
@ 1842
32 November 1943 — ELLECTRONICS




Send for

CATALOG 40
showing
Complete Line
and
Engineering
Data

VVVVYVVYVVYVVVY
TIME IN MILL]I-SECONDS

ARCING VOLTAGE

CURRENT

MAGNETIC CIRCUIT BREAKERS
Employ High Speed Blowout

The stationary contact is coiled around an insulated iron
core which connects the steel plates forming a U-shaped
magnet. On overloads and short circuits, the current flowing
through the contact creates magnetic lines which force the
arc into the arcing chamber and blow it out. As the value of
the current to be interrupted increases, the quenching effect
?ecl:é)mes greater due to the intensified magnetic blowout
ield.

HEINEMANN CIRCUIT BREAKER CO.

Subsidiary of Heinemann Electric Co., Established 1888

97 PLUM STREET

TRENTON, N. J.
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ELECTRONIC DEVICES
Whether the field of electronics is

comparatively new or old is of no
particular significance. Both schools
of thought are perhaps right to a
certain degree. Basically what mat-
ters is the job that will be done for
Mr. and Mrs. America . . . elec-
tronic’s future customers.

Engineers and designers are busily
engaged in completing their ‘‘bag
of tricks’’, for development and
use immediately following the war.
In this highly specialized field, a
myriad of new products, equipment
and processes — each embodying
specific improvements and efficien-
cies—are assured.

. Electronic Enterprises will offer its
: _': share, too. The design and produc-
tion resourcefulness being engi-
neered into E-E power and trans-

TANFIEREFEID, b ¢ B 8. 87 mitting tubes for critical Army,
ELECTRONIC ~Navy and Signal Corps applica-

L_ENTERPRISE S | - tiontrshould materially help in al-
" . o e laying &oubts regarding any future
' T “other thama healthier and happier

one.

The E-E Data Book is available, free
on request. Write for your copy.

ELECTRONIC
ERPRISES, INC.

st

¥ tcTaone \

=3

GENERAL OFFICES; 65-67 SEVENTH AVENUE, NEWARK, NEW ERSEY



If you’re thinking of an insulator for
use in electronic applications, take ad-
vantage of the unequaled experience
General Electric has had in the field of
electronics insulation.

Use G-E mycalex— the high-density,
glass-bonded mica ceramic that, for more
than twenty-one years, has been solv-
ing the tough insulating problems.

Because of its high dielectric and me-
chanical strength, superior refractory

qualities and other characteristics, G-E -

ELECTRONICS

That's why G-E mycalex gets first call for electronic insulation

mycalex is used extensively in various
types of electrical apparatus, particularly
in radio, industrial control and heating
equipment where high-frequency in-
sulation is required.

G-E mycalex is easily subjected to all
the usual machining operations—drill-
ing, filing, sawing and polishing. This
makes it remarkably flexible for exact-
ing production specifications.

To solve your electronic insulation
problems, all of General Electric’s match-

less experience in electronics is at your
command. Write today for a sample of
G-E mycalex and the data bulletin,
“G-E Compression Molded Myecalex.”
Address: Electronics Dept., General
Electric, Schenectady, N. Y.

Tune in “The World Today’ and hear the news
from the men who see it happen, every evening
except Sunday at6:45S E.W.T. over CBS network.
On Sunday listen to the G-E “All Girl Orches-
tra’ at 10 P. M. EEW.T. over NBC network.

GENERAL @) ELECTRIC

November 1943
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“CHURCHILL-
MADE” '
ge fo war . . .
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with the Hallicrafters Built SCR-299

The SCR-299 Mobile Radio Communications unit is -
equipped with tables and cabinets built by Churchill
Cabinet Company. Two of Our Peace-

time Communica-

This valuable new weapon is designed for the NI g

“Blitz” type of warfare and has proven its ability to
fight successfully the “Battle of Communications.”

_ Dependable equipment built by Churchill Cabinet
Company is serving with this excellent transmitting
unit that is giving such superb service on all fighting
fronts.

By Invitation Member |

N\ s

CHURCHILL CABINET COMPANY

2119 CHURCHILL ST,, CHICAGO, ILLINOLIS
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FOR RADIO MEN
IN THE SERVICE!

“WRITE A LETTEN

As you know, the Hallicrafters
make a wide range of Radio
Communications equipment, in-
cluding the SCR-299 Mobile
Communications unit. We are
proud of our handiwork, proud of
the job you men have been doing

with them on every battlefront.

RULES FOR THE CONTEST

We want letters telling of actual
experiences with this equipment.
We will give $100.00 for the
best such letter received during
each of the five months of No-

(Hr

(ilE) *

S

l:ral'.‘E'E IS co.

e halli

vember, December, January,
February and March! (Deadline:
Midnight, the last day of each
month.)

We will send $1.00 for every
serious letter received so even if

you should not win a big prize
your time will not be in vain.
Your letter will be our prop-
erty, of course, and we have
the right to reproduce it in a
Hallicrafters advertisement.
Good luck and write as many

letters as you wish. V- Mail letters
will do.

BUY MORE BONDS!

CHICAGO, U.S.A.

2611

INDIANA AVENUE

CHICAGO, U.S.A.

MAKERS OF THE FAMOUS SCR-299 COMMUNICATIONS TRUCK

ELECTRONICS — November 1943
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The Solderiess Terminal that

STAYS PUT

PERMITS uniform installation with un-
skilled labor. Provides a strong me-
chanical joint that withstands severe
vibration.

Used by leading electrical contractors.
Approved by prominent electrical engi-
neers.

Cut down installation time and save
valuable man-hours by using "Grip-it"
Solderless Terminals.

IN THREE FINISHES
Silver Nickel Hot Tin

Send for Samples and Quotations.
Let us have your prints and specifications.

Quick response to inquiries!
STEWART STAMPING COMPANY
621 East 216th St., New York 67, N. Y.
BUY MORE
WAR BONDS

November 1943 — ELECTRONICS
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When Sandino was a rebel

Henry L. Stimson had personally arranged a truce be-
tween the two factions in Nicaragua, and the Marines
were asked to stay until after the 1928 election.

But one young “general” refused to be bound by the
truce, and fled with his litctle band into the wilds of
the department of Neuva Segovia. There Augustino
Sandino proclaimed himself head of a republic, and
might have lived unmolested to a ripe old age if he
hadn’t taken up the practice of ambushing small de-
tachments of Marines.

After 400 of Sandino’s men surrounded 39 Marines
near Ocotal, killing one and wounding one before
they were driven off, Heintz and Kaufman Ltd. received
an urgent message from Washington to design and
build at the earliest moment 22 special field trans-
mitters capable of being transported along narrow
jungle trails, and of being operated even after immer-
sion in water. '

This was the first time Heintz and Kaufman equip-
ment served with the Marines. Today as thousands of
Gammatron tubes pass final inspection, we like to think
that some will see action with the U. S. Marine Corps
- .. confident that every Gammatron will have that
extra stamina, efficiency, and dependability when the
odds are long that the Marines themselves possess.

HEINTZ AndD KAUFMAN L7TD.

SOUTH SAN FRANCISCO - CALIFORNIA, U.S. A,

%

HK-854 .. This general purpose Gammatron
triode offers exceptional VHF performance,
and has the ability {o withstand high volt-
ages. Maximum plate dissipation 450 watts.

wWWwWw_americanradiohistorv com
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Tue SCR-299 high powered mobile transmitter, using |

Quartz Laboratories crystals has more than met the |

s expectations of the U. S. Signal Corps and has g
received high praise from leading military authorities, |
one of whom said, “My observations in the theatres

With the famous

of war make it possible to say that the SCR-299 hit
SCR=299 byilt by '

the jackpot in the mobile radio field as has the jeep
H (o | i I i Cr (o | f ' e r s in transportation.” |

Quartz Laboratories is proud of its contribution to

R,

this fine transmitter unit.

QUARTI LABORATORIES

KANSAS CITY, MO.
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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-

. ENGINEERED TO A SPECIFIC NEED

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., LeRuy, N. Y.




Instrument Manufacturer
- Questions Every Fastening
and changes to the simple

P-K Self-tapping Screw method!

TOP — P-K Type “"&* Screws fasten instrumenrt to wood
housing . . . provide betfer halding power than wood
screws Lecause they are more mechanically correct and are
threaded to the head. 4

CENTER —~ P-K Type "I Scfews fuasten index roller to 1/32”

steel panel. ot

RIGHT — P-K Type 2" Screws fasten steel cover to 1/16”
steel shield container, and coil shield to 1/16" steel chassis..

Multiply the fastenings illustrated here by many hundreds
metal housing. of similar war-needed assemblies made daily in the plant of

BELCW - P-K Type ““A" Screws fasten instrument to 1/32"

the Radio City Products Co., New York. You will then have
an idea of the many vital work-hours this company saves by
adopting P-K Self-tapping Screws wherever possible, and
avoiding tapping holes for machine screws.

The simple P-K Self-tapping Screw method of making fast-
enings not only does away with tapping and tap maintenance.
It also ends the slow washer-placing and nut-runming that
goes with bolts; the difficulties of riveting in hard-to-reach
places; the need for inserts in molded plastics. With Self-
tapping Screws, only one easy operation is necessary . . . turn-
ing the Screws into plain holes. No special tools or skilled
help are required.

Whether your assemblies are of thin or heavy sheet metal,
of castings or plastics, you’ll find, in 7 out of 10 cases, that you
can simplify work, and improve products with P-K Self-tap-
ping Serews. Question every fastening job on your drafting
boards, and on your production lines, now! Ask for a P-K
Assembly Engineer to call and help you check your fastening
Jobs for opportunities to save time, labor, and money. If
you prefer, mail assembly details for recommendations.

Parker-Kalon Corp., 192-194 Varick St., New York 14, N. Y.

=
. 5

METAL OR PLASTIC ASSEMBLY

SELF-TAPPING SCREMS

s

Give the. Green Light o | to War Assemblies ;
i, Gt S “TYPEFOR EVERT
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Sk service organizations in the aviation, electrical
:::12::;2::;:“"5's'“”“}xzsxsznr; M e . 0
ALy ar e eaan] and electronic fields are using these quickly-ap-
AL A2 SI 52 71 ;4 oAy pp nn“5~15:::n . . . . [
vvssnnannSnmnas e plied, easily-read wire identifiers to speed pro-

COMPANY

600 E. Second Street
Los Angeles 54, California

Eastern Sales Offices :

215-05 27th Ave., Bayside
L. I, New York

21 East Van Buren Street,
Chicago 5, Illinois

SCORES of prominent manufacturers and

duction, save man hours and reduce costs.

You can use E-Z-Code Labels for cvery type of
wire assembly and on conduits, cables, tubing,
etc. And they speed maintenance and repair
work, too. Use E-Z-Code Labels and you avoid
wire confusion . . . even green hands can identify
the right wire when it is E-Z-Coded. Made of
flexible, durable material with transparent coat-
ing. Ready for use . .. no moistening necessary.
Available in standard code numbers and “tailor
made” with special symbols for your specific re-
quirements. Use the coupon.

sz
b
%

3282017
32E2617
32E2617
3282617
3282617

3282617

EACH WIRE

WESTERN LITHOGRAPH CO., 600 E. Second St., Los Angeles 54, Calif.
Send item checked by return mail

[J Trial order of 100 cards (3300 labels) @ 12¢ per card. Nos. | 10 33 on each caru.
(J Samples. price list and catalog

216 E. Tenth Street, Rarme

Kansas City 6, Missouri Firm. .

. ‘ Address
ICK—=EASY TO APPLY AND READ i o

MRO or War Contrace Number priority required.

 IANEANEEEBRJENENERN
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PRESTIGE?

G OAT serves almost every electronic tube manufacturer with a tremen-
dous variety of stock and special parts, made of any metal to any specified degree
of accuracy. Because of experience gained since the days of radio infancy, GOAT
has been able to meet the demands of this industry for greater quality, durability
and quantity production. GOAT’S prestige, today, is based on this consistent ability
to handle tough jobs requiring skill, precision and efficiency.

\ STAMPING GROUNDS
For Small Tough Jobs

TYPICAL PARTS
Shown here are just a few GOAT
electronic tube parts and shields
that have been stamped, drawn
and formed on GOAT machines,
dies and presses.

www_americanradiohistorv com
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MANUFACTURERS OF
- ELECTRONIC EQUIPMENT <=
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...who use Variable Resistors

The products of the Chicago Telephone Supply Company
have been standard for high quality and fine workmanship
throughout the world for 46 years. Chicago Telephone
Supply has specialized in variable resistors (carbon and
wire wound) for 15 years and production of them in the
last peacetime year exceeded 14 million. Wartime produc-
tion must remain a military secret but Chicago Telephone
Supply will continue to serve the electronic industries with
the quality workmanship and the service that customers
have grown accustomed to during the years.

Chicago Telephone Supply facilities are also being used
to produce plugs, jacks, switches (separate and in combi-
nation with variable resistors).

Plugs Jacks Switches Telephone Generators

Variable Resistors and Ringers

Branch Offices

RSN CHICAGO TELEPHONE SUPPLY

401 N Broad Street

i Philadelphia, Pa. &W 9
City, M
Kansas City, Mo Phone: Walnut 5369

Representatives

R W. Farris
2600 Grand Ave

Phone: Victory 3070

Frank A. Emmet Co In Canada
2837 W. Pico Blvd. C. C Meredith & Co
Los Angeles, Calif. Streetsville, Ontario ELKH AR T x IN D IA NA

”lwtﬁ'ac&m ojéwé’ty %W-W ahtpmmts Since 1556
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ard to find

Specific parts for a specific application . .

. those are the things that are hardest to
find, these days. At Ucinite we specialize in the carrying out
Take banana pin assemblies like the ones illustrated

of such orders.
above, for instance. We can
design them from the start for your particular needs.
the mounts, assemble them, inspect them

We make the pins, die-stamp
and get them out on time.
Small jobs don’t bother us. But we have the
capacity to handle the big jobs, too.

engineering staff and the production

The UCINITE CO.

Newtonville 60, Mass.

Specialists in RADIO & ELECTRONICS

LAMINATED BAKELITE ASSEMBLIES
Division of United-Carr Fastener Corp.

CERAMIC SOCKETS . BANANA PINS &
42

1
o
|
|

JACKS . PLUGS : CONNECTORS . ETC. |
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A fighting man must fly blind sometimes, but deaf never. In long range bombers

. in scrappy pursuit planes . . . whatever the visibility, vital communication
channels must be kept clear. Unless the proper suppression filter system is installed,
noisy radio interference acts like a pack of demons . . . sabotages communications
upon which the safety of men and their military missions depend.

Solar Elim-O-Stats are Communications’ Life-savers. They are compact filters
which protect against local static, absorbing it right where it starts—at generators,
motors, contacts, and other sources. Solar Capacitors are reliable components used
by practically all leading manufacturers of military radio equipment. From com-
mand car to jeep or tank . . . from ship to ship or plane . . . between planes—

wherever radio is vital—Solar Capacitors and Elim-O-Stats help keep channels
clear, so fighting men can hear.

If you have a problem concerning capacitors or radio noise suppression, call
on Solar Manufacturing Corporation, 285 Madison Ave., New York 17, N.Y.

ELIM-O-STATS

CAPACITORS AND RADIO NOISE-SUPPRESSION

FILTERS
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FREQUENCY METER

e e —

MEASURE YOUR FREQUENCY -

DRIVE YOUR RECORDER

* SEE THE ANSWER AT A GLANCE

WITH THE NEW

/Va/'e/co

DIRECT READING

[ T ERE is a brand new Norelco tool for industry -
I{ an electronic direct reading frequency meter
remarkable for its compactness, simplicity and
wide range of applications.

Six scale ranges make possible the accurate
coverage of all frequencies from 0 to 50,000
cycles. The six scale ranges are:

0— 100 cyeles per second
0— 500 cycles per second
0 — 1,000 cycles per second
0 — 5,000 cycles per second
0 — 10,000 cycles per second
0 — 50,000 cyeles per second

Any standard 5 milliampere recorder may be
connected to the frequency meter and bhe driven
without the aid of an auxiliary amplifier. It oper-
ates on 110 volts AC and requires only 100 watts
of power. It measures frequencies to an accuracy
within 29 regardless of the input voltage, which
may vary from 5 volt to 200 volis.

Adaptable for either relay rack or cabinet
mounting, the new Norelco Elecironic Direct
Reading Frequency Meter is as useful in the lah-
oratory as it is in the industrial plant. This in-
strument can be used in testing quartz crystals,
or experimentally as the base of an FM modula-
tion indicator. Combined with a photo-electric

cell and amplifier, it can be made into a speed
indicator. It permits the reading of high speeds,

such as are encountered in ultraspeed centrifuges.
It is equipped with safety cutout to prevent meter
and recorder burnout from accidental overload.

The new Norelco Electronic Direct Reading
Frequency Meter is only one of several Norelco
devices designed to help industry achieve better
quality, flexibility and product control. Write
to North American Philips engineers today and
get the benefit of our wide experience in solving
problems for industry.

For our Armed Forces we make Quartz Oscil-
lator Plates; Amplifier, Transmitting, Rectifier
and Cathode Ray Tubes for land, sea 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 Molybdenum in powder, rod, wire
and sheet form; Tungsten Alloys; Fine wire of
practically all drawable metals and alloys: bare,
plated and enameled; Diamond Dies; High
Frequency Heating Equipment. And for Victory
we say: Buy More War Bonds.

/'3/00 ELECTRONIC PRODUCTS by

NORTH AMERICAN PHILIPS COMPANY,

INC.

Industrial Electronics Division, 419 Fourth Ave., New York 16, N. Y.

Main factory and offices in Dobbs Ferry, N. Y.; other factories at Lewiston, Maine (Elmet Division); Mount Vernon, New York
(Phbilips Metalix Corporation). Represented in Canada by Electrical ‘Trading Company, Ltd., Sun Life Building, Montreal, Canada
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“It pays to have rigid specz'ﬁmtz'ons— eh boys?”. ..

HYTRON TOLERANCES ARE
TIGHTER THAN CUSTOMER
TOLERANCES . . . .. .

When measuring aesthetic curves, or
when conducting electrical and mechan-
ical tests on vacuum tubes, the more
stringent the adherence to accepted stand-
ards, the more desirable the resulting
selection.

Impracticable as it is to manufacture all

tubes of a given type exactly alike, it is

possible to insure against slight meter in-

accucies and the human element by
| &

observing specification tolerances tighter
than customers’ requirements. Each Hytron
tube is thus made to fit precisely the cir-
cuit constants with which it must operate.
For example, strict observance of specifi-
cations for grid-to-plate capacitance makes
easier the adjustment of tuned circuits to

any Hytron tube of the chosen type.

Simplify your design problems for initial
and replacement tubes by taking advan-
tage of Hytron's insistence upon close
tolerances. Specity Hytron.

ELECTRONICS — November 1943
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EPARTMENT OF

i
y Y “../ ‘-L‘ Aﬁl/l -‘-‘{ J‘ a
RECOGNIZES IN THIS AWARD FOR DISTINGUISHED SERVICE
THE LOYALTY ENFRGY AND FFFICIENCY IN THE PERFORMANCE

e

W]

v

OF THE WAR WORK BY WHICH |

Hatiostal Lo : :

AIDED MATERIALLY IN OBIAINING VICIORY FOR THE ARMS 3

QF THE UNITED S1ATES OF AMERICA IN THE WAR WITH y ,
THE IMPERIAL GERMAN GOVERNMEN] AND THE IMPERIAL

AND ROYAL AUSTRO-HUNGARIAN GOVERNMENT |

&, ;

S &’i?é )

I~ Ry R S e A

The men and women of National Company take great
pride in the reception of the Army-Navy “E" Award for
excellence in production. To us it brings a special satisfac-
tion, for twenty-five years ago we received a similar
award for service to the Nation in World War 1. Old
timers have set the pace in winning both awards, but new |
hands have joined with old skills in putting our difficult job
across. It is our pride and our pledge that we of National
Company shall keep our record of service bright.

3

1

NATIONAL COMPANY, INC.

%
MALDEN, MASS., U. S. A.

s e Dtaan ot i - et e s R b I - }
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WILCOX EQUIPMENT

used by major Airlines throughout
the United States

Proof of quality and dependa-
bility is in performance. Wilcox
radio equipment is installed on
major Commercial airlines
throughout America, and in ad-
dition it is being used through-
out the entire world in connec-
tion with military operations.
For airline radio communica-

tions, depend on Wilcox!

WILCOX ELECTRIC
COMPANY

Quality Manufacturing
of Radio Equipment

14th & Chestnut 5% Kansas City, Mo.
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GE“ERM' § How 10 rorm aLuminun TUBE ahd

SHEET-METAL 1 peawing,
STRETCHING and
STAMPING

The how and why of drawing,
stretching, stamping and other
press operations are explain-
ed. The design of the tools,
methods of lubrication and
other factors are described.

FIRST

PUBLIC SHOWING

at Alcoa headquarters,
National Wartime
Metal Congress,

Palmer House, Chicago

OCTOBER 18-22 4

These five brand-new, how-to-do-it sound motion pictures are now
available for your instructional work. They may he borrowed or
purchased; 16 and 35 mm sizes. For further information, write
ArLumiNUM COMPANY OF AMERICA, 2136 Gulf Bldg., Pittsburgh, Pa.

ALUMINUM

November 1943 — ELECTRONICS
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Appreciating the present special need for radio ref-
erence data in compact, convenient form, the Fed-
eral Telephone and Radio Corporation presents
“Reference Data for Radio Engineers” as an aid to
radio research, development, production and oper-
ation.

In selecting material for this book, the aim was to
provide for the requirements of the engineer as
well as the practical technician. Hence, more funda-
mental lata are included than usually found in a
concise radio handbook, in order to fill a gap that
has existed in the past between handbooks and
standard radio engineering text books. Special effort
also was directed to making the material useful both
in the laboratory and in the field.

A glance at the table of contents, listed at che right
will show the wealth of suRject matter included. All
material is presented in a concise, practical form
generously illustrated, with more than 175 charts,
graphs and tables —all conveniently arranged for
ready use.

Material for this Reference was compiled under the
direction of the Federal Telephone and Radio Lab-
oratories in collaboration with other associate com-
panies of the International Telephone and Tele-
graph Corporation. This group of companies (in-
cluding their predecessors) possesses experience
gained throughout the world over a period of many
years in the materialization of important radio
projects.

This handy new reference should be on the desk of
every radio engineer. Order your copy today — only
one dollar, in serviceable green cloth binding. The
order form at the right is for your convenience.

Published by the

67 Broad Street, New York 4, N. Y.

{ELECTRONICS — November 1943

General Engineering Tabes. Conversion Table,
Fractions of an Inch with Metric Equiv-
alents, Copper Wire Table, Copperweld
Wire: Mechanical and Electrical Prop-
erties, Standard Stranded Copper Con-
ductors, Screw Head Styles and Method
of Length Measurement, Standard Ma-
chine Screw Data—Chart for Hole Sizes.

Engineering and Material Data. Iasulating
Materials, Plastics: Trade Names, Phys-
ical Constants of Various Merals, Fusing
Currents of Wire, Melting Points of
Solder, Temperature Chart of Heated
Metals, Spark Gap Voltages, Thermo-
couples and Their Characteristics, Char-
acteristics of Typical Thermocouples,
Head of Water and Approximate Dis-
charge Rate, Wind Velocities and Pres-
sures, Weather Data:

(Temperature Extremes, Precipita
tion Extremes, World Temperatures,
World Precipitation.)
Principal Power Supplies in Foreign
Countries, Audible Spectrum, Fther
Spectrum, Radio Frequency Classifica-
tions.

Audio and Radio Design— General. Condenser
Color Code, Resistor Color Code, Stand-
ard Color Coding for Resistors, Induc-
tance Charts for Single Layer Solenoids,
Copper Wire Coil Data, Reactance
Charts, Time Constants for Series Cir-
cuits, Impedance Formulas, Network
Theorems, Electrical Circuit Formulas,
Attenuators, Filier Networks.

Rectifiers, Special Connections and Circuit
Data for Typical Rectifiers, Selenium
Rectifiers.

Vacuum Tubes and Amplifiers. Vacuum Tube
Design: (Nomenclature, Coefhicients,
Terminology, Formulas, Electrode, Dis-
sipation Data, Filament Characteristics.)
Ultra-High Frequency Tubes, Vacuum
Tube Amplifier Design: (Classification,
General Design, Graphical Methods,)
Resistance Coupled Audio Amplifier De-
sign, Negative Feedback, Distortion,
Armyand Navy Preferred List of Vacuum
Tubes, Cathode Ray Tubes, Approxi-
mate Formulas.

Telephone Transmission. Power Ratio, Volr-
age Ratio, Decibel Table, Transmission
Line Data and Constants.

Radio Frequency Transmission Lines. Trans.
mission Line Data: (Surge Impedance of

only

$]00

— CHECK THIS TABLE OF CONTENTS NOW —

Uniform Lines, Transmission Line Typcs
and Their Characteristic Impedance, Im-
pedance Matching with Shorted Stub,
Impedance Matching with Open Stub.)
Wave Guides and Resonators.

Radio Propagation and Antennas. Ficld Serength
of Radiation from an Antenna, Field
Strength from an Elementary Dipole,
Ultra-Short Wave Propagation: ( Line of
Sight Transmission Distance. ) Reflection
Coefficient of Plane Radio Waves from
Surface of the Sea, Distance Ranges of
Radio Waves, Radio Transmission and
the Ionosphere, Time Interval between
Transmission and Reception of Reflect-
ed Signal, Linear Radiators: (Maxima
and Minima of Radiation—Single-Wire
Radiator.) Antenna Arrays: (Radiation
Pattern of Several Common Types of
Antennas, Radiation Pattern of Multi-
Element Linear Broadside Array, Radia-
tion Pattern of Multi-Element Binomial
Broadside Array. ) Frequency Tolerances.

Noise and Noise Measurement. Wire Tele-
phony, Radio.

Non-Sinusoidal Waveforms. Relaxation Oscil-
lators, Electronic Differentiation Meth-
ods, Fourier Analysis of Recurrent
Waveforms, Analyses of Commonly
Encountered Waveforms.

Dimensional Expressions.
Greek Alphabet.

Mathematical Formulas and General Infor-

mation. Miscellaneous Data, Mensura-
tion Formulas, Formulas for Complex
Quantities, Algebraic and Trigonomet-
ric Formulas, Approximations for
Small Angles, Quadratic Equation,
Arithmetical Progression, Geometrical
Progression, Combinations and Per.-
mutations, Binomial Theorem, Mac-
laurin’s Theorem, Trigonometric Solu-
tion of Triangles, Complex Hyperbolic
and other Functions, Great Circle
Calculations.

Mathematical Tables. Logarithms of Num.
be(s and Proportional Parts, Natural
Irigonometric Functions for Decimal
Fractions of a Degree, Logarithms of
Trigonometric Functions for Decimal
Fractions of a Degree, exponentials (en
and e="), Natural or Naperian Logar-
ithms, Hyf)erbolic Sines, Hyperbolic
Cosines, Hyperbolic Tangents, Bessel
Functions.

.
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Publication Department,

Federal Telephone and Radio Corporation

67 Broad Street, New York 4, N. Y.

—————-USE THIS CONVENIENT ORDER FORM ——=——=—=—

I enciose ............ dollars for which send me........ .. copies of ""Reference Data for

Radio Engineers” ($1.00 per copy)
Name

Address ...
City.........



War"s necessity mothers tomorrow’s blessing. W ar-
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

70 177 anarher miss 1om 1be mind of may

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.

SYLVANIA ELECTRIC PRODUCTS INC.

EXECUTIVE OFFICES: 500 FIFTH AVENUE, NEW YORK 18, N. Y.

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

IN ACTION ON THE HOME FRONT . . . Sylvania Fluorescent Lamps ond Equipment
are helping our war factories speed production. Sylvonia Radio Tubes are help-
ing bring information and entertainment to homes throughout the lond. Sylvania
Incandescent Lamps are serving long and economically in these same homes.

As always, the Sylvania trode-mork means extra performance, extra worth,

& SOV RS- SONORVED

50
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A CELANESE PLASTIC

Keeps Out
The Black Hand
of

Electro-Chemical
Corrosion

Electro-chemical corrosion is a built-in hazard of many
insulating materials. Lumarith (cellulose acetate) foil
1s chemically inert to the oxidizing action of current-
carrying copper wire and moisture. When used as an
extra covering for coil spools, paper tubing and bobbins,
it does not promote corrosion—brings the equivalent
of “free air” protection to delicate electrical circuits.
9 For special applications, Lumarith foil A-78 finish,
matte-surfaced on one side, is a production time-saver
for certain insulating operations. It can be slit into
strips and wound on pancakes or kops
without the use of talc, oil or other lubri-
cants. The microscopic air spaces in the
matte finish prevent stickingor packing. Be-
cause of this absence of lubricant, handling is
therefore easier and production can be speeded
up. Lumarith A-78 finish has a greater elongation
—a tremendous advantage, especially on automatic
equipment. | The Celanese Celluloid Corporation has
prepared a booklet outlining the qualities of Lumarith
for dielectrics and protective coverings. Information on

q . 5 e 3 . B ..
l . B -
dle.lectrlc §trengt!1, resistivity, power factors, ete. is b T D S S
readily available in its pages. Write. for your copy. the possibilities of Lumarith plastics arc
. . . 5 Z I i 3 i umarith coi
9 Celanese Celluloid Corporation, The First Name in ool With ricturil as vl e dielecd-
o . . s e e 3 ¥ t i WOURX
Plastics,180 Madison Ave., New York City 16, a division A e S R which both insulate
of Celanese Corporation of America. *Res. U.S. Pat. Of. 0 R T SR
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Okay ... but it means

oeol know, Fred...but we
CAN'T hold this job
up any longer...

we’'ll have to get

our VC from some:-
body else ... QUICK

IF YOU need another source of supply for your insulating

malerials, it will pay you to investigate The National Varnished
Products Corporation.

For here is a group of old hands in the development and production ® Varnished cambric—straight cut and bias

of varnished insulating materials—with up-to—t.he—'minute machinery ¢ Vamnishedicable/tape

and equipment — and — equa“y important ~ a keen appreciation @ Vemished canyas

, . ® Varnished duck
of today s wartime needs,

® Varnished cellulose acetate

It is a source of supply you can depend upon for Varnished Cam- ® Varnished papers

bric, Canvas, Duck, Acetate and Papers of high quality and uni- ® Varnished tubings and sleevings
formityF- in a full range of thicknesses, sizes and finishes — for ® Varnished identification markers
immediate delivery. ® Lacquered tubings and sleevings

. . h 3 d “ . ® Extruded Vinylite tubings
Write, wire or phone us your requirements and we wi ship at

] ® Extruded Vinylite identificati k
once either from convemently located who]esalers stocks or from e R

our own. We welcome emergency orders. Write for bulletins

THE NATIONAL VARNISHED BEODUCTS

217 RANDOLPH AVENUE * WOODBRIDGE NEW JERSEY
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BUTTON SILVER MICA CONDENSERS
. FOR V.H.F.—U.H.F. APPLICATIONS

HESE small condensers consist essen-

’ tially of a stack of silvered mica sheets CHARACTERISTICS
encased in a silver plated housing. The CAPACITY RANGE :
housing forms one terminal, the other ter- 15 to 500 MMF at 1 mec.

minal being connected at the center of the
stack, thus providing the shortest possible

POWER FACTORS:
.08% max. for capacity tolerance + 5% or

electrical path to and from the capacitor. closer (for resonant circuit applications).
For V.HF. and UH.F. applications .129% max. for capacity tolerance over + 5%
where short ribbon-type leads, low series (for by-pass and blocking use).
| inductance, and compactness are requisite MAX. WORKING VOLTAGE :
E factors, Erie Type 370 Button Mica Con- 350 Volts A.C., 500 Volts D.C.
t densers are ideal components. Flash Test (2 seconds) 1,000 Volts D.C.
A wide selection of terminal and Leakage Resistance, Over 10,000 megohms.

mounting designs is available to provide
both feed-through and by-pass connec-

tions. Capacity ranges and electrical char- proven in wartime communications equip-
acteristics are given above. ment since before Pearl Harbor.
The efficiency and quality of Erie Write for data sheet which gives

Button Silver Micas have been thoroughly = complete information.

BACK THE ATTACK WITH WAR BONDS

ERIE RESISTOR CORng ERIE, PA. LONDON, ENGLAND - TORONTO, CANADA.
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he can do your work. ..

. o1 # lf you are not reallv concerned about what happens
to your designs after they leave the drafting board. And if the
choice of electronic tubes and other components is left to
chance, the performance of the finished product can scarcely
measure up to the engineers’ conception of it. Iinagination is -

the well-sprmg of true progress in the field of electronics - - - but FOUR “"E" AWARDS FOR EXCELLENCE
the performance of the most finely conceived desion is no better Each Division of Raytheon
I y & has been Awarded the Army and Navy “E™

than the tubes incorporated in it. V| gk

T'he name Raytheon is synonymous with quality and depend-
ability wherever tubes are in use. When production can again
be directed to civilian use Raytheon tubes will be built better

than ever before - - - the engineering of Raytheon tubes wili

e e e N

afford hitherto undreamed of new horizons for amateur, RAYTHEO

N MANUFACTURING COMPANY
Waltham and Newton, Massachuseits

commercial and industrial radio.

DEVOTED TO RESEARCH AND THE MANUFACTURE OF TUBES AND EQUIPMENT FOR THE NEW ERA OF ELECTRONI
% ol >
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BLUEPRINTS OF SAFETY (®:

WEATHER

It's ‘a tough job at best...this business of - \
bombing, but around-the-clock-it-must con- |
tinue...if we’d shorten the path to vumw7 F s
..and it's during the jittery hours of dark- AL
ness...of when fog shuts down, that getting f ‘
home in safety depends on accurate radio /
transmissions. “Blueprints of Safety” assure |
that A.A. C. whip-antenna is reliable at aII
times, and under the most exacting condus i
tions. Its automatic direction finder allocatqs
the course and an additional safety factor
is the retractable feature, which facilitates
easy replacement from within the ship.

ELECTRONICS DIVISION

,1
MRCRAFT /1CCESSORIES ORPORA TION

MANUFACTURERS OF

PRECISION AIRCRAFT EQUIPMENT

HYDRAULICS .. ... ELECTRONICS
HINK, CALIF. - KANSAS CITY, KANS. - NEW YORK, N. Y. . CABLE ADDRESS: AACPRO

e ==t = S — www americanradiohistory. com



"4

RIDE WiTH THE S
Built by hallicrafters

ONE of the outstanding achievements in wartime
radio transmitter design is the SCR-299. Serving
equally well as a mobile or stationary radio station,
this now famous equipment is doing a real job on our
battle {fronts.

This war is run by radio. The vital importance of
maintaining reliable communications necessitates the
selection of quartz crystal units that are accurate and
dependable. Bliley Crystals are engineered for service
.. . they are used in all branches of military communi-
cations and are, of course, supplied for the SCR-299.

Byl b
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YES, HICKOK has pioneered again by
developing Internal-Pivot Meters. Here
are some of the important advantages of

this improved instrument.

It is obvious that mounting the pivot
on the inside of the armature permits
much thinner construction than here-
tofore — meters measure about one
inch deep.

HarPh

This is a result of large radius pivots
and high torque.

S orf

It is impossible to shock the move-
ment out of the jewels, because they
are not held in bridges or brackets
which might spring or warp.

ALSO —=Fast
ings ply

7€ ELECTRICAL INSTRUMENT (0.

CLEVELAND, OHIO « U.S.A. .
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SAVE TIME, WEIGHT, METAL,
MONEY AND LABOR WITH

DECALS

Meyercord Decals are serving the war effort in a thousand
different ways . . . saving metal . . . money . .. weight. ..
and man-power. Decal nameplates, instructions, inspec-
tion data, serial numbers, dial faces, insignia, etc., are uscd
on tanks, combat and merchant ships, planes and commun-
ication equipment. They're durable, washable, and can
be reproduced in any color, size or design. No screws,
bolts or rivets required for application. No sharp edges.
Meyercord Decals can be applied to flat convex or con-
cave surfaces...for interior or exterior use...on metal,
wood, fabric, rubber...even CRINKLED METAL! Special
mar-proof Decals are resistant to temperature extremes,

fumes, abrasion, vibration. Free designing and technical
service. For complete information address Dept. 710.

THE MEYERCORD CO.

World’s Leading Decalcomania Manvfacturer

5323 West Lake Street * Chicago 44, llinois

T,
Rn g -@

 WARNING-
10 BE OPENED BY THE

Hotig e

H 7%:‘ .
=

apet

¥

grsons W o

Cuacntry mI0 C
k3%
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Cornell-Dubilier Capacitors

In chemistry, the key to the qualities of a
compound lie in the molecular structure of
its components. In radio, too, the formula
for a better product is in the quality of the
components used. That is why many of the leading manufac-
turers of radio equipment specify C-D Capacitors. These
manufacturers know and recognize the importance of reliable
capacitors. You too, can insure the dependable performance
of your equipment by specifying C-D capacitors for your manu-
facturing requirements. Our engineers will be glad to cooper-
ate with you on applications involving the use of capacitors.

Cornell Dubilier Electric Corporation, South Plainfield, N. J.

Moulded Mica Transmitter Capacitors %

Used in power amplifiers and low-power transmitters princi-
pally for r.f. by-passing, grid and plate blocking applications,
the Cornell-Dubilier Type 9 Moulded Mica Capacitor offers
these features'— typical of all C-D Molded Mica Capacitors:

y
o>

Special C-D impregnation process, resulting in a capacitor of

extreme stability and high insulation resistance. These capaci-
tors are unaffected by variations in temperature and humidity

conditions.

Careful selection of gauged mica, providing a unit of higher

breakdown voltage and low power-factor.

No magnetic materials used in construction, reducing losses

at all frequencies.

Moulded in Bakelite, producing a mechanically-stroag well-

insulated capacitor of increased moisture resistance.

Short, heavy terminals result in reduced r.f. and contact

resistance

These capacitors as well as. others in
the complete C-D line are described
in Catalog 160T. Free on request.

wwWwweametricanradiohistorv com
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THAT TELLS THE STORY OF

PHILCO AT WAR!

OW comes news of another American

secret weapon...zhe “Bazooka”! It’s an
amazing rocket gun that’s as easy to carry as
a rifle and can shatter the heaviest enemy
tank like a howitzer.

And now we are permitted to tell another
fascinating part of the sensational story of
Philco at war. The Philco Metal Division,
whose huge presses produce the metal parts of
peacetime Philco radios, is today building the
projectile of the Army’s newest secret weapon.

The “Bazooka” makes a two-man soldier
team a tornado of destruction. It consists of
alauncher and a rocket-propelled: projectile.
Operated by two men, one loads and the
other fires. Tanks, pill-boxes, buildings,
bridges and railroads wither under the fire
of its deadly, rocket-propelled projectile.
Conceived and developed by the engineers
of the Army Ordnance Department, Philco is
proud of having been chosen for a leading
part in its final perfection and production.

This is one more example of how the
diversified Philco research, engineering and
production facilities are serving almost every
branch of the Army and Navy. Itis a promise,
too, of the future . .. when Philco leadership
will bring to the homes and industries of
the nation the newest developments of war
research and production.

B

P
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One of the things you seldom think

about, because it is so dependable on
the job, is the motor that drives your
car heater fan.
You flip ’er on, and get prompt
warmth. You flip ’er off, and that’s that.
But that little motor is a husky for
work. It starts cold, but instantly. It

ENERAL

NDUSTRIES
COMPANY

7%/

. ELECTRONICS — November 1943

takes whatever neglect comes its way.
It’s just one of those out-of-sight re-
liables that help make the modern car
the comfortable, satisfactory transpor-
tation it is. And very likely that little
motor is a ““Smooth Power” model.

But there are other jobs, equally
exacting, these “Smooth Power’” motors
can do. We want to know about them
now so we can, if necessary, design
special models to serve them.

Please let us know if you have work
for these husky little “Smooth Power™

motors to do.

THE GENERAL INDUSTRIES COMPANY

Elyria Ohio

61



SHIUPAKOEFE

FOUNDED IN 189 7
s

C}/zmm./o@%e Wm&lofﬁ&a&zmm

Stupakoff produces a complete line of \l\ 5%@@ LiK@E’? 1 :
recision, ‘‘radio grade”, low loss insulators 3 P I
“for great ¢ made of Steatite and other materials i S‘mj )
achievemeny” NS DRSS
I Back The Attack—Buy War Bonds @@U&%@_@E}‘ .J
__ STUPAKOFF CERAMIC AND MANUFACTURING CO., LATROBE, PA.
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VACUUM TUBE MANUFACTURERS
HAVE NEED FOR THIS
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 GENERAL
ELECTRONICS

- INC.

101 HAZEL STREET, PATERSON, N. J.
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MANUFACTURING VACUUM IC APPLICATIONS
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Fhis Farmer Woald Laugh

if he were asked to send his dull blades back to the factory for recon-
ditioning. He has a way of his own. Equally simple and economical is
the restoration of original efficiency to the Center Pivot Assembler’s
Bit used with CLUTCH HEAD Screws. A brief application of the end
surface to a grinding wheel is all that is needed to send it back to
the Line with a new lease on life . . . ready again for another long
spell of uninterrupted service. This is an important factor in time
and money saving on assembly lines. Yet, 1t is just one of several
exclusive CLUTCH HEAD features that contribute to faster, better,
safer, and lower cost production. The wide roomy clutch invites con-
fidence for higher speed . . . even with “‘green” operators. Natural self-
centering entry removes the hazard of slippage. Vertical clutch walls
reduce the driving effort required. The Lock-On feature, uniting screw
and bit as a unit for easy one-handed reaching, eliminates dropped
screws and fumbling with “mechanical”’ fingers. Add to these, the fact
that CLUTCH HEAD is the only modern screw operative with ordinary
typescrewdrivers...soimportant to service and ad justmentsin the field.

CLUTCH HEAD Screws, used
today in important wartime
work, areavailable in Stand-
ard and Thread-forming
types for every purpose.
Their production is backed
by the extensive resources
of this Corporation and
by responsible Licensees.

. v
S

SeRe>

So that you may get a first-
hand understanding of these
many advantages, United
invites you to send for an
assortment of CLUTCH HEAD
Screws and sample Center
Pivot Assembler’s Bit. . .also
fully illustrated Brochure.

 UNITED SCREW AND BOLT C

CHICAGO

CLEVELAND

November 1943 — ELECTRONICS r
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60 CLIFTON BOULEVARD

THERE IS ONLY ONE MYCALEX

MYCALEX is not a new discovery . . . it is the matured creation of a group of visionary
men who set out twenty-five years ago to produce a superior type of low-loss insulation.
Forged in the furnace of thousands of applications, MYCALEX is as dependable as an old
friend, and its performance is so reliable that it has been chosen by military and civilian
engineers for important assignments in practically every activity in the war effort.

Engineers prefer MYCALEX not only for its dependability, but for its great diversity
of applications. Here’s an insulation that may be cut, drilled, tapped, machined, milled,
polished, and moulded. Here's an insulation which meets requirements for close tolerances.
Here's an insulation that has a low power factor, low loss. negligible moisture absorption,
high dielectric strength. Truly, MYCALEX stands head and shoulders above other types of
glass bound mica insulation.

MYCALEX is not the name of a class of materials. It is the registered trade-name for
low-loss insulation manufactured in the Western Hemisphere only by the Mycalex Corpora-
tion -of America. Sheets and rods are immediately available for fabrication by us or in your
own plant. We suggest that you send in your requirements for moulded parts.

m -
THE INSULAYTOR

Trade Mark Reg. U. S. Pat. Of.
Help Shorten the War . .. Keep Buying More War Bonds

MycALEX CORPORATION OF AMERICA

Exclusive Licensee under all patents of MYCALEX (PARENT) CO., Ltd.

| ELECTRONICS — November 1943
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Lors of good men went lots of places
with just a gas gauge, altimeter, tachom-
cter and a hunch.

But flying “by the seat of his pants”
doesn’t help today’s pilot take a 20 ton
bomber on a 1400 mile flight, bring him
downstairs through the overcast 90 sec-
onds from his aiming point, deposit a
load of eggs down a chimney 5 miles
below, and then bring him home in the

dark.

That takes flyers. It takes planes.
And it takes a method for obtaining and

cvaluating information . , | precisc and
utterly dependable information .. con-
cerning every single feature of flight
operations. This detailed information
is at the fingertips of every pilot, naviga-
tor and bombardier today, placed there
by precision instruments undreamed of
only yesterday. The responsibility
placed on instruments today can hardly
be overstated. We're assuming our share
of that responsibility . . . building Boes
clectrical and navigational instruments
to do the job today, concerving and test-
ing newer ideas for tomorrow,

RADIO COMPASS INDICATOR,

ANOTHER

BOES

PRODUCT.

- BOES-~

MANUFACTURERS OF ELECTRICAL AND NAVIGATIONAL INSTRUMENTS FOR AIRCRAFT

BONDS BUI LD

66
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This new speaker, recently developed

by ]ENSEN engineers, is but one of many improved

typesnOW being manufactured for military uses.
o Tbusal’lo ther loud-speaker is ready for expanded fields

i é{_:op'erdtion after the wazr.

if AVE., CHICAGO

RN
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TYPE 5CP
CATHODE-RAY

TUBE

CHARACTBRXSTXCS

5" electrostatic deflection and focus
tube. Intensifier teature for maximum
deflection sensitivily and brilliance.

Choice of four fluorescent screens:
Green Medium (5CP1); Green Long
(5CP2); White Medium (5CP4); Blue
Short (SCPS).

Bulged envelope for greater mechan-
ical strength.
vides adequate i
electrode leads
stallations.

Heater Voltage 6.3. Intensifier Elec-
trode Potential 4400 v. max. Focusing
Electrode Potential 1100 v. maxX. Ac-
celerating Electrode Potential 2200 v.
max.

Deflection Factor: D:D:, 365 d.c.
volts/kv inch, plus-minus 20%; DaD4,
volts/kv inch. plus-minus

Grid bias: at 4000 v. lok_:l acceler-
ating polenﬁal, cutoff grid bias —
60 V.. plus-minus 50%:.

war effort. It is requi .
special indicating quired in large numbers for oscill
producing its full p;,l rposes. And DuMont is ind illographic and
- s :
victory, on the all imare of 5CP’s as still anothereed proud to be
-important electroni contribution t
ic front. L

Here again th
. e specialized ski
men 1s in eviden skill of DuMo .
. ce. S nt en

tions governing thies While adhering rigidly to sgt;neders and crafts-
popular type, DuMont has i .tn ;rd specifica-
ntroduced its ow
n

reﬁ.nemenis .
., improve
rugged, longer-lzsﬁng“;eril;s and double-check inspecti
athode-ra ction for
y tubes. more

Always remember,

of the pi . when it be
e pioneer in the com cars the DuMont seal it i
mercialized cathode-r 1s a product
-1ay tube field

' Be sure
You have a
catalog in copy of the n
your s . ew DuM
on cathode-ray t:"‘;lfk.mg library. Contains ont manual and
chinique together with liSt;zvalufable data
gs O DuMOnt

tubes, oscill
' ographs and allj
ness stati allied equi
ionery for your r egisxer:;pmem' Write on busi-
COpy_

ALLEN B
. DU MON
LABORATORIES,IncT

Passai
b :Zguc * New Jersey
res’x Wespexiin, New York
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IMAGINE
SOLDERING METAL
TO GLASS!

New PYREX Metallized Bushings help 8 Big Ways!

1, Practically Foolproof—the metallized layer solders easily. 6 Water absorption is negligible —there’s no glaze to crack or

You can use any common solder and flux, applied by ¢ chip.
soldering iron, soft air-gas flame or induction heating. 7 Pyrex bushings do not carbonice or track—because glass is
2, You get a permanent hermetic bond—a positive seal against ® Inorganic.

leakage of oil, water, and air—with no gaskets, washers, 8 Selection is wide —there’s one to fit your needs in the several
or “dopes” to leak. °* available standard sizes.
3, You save time and money on assembly —~-fewer parts and
® fewer operations reduce labor costs and speed up produc-

tion—several Pyrex bushings can be soldered at once— MAIL COUPCN TODAY |

no baking required. OO0 E000ODa0DABEHOO00C Sgoo0000 etereerereaaaaaa. ..

4. Pyrex metallized bushings offer great thermal shock resist-
ance —easily meet Army and Navy specifications for rapid

Electronic Sales Dept. E-11-2
temperature change.

Bulb & Tubing Division
Corning Glass Works
Corning, N. Y.

Please send me full details of improved method of
metallizing on glass.

5 You enjoy all the superior electrical choracferistics of glass—
* low dielectric constant, low power factor, high dielectric
strength, and great electrical resistivity.

P e 0000000000000 000000808000000 0000 0csss

Name and Title,.............. ... ... .00 0 uu.'oi...
’ex ” g” “ 0 COMPANY . . oo e e e e e
Street. .. oo
Gy 5 1ord wremsrersners s sredsrena rorenans w657 State. ..........
“PYREX?” is a registered trade-mark and indicates manufacture t
by Corning Gluss Works Asroerer e et ettt et cec et e sa e rcacecacnnnans sesesscnoss
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Wherever, whenever the need
is for a blank where absolutely faithful
recording is a necessity, engineers are sure
to specify Audiodiscs.

Quality has been built into every disc, from the
initial base material to the final superior lacquer
coating by an exclusive Audio process. These better
“ingredients” must produce a better recording blank. That they do
is the reason why Audiodiscs are longer-lasting, assure a minimum of
surface noise, and give absolutely true playback performance.

Whether your need is a commercial one,

or for the most exacting wartime applications, be certain

of quality with Audiodiscs.

audiodiscs . B ...

PO
'1@r Audio Devices Inc., 444 Madison Ave ]

WWW_ americanradiohistornv:com

.

November 1943 ELECTRONICS



i}ngihee?;iis ...is a precious cargo of electronic techniques
9 adaptable to postwar living. At present, however, our total
efforts are pointed toward the liquidation of the Axis. We
are supplying vital equipment to the Armed Services at a
faster rate to help shorten the war. More than two decades
of radio and electronic specialization are recorded in our
laboratory s “log” . . . and the many practical developments,
@orne of past commercial and current wartime experiences,
"’_":iqbe made available to you. From time to time, our pres-
%;gh schedulg permlt us to accept additional assugnments

|| FORMULA FOR GREATER PRODUCTION

. . cordial management - labor relations, good
% working conditions, recognition of individual merit,
incentive-bonus plan, recreational and educational

facilities, and the will to get the war over in a hurry.

b %

| o
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HAYDU BROTHERS are playing a vital part

in the important and strenvous war efforts of the Electronic
i

Industries . . . supplying this field with over twenty-two

million precision parts daily.

//j No matter how large the quantity, how close the tol-

erance, how impossible the problem, we have always
arrived at a solution that saves time, money and

< materials . . . and waste of time, money or materials

is criminal in these war times.

P, Additional space, extra equipment permits us /

to serve more clients . . . faster, better, at

greater economy. We have the experi-
ence, engineering staff, the men and

the machines to undertake your diffi-

cult problems. Consult us at once.

SPECIALISTS IN BURNER TIPS

TUBE PARTS, WIRE FORMS,
METAL STAm PING FOR RADIO,
A MEMBER OF THE RADIO MANUFACTURERS ASSOCIATION

ELECTRICAL AVIATION AND
Mt. Bethel Road, Plainfield, N.J. INSTRUMENT MANUFACTURERS
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your specifications,

we'’re likely to have the answer

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 askarel, the synthetic, noninflammable liquid used in

{realing G-E capacilors.

BUY WAR BONDS

ELECTRONICS — November 1943

PYRANOL
CAPACITORS
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(CRY?TAL HEADQ({ARTERS)_\
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N CRYSTAL PROBLEM?

ot N W] 5 :
i | CRYSTALS :
£ For years, we have specialized in the i

¢ quantity production of an exceptionally wide 3
- { variety of quality Quartz Crystals. Recent patents 7
pam granted to us on new Precision cuts and improved

E ‘ mechanical processes have increased still further
¥

i] the accuracy and volume output of James Knights

Crystals. We make samples nearly every day for : SR i :
“#:, ] some new customer so that he can design his b ¢ - PREC N CUTTERS NE QHARYTY -
§ equipment to fit a crystal that is now a standard B R e R Ty Al 4

of comparison. Why not let us help you?

A

k. ‘g%‘_ e
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o
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AFLEETING GLANCE in retrospect is a convincing
revelation of how far we have come along the
pathway of science and invention in a half cen-
tury. It is also a promise and a prediction of what
goals may be reached in the years ahead.

The AUTOMATIC RECORD CHANGER—today a spec-
ified unit of modern phonographs—is a striking
example of this progress. Prior to Pearl Harbor
G. 1. Record Changers had won distinct recogni-
tion for their long-term, service-free dependabil-
ity, their permanence of factory adjustment and
ease of installation. But our record changers of
the future will definitely surpass those of yester-
day, for normal advancement has heen acceler-
ated by the improved designing and production
skill demanded by the present great emergency.

While we cannot plan all the details now, we
can lay the foundation for the new devices and
products which are the harvest of wartime in-
genuity. Our thinking—our designing and poten-
tial production facilities can be of value to you if
you include them in your own post-war plans. We

would be happy at the opportunity to call and
sit down with you to discuss it.

ﬁ;
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FOR THE SOLUTION
_ OF YOUR ,
. TRANSFORMER PROBLEMS

e Grey matter—as measured in terms of Victory in
- ) NiY . : .

S, | war, or progress in peacetime—is o decisive, tan-
. gible factor  Strategies, techniques and analyses
LR _ : —whether for military or commerce—are its by-products.
S )

. D Success is directly proportionate to the quality involved.

The calibre of N-Y-T engineering is proved by the thou-
sands* of new transformer designs evolved to individual
requirements over the past few years. These audio and
Power components are now assuming o vitally important

role in World War I, in Army, Navy and Aijr Corps appli-
cations.

When the world crisis is over, and our present 100 %

Victory
effort terminates, N-Y-T engineers and technicians will be
available for collaboration

former problems.

in the solution of your trans-

The vast experience gained now, should
be of tremendous value then.

NEW YORK TRANSFORMER €O

26 WAVERLY PLACE NEW YORK, N. v,

*The exact number s confidential
information tfor the duration
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CAN HELP YOU

|MAKE THE RIGHT “"CONTACTS”...

HE right “contacts” are always important. In electrical

and electronic applications a poor contact can mean
costly losses. By using Utah Jacks and Plugs you can be
sure that your equipment, will not fail from the want of
proper contact. They have been tested in the laboratory
and in actual use thousands of times, answering every test
successfully—under all types of conditions.

UTAH PHONE JACKS are everything that selected
materials and human ingenuity can make them. They are
available in Imp, Short and Long frame types to fit the
standard phone plugs. Special Jacks are also made to meet
Navy and Signal Corps Specifications.

UTAH PHONE PLUGS can be supplied in two or three
conductor types—for practically every type of application.

PARTS FOR RADIO, ELECTRICAL AND ELECTRONIC DEVICES, INCLUDING
SPEAKERS, TRANSFORMERS, VIBRATORS, VITREOUS ENAMELED RESISTORS,
WIREWOUND CONTROLS, PLUGS, JACKS, SWITCHES,ELECTRIC MOTORS

CABLE ADDRESS:

ELECTRONICS — November 1943

UTARADIO,

Compact, sturdy and dependable—they’re all a plug should
be. Utah standard plugs are being used on many products
destined for use by the Armed Forces. In addition, special
plugs are being manufactured.

Investigate today the possibilities of using Utah Jacks
and Plugs in your electrical applications. You’ll be as-
sured of absolute dependability—and you’ll be cashing in
on Utah’s extensive electrical and electronic experience.
Write today for full information on Utah’s Jacks and Plugs
—it may save you considerable time and money.

UTAH RADIO PRODUCTS COMPANY, 837 Orleans St.,
Chicago, Illinois. Canadian Office: 560 King Street West,

Toronto. In Argentine: UCOA Radio Products Co.,
S.R.L., Buenos Aires.

CHICAGO

www americanradiohistorv com



SPECIAL

SPECIAL

SPECIAL

IDABILITY

o

Superbly engineered . . . mechanically and electrically,
Delur wire-wound potentiometers perform their functions
dependably. There’s a Delur potentiometer to fill your
needs. Here, we illustrate a few. .. however, we can and
do produce these units to required resistances. We will
gladly furnish technical data upon request.

\ duction and Quality of Material SHELTON, CONNECTlCUT
NEW YORK PLANT: 99 Hudson Sctreet, New York City o CANADIAN SALES OFFICE

560 King Streec West, Toronto
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FIXED POSITION,
CONTACTS

*

SAVE PRODUCTION

Solder faster and accomplish better connections with Am-
phenol connectors. No rearranging . .. no twisting . . . no
turning. Strong, permanent, perfectly soldered connections
in record time! Amphenol Fixed Position Contacts make it
easy to insert wire into the pre-tinned solder cups. Oversize
cups on size 20 contacts assure rapid fine wire installations.

Quality an all important factor — speed that inczeases pro-
duction remarkably on your assembly line. Use Amphenol
Connectors to guarantee satisfactory operation and assured
dependability.

AMERICAN PHENOLIC CORPORATION e CHICAGO
IN CANADA — AMPHENOL LIMITED e TORONTO

cataloged data on Connectors, Cables, and Dielectric Plastics
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From Reports of Independent Testing Laboratories
No. 4

No. 8
6.68.. ...Dielectric Constant (Dry}. . .6.75
6.73. e Dielectric Constant (Wet)...___..__ 670
.00240. -...Power Factor {Dry)..... .. .00164
00241 Power Factor (Wet)... ... .00231
1.60. . . Loss Factor (Dry)....____ 1.1
1.62... -Loss Factor {Wet). .. 1.54

630 VoltsperMil..._ Dielectric Strength..._660 Volts per Mil.

Write for complete engineering data and ratings. Talk over your ins

(7

in insulation are being
solved by MYKROY, the perfect low -loss, glass-bound mica
insulating material.

New and more exacting problems

One of the many outstanding mechanical properties of MYKROY
is that it will not warp, shrink or change its physical form
under adverse conditions of heat, cold or humidity.

Equipment insulated with MYKROY functions with dependable

efficiency in torrid jungles, polar regions, vapor-laden chemical
plants . . . at sea and under the seaq.

VASTLY INCREASED FACILITIES
TO FILL YOUR ORDERS PROMPTLY

No more delays or bottlenecks!
in our plant and personnel
handle largest orders.

Increases of more than 400%
now afford ample capacity to
We are equipped to mold or machine
any type or volume of component parts ta your specifications.

Our specialized engineering knowledge is at your service.

ulating problems with our specialists.

70 CLIFTON BO-UL"EVARD * CLIFTON, NEW JERSEY

Chicago 47 .
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What

PANELYTE"

1 ELIMINATE COSTLY EXPERIMENT

The properties of the 32 grades of PANELYTE laminated res-
inous structural plastics are clearly defined and as easy to
evaluate as different steels. PANELYTE should not be con-
sidered as a substitute for any natural or manufactured
material — but as a *“preferred material'’ for applications
calling for the unique combination of electrical and me-
chanical properties found only in PANELYTE. To specify the
correct PANELYTE for a given application, our engineers
have only to know the exact requirements for tha part.

2 SPEED PRODUCTION

Many manufaciurers are cutting days — sometimes weeks —
from production schedules by using molded PANELYTE parts.
By simplifying assemblies and reducing number of parts
needed, both time and money are saved. PANELYTE (paper,
fabric, wood veneers, fibre glass, and asbestos base) is
made in Sheets, Rods and Tubes.

3 FURNISH MOLDED OR FABRICATED PARTS

' PANELYTE structural parts are molded or fabricated to your

can do for you!

-exact specifications — and shipped ready for assembly.

Molding and fabrication of finished parts, as well as the
manufacture of the major part of the resins used, are done in
the PANELYTE plant. *‘Out front' in the war effort, this
greatly enlarged plant is now supplying over 2000 parts
to the aviation industry alone. In addition, a tremendous
volume of PANELYTE mechanical and electrical parts is
being used in maritime construction, and for equipment in
the Signal Corps and other branches of the service.

4 GIVE TECHNICAL AID...AND ASSIST IN DESIGNING

PANELYTE policy for the past 13 years has been to work
in closest cooperation with the engineering staffs of leading
firms in the Automotive, Aviation, Central Station, Chemical,
Communications, Electrical Equipment, Marine, Transporta-
tion, Petroleum, Radio, Refrigeration, Textile and Paper
Industries. PANELYTE engineers designed or assisted in the
design of many structural parts which are recognized as
important advances in the Aviation and Electrical Industries.
Our thorough knowledge of the design, manufacture, and
use of structural laminated resinous plastics may help you
with some immediate problem — or in planning for future
production. Samples and factual Data Sheets are available.

'MASS PRODUCTION OF SHEETS, RODS, TUBES, MOLDED FORMS, FABRICATED PARTS

Sales Offices: Atlanta, Chicago, Dallas, Denver, Detroit, Houston, Kansas City, Los Angeles, Montreal, New Orleans, St. Louis, St. Paul, San Francisco, Seattle, Toronto, Yancouver

 Experienced and reliable Fabricators in Industrial Centers from coast-to-coast

}ELECTRONICS — November 1943
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At first glance, the intricate designs of many wire
forms look like the “doodlings” on an engineer’s
scratch pad; yet each twist and turn serves a necessary
function—either that of cushioning, retaining, or join-
ing. One Muehlhausen wire form may be used to
cushion the huge reflector of a defensive searchlight;
another may firmly grip the ceramic insulator jn a
power line circuit breaker.

Wizre Forms

OF ANY SHAPE
PRODUCED BY
MUEHLHAUSEN

Muehlhausen is currently producing a variety of wire
forms for use in war products, the unusual require-
ments of which are being met by this company’s ex:
perienced designers, skillful tool makers, and extensive
fabrication equipment.

MUEHLHAUSEN SPRING CORPORATION

Division of Standard Steel String Company
700 Michigan Avenue, Logansport, Indiana

suiting Myehlhot
neers to secure springs
losting efficiency,

EVERY TYPE

AND sy1z©€
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Y200 MARR BEGISVERED W, 8, SAVENT OFFIEE

STEATITE CERAMIC ELECTRICAL INSULATION
FOR ELECTRONIC USES

| AMERICAN LAVA CORPORATION
5

CHATTANOOGA TENNESSEE
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. . . TURBO
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cOMPANY

325 W. HURON STREET
CHICAGO, ILL.

individual
features!

FLEXIBLE VARNISHED 0IL
TUBING:

resistant to deteriorating influences

This TURBO insulation meets. the
diversity of requirements neces-
sary’ to stdnd” up against general
break-downs, impairment through
moisture absorption, and the generq!

deteriorating - influences caused by
acids, alkalis, efc.

EXTRUDED TUBING:
resistant to sub-zero temperatures

Where the effects of extreme low

temperatures are apt to induce
insulation embrittlement, TURBO Ex-
truded Tubing. is especially suited.
Sudden climatic changes, wide fluctu-~
ations in temperature, or refrigerant
operating conditions will net effecl
the dependability

-

www americanradiohistorv com

VARNISHED GLASS TUBING:
resistant to extremely high heat

The extensive use of this TU'RBO
product is directly attributable to

ifs excellent characteristics under high

‘heat conditipns..- Heavy dity operat-
ing conditions, confined areas where
ventilation is. minimized and other
similar problems aré solved

November 1943 — ELECTRONICS

WIRE IDENTIFICATION
MARKERS:

to meet rigid ordnance specifications

The facilitating of production and

assembling operations, with cor-
responding increases in functional
efficiency, are effected with this
TURBO insulation product. Available
in. any size, length or cdlor, these
TURBO markers are strictly .in accord
with Army, Navy and Air Corps




For many years before the war, Edwin*l, Guthman & Co. was especially known for manu-

facturing better coils, With war came greatér demands upon our facilities. .. U. S. Army and
Navy orders for many diversified radio parts & . expansion of our plant . .. the addition of
many new manufacturing departments.  All manyfacturing and assembling of these many

units was done in our own completely equipped plant Thus, our engineers and skilled
~personnel gained a:broader expenence in modern radionics. Now, we are

concentrating all this technical expenence m the engineering and
production of Guthman ~-Su_per—|mprove‘3‘>
Coils.. . . promised leaders in peace-

time radionics.

N 1. GUTHMAN & C0.5

15 SOUTH THROOP STREET: CHICAGO

PRECISION MANUFACTURERS AND ENGINEERS OF RADIO AND ELECTRICAL EQUIPMENT
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Adlake Znsee e Mercury RelaysF g

STAMINA
SIMPLICITY

Automatic power control can be no more dependable
than its relays. That is why the plunger-type mercury
relay is replacing other types. It is the most dependable
relay thus far developed for many types of service, be-
cause dirt, dust, moisture, temperature changes, humidity
etc. can not affect its hermetically sealed contacts.

ADLAKE Plunger-type Mercury Relays are available
for either quick or time delay action . . . for A. C. up to
440 volts . . . for D. C. up to 115 volts (and higher, with
ourside resistors) . . . and contact capacity from a frac-
tion of an ampere to 100 amperes. All operate on the
same basic principle. All are armored against outside

impact. All have hermetically sealed mercury to mercury Adlake Relay No. 1040 —(for A.C.)
contacts which are positive, chatterless, noiseless and arcless. 514" high, 2Y4" wide, 2°4'" projection.
For complete data, request bulletin. For panel mounting. Contact normally

openorclosed. Quickortime delay action.
Contuact protected by metalarmor.
IN THESE

SImMPLE, UNFAILING, pos/TivE acT/on [RURIEELIES

Radio transmission
Electric time controls
Photo-electric apparatus
..._@ Heating and ventiloting
controls
----- @ ----- g Production line time
=t "@ controls
©---- %11 _Remote and automatic
@ _____ controls
Air conditioning controls
it H T Signals and indicators
2 Refrigeration controls
©_ : Voltage regulators
Burglar alarms
- Electric call systems
L Across the.line motor
Tl start switches
| . Jjj I Motor reversing switches
De-energized L_g__.. Energi'zecl . Energized ©"_’ ~ Sign flashers
Plunger P is floating in mercury CoxleulIspltmgerPdobwn Z’-’o ‘ Mercury now fills thimble T, is Animated displays
M. Space x'ndﬁated by S isfilled ;;erc;ry M. Mercury _thus dis: completely leveled off and mer- Telephone circuits
o aced enters thimble T through
with inert gas. orifice O. Inert gas in thimble ?pzy;(z ltnercur); contsctéstab‘; Milt and factory service
. has not yet escaped through ce- ' l':SEe Dezziegfepzitorsoitfsof ﬁa[rlllg Navigation buoy flasher
. ramsc plug CP, thus ' CP determines length of time de- light controls
The above and accompanying effecting sime delay. S e e % iy .
sketches are not mechanical draw- y Dry cleaning equipment
ings. They show how Adlake Relays Surgicol |ighﬁng controls
work, not construction detail. | Electrolysis prevemion
w . X-ray control’ .

Tiig Apims & WeSTLAKE ConpaNy

ESTABLISHED IN 1857 ELKHART, INDIANA NEW YORK - CHICAGO -

MANUFACTURERS OF ADLAE HRMETICALLY SEALED MERCURY RELAYS FOR TIMING, LOAD, AND CONTROL CIRCUITS
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Unique research, engineering, tool
making and production skills
combine to build not only

control devices that

fulfill the most exacting
requirements, but also to build
special purpose devices for which no
specifications exist. Our list of cus-
tomers, the most exacting in govern-
ment, aviation and manufacturing,

attest to these skills.

Manufacturers of

and Components . . . for Electrica), Electronic and Mechanical Applications

EASTERN AIR DEVICES, INC.

585 DEAN STREET e BROOKLYN, N. Y.

An Affiliate of THE FRED GOAT CO. INC., Special Machinery Specialists Since 1893
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T HaARDEST PART of an E«L Power Supply’s
life is being born. Because then it must survive lests
that make its actual service-life a bed of roses by
comparison.

E+ L Power Supplies have to prove their guts in tem-
peratures more extreme than Siberia’s cold or Sahara’s
heat . . . at altitudes higher than the Himalayvas and
lower than the Dead Sea . . . in dust storms . . . in salt
spray . . . in humidity worse than a Solomons swamp!
Severe operating conditions all, vet intentionally exag-
verated in tests at Electronic so that E«L Power Sup-
plies may live longer in actual service.

If you have power supply needs of converting low
voltage to high voltage, obtaining a precisely regulated
power output from a varying power input, or anything

LABORATORIES, INC.

INDIANAPOLIS

E L ELECTRICAL PRODUCTS — Vibrotor Power
Supplies for Communications . . . Lighting . . . Electric
Motor Opaeration . . . Electric, Electronic and other
Equipment . . . on Lond, Sea or in the Air.

Here's consolidated, living hell for electrical equip-
ment. It's o "torture-chamber' that reproduces the
toughest possible conditions of temperature, humidity,
atmospheric pressure. It is one of the many “torture
devices' at Electronic Loboratories for testing E-L
products.

else, however tough—let Electronic’s engineers help you
find the answer.

Your problem may be radio . .. motors . . . lighting.
E« L engineers are familiar with them all . . . and many

other applications as well! They are at your service for

consultation!

Only E-L VIBRATOR POWER SUPPLIES
Offer All These Advantages:

1. CONVERSION—DC to AC; DC
to DC, AC to DC; AC to AC.

2. CAPACITIES—Up to 1,000
W atts.

3. VARIABLE FREQUENCIES —A
power supply may be designed to
furnish any frequency from 20 to
280 cycles, ar a controlled variable
output within a 5% range of the
output frequency.

4. MULTIPLE INPUTS —For ex-
ample, one E<L Power Supply, in
quantity production today, operates
from 6,12, 24, 110 volts DC or 110
volts AC, and 220 volts AC, with a
single stable output of 6 volts DC.

5 MULTIPLE OUTPUTS—Any
number of output voltages may
be secured from one power supply
to svit individual needs.

6. WAVE FORMS—A vibrator
power supply can be designed to
provide any wave form needed for
the equipment to be operated.

Copr. 1943, Electronic Laboratories, Inc., Indianapolis, Ind.

7. FLEXIBLE IN SHAPE, SIZE
AND WEIGHT-—The component
parts of o vibrator power supply
lend themselves to a variety of
assembly arrangements which makes
them most flexible in meeting space
and weight limitations.

8. HIGHEST EFFICIENCY—E-L
Vibrator Pawer Supplies provide the
highest degree of efficiency avail-
able in any type power supply,

9. COMPLETELY RELIABLE—Use
onaircraft, tanks, PT boats, " Walkie-
Talkies,” jeeps, peeps and other
military equipment, under toughest
operating conditions has deman-
strated thot E«L units have what it
takes!

10. MINIMUM MAINTENANCE—
There qare no brushes, armatures
or bearings requiring lubrication or
replacement because of wear. The
entire unit may be sealed against
dust or moisture.
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Free o terprise

WHAT IS IT? HOW DOES IT WORK '?

URS is a free-enterprise economy the chicf motivat-

ing forces of which are the prospective rewards
for effort and risk-taking. Its smooth opcration depends:
first, on adequate incentives for risk-taking, innovation,
and individual eftort; and second, on sufficient compcti-
tion to minimize the need for government regulation
and to prevent artificially high prices or wages from
being maintained in large segments of the cconomy.
Trouble comes when these incentives and this competi-
tion are tampered with or removed.

America was founded by men who had the urge to
better themselves and the courage to take a chance.
These men uprooted themselves in Europe and braved
the unknown. They risked all for freedom. They knew
that, to be free, they had to attain economic freedom.
Their goal was an economic freedom which permits the
private ownership of property, the free choice of jobs,
and free entry into entrepreneurial pursuits. Their
efforts, therefore, were directed toward individual op-
portunity with no limit on individual achievement.
Their foresight and the endeavors of those who fol-
lowed them created the world’s greatest industrial
nation enjoying the highest standards of living.

We can take pride in the knowledge that our country
has been the greatest single contributor to the world’s
physical assets even though we remember that an abun-
dance of natural resources contributed materially to
America’s economic development. But the fact that our
progress has been interrupted, again and again, by de-
pressions which resulted in enormous wastes of our
human and material resources is sobering proof that
our economic mechanism still is far from perfect.

Our production per man-hour has been increasing at
the rate of 2¥2% per year. Improved machines and
greater efficiency have more than tripled the output per
hour of work since 1900. Looking to the future, this
annual rise indicates that our production per hour of
work will double in the course of the next 25 to 30
years. This means that we can have twice our present
volume of goods and services per capita or an equiva-

*‘

lent combination of more production and more leisure.
In other words, we can further mcrease the living
standards and further decrease the working hours ot
the American people by further itensifying our indus-
trial cfhciency.

'This i1s no idle dream. It can be achicved, and it will
be achieved, if only we mamtain the cssential features
of our system of individual cnterprise which alone
makes possible this near-utopian goal. Intensification
of our cfhciency, however, means that we can have full
cmployment only if we expand cnormously our produc-
tion, and particularly our production of new goods. We
can expand total production only if we have the mar
kets and the demands for the vast output of goods and
services made possible by our technological devclop-
ment. To attain these, we will need to venture into new
markets, new mventions, and new methods. Such ven-
tures involve risks, and risks will be taken only if there
is sufficient prospect of reward.

Let us never lose sight of the fact that the essential
features of free enterprise are the prospective rewards
for risk-taking as well as for cffort.

‘The evidence is clear that incentive methods of wage
payments will boost production. Carcfully devised sys-
tems of salary pavment with Targe differential induce-
ments for supcrior performance have been powerful
means of raising the standards of managerial accom
plishment.

Free enterprise cannot operate cffectively unless the
wage and salary system offers greater rewards for greater
cffort. Neither can it operate effectively unless the Pros-
pects for profit are sufficient to encourage the emplov
ment of resources which otherwise would be kept idle.

Unless the prospects of profit arc superior to the
prospects of loss, new ventures will not be undertaken
and going concerns will not expand or continue long
in business. When the hope for profits wanes, employ-
ment and production. slump; when that hope revives,
employment and production recover.

Business initiative must be given every possible 1in-



ducement in order that maximum employmcnt may be
achicved through private enterprise. This involves the
removal and avoidance of restrictions on business by
government, by labor, and by business itsclf.

Compctition is the life-blood of the free enterprise
system. Business and industry must rely upon efficiency
rather than upon protection from competition for their
survival.

Thosc government controls which were made neces-
sary during the war by the magnitude of government de-
mands for goods should be lifted at the carlicst Pos-
sible moment. As soon as the danger of inflation has
receded, price controls must be removed and profit
margins again left free to be determined by market
forces. The excess profits tax must be repealed and the
burden of other taxes on business profits greatly re-
duced. Tax laws should be revised so as to permit ade-
quate rewards for assuming risks. The modernizing of
anti-trust laws and their vigorous enforcement, not in-
discrminate persecution, will be supported by all
who really want free enterprise. Such measures will
strengthen the incentives to expand old businesses and
to start new venturcs.

Grants of unlimited monopoly powers to labor
unions which enable them, consciously or not, to
sabotage the profit incentive in business must be with-
drawn. Labor has certain legitimate rights; and in order
to preserve them and its freedom, labor must come to
realize that its best intcrests lic in a well functioning,
self-disciplined compctitive free-enterprise economy.

There must be evolved in the minds of business,
labor, and the public a recognition of the need for pri-
vatc business enterprise and a realization that policics
which throttle it arc harmful not onlv to businessmen
but to workers and consumers as well. Unless we
achicve this understanding and avoid ncedless deter-
rents to business expansion, we are likely to pay for our
follv in the destruction of our free enterprise system.

We cannot tolerate conditions in which special inter-
cst groups in business, labor, agriculture, or politics
prevent frec access to the market by would-be competi-
tors. Such monopolizing of opportunities stifles progress
and creates profits or wage rates based on artificial
scarcity. In such cases government interference to
open the market to all comers is clearly indicated. We
must recognize the nced for constructive policies by
business, labor, and government which will insure the
compctition necessary for the successful operation of
our economy.

Increased government regulation and control of busi-
ness activities is not conducive to strengthening the
virility of private enterprise. Government ownership
and opcration of productive resources certainly is not
to be condoned. The more government rules and regu-
lates business, the less will be the incentive to assume
risks and to exercise individual initiative. Government
regulation of the detailed operation of industry inhibits
progress, is prey to political pressures, and is subject to
the human failings of its administrators. Better far the

rough guidance and justice of vigorous, though some-
what unperfcct competition than the uncertainty of
arbitrary regulation.

The gr’lVCSt threats to our compctitive system exist
in legalized monopolics, such as the N.R.A. once com-
prised, such as the labor unions and farm groups have
recently achieved, such as businessmen themselves have
sometimes sought. The power of labor monopolies to
encroach on business profits will tend to interfere
seriously with the nceded flow of new investment. And
when any group is strong enough to move the average
level of costs as much as the labor groups and the farm
groups arc able to do, there is good reason to fear that,
when we begin to approach high levels of employment
and production in time of peace, these groups will in-
duce a price-wage spiral which will waste money 1in-
comes on price increases instead of permitting them to
draw unemploved resources into production. While the
demands of labor for collective bargaining rights and
the demands of farmers for protection against the rigors
of depression have validity, there can be no reason for
excessive grants of power and privilege which threaten
to make our system of free enterprise unworkable.

Ours 1s a complex cconomic structure. The functions
which prices, income, savings. investments, and taxes
play in this system are difficult to comprchend.

As T have said before: Thinking 1s hard work, and we
will have to work hard if we arc to develop business
policies, labor policies, and government policies which
will insure full emplovment and the opportunity for
consistent profit. Yet only through such policies can we
guarantce that private enterprise will be the predomi-
nant source of jobs, income, and production.

Even more difficult than thinking, and more impor-
tant, is the implementation of many policies that are
in the interest of the free enterprise system. Not all
measurcs will satisfv all pcople. Special interests will
have to be subordinated to the total interests of the
nation. Sacrifice and vision have been essential to the
winning of the war. They will be no less essential to
the winning of the peace.

If we can gain recognition of the cmicial role of in-
centives for enterprise, if we stand squarely for com-
petition and against protection or privilege for special
interests, and if we bend our efforts to find satisfactory
ways and mecans to prevent large-scale unemployment,
we can have the full benefits which only a free enter-
prisc system can produce—in industrial progress, in im-
proved standards of living, and in the preservation of
our democratic ways of life,

President, McGraw-11ill Publishing Company, Inc.



Complete High Power Radio Transmitter and
receivers mounted in light army truck. These
transmitters are in service in all theatres of war
and in most all branches of the army.

o
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The rudlo umuteur IS The radio amateur is off the

air as an amateur but he’s
r. ht. th. i ' still in radio. He’s there in
Ig "‘g IS wu r, oo person and he’s everywhere
in the products created to
satisfy his progressive demands. Many of the world’s leading electronic
engineers are radio amateurs and much of the equipment in use to-
day by the armed services is a product of the great amateur testing
grounds. Two outstanding examples are: the SCR-299 Transmitter
and Eimac tubes.

The SCR-299 transmitter, designed by Halli-
crafters, is an adaptation of the model HT- 4
which is a 450 watt rig designed primarily for
amateur use. Its characteristics and perform-
ance capabilities were such that it was easily
adapted to military use and it is today seeing
service throughout the world in all branches of
the army. It is significant to note that
Eimac tubes...created to satisfy the
demands of the amateur...occupy the
key sockets of the SCR-299. Yes, and
Eimac Vacuum Tank Condensers, too,
are in this now famous transmitter.

The SCR-299 offers a striking con-
firmation of the fact that Eimac tubes
arc firstin the important new develop-
ments in radio...first choice of the lead-
ing engineers throughout the world.

Follow the leaders to

y.01% sl N 4 Eimac 100TH, Eimac 250TH,

s { 2 ,
) My NG S AV f ; ] and Eimac Vacuum Condenser
: iF’NAVy i\ 1""5 as used in the SCR-29?-_

EITEL-McCULLOUGH, Inc., SAN BRUNO, CALIF.

Plants at: Salt Lake City, Utah and San Bruno, California

Export Agents: FRAZAR & HANSEN, 301 Clay Street,
San Francisco, California, U. S. A.
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Tomorrow’s hopes
are sealed in glass tubes

made by

Western Eleclric

mIs vacuum tube is first of all a war weapon.
T Second, it is a crystal ball in which you may
look beyond the war.

Since Pearl Harbor, research at Bell Telephone
[.aboratories, and manufacturing techniques at
Western Electric have teamed together to keep
pace with war demands. Result—more than

one third of all electronic and communications
equipment produced 1n the United States for
war has come off Western Electric’s assembly
lines !

You can count on this team to continue to
lead in the development and manufacture of the
finest electronic equipment for a world at peace.

v To bring Victory sooner — buy War Bonds, more War Bonds, and still more War Bonds > ¢
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2% Because it has undergone such
tremendous expansion, the electron-
ics industry is particularly con-
cerned with two phases of govern-
ment-industry relations that are
now receiving intense consideration
in Washington, namely, the proce-
dures that are to be established for
cancellation of contracts and those
which are to be set up for renegotia-
tion of present contracts.

As regards cancellations, the prin-
cipal procurement officials agree
that whatever program is set up
must meet two primary requisites.
First, manufacturers must be as-
sured that government will put con-
tract termination on' a basis to
cover costs and profits not only on
that part of the contract that has
been completed but also to permit a
profit on the uncompleted portion in
order to cover time, planning, mate-
rials, capital tied up, etec. Second,
the procedures must provide for
speedy adjustment in order that
both prime and subcontractors will
have capital to effect a change-over
from war production to peace pro-
duction, with the least disturbance
to employment and plant organiza-
tion.

Contract Adjustment Speed—
Manufacturers are told that delays
currently encountered in the settle-
ment of cancelled contracts are
largely due to the time lapse be-
tween notice of cancellation and‘the
submission of claim statements.
This is tantamount to a warning
that a large part of the job is up to
the manufacturers themselves.

Attention is directed to Procure-
ment Regulation 15, a handbook on
cancellation management, described
as a ‘“tentative guide”. Also, a man-
ual which has been published re-
cently by the Fiscal Division of the
War Department is available for
use where auditing is necessary.

Congressional Action—Concern
of Congress over conversion financ-
ing is evident in the bill introduced
by Senator Murray (D) of Montana,
Chairman of the Small Business
Committee of the Senate. It pro-

WASHINGTON FEEDBACK

MO n R s nnan
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.

vides, among other things, that
within 30 days of the filing of a con-
tract claim, the government would
be obligated to pay 75 percent of it,
with the stipulation that any over-
payment would be returned to the
government with 6 percent interest.

Such payments, it is said, would
give contractors cash needed for
immediate postwar planning. Un-
questionably, this bill will undergo
many refinements and changes be-
fore it reaches the stage of final
enactment.

Renegotiation Palaver—As for
renegotiation, the powerful Ways
and Means Committee of the House
has completed extensive hearings
on the issue as to whether the pres-
ent law should be changed. It is
not possible to determine yet
whether it will reach any different
conclusions from that arrived at by
the Naval Affairs Committee after
similar hearings, that is, in favor
of retaining the present law in its
essentials. Government procure-
ment agencies, including the Army
and Navy, are dead set against re-

" peal.

Manpower Pressure — Recogniz-
ing the No. 1 problem of industry
now ds manpower, Donald Nelson,
Chairman of WPB, has issued a di-
rective in which procurement
agencies are told not to place con-
tracts in areas of acute labor short-
age whenever it is practical to place
the contract elsewhere. As soon as
the demand for an item diminishes,
contracts will be terminated in la-
bor shortage areas. On the Pacific
Coast the order prohibited any fur-
ther contracts involving employ-
ment increases without approval of
WPB.

Flowers for Industry—The con-
tribution of the Electronics Indus-
try to the war in terms of dollar
volume was impressively set forth
in a recent statement by Brig. Gen.
John R. Gardner, Assistant Chief,
Procurement and Distribution Serv-
ice, Signal Corps.

Since September 1941, the Signal
Corps has ordered $7,000,000,000
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worth of radio, telephone, wire and
other communications equipment.
Deliveries of equipment for 1943
must total $3,250,000,000, about two
and one-half times the 1942 produc-
tion. In 1944, the production must
represent $4,500,000,000 worth of
material, one third more than in
1943. From now on, monthly pro-
duction must exceed 12 times that
of the entire prewar radio industry.
In 1944, the volume of all Air
Forces signal equipment will be
approximately two-thirds greater
than in 1943.

Tubes for Civilians—Current re-
port to the effect that a large num-
ber of U. S. radio homes are with-
out radio service because of lack of
critical tubes and batteries as well
as repair service is discounted by
Radio and Radar officials of WPB.
As a matter of fact, it is pointed out,
a recent survey shows only a pos-
sible 5 percent without one or more
radios in working order.

Tubes for civilians totalled be-
tween one and one and a half mil-
lion in July, over a million in Au-
gust and probably about that num-
ber for September.

Mica Relaxation — Several
changes have been effected in the
definition of and availability of sub-
stitute grades of mica in WPB’s
Conservation Order M-101, in view
of the present shortages.

Definitions of “strategic mica”
and ‘“scrap mica” have been rewrit-
ten to eliminate questions of inter-
pretation. The prohibition on the
use of larger grades and higher
qualities than usually required, for
particular purposes, and the prohi-
bition against fabrication of larger
sizes than required to produce a
certain pattern, have been changed
so that relief may be obtained by
authorization rather than by a for-
mal appeal.

Fly, on Frequency—Speaking be-
fore the Federal Radio Education
Committee recently in Washington,
FCC Chairman James L. Fly pointed
out that “Whole new portions of the
spectrum, formerly deemed useless,
have been opened up through war-
time research, while the expanding
need for world-wide communica-
tions and especially the vast new
aviation uses of radio, will probably
crowd the postwar ether even more
tightly than the comparatively
small spectrum was jammed before
the war.”—G.T.M.
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7 Metallurgieal Help for
**The Little Man Whe Isn’¢ There

The gyro-pilot is aptly nicknamed the “Little Man Who
Isn’t There.” The device provides marvelous relief for
pilots on distance flights, keeping the plane on its course
with uncanny accuracy, despite wind and weather.

Developing the newest and most efficient gyro-pilot posed
some pretty problems for the maker, including a design
that called for unusual rotor rings. They required a metal ‘.
with the greatest weight that could be contained in the
smallest possible area.

Having worked with Mallory on other applications, the
manufacturer asked Mallory to find the metal—and with-
out delay.

A Mallory material — Mallory 1000 — was suggested. It
is a material of high specific density and provides
maximum mass weight in minimum space. It filled the
bill exactly.

Here again was proof that metallurgical progress grows
from meeting the service needs of many industries.
Mallory 1000 was developed originally to shield the
gamma radiation in radium beam therapy. Now its ap-
plications extend not only to gyro-pilots but to fly wheels
and counterweights in aircraft where spaceis at a premium.

Where product plans call for experience and “know-how”’

While the design is

with contact designs and materials, Mallory engineers still in blueprint form
and metallurgists may give real help. Bring your problems J e
to them. ;;:%‘w i
, CONSULT MALLORY
P. R. MALLORY & CO., Inc., INDIANAPOLIS, INDIANA for Contacts and

Cable Address—PELMALLO Contact Assemblies

MALLORY|

ELECTRICAL CONTACTS AND

W™ . CONTACT ASSEMBLIES > v
NON FERROUS ALLOYS ¢ /o %} N
Ay

O POWDERED METAL ALLOYS
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» JOY-KILLER . . . We do not enjoy “viewing with
alarm” the present whoopla about electronics, about
all the wonderful gadgets everybody will want to
own after the war, gadgets using tubes. But elec-
tronics is the present gift of the gods to copywriters
and maybe you think they are not going to town with
‘it. A popular indoor sport today is to watch the prom-
ises being made the public about the future of elec-
tronics, promises engineers will have to make good
on.

Not long ago this office was visited almost daily by
representatives of brokerage houses wanting advice
as to the stocks their clients should buy to get in on
the ground floor of the big electronic. boom. This
phase has passed; now visitors are the post-war re-
gearch men from companies whose job is to dig up
hot electronic items which should be made after the
war.

An executive of a large eastern company writes
this office stating that several of his friends are
going to make some electronic devices—but what
device, he asks, should they make? And where can
they get a staff of good engineers!

All these straws in the wind indicate that people
do not know the facts of life about electronics.

The bald truth is that electronics, as an industry,
has existed for years. Just as in the past, radio re-
ceivers and tubes will be the big immediate post-war
electronic business. Bigger than ever, no doubt.

So far as the use of vacuum tubes in controlling
industrial processes is concerned, this is old stuff.
[ndustry will buy more electronics than it ever has,
thanks to the speed-up during the war, and thanks
to some new devices developed by the war. Com-
panies which pooh-poohed the whole idea before
Pearl Harbor have now been exposed to the elec-

TALK

tronic idea, and will be more receptive after the war.

But there is still no single bit of package merchan-
dise using tubes (except radio sets) which can be
sold by the millions—and that seems to be what many
post-war thinkers want.

»SONICS . . . In response to an inquiry, a large
dairy-product laboratory admitted that some work on
supersonics had been carried out unsuccessfully, but
finally said, “The main newsworthy item was the
complaints made by those living in the immediate
neighborhood of the noise of the method.”

> 1922 . . . “I should like to refer to another possible
application of these (short) waves which, if success-
ful, would be of great value to navigators.

“As was first shown by Hertz, electric waves can be
completely reflected by conducting bodies. In some
of my tests I have noticed the effects of reflection
and deflection of these waves by metallic objects
miles away.

“It seems to me that it should be possible to design
apparatus by means of which a ship could radiate
or project a divergent beam of these rays in any
desired direction, which rays, if coming across a
metallic object, such as another steamer or ship,
would be reflected back to a receiver screened from
the local transmitter on the sending ship, and thereby
immediately reveal the presence and bearing of the
other ship in fog or thick weather.

“One further great advantage of such an arrange-
ment would be that it would be able to give warning
of the presence and bearing of ships, even should
these ships be unprovided with any kind of radio.”—
Guglielmo Marconi on the occasion of the presenta-
tion of the IRE Medal of Honor, January 20, 1922.



Frequency allocation is the key to expanded broadcast

service. Current research in connection with military

projects will lead to important developments in the ci-
vilian equipment field. Planning for new services is defi-

nitely a war-time project calling for clear thinking

By BEVERLY DUDLEY

Western Bditar

N LABORATORIES and electronic
I equipment factories throughout
the country, hope runs high that
there will be vast distension of the
radio communication system through
the extension of the useful portion of
the electromagnetic spectrum. This
is expected to be one result of re-
search so greatly stimulated by the
present war.

Vast demands on frequency alloca-
tion are bound to be made upon the
conclusion of hostilities, and un-
doubtedly most of the new services
requesting space in ‘“‘the ether” will
be able to show that their proposals
are in the public interest.

High up on the list of services to
which serious attention is bound to
be given in any program of frequency
allocation are two which will pro-
foundly affect the citizenry of this
country in the post-war era: (1) fre-
quency modulation and (2) tele-
vision.

War Stimulates Research

In many respects, conditions in
World War II are very similar to
those of World War 1. The engineer
and scientist will be quick to recog-
nize that, in the field of technology,
both wars goaded us into accelerated
research activity which has had (or
will have) a tremendous impact on
the post-war era.

After World War I radio broad-
casting became possible and popular
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and was responsible for building up
one of the major manufacturing in-
dustries of the United States. It is
expected that World War 11 will like-
wise make tremendous contributions
to the civilian communication system
by way of frequency modulation and
television, both of which were, tech-
nically, developed prior to December
7, 1941 to a point far beyond the
radiotelephone equipment of 1918
which ultimately led to radio broad-
casting.

Both frequency modulation and
television have market potentialities
which, properly exploited, can make
broadcasting services which have
gone before pale into comparative in-
significance. When the technical de-
velopments which have led to these
two new services are combined with
the extended frequency spectrum
which war research has made prac-
tical, there is good reason for optim-
ism. A very much expanded radio
industry (some will wish to call it a
completely new industry) may well
be expected to arise as a result of
technological advantages and socio-
logical advantages which fm. and
television make possible.

Technical developments of them-
selves are of little or no practical im-
portance without a definite—and ap-
propriate— application to the needs
of society at large. The time is ripe
for the radio industry to take those
steps which will lead to the definite
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and appropriate application of fre-
quency modulation and television to
the post-war needs of society.

The benefits to accrue from the
establishment of a definite program
of frequency allocation, technical
standards of operation, and the
mechanism by which post-war pro-
duction of civilian radio equipment is
to be inaugurated are, of course,
post-war. The program itself, how-
ever, is definitely a part of our war




TELEVI

activity; if the planning itself is
relegated to the post-war period
many needless obstructions will
doubtless occur during the recon-
struction period. Not only will fre-
quency modulation and television
have the capability of aiding post-
war employment, but these services
will also lead to important dissemina-
tion of education and entertainment,
and can make possible a more rapid
and more intelligent reconstruction.

Advance Planning Essential

The problems calling, for attention
are many times more difficult than
' those requiring the allocation of

<
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frequencies after broadcasting prac-
tically suffocated itself out of exis-
tence by “360-meter” operation. A
highly complicated radio communica-
tion system is already in satisfactory
operation, and the interests vested in
this field cannot be lightly nor quickly
brushed aside even if this were tech-
nically desirable. At the same time
many new types of services may be
expected to make a bid for their
share of channel space. ]
Extensions of world-wide point-to-
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point communication, of aviation
radio, of personal transmitters and
receivers, of new range and direction-
finding methods in the communica-
tion field will require channel assign-
ments, as will probably also industrial
developments in the electronics field
such as diathermy, electronic heat-
ing, intrusion detectors and locators.

Neither f.m. nor television services
can develop to their full potentialities
if allowed to grow at random and
without the cooperation of the entirf!
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industry. Engineers well know the
many technical problems which must
be overcome in order that a com-
plete, nation-wide system may be
installed and operated satisfactorily.
The American system also requires a
minimum of jurisdiction from gov-
ernmental agencies and the freest ex-
pression of individual initiative for
the full flowering of the maximum
benefits to all. Thus, the radio indus-
try has a double challenge.

What are some of the problems
facing the full and complete utiliza-
tion of the technical achievements of
frequency modulation and television?
To answer these questions, it may be
well to review the status of these two
types of communication systems as
of the time when events at Pear]l Har-
bor brought the United States into
the present war.

Summary of Progress to M-Day

Broadcasting by the then relatively
new method of frequency modulation
was in a promiging. position when
this country went on a war basis.
The f-m system was furnishing good
service, was receiving favorable pub-
lic acceptance, and was growing
rapidly and soundly.

The Federal Communications Com-
mission had set up complete stand-
ards for f-m broadcasting and had
placed this service in the category
of commercial broadcasting. It has
been estimated that as many as 500,-
000 f-m receivers (or combination
a-m and f-m sets) had been sold.
The majority of manufacturers were
either selling f-m receivers or were
planning to do so. Many f-m stations
were in operation or under construc-
tion and the FCC had nearly two
hundred requests for permits for f-m
facilities on hand.

Several years of experience in f-m
broadcasting as well as in the manu-
facture of f-m receivers indicates
that the present system is completely
commercial from a technical point of
view, although it could probably be
improved by reconsidering the chan-
nel assignments for this class of
service and by granting permission
to increase the power of f-m trans-
mitters so that improved signal
strength would expand the proposed
service areas.

By December 1941 television engi-
neering had progressed to a point
where pictures of satisfactory
definition, detail, and freedom from
flicker, having high entertainment
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and educational value, could be pro-
duced and made to serve large
audiences in metropolitan areas.

Most promising development was
in the realm of black and white pic-
tures, but a mechanical system of
color television had been in satisfac-
tory operation and had received con-
siderable attention. Satisfactory
agreement on television standards
had been reached, after considerable
time and effort, and the stage was set
for commercial broadcasting; in fact,
the Federal Communications Com-
mission had adopted regulations
making commercial television pos-
sible.

A division of television services
into two frequency allocations had

.been made. One band extended from

approximately 50 to 100 mec.; the
other band, starting in the vicinity
of 150 mec., extended somewhat be-
yond 200 mec. The intermediate
region was not opened for television
service. This assignment of {two sepa-
rate channels is bound to come in for
consideration af.some later date. Full
utilization.of the capabilities of tele-
vision rests ‘on-an economic and
manufacturing structure which will
make receivers available at a reason-
able price to the-average American
family. A split frequency allocation
for television service complicates en-
gineering design and increases manu-
facturing costs. Engineers already
familiar with this condition question
the advisability of initiating post-
war television services with split-
channel frequency allocation.

The problem of propagation of tele-
vision signals has not been adequately
surveyed, although progress is being
made in this direction. Some evidence
appears to be forthcoming that the
lower-frequency channels are freer
from ghosts or undesirable reflec-
tions, but the wide band required for
modulation of television signals
clearly indicates some advantage in
going to higher carrier frequencies.
The number of channels currently
available in the low-frequency band
is probably wholly inadequate if tele-
vision is to become an important
factor in the life of the average
American citizen. Good economics
and good engineering seem to call for
more channels in a single television
band.

F.M. is extensively used by the
armed forces and a great deal of
communication equipment made for
use in this war employs principles

and techniques similar to those re-
quired for television.

Contributions from War-time
Developments

Frequency modulation has been ex-
tensively adopted by the armed forces
and, as a result, engineers have
gained much valuable experience in
the design and construction of equip-
ment. Many engineers have been
trained anew in this comparatively
recent technical development and wil)
be able to bring their abilities to bear
on civilian communication activities
or in industrial electronics. It would
seem that the most important thing
which has been learned about fre-
quency modulation as a result of war
activity is greater respect for it.

Pre-war television work has beep
of considerable value to this counfry
in its war effort by providing trained
personnel and devices which permit-
ted rapid progress to be made in our
program of war production of special
military equipment. Many thousands
of skilled engineers, scientists and
mathematicians have been organized
into a vast network of laboratories
throughout the country for scientific
research activities. The work which
these groups are doing parallels tele-
vision research and many of the |
benefits of war-time research will |
be carried over into peace-time en- |
deavors. '

Cjvilian radio equipment also |
stands to gain in the quality of com- |
ponents going into all types of trans- |
mitting and receiving gear, since
manufacturers are now well ac-|
quainted with the necessity of build- |
ing well (rather than to a price).
They have been forced to  install
temperature, humidity, and other test
equipment to assure,.So far as is
humanly possible, that equipment will
meet military specifications and willj
not fail in practice. The industry has
every opportunity to carry over int
its peace-time program this concept
of quality. If the industry as a wholé
capitalizes on this experience anc
forgets at least the most drastic of itg
previous ‘“‘cut-throat” price slashes
and the dumping of excess produc
tion, manufacturers stand a chance o
doing a more profitable, businessliks
business. ‘

Finally, the techniques—begun be|
fore the war, but accelerated by it—
developed for extending the practicea
utilization of microwaves will opel
up a vast new region in which certail
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types of communication can be car-
ried on. Vacuum tube developments,
for both transmitters and receivers,
make the move to higher frequencies
practical. It is still too early to pre-
dict what services will be assigned to
this new region of the spectrum, but
the closing of the gap between radio
waves of ordinary length and heat
and light waves will undoubtedly be
one of the scientific highlights of the
present period.

Immediate Post-War Outlook

Probably the peace-time develop-
ments in radio communication, and
in frequency modulation and tele-
vigion in particular, must be divided
into two divisions: (1) the immediate
post-war outlook, in which we shall
begin production and operation ap-
proximately where we left off in the
spring of 1942 and which will not
take full advantage of the techno-
logical developments of the war, and
(2) the long-term post-war develop-
ments, in which full advantage of
war developments can be taken, and
in which many new services and com-
munication systems can be planned,
engineered, designed, -constructed,
and operated. The two are quite dif-
ferent and distinct.

Problems of the immediate post-
war period must, necessarily, be con-
cerned with the reconstruction and
improvement of existing facilities,
with the replacement of old and obso-
lete transmitters and receivers, with
the building up of a full complement
of personnel, and with the reconver-
sion of factories to civilian produc-
tion. In brief, such a program is
largely concerned with maintaining
the status quo.

By its very nature such a program
cannot take full cognizance of the
range of technical developments
which the war has made possible.
Even if this were possible, it would
still take time, money, equipment and
personnel to establish new stations,
new services. As a result, civilian
radio communication services imme-
diately following the war are bound
to be pretty much along the same
pattern as those currently in use. But
the immediate post-war period may
well be a transition period, linking
our present systems with those
which will ultimately evolve. If so, it
will have a useful and highly import-
ant role in the expanding field of
electronics and electrical communica-
tion.

Frequency modulation is in an ex-
cellent position to move forward
immediately after the war. Its prog-
ress may be expected to be rapid, and
there is prospect of providing real
improvements in service. The indus-
try has a particularly brilliant oppor-
tunity to place broadcasting on a
quality, high-fidelity basis, and many
will make the sincere effort toward
this goal. But since there is nothing
inherent in the method of frequency
modulation which guarantees that all
f-m equipment will necessarily be of
high fidelity, care must be exercised
to prevent the virtual wrecking of
the system through mishandling.

The problems related to f-m broad-
casting are not a major obstacle. Sev-
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stations. In addition, it can be ex-
pected that there will be newcomers
aiming to provide f-m service who
have had no previous experience in
the operation of radio stations. This
all points to a sizeable market for re-
placement receivers as well as for
new receiving equipment after the
war. Undoubtedly the demand for
f-m equipment will keep pace with
the amount of f-m service rendered.

While frequency modulation will
be widely utilized for broadcast serv-
ice because of the improved signal-
to-noise ratio, the necessity of em-
ploying high-frequency carriers and
wide-band transmission will probably
limit the service range to such an ex-
tent that it is doubtful that f.m. will

4
/Ma'rke‘l‘ for equipment
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Time -After Cessation of Hostilities

GRAPH ILLUSTRATING the possibilities of the replacement market as a means
of providing stop-gap production until exploitation of newly created services
can assume full post-war importance

eral years of field experience and
manufacturing have not brought
forth serious difficulties in present
f-m standards. It is desirable, how-
ever, that higher power be permitted
so that stronger signals can be laid
down in the service area. There
is also need for additional f-m chan-
nels, and this need will, no doubt,
continue to expand in the future,
particularly as high-quality live
music is made available. It is also
desirable that the channels assigned
for f-m service be continuous, to
avoid- band-switching complications
in receivers.

There seems to be much current in-
terest in f-m broadcasting on the
part of a large number of operators
of amplitude-modulation broadcast
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become the sole broadcast service
available in this country. To people
living in isolated areas, radio has
become a sustaining factor and these
people will require signals capable of
travelling beyond the horizon. For
this reason, as well as because there
already exists a vast network of sta-
tions feeding some 60 million receiv-
ers in the 550 to 1600 k¢ band, all
indications are that a-m broadcasting
in this band will be retained. !
Television is not in as favorable a
position as f.m. for immediate post-
war development. This service Has
not yet received widespread accept-
ance as a commercial service in spite
of many attempts to bring television
out into the open. Many economic
(Continued on page 190)
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By A. F. TRUMBULL

HE FIRST CONSIDERATION in the

design of aircraft radio equip-
ment is reliability. A unit which is to
be used in an airplane must function
correctly under any and all of the
conditions through which an airplane
may fly. Radio is the only direct link
through which information can be
exchanged between the ground and
an airplane in flight; when informa-
tion vital to the safety of the plane
must be transmitted to it, the equip-
ment in the plane must be function-
ing correctly if the craft is to receive
it.
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Former Superintendent of Aircraft Radip Service

United Air Lines—Chicago

In normal operation, an airplane
can encounter widély varied climatic
conditions. In the space of a few
hours, it can travel between regions
of high humidity (over 90 percent)
and low humidity (less than 10 per-
cent), encounter temperatures rang-
ing from 130 deg. F. down to 50 or
60 deg. below zero, and fly at eleva-
tions from sea level up to 25,000 feet.

Insulation Requirements

Waxes used to impregnate r-f coils,
audio transformers, capacitors and

other parts must not soften suffi-
ciently to flow at 140 deg. F., nor
crack and chip at —40 deg. F. Oil-
filled capacitors must not leak when
the air pressure outside them is re-
duced to a pressure corresponding to
40,000 feet altitude. Continued ex-
posure to 95 percent humidity and a
temperature of 100 deg. F. must not
reduce the equipment performance
beyond certain limits that are set
forth in Civil Aeronautics Authority
specifications.

All wiring in the equipment must
be insulated with nonhygroscopic in-
sulation (such as glass) or impreg-
nated with wax to eliminate leakage.
Metal parts must be protected against
corrosion by using noncorrosive
metals, by plating, by painting, by
hermetically sealing, or by other
means. This is particularly true when
the equipment is to be used in the
tropics or on routes over oceans or
along coasts where salt air is en-
countered. All insulating materials
must be either nonhygroscopie, or, if
laminated, must be vacuum-impreg-
nated with wax.

Conductors which carry sufficient
current to heat to incandescence in
the event of short-circuits, irrespec-
tive of whether such circuits are pro-
tected by fuses or not, should have
flame-proof insulation. Where wiring
must be metallically shielded, it is
generally preferable to run the wires
in solid, rigid metallic tubing.

Mechanical Requirements

Vibration is a serious factor in air-
craft radio equipment design. All
components must be securely an-
chored to withstand vibration involv-
ing acceleration up to 10 G in any
direction. This means that all screws
must have lockwashers or other

Temperature and = humidity chamber in
which aircraft radio equipment is operated
through the entire range of arctic, tropic
and ocean weather conditions that might
be encountered in flight. Performance must
not be affected beyond certain limits ‘pre-
scribed in CAA specifications
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Practical tips on the mechanical
and functional design of radio
equipment for post-war commer-

cial aircraft.

amples and photographs are pre-

sented to show why design must

differ in many respects from that
of mass-production equipment
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‘means of preventing their loosening.
Small parts such as capacitors and re-
sistors must be fastened to terminal
boards, and no parts may be sus-
pended by their leads unless these
leads are less than % inch long. It
also means that aircraft radio equip-
ment is invariably shock-mounted.

Weight and space are always at a
premium on an airplane, so it follows
that aircraft radio equipment must
be as small and as light as possible.
There has been a definite attempt to-
ward the standarization of sizes of
radio equipment among the commer-
cial airlines of this country, working

'through Aeronautical Radio, Inec.,
and these panel sizes should be ad-
‘hered to whenever possible. Keeping
iweight at a minimum means using

Explanations, ex-
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for aircraft radio equipment.

aluminum and its alloys for the ma-
jority of the structural parts. Solder-
ing requirements, bearing require-
ments and other usage will demand
other metals in some parts.

It is highly important that dimen-
sions of all units be held to a toler-
ance that will assure accurate and
true alignment insofar as inter-
changeability of units is concerned.

Production Economics

Cost is always an important item in
the design of a piece of equipment.
As aireraft radio production is in
relatively small quantities and as
quality must be kept high, the engi-
neer has to choose methods of con-
struction which are adaptable to
small quantity production even

|
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An example of what the fully equipped commercial aircraft of the future may
carry in the way of radio equipment

Controls that can be operated by sense of touch, illustrated here, are essential
Control panels with identical symmetrically posi-
tioned knobs might confuse the pilot and cause operational errors

though they might be uneconomical
for mass production. Standard com-
ponent parts are frequently pur-
chased outside, both because this is
generally more economical and be-
cause it is then easier for the cus-
tomer to get replacement parts. Parts
which require the construction of ex-
pensive dies are seldom used as the
cost of the die is not often warranted.
Simple dies, sand castings, bent and
welded pieces and extruded sections
are most frequently used in special
construction.

Sense-of-Touch Controls Are Essential

The operation of aircraft radio
equipment must be as simple as it is
possible to make it. In the majority
of cases the pilot or co-pilot is also
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Machine used by United Air Lines for applying vibration tests to aircraft radio
equipment

the radio operator and has no time to
devote to difficult or complicated tun-
ing procedure, or for making any
other critical adjustments.

Most controls in an airplane are
operated by the pilot using his sense
of feeling rather than that of sight.
For this reason, it is undesirable to
employ a great number of controls of
identical physical size on control
units.

An example of a practice to avoid
is illustrated in the case of a control
panel recently submitted for certifica-
tion. This particular unit was a mas-
ter control for operation of all radio
equipment in an air carrier aircraft,
and contained twelve identical knobs.
The design enginecer’s attempt to
achieve symmetry of appearance
prompted him to wuse rotary-type
switches for simple on-off functions
where a single-pole, single-throw
toggle switch could have been em-
ployed. The panel contained an eight-
point frequency selector switch using
a knob identical to all other knobs on
the panel, with an arrow engraved
on the face of the knob approxi-
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mately five-eighths inch away from
the engraved numbers on the panel.
This would have made it necessary
for the pilot or co-pilot to move his
head directly in front of the control

'to avoid parallax in choosing a de-

sired setting.

A pilot is not a radio technician.
His duties primarily involve the navi-
gation of his aircraft, and the opera-
tion of the radio equipment is only
one of many duties involved. Radio
controls must, therefore, be kept to
an irreducible minimum to avoid
functional operational hazards. The
design of the equipment must be such
that failure to operate a certain con-
trol is immediately apparent, Thus,
if the pilot desires to use a multi-
channel receiver on the “range’” band
and forgets to move the frequency
selector switch from the ‘“broadcast”
band, the reception of broadcast pro-
grams should immediately remind
him to reset the selector switch.

Be Fool-Proof

Controls Must

Even though a transmitter is de-
signed in accordance with the best
engineering practices and made of
the best materials obtainable, so that
it is capable of passing all of the
physical tests prescribed for type
certification, it cannot be approved
by CAA for aircraft use unless it also
meets certain functional require-
ments as to the operating controls.
This in essence involves designing all
controls in such a way that any pos-
sible improper sequence of operation
cannot cause failure of or damage to
either the transmitter or receiver,

An example of hazardous func-
tional operation is an actual case in
which the pilot held down the press-
to-talk switch on the microphone
while he operated the frequency
change mechanism of a multi-fre-
quency transmitter. The design of
the transmitter circuits in this in-

Combination 10-channel receiver and transmitter for aircrait, showing shock-
proof mounting that has proved satisfactory

November 1943 — ELECTRONICS

e —

|




stance was such that high voltage
was not removed from the circuits
during the frequency change cycle.
This resulted in an arc flashover to
an r-f choke, which was open-cir-
cuited by the flashover and the trans-
mitter was thereby rendered inoper-
ative.

Such hazards may be eliminated by
the use of properly sequenced relay
systems or equivalent methods which
automatically remove high voltages
from the transmitter circuits during
the frequency change cycle. Auto-
matic voltage-removing means should
be provided unless operating tests
under the most adverse simulated
service conditions indicate that they
are unnecessary.

Other Practical Suggestions

In a multi-channel receiver, it is
oftern desirable to provide ave on
certain frequency bands and elimi-
nate it on others. The provision of a
separate avc switch to accomplish
this constitutes a functional hazard,
in that the pilot may not set such a
switch to the proper position for the
frequency band on which he desires
to operate the receiver. This hazard
may be eliminated by incorporating
the ave switch in the frequency band
selector switch, so that ave is auto-

ne

' Example of an aircraft radio receiver employing a revolving-
turret frequency selector that reduces the tuning operation to
¢hdnging the setting’ of a switch. Note accessibility of dynamotors

Example of elaborate 10-channel radiotelephone transmitter for
aircraft use with fan for forced-draft ventilation

matically provided only on the de-
sired bands.

In the design of remote control
equipment, special attention should
be given to the elimination of sepa-
rate switches to perform various
functions which might be more satis-
factorily accomplished by a multi-
point multi-section rotary switch.
For example, an automatic direction
finder system may be designed to
provide the pilot with the following
separate functions: (a) automatic
direction finder; (b) regular receiver
—ICW or MCW reception; (c) regu-
lar receiver — CW reception; (d)
aural-null direction finder—ICW or
MCW reception; (e) aural-null
direction finder — CW reception.
Good engineering practice, with due
consideration for the elimination
of superfluous controls, should im-
mediately ‘suggest the possibility
of using a single multi-section six-
point rotary switch to accomplish
selection of these operational funec-
tions. An on-off switch may be
eliminated by utilizing the first or
dead position of the switch, with con-
nections to make the complete re-
ceiver and its power supply inopera-
tive.

In a multi-frequency band receiver
designed to operate on the “range”

and other {frequency bands, it is
necessary to provide a simultaneous
range filter in the output circuit of
the receiver. This introduces the pos-
sibility that the pilot might inad-
vertently leave the filter selector
switch in the “range” position when
attempting to use the receiver on
frequency bands in which voice re-
ception is desired, resulting in an
apparent failure of the receiver on
these frequency bands. This funec-
tional hazard may be eliminated by
providing means in the frequency
selector switch design for disabling
the simultaneous range filters on all
but the “range’” band.

Similarly, when pretuned circuits
are provided in the range band for
voice reception of airport traffic con-
trol towers on 278 ke, the “range-air-
port” switch should automatically
disable the range filter when the
switch is thrown to the ‘“airport”
position.

Another example of a functional
hazard was found in a range receiver
equipped with a visual tuning meter.
The purpose of the meter was to en-
able the pilot to adjust the receiver
circuits to resonance with the fre-
quency of the desired station by so
tuning the receiver that maximum

(Continued on page 220)
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With automatic timing of carrier interruptions, the operator
on duty does not have to write down the exact time of
failure for FCC reports before looking for the trouble

Opposite page—Aerial view of KMOX

Automatic
Conirol

Circuits for

BROADCAST TRANSMITTERS

Four manpower-saving electronic circuits for transmitters, providing protection against

arcs during storms, automatic restoration of the carrier after an overload, automatic

starting after breakdown, and automatic timing of each carrier interruption

ROBABLY THE most important

criterion by which a broadcast
station is judged is dependability.
Of course, audio quality and pro-
gram content are important, but it
is the primary obligation of the
entire staff to keep the station on
the air.

Dependability may be considered
a measure of how much program
time is lost. Accident and error are
the contributing factors to lost time;
error is failure of the personnel to
function properly, and accident is
an equivalent failure of equipment.
Both may be, and usually are, un-
preventable. Time lost through both
causes may nevertheless be mini-
mized to a large extent through use
of certain automatic devices designed
to aid the operator in clearing tem-
porary faults, locating
quickly restarting the transmitter
after over or underload, and in gen-
eral supplémenting the human hand.

It is the purpose of this article to
present four automatic devices,
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trouble,=.

By W. R. SLOAT

Transmitter Engineer
Columbia Broadcasting System
Station KMOX, 8t. Louis

three of which were designed by the
author and the fourth, the carrier
restoring device, by the transmitter
staff of WABC under the supervision
of Mr. R. W. Newby. All have been
in use at KMOX for some time,
giving excellent service.

The four devices are independent
of one another, and each self-suffi-
cienit for its purpose. Collectively
they provide comprehensive and
measureable improvement in station
dependability. All contain only small
standard components that are ordi-
narily at hand.

Carrier Protective Device

Under,.certain conditions, radio-
frequency arcs become established
at a transmitting antenna by elec-
tric storms or static discharges and
are sustained by the transmitter
output. These arcs may be of in-

sufficient magnitude to operate the
transmitter overload relays, although
capable of damaging parts of the
equipment. Two methods of stopping
these arcs are momentarily cutting
the carrier or reducing the output
of the transmitter to a point where
it will not maintain the arc.

Initiating devices to achieve one
of these methods fall into several
classes. One comparatively compli-
cated type, usually difficult to handle,
balances out-of-phase components of
the r-f energy in one stage or the
transmission line against that in
the preceeding stage. Another
method, applicable only to a case
where the arcs occur repeatedly at
the same point, uses a phototube to
actuate the system. A third method
uses the arc itself as a conducting
path for relay current.

A fourth method, in use at KMOX,
is one operating directly from a
portion of the radiated carrier
power. It can be used with low-level
modulated transmitters without any
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restarting equipment. An independ-
ent restarting device, having no
tubes and only one relay, can be
“~used in conjunction-with-the device
for protecting high-level systems.
The circuit of the KMOX carrier-
protective device for low-level sys-
tems is shown in Fig. 1. The in-
strument is controlled by carrier en-
ergy picked up by a short antenna
and fed to the diode section of the

 Carrier signal pickup

117L%7. The diode develops positive
bias for the tetrode section of the
tube, which is also cathode-biased.
~When -nermal .energy is-radiated,
two relays, RY, and RY, are en-
ergized by the tetrode plate current
by virtue of positive grid bias from
the diode and RY, is also energized.
Under this condition, the coil of
RY, is paralleled by R, and only a
slight drop in plate current will

cause RY, to open. An abnormal
condition anywhere in the transmit-
ter resulting in a moderate drop in
radiated energy will cause such a
drop in plate current, and RY, will
release RY, applying high negative
bias to the buffer and modulated am-
plifier stages.

RY,, may, of course, have any
contact arrangement desired for the
application of this bias, which must

Op era Froer
trcdreafor

W.E. £00-0brn

i

- WE,
~ 500-ohrm
Type £

FIG. 1—If an rf arc becomes established and is sustained by the transmitter output without drawing enough current to trip
overload relays, this carrier-actuated protective circuit automatically reduces the transmitter output momentarily to about 15
percent of normal to kill the arc. If RY: is inherently slow enough, the interlock with RY; may be omitted
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FIG. 2—In the event of carrier failure due to overload, this simple relay arrange-

ment performs the standard three-shot and lockout cycle of reclosing devices. It

makes three attempts to restore power, working so fast that listeners are not
aware of trouble

be determined to suit the individual
transmitter. This bias should be
sufficient to reduce the carrier power
to about 15 percent of normal, which
will not sustain arcs unless there has
been seme damage to equipment.
When the power drops to this low
value, RY, will not have sufficient
current to hold and will drop out,
picking up RY. through a set of de-
energized ccntacts, removing the
high bias and returning the carrier
to normal. These de-energized con-
acts on RY, also perform the useful
function of protecting the device
against tube failure, since the relay
cannot pick up without plate cur-
rent, and these contacts hold in RY..
When RY. opens two other func-
tions occur: R, is removed from its
position in parallel with the coil of
RY,, and RY, is locked out through
its remaining de-energized contact
and a similar one on RY,. Thus, RY,
is subjected to the full plate current,
and will now pick up on a smaller
current than is present when it
opens, and RY, is prevented from
picking up until after RY, has closed.
RY, closes at about 25 percent
normal power, and RY, at about 80
percent when the tetrode plate cur-
rent is large enough to keep RY, en-
ergized as the paralleling resistor
R, is reconnected. The instrument is
now recycled. If damage has occurred
to the transmitter or other trouble
is present to prevent the carrier
from returning to full power, the
device will remain static, with RY,
open, RY, open or closed, and trans-
mitter bias normal (RY, closed).
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The contacts of RY, should make
before break and the springs should
have about half the tension of those
on RY.. C,is provided to avoid re-
lay chatter on the rectified alternat-
ing current in the plate circuit of
the 117L7. A switch SW is provided
in parallel with the energized con-
tacts of RY, in order to hold in RY,
when adjusting the device or tak-
ing it out of service for some other
reason. C, must be used to isolate
the antenna from the power system,
so that in the event the power source
becomes reversed, the antenna will
not be at line potential. C, also pro-
vides a convenient means of limiting
the r-f input to the instrument.
Enough r-f energy, however, should

be fed to L,C, so that this tank may
be operated somewhat detuned from
the station frequency, and C. used
as a control of the tetrode bias and
the dropout point of RY,. When
properly adjusted for dropout at
75 percent of full carrier, the plate
current should be about 22 ma, and
about 7 ma when the high bias is
applied to the transmitter during an
overload.

For use with high-level systems,
where power reduction by means of
high bias is more difficult to achieve,
the contacts of RY; would be placed
in series with the plate OFF button
or in series with the series-overload
circuit of the transmitter, both gen-
erally arranged as normally closed
circuits. Operation of the device
would then result in an interruption
of the plate-contactor holding cir-
cuit, shutting off the high voltage.
As previously pointed out, a carrier-
restoring device will be necessary
for this method of operation, unless
manual restoring of the carrier is to
be depended upon.

An operation indicator is a desir-
able accessory to the carrier protec-
tive device. The one in use at KMOX
is shown at the right in Fig. 1, and
is so simple that very little explana-
tion will be needed. Under normal
conditions (RY,, RY, and RY,closed),
RY, is energized by the push button,
seals itself in through RY,, and lights
the pilot lamp. When RY, is opened,
RY, will drop out and put out the
pilot light, which will remain out
until the operator resets it with the
pushbutton. The protective device

Push bu fton
e

“ M oster conyfacfov'
or swifch

Totransmitter
- filaments,efc.

\ 5 '
‘Auxiliary cantfacts on contactors
/n plate fransformer primaries

FIG. 3—Automatic starting circuit for getting back on the air after a breakdown
with a minimum of lost time
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will continue to operate when called
upon to do so, regardless of condi-
tions in the indicator.

WABC Carrier-Restoring Device

Overloads are probably the most
common cause of carrier interrup-
tions in broadcast stations. These
result in operation of the protective
relays and removal of the plate volt-
ages. Where a manual operation is
necessary to restore plate voltages,
there is usually a delay of at least
several seconds before the operator
can reach the switch to restore the
carrier to the air.

The carrier reset to be described

attentive listeners will be aware of it.
In addition to its electrical and me-
chanical simplicity, it has no buttons
to push to recycle it after a lockout.
It is completely automatic in every
respect. Its contacts never break a
circuit and consequently never need
attention.

This reclosing device consists es-
sentially of a relay with one set of
de-energized contacts for each pro-
tected plate circuit, and a pendulum
associated with the relay armature.
Most transmitters have only two pro-
tected plate circuits, a medium volt-
age for the exciter and driver stages,
and a high voltage for the buffer and

reopen by action of the protective
relays, and the reset relay pendulum
. Will continue to swing. If the over-
load has not cleared by the time the
third application of plate voltage has
been made, lockout will occur as the
reset pendulum has lost its kinetic
energy and will come to rest in a
neutral position. The carrier must
now be restored manually. As soon
as the plate contactors remain closed
simultaneously long enough to ener-
gize the reset relay, the device is
ready for another operation cycle.
Nearly any type of clapper relay
is suitable for conversion into a
pendulum reset device. The relay

 Reset button

: :;j“’{ .
: ".fO -
carrier

At

Tune
'ec_l'qency

—)—

FIG. 4—Arrangement for securing automatically a record of the time that carrier failure occurred and the duration of the failure

cannot be praised too highly. It
has been in service at WABC and
then at KMOX gince 1933, and has
proven itself thoroughly dependable.
The author does not know of a sin-
gle case of trouble due to failure of
this device. It is probably the sim-
plest gadget yet designed that is cap-
able of performing the standard
three-shot and lockout cycle of re-
ciosing devices. This unit, shown in
Fig. 2, needs only as many relay con-
tacts as there are protected plate
circuits in the transmitter. It will
operate within 0.3 second on the first
attempt to restore the carrier, and
within 0.6 second on the two subse-
quent attempts. Under these condi-
tions, instead of a definite program
interruption, a simple overload re-
sults in a momentary break of such
short duration that only the most

final amplifiers. This is the case at
KMOX, as represented in Fig. 2. The
relay contacts are paralleled with the
plate ON control buttons, so that the
high-voltage circuit breakers are
closed by operation of the relay. The
relay is energized by current flowing
through auxiliary contacts Az and
Bz on the plate voltage primary con-
tactors. Thus, when either contactor
is opened as a result of an overload,
the reset relay becomes de-energized
and the pendulum-yoke arrangement
is released. The contacts will close
at the end of the first half swing of
the pendulum and the plate voltage
will be reapplied.

If the overload has cleared, the
contactor will remain closed, ener-
gizing the reset relay and restoring
conditions to normal. If the overload
still exists, the plate contactor will
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voltage source may be chosen to fit
the relay, or vice versa. The relay
used at KMOX is a Signal Electric
and Manufacturing Co. type KS, op-
erating from the 20-volt filament sup-
ply. Connections are made to the
moving contact arms by means of
flexible leads. The pendulum is of
such a length that three full swings
take place, resulting in three con-
tact closures before the arc of the
swing has become too short to close
the contacts. A complete swing of
the pendulum requires about 0.6 sec-
ond, but the first closure occurs in
half that time since only a half swing
is required.

A quarter-inch rod of any mate-
rial will suffice for the pendulum,
and several nuts may be threaded on
the end to provide weighting for en-

(Continued on page 274)
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A RADIO-FREQUENCY GUN

By JOHN P. TAYLOR

3 RCA Victor Division
Radio Corporation of America
Camden, N. J
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RADIO-FREQUENCY “GUN”  for
A spot-gluing thin sheets of wood
together—much as sheets of metal
are spot-welded—is one of the many
interesting applications of r-f heat-
ing which have recently emerged
from the laboratories.

During the past few months an r-f
spot-gluer has been tested in the
field under conditions simulating
those of production operations. The
tests have shown that this device can
successfully be used for tacking to-
gether layers of wood veneer during
the process of forming over a shaped
mandrel. This is a necessary pre-
liminary to the final curing or bond-
ing of veneers in an autoclave. The
operation is of particular interest in
the manufacture of molded plywood
shapes such as aircraft fuselages,
wing elements, stabilizers, and the
like by the so-called rubber-bag
method.

The device also has possible appli-
cations in other operations involving
preliminary assembly of structures
composed of wood veneers, paper-
base laminates, and sheet plastics.
In modified form it may ultimately
be used in the final assembly and
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FIG. 1—The first model of the radio-frequency gun. The inner and outer conductors

of a short length of concentric transmission line form the electrodes by means of

which r4 power is used to spot-glue thin sheets of wood veneer together at selected
points

FIG. 2—Flow of current between electrodes when the-gun is held ‘against<the-surface .
of two thin sheets of wood which have a glue line between them. Current tends to
follow the glue line and concentrate in a small area opposite the inner conductor

sealing of materials of this type, per-
forming in this case a function sim-
ilar to that of a stitch-welder for
metals.

To electronic engineers the r-f gun
will be of interest as another example
of the numerous specialized applica-
tions to which r-f heating is particu-
larly adaptable.

Principle of Operation

The r-f spot-gluer consists of a
low-power ultrahigh-frequency oscil-
lator, a flexible concentric cable, and
an applicator of special design. An
early form of this applicator, shown
in Fig. 1, consisted of a short length
of concentric transmission line
mounted on a Bakelite block which
formed the handle. From the pistol-
like appearance it was inevitable that
this would be called a gun. The name
is, perhaps, not too unfortunate in
that it at least serves to emphasize

the fact that the radio-frequency’

currents travel somewhat (even if
only a sixteenth of an inch or so)
beyond the end of the applicator.
The r-f spot-gluer was originally
devised by a group of engineers un-
der the direction of Dr. G. H. Brown

—the same group, incidentally, that
developed the electronic “sewing ma-
chine” for sheet plastic materials.” In
principle the two devices are much
alike. In each case heat is produced
in a dielectric material by causing in-
tense radio-frequency currents to
flow in the part of the material which
it is desired to heat.

In the sewing machine the means
of directing this current is a pair of
rollers between which the material
progresses. Current flowing between
these rollers must pass through the
material. In other applications of r-f
heating which have been described
previously—as, for instance, gluing
of aircraft spars® and preheating of
molding materials*—the material is
similarly placed between the elec-
trodes.

Electrode Arrangement

In the spot-gluer placement of
electrodes on either side of the mate-
rial is not possible since in many, if
not most, instances only one side of
the assembly can be reached. Even
where both sides could be reached it
would usually be inconvenient to
do so.
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FOR SPOT-GLUING WOOD

Temporary setting of glue by high-frequency heating with the gun-like end of a 200-Mc
coaxial cable speeds construction of shaped plywood objects. Spotting holds veneer layers

in position during preliminary laying up and handling. Tedious stapling is eliminated

The two electrodes used in the
spot-gluer are the inner and outer
conductors of a section of concentric
transmission line. Figure 2 illus-
trates the flow of current between
these electrodes, when the gun is
placed against the surface of two
sheets of wood veneer which have an
adhesive between them. Since the
dielectric constant of the wood is
greater than that of air, most of the
current flows through the wood.
Moreover, since the glue line (at
least in its original rather moist con-
dition) presents a lower-resistance
path than the wood, there is a tend-
ency for the current lines to concen-
trate in the glue. These effects pro-
duce a concentration of current in
the glue line opposite the inner con-
ductor.

Some current, of course, is present
in an area of the wood equal to the
cross-section of the outer conductor.
However, only in the vicinity of the
inner conductor is the current con-
centration sufficient to produce ap-
preciable heating; in general, the

size of the heated spot is about the

size of the inner conductor.
The amount of heat produced in

FIG. 3—Two pieces of aircrait veneer
which have been spot-glued at two points.

Small indentations are caused by the
pressure of the inner electrode on the wood
which has been softened by heating

Using the special ironing-type r-f gqun to smooth out and tack down layers of veneer
on a mandrel, in much the same way that the wire stapler is ordinarily used

the spot is determined (for a given
power) by the length of time that
power is applied. The temperature
required for barely tacking the glue
(which, as will be explai ed later, is
often desirable) is attained for thin
veneers in about one second. Apply-
ing power for one and a half to two
seconds results in a completely set
or cured glue spot. In this case the
spot glued has, with adhesives of
the types used in aircraft manufac-
ture, greater strength than the wood
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itself. This is demonstrated by the
fact that when subjected to shear
tests (tension parallel to the face of
the wood) the ultimate failure will
be largely in the wood.

In Fig. 3 are shown two pieces of
aireraft veneer which have been spot-
glued at two points.

Present Methods Of Molding

The advantages of the r-f spot-
gluer in laying up molded plywood
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assemblies are best illustrated by
first considering briefly the present
methods. While there are several
such methods, the best known of
which are the Vidal’° and the Dura-
mold® they are all more or less sim-
ilar in the pattern of operations.
These operations consist of two prin-
cipal steps. In the first or wrapping
step, narrow strips of thin veneer
(from @z-inch to ts-inch thick) to
which a resin adhesive has been
previously applied are laid-up or
wrapped on a wooden mandrel, as
shown in Fig. 4. Where necessary,
individual strips are tailored to fit
by goring or trimming. As each strip
is fashioned to the mandrel it is held
in place by means of wire staples
driven through the strip and into the
mandrel. These are inserted with a
hand stapler.

As each additional layer of veneer
is added—and there may be as many
as nine layers—the staples in the
previous layer must be pulled out and
new staples put in through the added
layer. When the final layer has been
placed, as many of the staples as can
be safely extracted without damage
to the assembly are removed.

The whole assembly is then placed
in a rubber bag and the air ex-
hausted from the bag so that it fits
tightly and smoothly over the as-
sembly. The bag has several pur-
poses. Primarily it provides a means
of insuring fluid pressure over the
entire surface. In addition it pro-
tects the lay-up and mandrel from
moisture. It also helps to hold the
veneers in place during handling.

In the second or ‘“‘cooking” step in
the process the assembly, still in the
rubber bag, is placed in an autoclave,
as shown in Fig. 5, and heat and
pressure are applied. Compressed
air, steam, hot water, or combina-
tions of these are’ used to obtain
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FIG. 4—First step in the present process of making formed ply-
Thin strips of veneer are tailored to fit and
fastened to a wooden mandrel by means of wire staples.
layers are added, the staples in the previous layer must be

As

removed

FIG. 5—Second step in making formed plywood. The mandrel on
which veneers have been wrapped is enclosed in a rubber bag
from which the air is exhausted. The whole assembly is then
placed in an autoclave, as shown, and heat and pressure are
used to bond the veneers into g single homogeneous piece
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ultimate pressures of the order of 75
lb. per sq. in. and temperatures of
250 deg. F. to 300 deg. F.

For the first few minutes of the
heating cycle, however, only rela-
tively low pressures are used. Dur-
ing this period the resin adhesive
(with which all the plies were coated
before wrapping) gradually softens
and eventually goes through a flow
stage before reaching the curing
temperature. This flow characteris-
tic allows the plies to shift slightly
with relation to each other so as to
conform exactly to the contours of
the mandrel. This ability to give
somewhat is essential in obtaining
maximum strength-weight character-
istics.

After the preliminary period, dur-
ing which the veneers have been
gently pressed into position, the pres-
sure is brought up to the specified
maximum and the assembly allowed
to cook (or cure) from 15 minutes to
an hour or more, depending on the

This

of the material.
bonds the resin and veneers so com-
pletely that when the form is re-
moved it has an evenness and homo-
geneity which give it a uniformity
approaching and a stiffness-to-weight
ratio exceeding that of sheet metals.

thickness

Drawbacks of Present Methods

The use of a wire stapler in the
“wrapping” part of the process is
one of the chief drawbacks to the
rubber-bag method of making shaped
plywood. While the staples can be
ingerted quickly, the necessity of re-
moving them from each previous
layer as new layers are added makes
the wrapping of multiple layers a
lengthy and costly job.

There are other disadvantages.
For one thing, the assembly is left
with many tiny holes in it, and the
holes in the outer layer at least must
somehow be filled up during the fin-
ishing process: ) T

Again, the necessity of leaving a
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considerable number of staples in
during cooking limits the movement
of the plies with respect to each
other, and unless these staples are
left at specific - points which have
been carefully predetermined, warp-
ing or wrinkling of plies may occur.

Finally, as a result of the inad-
vertent breaking of staples during
the removal process often-times sta-
ple ends remain and, under pressure,
protrude and puncture the bag. When
this happens not only the bag, but
the assembly, and sometimes even
the mandrel (due to moisture getting
into it) are ruined. Obviously the
elimination of stapling would be a
big step forward.

Advantages of the R-F Spot-Gluer

The r-f spot-gluer was originally
designed with the specific idea that
it would supplement, if not actually
replace, the stapler in operations of
the above type. It was hoped that it
could be used instead of the stapler
to tack the separate plies of a shaped
layout together in such manner that
they would hold together during pre-
liminary handling—and yet would be
free to move slightly with respect to
each other when heat and pressure
were applied to the assembly in the
autoclave. Fortunately the glues used
in molding practice (or at least such
of these as have been tested to date)
pass through a more or less thermo-

e

plastic stage before reaching the final
temperature (at which they are, of
course, thermosetting). When heat
is applied just long enough to raise
the temperature (in the spot) to this
thermoplastic stage, it is found that
the veneers adhere sufficiently to hold
them securely in place during reason-
able manipulation of the assembly-
while at the same time the cure is
insufficient to obtain final setting.
Some degree of “flow” therefore oc-
curs when additional heat is applied
(as during the normal cooking cycle).

If the spotting cycle is too long
the spots, of course, receive a final
cure. In this case the strength of
the joints is such as to pull wood, as
previously mentioned. If, however,
these spots of complete cure are of
small size and not too many are used,
they will ordinarily be broken off by
the shearing forces which occur when
pressure is applied in the autoclave.

This will, of course, leave small un-
glued spots in the final piece, but
these have an insignificant effect on
overall strength values.

Thus, either method, that of par-
tially gluing (tacking) a consider-
able number of spots or that of com-
pletely setting a smaller number, may
be used. Where the characteristics
of the glue used are not too critical
(which would make the in-between
point too hard to hit) the first is to
be preferred.

In one series of tests the experi-
mental spot-gluer was used by a girl
operator whose only previous experi-
ence was with the regular wire stap-
ler. Under these conditions the time
for making the individual spots was
considerably longer than with the
stapler. However, because of the

time saved by not having to pull out
staples, the overall time was of the
order of 25 percent less than with
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FIG. 6—Using the r-f gun to tack a qusset

'plate of thin veneer on small capstrips

making up an aircraft ribweb. The tem-

porarily glued assembly can be placed in

a hot-plate or r-f equipped press and cured
in a few minutes

FIG. 7—Mode; of the spot-gluer used in
field tests. The oscillator cabinet has a
plug-in cable connector so that several
different models of the gun may be used
interchangeably. The gun shown is the
one developed especially for veneer wrap-
pPing. and permits an ironing motion for
smoothing wrinkles in the veneer
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FIG. 8—Cross-section sketch of the original gun. consisting of a

quarter-wave section of concentric transmission line with the hot

lead of the cable from the oscillator tapped on the inner conductor
at a point chosen to give an approximate impedance match

the stapler. With experience a 50
percent saving in time may be pos-
sible.

In the present method the wrap-
ping time is definitely the bottleneck.
A reduction of 50 percent—if borne
out in actual production—would be
extremely important. It might go
far toward justifying the making of
many articles (predictions run all
the way up to automobile bodies) by
methods now limited largely to air-
craft parts.

In addition to the time saving
there are also the advantages that
the wire holes are not present, the
likelihood of wrinkling is decreased,
and the danger of puncturing the
bag (which in itself is an expensive
item) is eliminated. There is one
further advantage which in the fu-
ture may be of importance. If radio-
frequency heating is eventually to
be used in the final cooking process
(thereby eliminating the inconveni-
ence of the autoclave and greatly re-
ducing the cooking time), the use of
wire staples, which would short
across the electrodes, is obviously
not feasible. Some experimental
work along these lines has been done,
and although present molded plywood
production schedules probably do not
warrant the use of large-scale r-f
heating (because of the relatively
small quantities of each piece re-
quired), it seems quite possible that
peacetime production will justify the
high setup costs involved. If so, the
r-f spot-gluer will certainly be a
necessary adjunct.
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With most applications of r-f heat-
ing one idea leads to another—and
the spot-gluer is no exception. Orig-
inally intended for use in making
molded plywood, it has already been
suggested and in some cases, tried
for other uses. Most of these had to
do with assembly operations on vari-
ous objects made of plywood, paper-
base laminates, sheet plastics, and
the like. In such cases, of course, a

FIG. 9—Cross-section of the second model of the gun. A lumped
inductance has been placed in series with the inner conductor in
order to retain the effect of a quarter-wave line.

length of this unit is conveniently short

The overall

permanent seal or weld between over-
lapping pieces is usually desired.

Other Applications

Boxes and other small containers
are typical examples. For some of
these the spot-gluer in its present
form will be fairly suitable. For
most, however, more power, differ-
ently shaped electrodes, higher fre-

D

FIG, 10—Rear view of the 200-Mc oscillator chassis that supplies r:f power io the
spot-gluing gun
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quency, or other changes will be de-
sirable. An r-f device somewhat com-
parable to a welding machine, and of
fairly flexible characteristics, would
have wide application and will un-
doubtedly be the next development in
this field.

In addition, there are numerous
operations in the woodworking in-
dustry which are more or less similar
to that for which the spot-gluer was
actually designed. Most of these are
in jobs where the advantages of a
preliminary assembly suggest them-
selves.

The aircraft rib-web shown in
Fig. 6 is an example. Such webs are
usually assembled in a jig, the gusset
plates being held in place by toggle
clamps or some other clamping de-
vice. At room temperature a period
of four to eight hours is required to
set the glue used. By placing the

facturing where this method might
be of value. In fact, it is likely that
only by the adoption of such new pro-
duction tools will the wood industry
be able to compete with plastics and
light metals in those borderline
fields where any of the three mate-
rials might conceivably be used.

The model of the spot-gluer which
was used in the field tests mentioned
is shown in Fig. 7. This unit was de-
signed by Mr. J. E. Joy of the RCA
Development Engineering Section.
The oscillator box is provided with a
plug-in cable connector so that it
can be used interchangeably with
several models of the gun.

Details of Gun Construction

The original gun consisted of a
quarter-wave section of concentric
transmission line with the hot lead
of the connecting cable tapped on the

FIG. 11—Schematic diagram of the rf circuits of the 200-Mc oscil'ator.

Rectilier

circuits, not shown, are of usual design

assembly in a hot-plate press (or in
a press equipped with r-f heating)
the glue can be set in a few minutes.
In either case the clamps are a
drawback -and handling would be
much easier if some other means of
keeping the assembly together until
pressure was applied were available.
The spot-gluer may fill this require-
ment. It can be used to tack the gus-
set plates in place, thereby holding
the assembly together so that it can

if desired be removed from the jig

for gluing in a press.

When r-f heating is used, a num-
ber of webs can be bonded at one time
simply by stacking these up between
the electrodes. An arrangement of
this kind enormously steps up the
output of a given set of jigs.

There are, obviously, many similar
operations in peacetime wood manu-

inner conductor at the proper point
to obtain an approximate impedance
match, as shown in Fig. 8. This gun
was about 12 inches long, and be-
cause of its unwieldiness required
two hands for accurate manipulation.
A second model was made up in
which the overall length was reduced
to about 5 inches. The effect of an
electrical quarter-wave was retained
by placing a small inductance in
series with the inner conductor and
tapping on to this at the proper point
for matching, as shown in Fig. 9.
As a result of further field tests
still amother model of the gun was
made up. This unit, shown in Fig. 7,
somewhat resembles in form the wire
stapling machine now used. It was
found desirable due to the fact that
in using such a device for laying up
veneer on a mandrel the operator
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performs a sort of ironing movement
which smooths out the wrinkles in
the veneer and holds it flat in place.
Experience indicates that this and
possibly other different applicators
will be used, depending on the re-
quirements of various jobs.

Details of Chassis Construction

A rear view of the oscillator chas-
sis is shown in Fig. 10. The oscil-
lator proper occupies the center
space, with power supply compon-
ents on either side. The push-pull
tuned-grid tuned-plate oscillator cir-
cuit (Fig. 11) allows a very simple
form of construction to be used. At
the frequency of operation (approxi-
mately 200 Mec¢) the grid inductance
is a straight piece of tubing, while
the plate inductance is a single turn.
Tuning is accomplished by means
of a threaded screw-type condenser.
A hinged loop loosely coupled to the
plate inductance forms the output
coil.

Direct voltage for the oscillator
plates is supplied by a full-wave recti-
fier using two RCA-816’s (at the left
in Fig. 10). Plate input power is
about 150 watts.

The amount of power actually con-
verted into heat in the wood is prob-
ably rather small. It is obvious, how-
ever, that overall efficiency is not
particularly important in a device of
this kind, since power cost is in any
event negligible. The controlling
item in design is, rather, the neces-
sity of getting the required speed of
heating without having excessive
voltage between electrodes. This
problem is more or less general to
r-f heating of dielectrics and has
been discussed previously.,.

In the case of the spot-gluer the
voltage problem is accentuated- by
the small area of the electrodes and
the relatively long current path
through the wood. Moreover, in spot-
gluing the in-between layers on a
mandrel the r-f gun comes in direct
contact with the adhesive which has
been previously spread on the veneer.
(Practice is to spread both sides of
the in-between layers.) Under this
condition, and with the glue at least
slightly moist, it is certain that arcs
will occasionally occur. The inter-
electrode voltage must be such that
these arcs will not be sustained. The
only way in which this voltage can be
kept down and still produce sufficient

(Continued on page 310)
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FIG. 2—Family of plate characteristics for
triode, illustrating the operation of cathode
follower

HE placement of a resistor in

the cathode circuit of a single
tube, or of a pair of tubes having
their cathodes connected together,
produces certain effects which have
been put to good use in many appli-
cations. This discussion attempts a
summary and analysis of these cir-
cuits, so that their behavior may be
vistialized and predicted.

Suppose a signal Ae, is applied to
a tube-as shown in Fig. 1. Evidently
the ‘actual grid voltage change, that
is the voltage change between grid
and cathode, will not be as large as
Ae.. If the signal voltage makes the
grid more positive, for instance,
more plate current will flow; this
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A comprehensive analysis of recently-developed

cathode follower circuits, which serve as highly effi-

cient transformers for coupling high - impedance

sources to low-impedance loads:
cussed are strictly power amplifiers.

The circuits dis-
Voltage ampli-

fication is always less than unity

will cause an increase of voltage
across 7., making the cathode also
more positive. The cathode “follows”
the grid, so to speak.

The mathematics of this case have
been presented in this magazine once
before?, but will be repeated here for
the sake of completeness.

If Ai, is the plate current change
due to the signal voltage change Ae,,
the actual grid voltage change will be
given by

Ae, = Ae, — At,7T, 1)
The fundamental relation between
plate current change, grid voltage
change and plate voltage change is
given by the well known equation
" Ae.r;l- Ae, @

An increase A7, in plate current
causes a decrease—or negative in-
crease—of plate voltage given by

Ae, = — Ai, (R + 1) (3)
Substituting Egs. (1) and (3) into
Eq. (2) gives
M (Aeu o1 A'L, 1'.3 == A'Lp (R + Ta) (4)
When this equation is solved for
A7,, we obtain

A, =

Ar, =

u Qe,

T REr,Fwt+Dr 6)

It is worthwhile to study Eq. (5)

in detail. With ». = 0, the equation
assumes the familiar form

. #Aea
Ay = ————
* " R+,

At,

(5a)

In this case, representing fixed bias,
signal and grid voltage change are
of course identical. Comparing Egs.
(5) and (5a) we note that the intro-
duction of 7, in the cathode lead has
the same influence on the plate cur-
rent change due to a signal voltage
change, as if the tube were operat-
ing with fixed bias, but a resistor of
the value (u 4+ 1) 7, had been added
in the plate circuit. Another, some-
times more convenient, way to vis-
ualize the influence of the cathode
resistor, can be deduced as follows:
if we substitute Ai{, from Eq. (5)
into Eq. (1), we obtain
R+4r,+ 10 ©)
R+ Ts + 1.+ ur,
Now R + r,+ r, = R, is the total re-
sistance in the plate circuit, since
obviously 7. is just as much a part of
the plate circuit as E. However, .7,
is also part of the grid circuit, and
its presence there causes the actual
grid voltage change to be less than
the signal voltage change in the ratio
R,
R: + ®Te
We can therefore, also state . the
influence of a cathode resistor by
saying that its.presence reduces the
value of the signal voltage in the
ratio given by Eq. (6) or Eq. (6a)
before it reaches the grid.
While Eqs. (1) to (6) were set up
for resistive values in the plate and
cathode circuit, they are just as

Ae, = Ae,

Ae, = Ae, (6a)
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FIG. 3—Various circuit connections for phase inverter circuits

valid if the resistances are replaced
by impedances (provided, of course,
that there is a path for the direct-
current component of the plate cur-
rent). Thus the influence of a resis-
tor by-passed with a condenser can
be calculated by means of Eqs. (5)
or (6) by simply replacing the value
r. with the complex value of the im-
pedance representing the parallel
combination of resistor and con-
denser.

Cathode Follower Arrangement

The case of a true “cathode fol-
lower,” or impedance changing tube
is obtained for R = 0. The question
arises how much signal we shall ob-
tain across r, in this case.

The voltage change Ae, across 7.
due to the signal voltage change Ae,
is of course simply equal to the cur-
rent change Ai, obtained from Eq.
(6), multiplied by r.; we have there-
fore

An Ny e e T ple.rs
. ol r,+(u+1)r, r,+“r.+r.
= Ae, BT (7)

ured-r, +r,

Since the denominator is always
larger than the numerator, the frac-
tion will always have a value less
than unity. This means that we can-
not obtain voltage amplification with
this circuit.

If R is made equal to r., the volt-
ages across R and r, will be equal,
since the same current flows through
them. But an increasing current will
swing point A of Fig. 1 more nega-

tive, while point C will swing more
positive. These two points may be
capacity-coupled to a push-pull stage
furnishing the 180 deg. phase dis-
placed signals required for such a
stage.’

The procedure of designing such
a stage may best be shown on an
example. Suppose 350 volts is avail-
able for the stage and that a 6C5H
is to be used. If we were to design
a conventional resistance-capacity
coupled stage, we would draw a load
line with the chosen value of the
load resistance and decide on a
proper operating point. This is ex-
actly what we do now, ‘except that
the load resistance will be split into
two equal parts, one to be placed
into the plate lead, the other into
the cathode lead. However, it might
be desirable to hold the load to
lower values than usual, to mini-
mize the effect of cathode leakage
and capacity. (For an excellent dis-

Advantages of
Cathode Follower

1. High input impedance
2. Low output impedance

. B Good frequency response
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cussion of the effect of cathode ca-
pacity on the performance of cathode
follower circuits, see C. E. Lockhart,
“The Cathode Follower”.') Suppose
we take a load of 100,000 ohms. Fig-
ure 2 shows the plate characteristic
of the 6C5 with the load-line repre-
senting 100,000 ohms and inspection
shows that a good operating point
is 2 ma, with 150 volts across the
tube and 200 volts across the 100,-
000-ohm load. The actual grid voltage
for this condition would have to be
about —7 volts, as seen from Fig. 2.
Splitting the 100,000 ohm load into
two resistors of 50,000 ohms results
in the circuit shown in Fig. 3a. The
operating—or quiescent—current of
2 ma causes a drop of 100 volts
across 7., and in order to have an
actual grid voltage of —7 volts, a
bias of 493 volts will be required.

The output voltage obtainable from
such a stage for a given signal volt-
age can be determined in two ways,
just as for a conventional circuit.
For small signal voltages the equiv-
alent plate circuit theorem will give
us the answer, that is, Eqs. (5) or
(6) can be used, which have been
derived on the basis of this theorem.
For larger signals the use of the
load line will be indicated. Assuming
at first a small signal, say 1 volt, the
application of Eq. (5) or (6) requires
the plate resistance to be known. At
the operating point chosen in the
example, this value would be about
16,000 ohms (determined from the
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FIG. 4—Transformer input connections to phase inverter tube

cotangent at the operating point).
The plate current due to a signal of
1 volt would be given by Eq. (5):

= 20 X 1 -
* 7 50,000 -+ .16.000 + 21 X 50.000
20
= A= -6
L116000 = 792X 10° )

The signal appearing across the
cathode (or plate) resistor will be
given by

e, = 50,000 X 17.92 X 10° = 0.896 volt

We could have used Eq. (6a), to
give us first the actual grid voltage
change:
116,000

116,000 + 1,000,000

= 0.1039 volt (6a)
If 0.1039 volt were applied to a 6C5
tube with 100,000 ohm load, the
voltage across the load would be

20 X 0.1039 X 100,000
116,000

en=1><

o o HAGRL_
R. + Ty

= 1,795
Half of this voltage, or 0.896 volt,
will appear across 7, and R. Note that
there is not only no amplification,
but that the phase inverted output
voltages are actually smaller than

the input voltage.

Use of Curves for Large Voltage
Variations

For larger voltages, the use of
the characteristic curves is advisable.
Here the actual grid voltages are
best used as a starting point. Sup-
pose that on the basis of Fig. 2 we
decided to cause an actual grid volt-
age swing from —2 to —12 volts.
What signal voltage will be needed
and what will the output voltage be?
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The load line tells us that the tube
voltage will swing between 75 and
225 volts, while the voltage across
the load will swing between 350 — 75
=275 and 350 — 225 = 125 volts.
Half of these values, that is 137.5
and 62.5 volts, will represent the lim-
its of the voltage swing across the
cathode (and plate) resistor. The
limits of the signal voltage swing
can now be found. At the instant
when the drop across r. is 137.5 volts,
the grid must be 2 volts negative
with respect to the cathode, or 137.5
— 2 = 135.5 positive with respect to
the negative end of the power sup-
ply; the other limit is correspond-
ingly 625 — 12 =50.5 volts. The
total swing of the grid with respect
to the negative end of the power
supply is therefore 135.5 — 50.5 = 85
volts. Therefore, to obtain a swing
of 75 volts of the two output voltages
across 7. and R, an input voltage
swing of 85 volts is needed. The ratio
is 75/85 = 0.8823 and is the same as
found for small signals, within the
limits of accuracy of reading the
characteristies. This indicates the ex-
tremely low distortion produced by
such a stage, as would be expected
from the highly degenerative effect
of the cathode resistor. Another
indication of the low distortion is
found in the comparison of the mid-
point of the signal swing, which is
(135.5 + 50.5) /2 = 93 volts with the
zero signal bias, which had been
determined also to be 93 volts.

To come back to this bias, Fig. 3a
showed this bias. as obtained from

a battery. If a bleeder circuit across
the power supply is available it may
be conveniently tapped at the de-
sired point, as shown in Fig. 3b, or
the bias may be obtained by tapping
r, at a point furnishing the desired
voltage. In the above example, with
an operating current of 2 ma 7,
would have to be tapped ‘at 46,500
ohms (Fig. 3¢) to furnish proper
bias. The remaining 3,500 ohms are
not by-passed by a condenser; such
by-passing would destroy the bal-
ance of the signals while not serving
any useful purpose. The inconveni-
ence of tapping 7., or splitting it into
two odd-size resistors, however,
usually makes the biasing arrange-
ment shown in Fig. 3d preferable; R
and r, are again equal for push-pull
output, but an additional resistor r,’
has been added, solely for the pur-
pose of furnishing bias. A condenser
is usually shown by-passing this re-
sistor, but its effect is so slight on
the performance of the stage (since
it is usually small compared to 7,)
that it may as well be omitted.

It was shown that such a stage
cannot furnish amplification, i.e.,
that the two output voltages—or even
a single one—appearing across 7,
and R (with R = r.) can never ex-
ceed the signal voltage. It should be
pointed out that this is true only if
the signal is introduced with respect
to a point of fixed potential in the
d-c system, such as is always the case
in capacity coupled stages. If trans-
former coupling is used, as shown in
Fig. 4a, the signal is seen to be in-
troduced with respect to the cathode;
under this condition the signal cur
rent flowing through r. does not de-
generate the signal and the stage
will furnish the same amplification
as a conventional stage with a load
R + r. would, except of course, that
the output is evenly divided between
R and r.. In this case, if self bias is
used as shown in Fig. 4b, a by-pass
condenser must be used, if degenera-
tion is to be avoided.

Applications of Cathode Follower

As already mentioned, the true
“cathode follower” or “infinite im-
pedance” circuit is represented by
the condition R = 0. Such circuits are
of interest, for instance, when it is
required to place a voltage divider
for the purpose of voltage adjust-
ment across a source not permitting
any current drain. A well known case
of this kind is the saw-tooth voltage
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obtained across the condenser in the
usual sweep circuit for cathode-ray
oscilloscopes. To adjust the sweep
amplitude a voltage divider is needed
across the condenser, which upsets
the linearity of this voltage with
time for low sweep frequencies. Such
a stage can also be used as an in-
finite impedance detector, with a very
linear characteristic. In both cases a
graph showing the output voltage as
a function of the input voltage is
desirable. Such a graph is easy to
construct if we use again the actual
grid voltage as an intermediate
link and as the independent variable.
This procedure has at the same time
the advantage of giving that value
of the signal voltage at which we
might expect grid current.

Example of Calculation of Cathode
Follower
Suppose we use a 6C5 with a 850
volt supply, placing a 100,000 ohm
resistor in the cathode lead. These
values have been chosen so that we
may use Fig. 2, which was represent-
ing the same case. We then prepare
a table as shown below, using e, as
independent variable.

€y e; €re €y
0 41 309 309
—2 76 274 272
—1 108 242 238
—6 141 209 203
—8 172 178 170
—10 200 150 140
—12 225 125 113
—14 248 102 88
—16 271 79 63
—18 292 58 40
—20 312 38 18
—22 330 20 —2
—24 340 10 —14
—26 350 0 —26

In this table e, actual grid volt-
age, e, = voltage across tube, ¢,, =
voltage across resistor in series with
tube, and e, = signal voltage. The
signal voltage e,, given in the last
row, is obtained by adding the actual
grid-to-cathode voltage e,, given in
the first row (negative values) to
the voltage across 7., given in the
third row. The linearity, as shown
in Fig. 5, from zero up to about 290
volts, where the table shows the
actual grid voltage to be about —1
volt and where we might approach
the point of grid current, thus losing
the infinite impedance characteristic,
is almost unbelievable. The use of a
high quality resistor for r. will con-
vert a precision d-¢ milliammeter
into a vacuum tube d-¢ voltmeter cap-
able of high precision. To obtain a
very linear detector or a-¢ vacuum-
tube voltmeter capable of handling
large signals, all we have to do is to
apply the signal with a bias of 26
volts, as shown by the graph.

300
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Signal Voltage

FIG. 5—Signal voltage. output voltage
characteristics of cathode follower, show-
ing wide range of linear operation

FIG. 6—Cathode resistor common to two
tubes in parallel, with signal fed to grid
of one tube

+ 3\5" O vofr

+78

20 k.

%

FIG. 7—Schematic circuits used to illustrate
practical design of cathode follower
arrangements
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Of the greatest interest is the
use of a cathode resistor common to
two tubes, as shown in Fig. 6. The
very valuable properties of this cir-
cuit were first recognized by Gold-
berg® and Schmitt,” apparently inde-
pendently of one another.

Two Tubes as Cathode Phase Inverter

In the circuit shown in Fig. 6
the grid of tube II is held at a fixed
potential with respect to ground by
the bias voltage e. (shown as ob-
tained from a battery) while to the
grid of tube I the same bias plus the
signal is applied. Consider the time
when the signal makes the grid of
tube I more positive. The current in
tube I then tends to increase; but
this increase of current, passing
through r., would like to make the
cathode “follow,” as explained be-
fore, and, with the two cathodes
connected, the cathode of tube II
will therefore become more positive
with respect to its grid, or, what
amounts to the same thing, the grid
will become more negative with re-
spect to its cathode. This causes a
decrease of current in tube II; this
decrease must be less, however, than
the increase of current in tube I,
otherwise the total current flowing
in the cathode resistor would de-
crease, and the cathode could not
change its potential in the direction
just reasoned. The plate potentials
of the two tubes, that is, the poten-
tial of the points A and B of Fig. 6
therefore change in the opposite di-
rection: A becomes more negative,
B more positive. The question arises
immediately what these potential
changes will be in relation to the
signal applied to the first grid, and
in relation to each other.

Before. going into the exact treat-
ment of this case, a quick insight
may be had by a simple assumption.
Let r. be infinite, or at least very
large. This would of course call for
a very high voltage supply, since the
drop across r. must be covered by
the supply. Under this condition the
current i, must remain substantially
constant, since even a very small
change would cause a large change of
cathode potential. But since 7, is
equal to the sum of ¢, and ., this
means that any increase in ¢, must be
accompanied by an equal decrease in
%, and the cathodes have no other
choice in responding to the applica-
tion of the signal to the first grid,
than to adjust their common poten-
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tial to such a point that this condi-
tion will be fulfilled. For infinite 7,
and linear operation of the tubes,
this would obviously be the case, if
the cathodes will “follow” just one
half of the signal voltage change ap-
plied to the first grid. Thus, if the
instantaneous value of the signal ap-
plied to the grid of tube I makes this
grid let us say 4 volts positive, but if
the cathodes follow 2 volts, then the
actual grid voltage change on tube I
will be 2 volts positive, on tube II 2
volts negative. Linear operation of
the tubes assumed, the two plate
currents will change equal amounts
in opposite direction, thus keeping
the current flowing in the common
cathode resistor constant. The poten-
tial changes of point A and B are
then also equal, but opposite in di-
rection.

Simplified Analysis of Circuit Operation

The exact treatment of this case
can be made rather involved, but it
can also be made very simple by the
proper method of attack.

Suppose we investigate what hap-
pens if we introduce signal voltages
to both grids. Let us confine our-
selves, however, to a condition where
the same amount of signal voltage
change is impressed on both grids,
but once the two voltage changes
are in phase, the other time out of
phase.

If we change both grid potentials
the same amount and in the same
direction (by tying the two grids
together, for instance) the two tubes
will act just like one, with an 7,
equal to one half of the r, of each
tube, and a load resistance also equal
to one half of the load resistance of
each tube. The total current change,
due to a signal change Ae,” applied to
both grids will be given by Eq. (5),
with the proper values substituted.
We obtain

' ude,’
FR+4ro4+ (u+ D7
8

AV, = A(h + )=

The plate current change of each
‘tube will be one half of the value
-given by Eq. (8), that is
o A 3 (u Ae))
i Y N TR N (113
u Ae,
"R+ +2@®+Dr. ©)
If we excite the grids in push-pull,
‘that is, make grid II negative ex-
actly the same amount that we make
grid T positive, then, linear opera-
‘tion assumed, the current in tube I
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FIG. 9—Wiring diagram of two tubes

in cathode follower circuit, with load

taken between the two plates in a
bridge arrangement

FIG. 10—Equivalent circuit for bridge
type cathode follower circuit of Fig. 9

will increase as much as the current
in tube II decreases. For ¢, remain-
ing constant, the cathode will not
change its potential at all, and the
current changes taking place can be
calculated by means of the equivalent
plate circuit theorem, as if the tubes
were operating with fixed bias.
Thorefore, if we make grid I more
positive by Ae,” while making grid
1T the same amount Ae,” more nega-
tive, the plate current changes will be

u Ae,’ - u Ae,”
R+7'v: o R+r,

These two cases are therefore
easily enough managed mathe-
matically, but they are not what we
are interested in. We want to know
what happens if Ae, is applied to one
grid, while the other remains at a
constant potential. But this desired
change in grid potentials could be
considered as the result of two steps:
at first, we make both grids an
amount Ae,/2 more positive, while
in the second step we make grid I an
additional Ae,/2 more positive, while
making grid IT more negative by the

Ai]” =

(10
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same amount. The. total result of
these two steps is obviously a change
of Ae, volts on the first grid, and zero
change on the second grid. The cur-
rent changes taking place during
the first step are found by Eq. (9),
substituting Ae,/2 for Ae,’, while the
current changes due to the second
step are found in a similar way by
means of Eq. (10), with the substi-
tution of Ae,/2 for Ae,”. Adding the
results of these substitutions into Eq.
(9) and Eq. (10) we obtain the total

current changes A?, and Ai,:
! Ae, 1 1 )
Aty
w= o\ Frt Rz
2 e + R
+ R
1 L '
( Yo FRY 2D r,) (4
T M Ae, 1 ]
At 2 (r,, TR

1
—rp+R+2(n+1)n)

1 Ae,
_ L owbe

(1 e Rr-ii;(lj+ 1) n) (e




i

o e

e e ——

Designating
rs + R
ry+R+2(pu+1)r,
we could call this factor the “devia-
tion factor from true push-pull out-
put.” For 7. = « the value of this
factor becomes zero, and the two
current changes are equal in size
and opposite in sign, as we had
already reasoned out for this case.
The amount of change is seen to be
the same as if one half of the signal,
i.e. Ae,/2 had been applied to each
tube under fixed bias condition.
Often the voltage between points
A and B alone is of interest, without
regard of the distribution. This volt-
age is given by:
Aesn = A3 R — A R
1 ple.R?} .
=-2—__(r,+R)1(1 +F+1-8
ule, R
"R+,
This is an important result: it shows
the total output voltage to be inde-
pendent of the cathode resistor and
just as large as if the signal had
been applied to one tube only, this
tube working with conventional fixed
bias condition.

F =

Example of Design Procedure

Again an example may show most
quickly the relations and procedure.
For each triode section of a 6A6
the following values were read from
the curves:

ep = 120 volts

e, = — 2 volts

t, = 2ma

uw =235

rp 22 25,000 ohms

Suppose a 350 volt d-c supply is
available for the operation of the
stage, and that we were willing to
let the load consume 150 volts. Load
and tube would therefore take 270
volts, leaving 80 volts for the cathode
resistor. A current of 2 ma in each

| tube and 4 ma in the cathode reésistor

gives then the resistor values shown
in Fig. 7. The grid bias will have to
be —178 volts. If a one-volt signal is
placed on the grid of the first tube,

. according to Eq. (12) the total out-

put voltage (that is the voltage e.;)
will be,
eag = 35X 1 X 75000
75,000 4 25,000
If the output were true push-pull, the
voltage change of point A and of
point B would each be exactly one
half of the total output, or 13.125
volts. Actually the voltage swing of
points A and B (Fig. 6) will be:

ea = 13,125 X (1 + F)
es = 13125 X (1 — F)

= 26.25 volts

The two output voltages are of op-

posite polarity, or, in the case of a-c,

of opposite phase. In our case F is
s + R

s FR+2(u+ 11

_ 25,000 + 75,000
25,000 X 75,000 + 72 X 20,000
_ 100,000
100,000 + 1,440,000
100 1

F =

= 0.065

Therefore

13.125
€s = 13,125 + T{).T

= 13.125 + 0.852 = 13.977
13.125

— 13.125 + 154

= — 13.125 + 0.852 = — 12.273

€p

Improving Balance

For many applications this unbal-
ance of approximately 14 percent
would not be of any consequence. Tf
a closer balance is required, it is of
course possible to tap the load re-
sistor of the first tube at the appro-
priate place, and take the output from
this tap instead of point A. Another
method of improving the balance,
used by Goldberg in later modifica-
tions of his high gain d-c amplifier,
is based on replacing r. by a pentode.
Since in all our derivations we are
interested only in variational resis-
tances, that is in the ratio of voltage
change to current change, use can be
made of the very high plate resistance
of a pentode, approaching values near
one megohm, without the need of
the high voltage supply which a
regular one megohm resistor would
require. If values of several hundred
thousand ohms are introduced in the
expression for the deviation factor,
F, it is seen to approach zero for all
practical purposes. Since the plate
characteristics of pentodes remain
flat to relatively low plate voltages,
the advantage of a high 7, can be had
without sacrificing a large amount
of voltage over it.

Cascaded Cathode Phase Inverters

If two or more stages with cathode
resistors -are cascaded, as shown in
Fig. 8, a considerable improvement
of balance results, due to the fact
that the signal applied to the grid
of the second stage is already essen-
tially a push-pull signal. The small
unbalanced part of this signal—in
the above discussed example about
14 percent—will again be mostly
converted into a push-pull signal, so
that the unbalance of output in the
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second stage could be called of sec-
ond order. In this particular case cal-
culations show that with an over-all
amplification of 26.25° 689 for two
identical stages, the two 180 deg. out-
of-phase output voltages will differ
less than one percent from each
other. With the tolerances of com-
mercial resistors and with the tubes
hardly matching that closely, this is
obviously an entirely theoretical
value; the actual unbalance might
be more or less than this calculated
value.

Another interesting arrangement
results if a load is connected between
points A and B. This load may be a
milliammeter such as found in
vacuum-tube voltmeters of the type
of the RCA Voltohmyst. The funda-
mental circuit is shown in Fig. 9.
The current in the load, and the cur-
rent changes in, the resistors R due
to the application of an input voltage
can again easily be predicted by
means of the same reasoning as in
the open circuit case. The application
of Ae, on the grid of the first tube
can be considered as the result of two
steps, as before: (1) Voltage of both
grids changed by Ae,/2 in the same
direction; (2) Voltage of first grid
increased an additional Ae,/2 in the
same direction, second grid Ae,/2 in
the opposite direction. During the
first step the current in both plate
resistors will increase the same
amount, but no load current will re-
sult; the second step represents pure
push-pull operation, on which the
value of 7. has no influence. The
equivalent circuit for this case is
shown in Fig. 10. The current in the
load is given by

u Ae, % 2R

. L 2FR; " 2R+ R (13)
" T9R F R,
_ ule R
= @R+ Ry F BER,
p.Ae.

RL(l +%’)+2r,

If the load is a relay, instead of a
meter, it will be desirable to make its
resistance of such value that the
maximum power will be obtained in
the coil, or stating it in a different

manner, that operation will result

with the smallest possible input. The
value of R, giving the best match
can be found by forming the expres-
sion for the power in the coil, P =
i X R,, with the value for
iz from Eq. (18) substituted into
(Continued on page 812)
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BREAKING UP SHELLAC PREPARING A MIX
L . W‘E‘g‘l I i O - .

New series of photos shows
some of the steps in the
manufacture of discs for
the public, biggest war-
time business in the en-
tertainment field of elec-
tronics. Reclaiming of old
platters helps bolster the
supply of critical materials

Photos by
EWING GALLOWAY

PRESSING A BISCUIT
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CUTTING ORIGINAL WAX

MAKING

IGGEST wartime business in the entertainment field
B of electronics, manufacture of phonograph rec-
ords proceeds at a healthy pace despite a shortage of
shellac and restrictions which prevent normal pub-
licizing of platters over the air.

Some of the interesting processes of manufacture
are shown here, in a new series of pictures taken in
the Camden, New Jersey plant of the Radio Corpora-
tion of America’s RCA Victor Division.

Breaking Up Shellac, an initial step shown in the
photograph captioned with these three words, in-
volves the swinging of a sledge by a millworker just
before the material is carried to a grinder and pul-
verizer.

Preparing A Mix of shellac and other essential
materials which are carefully weighed and batched,
expert workmen deliver the complete plastic to a
machine which rolls and forms it into “biscuits.”

Cutting Original Wax in the recording studio is
followed by the addition of the eccentric groove near
the center which operates automatic stops and repeat
mechanisms on the user’s playback machine. This
critical mechanical chore is pictured.

Plating The Master preserves it for posterity and
also permits it to be used in the manufacture of
“stampers” from which actual commercial pressings
are made.

Pressing A Biscuit of plastic involves the use of a
“stamper” and the application of 200 1b of pressure
per square inch. A pre-heating grill for the cold
biscuits may be seen at the left of the operator.

The Finished Record is removed from the press
and is ready for labelling and packaging after the
operator removes rough outside edges.
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PLATING THE MASTER
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MASS SPECTROMETER
Aids Research

Supplementing chemical analysis in many important industrial and manufacturing opera-

tions, the electronic mass spectrometer quickly and accurately determines the mass-to-charge

ratio of ions and permits determination of constituents of mixtures

B y J 0 H N A. H I P P I. E Rescarch Laboratories, Westinghouse Electric and Manufacturing Co., Fast Pittsburyh, Pu.

IVE years ago if the practical en-

gineer working in industry had
heard of the mass spectrometer at
all, he considered it a gadget that
physicists in the university labora-
tories used for fundamental research.
Furthermore he would usually asso-
ciate it with Aston’s work on the de-
tection and measurement of the

today more and more engineers re-
sponsible for industrial research and
control problems are realizing the
possibilities of the mass spectrometer
in their own particular fields. A con-
tributing factor in this change has
been the recent strides in developing
practical electronic instruments for
such work. It is the purpose of this

gineers working in the field of elec-
tronics with recent improvements
and industrial potentialities of the
mass spectrometer.

Since the first mass spectrograph
was constructed a quarter of a cen-
tury ago, there has been a gradual
development of different types of in-
struments down through its interest-

masses of the isotopes. However, article to acquaint executives and en- ing history. However, it is well to
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voltage, the electrometer tube amplifier for the ion current, and
the current heating the filament supplying the electrons. All
batteries have been eliminated with the exception of a few dry
cells having a very small current drain, and principally used
as reference voltage

For simplicity at (a) the electron gun has been twisted 90 degq.
with respect t¢ the ion beam in order to show all the tube
elements more clearly. At (b) the electron beam is shown travel-
ling parallel to the length of the ion slit. as is usual in mass
spectrometers

FIG. 2—Elements of mass spectrometer showing (a) a general
schematic and (b) a close-up of connections at ionizing source.
The magnet coil providing the proper perpendicular field to bend
the ions is excited by 100 ma at 1000 volts. This power is pro-
vided with an electronic regulator. The ion accelerating voltage
is then tapped off a decade potentiometer in parallel with the
magnet, powered from the same source as the magnet. Since the
ion accelerating voltage will increase with the magnet current
{and hence the magnetic field) some additional regulation is
obtained. Additional regulators supply the electron accelerating
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FIG. 1—Phantom views of mass spec-
trometer, one general and the other a
close-up of the ionizing structure. The
sample of gas to be analyzed is ad-
mitted by a capillary leak, and the
electron beam ionizes some of the mole-
cules of the gas sample. A difference
in potential draws the ions through the
first slit and accelerates them to the
second slit, where they emerge as a
beam. This ion beam travels straight
down the tube until the magnetic field
bends the ions into a circular path. By
proper adjustment of the ion accelerat-
ing voltage and magnetic field, ions of
a particular mass (i.e. mass divided by
charge) follow the curve of the tube
and emerge through the exit slit. Here
the ions are caught by a Faraday cage
and the current corresponding to this
particular mass is measured,

The resolution of a mass spectrometer
is a function only of the radius of
curvature of the ion beam in the mag-
netic field and the widths of the
entrance and exit slits. The angle of
deflection in the magnetic field is im-
material. Therefore, a 90 deq. deflec-
tion is used instead of 60 deg. to
shorten the path and reduce proba-
bility of collision in the analyzer, sim-
plify focusing and mounting, and to
obtain sturdy mechanical assembly

1ON
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keep in mind that the “mass spectro-
graph” and “mass spectrometer”
are not the same. The mass spectro-
graph is an instrument used for
the specialized problem of accurately
measuring the masses of the ele-
ments and the exit slit is replaced
by a photographic plate. The mass
spectrometer uses the exit slit for
escape of the ions and makes electri-
cal measurement of the magnitude of
the current, sometimes even record-
ing it.

The big advantage of the mass
spectrometer is its ability to measure
quickly and accurately the magnitude
of the current corresponding to the
different ions in the tube. Undoubt-
edly the mass spectrometer will be
applied to the automatic continuous
control of many processes. Another
very promising field of particular in-
terest to the readers of ELECTRONICS,
is its use in the study of the out-
gassing and leakage rate of various
vacuum vessels, possible improve-
ments in rectifiers, fluorescent lamps,
and other devices that depend on a
gaseous electric discharge for their
operation.

To understand its possibilities for

industry, let us consider a typical
mass spectrometer that is in general
use today for gas analysis and re-
lated problems. Figure 1 shows the
heart of the mass spectrometer.

Mass Spectrometer Principles

Electrons emitted by the filament
in the ion source are accelerated
through the slits in the electrodes in
the electron “gun” and form the elec-
tron beam as shown. The voltage and
current of this beam are very care-
fully controlled. The ions formed by

the impact of the electrons on the gas
molecules just below electrode 4 are
urged through the long slit in elec-
trode 2 by a small potential difference
between 4 and 2. The ion beam thus
formed by this slit is then accelerated
by a much larger potential difference
between 2 and 5, the latter being at
ground potential. Passing through
the slit in 5, the narrowly collimated
beam enters the analyzer region—a
tube with a grounded metallic shield
on the inside. Thus far the beam
contains all the types of ions that
were formed by the electron beam in

Tracing stable isotopes

Making analyses when only s
able
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MASS SPECTROMETER USES

Analyzing traces of gas in a mixture

Providing more rapid and complete analyses of mixtures

mall samples of gas are avail-

Continuous indication of changing composition during a
process, such as the gas atmosphere in heat-treating furnaces

121



the ionization region. However, at
this point the ion beam is caused to
pass between the pole pieces of an
electromagnet. As the magnetic field
in this gap is perpendicular to the
direction of motion of the ions, the
ions are bent into circular paths; the
principle involved is exactly like that
causing the deflection of the electron
beam in a magnetic oscillograph.
Since the ions have different
masses, the radius of curvature of
the different types of ions will be dif-
ferent. The radius of curvature in
the uniform magnetic field is given

yr = /—— where 7 is expresse
\ 150¢ pressed

in centimeters, H in gausses, V is the
potential difference in volts by which
the ions have been accelerated, ¢ is
the velocity of light (3 x 10 ecm per
second), e is the electronic charge
(4.8x107" e.s.u.) and M is the mass
of the ions in grams. Thus it is seen
that for a given V and H the radius
of curvature depends on the. ratio
M/e. Since the singly charged ions
are most abundant, the discussion
here can be limited to these and we
can then consider that the radius of
curvature is dependent only on the
mass of the ion.

The ion accelerating voltage V and
the magnetic field H can be so ad-

FIG.
views

3—Three
(front view
showing operating
panel, side view
with cover open,
and close-up of gas-
flow valves) of the
modern mass spec-
trometer discussed
in the text. It op-
erates from a 110 v,
60 cps line, draw-
ing 15 kw

justed that ions of any desired mass
will emerge from the magnetic field
in Fig. 1 and pass through the exit

ANALYSIS OF SYNTHETIC BLENDS

Comparison of known values of the samples, with values determined
by the mass spectrometer (M.S.)

Blend No. 1 2 3 4 5
%l { pE o R A 220 | 2270
% n-C g Mg Y A 183 | 450
% ey { Mg 3 ha
% ci-BCHL N 200 | 2.6
% wane-p-Cill { (1 286
% v { g B 5
%1, 3-CH W8 169 | 23| 11
% he-{ S R ST T g o g et s |
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slit of the mass spectrometer to the
collecting electrode. The current
reaching this electrode is amplified
and measured and the amount of this
current is a measure of the number
of molecules of this species in the
mass spectrometer. With the fields
adjusted for the measurement of this
particular mass, all other masses suf-
fer greater or less deflection in the
magnetic field and are lost on the
grounded shield on the interior of
After measuring the
current corresponding to ions of this
particular mass any other mass de-
sired may be focused on the exit slit
and measured by suitably adjusting
either V or H or both.

A simple example of the function-
ing of the apparatus is the analysis
of the amount of oxygen and nitro-
gen in that common gas mixture, air,
First a blend of oxygen and nitrogen
of carefully measured proportions is
prepared and allowed to flow through
the mass spectrometer tube as indi-
cated in Fig. 2. We now have ions of
nitrogen and oxygen emerging from
the ion source into the analyzer. The
fields are adjusted so that mass 28
(nitrogen) is focused on the exit
slit of the mass spectrometer and the

the analyzer.
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current measured. (The atomic
weight scale will be used henceforth
to differentiate between the various
masses). Mass 32 (oxygen) being
heavier is not deflected as much by
the magnetic field and is lost on the
grounded interior of the analyzer.
The fields are then readjusted so that
the current corresponding to mass
32 may pass through the exit slit and
be measured. The instrument is now
calibrated for nitrogen and oxygen
in any proportions and if air is
passed through the mass spectro-
meter, we can quantitatively deter-
mine the composition.

va

Magnitudes of Quantities

It will be useful to have in mind
the order of magnitude of the quanti-
ties involved in the proper operation
of the mass spectrometer. For in-
stance, some question may arise about
the extension of the above calibration
to mixtures in which the relative pro-
portions are far removed from that

| for which the calibration was made
. —in other words, the linearity of the

ion current corresponding to a par-
ticular substance as a function of its
partial pressure in the mixture. It

is immediately clear that the mean
free paths (average distance one
molecule will travel before striking
another) of both electrons and ions
are long compared with the dimen-
sions of the apparatus. The sample
flows through the instrument con-
tinuously during the analysis and the
pressure is lower than 10 mm of Hg.
Thus the probabilities of interaction
between molecules or of multiple col-
lisions by an electron are small. The
electron current in the beam respon-
sible for the ionization is the order
of 10 microamperes.

The ion current emerging from
the exit slit of the mass spectrometer
is 10 to 10" ampere. Usually a po-
tential of about 1000 volts is used for
the ion accelerating voltage, and for
routine analyses the electron accel-
erating voltage is less than 100 volts.
In a typical instrument the radius of
curvature of the ion beam in the
magnetic field would be 10 to 15 ecm.

All of the power packs must be
very carefully stabilized. The mag-
netic field and the ion accelerating
voltage should be constant to one
part in five or ten thousand. The es-
sential components of a mass spectro-
meter are outlined in Fig. 2.
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Photographs of an instrument are
shown in Fig. 3 and many of the vital
parts shown in Fig. 2 may readily
be recognized.

Practical Applications

In discussing the applications of
the mass spectrometer it should first
be appreciated that most of the prob-
lems of interest today are not as
simple as the example using air. Even
in air there are other masses pres-
ent which were not mentioned. Let
us consider nitrogen in more detail.
There are two isotopes, (elements
having the same chemical properties
but different masses), N* (mass 14)
and N” (mass 15), the latter being
roughly 1 percent of the former.
Thus the largest peak present will be
mass 28 formed by the ion NN
(the symbol 4 being used in the con-
ventional manner to indicate that the
nitrogen molecule composed of the
two nitrogen atoms of mass 14 is
positively charged or ionized.) How-
ever, there will be a weak peak at
mass 29 (N*N™) and an extremely
weak one at mass 30 (N*N**). For
the use of N¥ as a tracer in chemical
or biological studies the mass 29 peak
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would be of importance. All of these
peaks are formed by simple ioniza-
tion of the nitrogen molecule by elec-
tron impact. When the electron hits
the nitrogen molecule it may dissoci-
ate the molecule, producing an atomic
nitrogen ion. Considering only the
more abundant isotope N* the simple
ionization gives a peak at mass 28
whereas the combination of dissocia-
tion and ionization gives a peak at
mass 14. Thus:

Simple ionization N, — N,* + e
(ion at mass 28)

Ionization and dissociation N;—
N* + N + ¢ (ion at mass 14)

where e represents the electron
ejected in the reaction. In this case
simple ionization is far more prob-
able; i.e. the ion current correspond-
ing to mass 28 is much larger than
that at mass 14.

In some cases it is more probable
to dissociate the molecule by elec-
tron impact than it is simply to ion-
ize it. This is particularly true of
hydrocarbons. For instance in nor-
mal butane (C,H,) with a parent
mass at 58, the largest mass in the
spectrum is at mass 43. Thus:

CH,— CH, + C,H; + ¢ (ion at
mass 43)

A great deal of study has been made
in recent years on the energy of the
electron beam at which these various
fragments appear and it has been
possible to correlate these results
with thermochemical data.

In a molecule like normal butane
with a large number of component

lon Current

atoms many masses are present in
the mass spectrum due to the disso-
ciation of the molecule by electron
impact. A portion of the spectrum is
shown in Fig. 4. This spectrum may
be obtained by continuously varying
either the ion accelerating voltage or
the magnetic field. This so-called
“cracking pattern” is helpful in an
analysis of a mixture of iso-butane
and its isomer, normal butane. (Iso-
mers are substances having the same
molecular weight and composed of
the same component atoms, but dif-
fering in some chemical properties
due to differences in the arrangement
of the component atoms.) The crack-
ing patterns differ in the two cases
and an analysis can be made in spite
of the fact that both parent masses
are the same. In the region shown on
the record the successive masses cor-
respond to the splitting of a succes-
sively greater number of hydrogen
atoms from the parent ion C.H,. The
peak at mass 59 is contributed by
the heavy carbon isotope Cy. In other
cases the “cracking pattern” causes
complications since the butanes con-
tributed masses at all points in the
mass spectrum at which hydrocar-
bons of lower mass would appear.
For instance an analysis of a mixture
of iso-butane and butadiene (C.H,
with the parent ion at mass 54)
would require that we first subtract
the contribution to mass 54 from the
iso-butane; the remainder of the cur-
rent at mass 54 is then contributed
by the butadiene. As all the equa-
tions are linear, this problem can be
set up mathematically and solved

FIG. 4—Portion of the spectrum 6f normal butane (C.H.o) showing C, region of the spectrum
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readily for a fairly complicated sys-
tem.

Use in Hydrocarbons Analysis

As a result of the above discussion,
it should be recognized that the mass
spectrometer is an extremely power-
ful tool in analyzing hydrocarbons
for impurities of higher molecular
weight than the main components
since there is no longer the conflict
in masses and the impurities will
stand out uniquely. In general it
can be said that the problem of hy-
drocarbon analysis becomes most dif-
ficult for the mass spectrometer when
the components have the same or
nearly the same molecular weight.
As an example of the sort of analysis
that can be made under these condi-
tions, some results made with the
Westinghouse mass spectrometer are
given in the table. The synthetic
blends were made with a manometer
by a third party.

The problem of hydrocarbon analy-
sis has been discussed at some length
because it is a difficult one which is
of importance to the synthetic rub-
ber, aviation gasoline, and chemical
industries. The infrared and ultra-
violet spectrometers have had con-
siderable success in these fields, but
the entire problem is so difficult that
the mass spectrometer will be a val-
uable supplement to existing ana-
lytical methods.

The quantity of gas necessary for
an analysis is, in a sense, limited only
by the design of the gas handling
system since the flow through the
tube is so small. This flow is about
10"* ecm liters per min. (approximately
107 cubic centimeters of gas per min-
ute measured at atmospheric pres-
sure) and can of course be made less
depending on the design of the pump-
ing system. Since the flow through
the mass spectrometer tube must be
maintained constant, the conven-
tional method of attaining this is to
bleed the sample through a capillary
leak located in the gas flow line be-
tween the mass spectrometer and a
reservoir containing a sufficient
quantity of the gas that the pressure
in the reservoir is not materially
changed during the time required
for the analysis.

Because the mass spectrometer is
a practical instrument for segregat-
ing gas molecules it promises to be-
come an increasingly valuable tool in
industry.
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Complete portable electronic megaphone

{above) as made for U. S. Navy by Guided

Radio Corp.. and interier of amplifier
(below)

Electronic
MEGAPHONES

Resembling old-fashioned acoustic de-

vices in appearance and nearly as easy

to use, modern sound - reinforcement

units using vacuum-tube amplifiers aid

the Navy in its job of maintaining com-

munications among convoyed ships that
must maintain radio silence

EATHER-LUNGED SKIPPERS have

bellowed messages through meg-
aphones to seamen aboard their com-
mands, longshoremen on docks and
even the captains of passing vessels
since the days of the clipper-ships.

Funnel-shaped acoustic aids give
a certain amount of extra punch to
lung-power, concentrating sound in
the desired direction to some extent
and providing a little reinforcement
of volume at their resonant fre-
quencies, but the war has created a
need for gear having greater effec-
tive range. Ships travelling in con-
voy and maintaining radio silence
must be able to communicate with
each other over considerable dis-
tances. Landing operations require
close liaison between covering naval
forces and troops hitting the beach-
heads. Planes providing protective
screens, or patrolling offshore, fre-
quently find it necessary to talk to
men far below on land or on the sur-
face of the sea.

Electronic megaphones (the Brit-
ish call them “loud-hailers”) provide
a modern answer to such problems.
Newest application of the public-ad-
dress equipment designer’s art, they
comprise in simplest form small,
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light, sturdy two-piece units which
are entirely self-contained and com-
pletely portable. Under average con-
ditions such units transmit intel-
ligible voice communications over
distances in excess of 1,000 feet.
Similar semi-portable units have
conveyed intelligence to points well
over a mile away.

General Specifications

Four manufacturers are at pres-
ent producing electronic megaphones
for the Navy Department alone:
Guided Radio Corporation (New
York), Operadio Manufacturing
Company (St. Charles, Ill.), Powers
Electronic & Communication Com-
pany (Glen Cove, N. Y.), and Radio
Corporation of America (Indianap-
olis). Over-all design follows a gen-
eral pattern in that three units cap-
able of inter-connection are provided:
(A) a combination microphone and
loudspeaker unit equipped with a
pistol-grip, squeeze-to-talk switch
and a strap permitting the unit to be
suspended from the neck or shoulder
of the user; (B) a battery-powered
amplifier, similarly equipped with a
carrying strap; (C) a larger ampli
fier designed to be permanently
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is shown at the lower right

mounted at some convenient point on
deck and operated by the ship’s a-c
or d-c power.

Design differs considerably in de-
tail. Problems encountered by each
manufacturer were to a major ex-
tent directly related to the need for
extremely light-weight, compact,
weather-proof and  mechanically
shock-proof equipment. Chief among
the problems encountered was the
minimizing of acoustic feedback be-
tween microphone and loudspeaker.
Obviously, the amplifier gain that
may be used and hence the distance
that may be covered is largely a
function of the feedback factor. Feed-
back is minimized in each individual
design by several or all of the fol-
lowing palliative means:

(1) Close-talking microphones.

(2) Microphones having ex-
tremely narrow directional pickup
characteristics.

(3) Highly directional loudspeaker
horns.

(4) Placing of microphones in the
precise center of the axis of sound
emanating from the loudspeaker but
acoustically 180 deg. out of phase.

(5) Careful choice of distance be-
tween microphone and outer edge of
loudspeaker horn, or equivalent pro-
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vision for securing desirable acous-
tic phasing between microphone and
loudspeaker.

(6) Acoustic isolation of the mi-
crophone by the use of special sus-
pensions or padding between the
microphone and its housing, or both.

(7) Attenuation of, or shifting of,
comparable microphone and loud-
speaker response peaks, particularly

Electronic megaphone unit as made for
U. S. Navy by Powers Electronic & Com-
munication Co. ' It differs in some details
from the equipment described in the text,
but serves the same military purposes

noticeable at low audio frequencies.

(8) Introduction of delay, or fre-
quency-selective filters, or other elec-
trical refinements, in the vacuum-
tube amplifier circuit.

All four of the electronic mega-
phones under discussion, it is inter-
esting to note, will develop sufficient
acoustic feedback to howl at normal
gain if they are directed toward
nearby obstructions or surfaces
from which sound is readily re-
flected. Pdinting a shipboard unit
toward the deck, in fact, provides a
quick maintenance-check on gain. If
it doesn’t howl it isn’t “putting out.”

The Megaphone Uni¢

The following text describes an
electronic megaphone made by Guided
Radio Corporation. (One of these
was placed in service at Pearl Har-
bor on December 2, 1941.)

The megaphone unit proper con-
sists of a microphone and a repro-
ducer combined in such a manner
that the assembly resembles a con-
ventional acoustic megaphone. It is
provided with a pistol-grip handle
incorporating a pressure-operated
switch which closes the necessary
battery or power-line circuits when
the handle is grasped. Physically,
the megaphone unit is 12 inches long,
10 inches in diameter at the bell and
weighs 7% lbs. The pistol-grip han-
dle is located at the center of gravity
so that when the megaphone is held
in the hand it balances comfortably.

The microphone employed in this
particular unit is of the magnetic or
variable reluctance type, in which a
reed coupled to a duralumin dia-
phragm is moved in a strong -per-
manent magnet field. Current is thus
generated in a winding by changes
in magnetic flux. Output is —30 db
and is nearly flat between 800 and
1,700 cps. Impedancé is nominally
200 ohms. The microphone is sus-
pended within a housing of shock-
absorbing design and the housing is
acoustically insulated from the rest
of the megaphone assembly by means
of felt pads. A protective screen
keeps foreign objects out of the mi-
crophone "and *g soft-rubber mouth-
piece is fitted over the microphone to
protect the user’s mouth in rough
seas.

The speaker driver unit is of the
moving coil-diaphragm type. Experi-
ence has shown that while such units
may not be completely blast-proof,
as are certain other speakers utilized
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aboard naval vessels and equipped
with blast-valves, use of a molded-
phenclic diaphragm of proper design
provides considerable protection. The
associated horn is of the folded, dou-
ble-re-entrant type concentrating
sound output in an angle of approxi-
mately 30 deg. from the axis. The
horn is fabricated of spun aluminum
and is protected by a metal screen in-
stalled across the opening of the bell.

The microphone and loudspeaker
units comprising the megaphone
proper are moisture-proof but not
immersion-proof. Connection be-
tween the megaphone assembly and
the associated amplifier is accom-
plished by means of a flexible, rub-
ber-covered cable which emerges
from the end of the handle through a
cable gland. The free end of the
cable is provided with a cord con-
nector to fit a corresponding recep-
tacle in either a portable or fixed
(bulkhead) amplifier. An extension
cable 40 feet long is supplied to per-
mit the megaphone to be used at
some distance from a fixed amplifier.

The Amplifier Units

The completely self-contained port-
able amplifier is a two-stage affair.
A triode equipped with seven series-
connected bias cells is transformer-
coupled to a twin class B tube turn-
ing out 1.6 watts of audio power with
not more than 10 percent harmonic
distortion. Plate voltage is obtained
from two series-connected 67.5-volt
batteries. Filaments obtain the re-
quired 2 volts from a series-paralleled
bank of six 13-volt batteries, through
a 5-ohm, l-watt dropping resistor
connected in parallel with a 2.2-volt
pilot lamp. (The brilliancy of the
lamp gives a quick check on the con-
dition of the filament batteries.) In
this instance, no attempt is made to
“trick up” the frequency response
of the amplifier, which is reasonably
flat over the required speech range.

Physically, the portable amplifier
measures 4x5x10 inches overall
and is provided with a carrying strap.
The cabinet is made of molded, high-
impact phenolic material and is fitted
with a molded cover, gasketted to
make the interior weather-proof.
The only external connections to the
amplifier are through a socket which
receives the plug on the end of the
megaphone unit cable. No manual
adjustment for controlling gain is
provided. Ggin is fixed, in the de-
sign of the amplifier, at the highest

point consistent with the desired
portability.

The bulkhead amplifier, which may
be used in place of the portable am-
plifier for greater coverage, is also a
two-stage affair. The first stage
utilizes a twin-triode, which funec-
tions as a voltage amplifier and also
as a phase inverter providing bal-
anced input to the second stage.
Thg second stage consists of four
beam-power tubes connected in
push-pull parallel, delivering 6 watts
of audio output with total harmonic
distortion of 9 percent.

A full-wave rectifier tube is in-
cluded in the bulkhead unit so that
it may be operated from a 115-volt,
60-cps ship’s power line, the total a-c
drain being 85 watts. Jumpers or
straps on the terminal strip may be
adjusted for operation on 115 volts
d.c., the unit drawing 63 watts when

A typical bulkhead amplifier for use with
an electronic megaphone

Denotes wiring
Ground

Denotes chassis
Ground

so operated. The entire amplifier is
mounted in a compact steel cabinet,
which may be secured to a bulkhead
by means of mounting angles which
are insulated mechanically from the
cabinet through the use of rubber
anti-vibration mounts. On the front
panel is a socket which receives the
megaphone unit plug, a power toggle
switch, a pilot lamp and a gain con-
trol. Approximately 30 seconds are
required, after power is applied, for
the tubes to warm up.

Post-War Possibilities

Vital in certain military opera-
ations, electronic megaphones ob-
viously have peacetime market pos-
sibilities. They will, for example, be
carried by most ships of any size
after the war and may be considered
essential emergency gear for life-
boats. Ashore, electronic megaphones
appear to have distinctly useful com-
mercial applications. Their extreme
portability lends them ideally to the
emergency handling of crowds and
traffic. Industrial uses include com-
munications between foremen and
workmen on construction jobs.

Technically, wartime experience
with the design of electronic mega-
phones and, particularly, methods of
minimizing howl caused by acoustic
feedback, may result in reduction of
feedback in all sorts of commercial
sound equipment. Considerable data
on this subject has already appeared
in U. S. Patents 1,351,254, 2,063,224,
2,218,389, 2,301,459 and 2,314,108.
More design data will undoubtedly
be available as additional wartime
patents are issued and in postwar
literature.—W. MacD.

[¢] 3A DC.polarity
3A 0- IISPXC

—o+) |5 DC
ul

2: 115 AC
2:115DC
VIS VI Vi3 ViZ v 12

.@. " 1--6.3v-. 750 ma

Circuit of the bulkhead amplifier discussed in the text. The input receptacle
accommodates the megaphone unit plug shown schematically in the portable
amplifier diagram
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B-H C

RVE TRACER

for Lamination Samples

Photographs of hysteresis loops obtained

during a heat run, starting at 80 deg. F

(top photo) and going up in three steps to
200 deg. F (bottom photo)

Sample-holder assembly mounted on a

heater unit for tests at high temperatures,

which are indicated by the dial ther-
mometer
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HE characteristics of the mag-

netic material used in trans-
formers and chokes are not easily
measurable, and introduce a factor of
uncertainty in the design and pro-
duction of vacuum tube equipment.
All other components—resistors, ca-
pacitors, air-core and powdered iron
core inductances-—are rigidly tested,
and equipment is generally available
to measure their essential character-
istics with good accuracy. But audio
transformers and chokes in many
cases are only tested for their d-c
resistance. A specified grade of
lamination material may be essential
for proper operation, but the va-
rious grades look very much alike,
and electrical checks are often quite
difficult.

Sometimes a deterioration in the
characteristics of some complex cir-
cuit defies explanation until the
change is traced to a change in char-
acteristics of magnetic materials.
By then, hundreds of assemblies may
have been completed with the wrong

laminations, and much valuable time
may be lost.

Apparatus for rapid and easy test-
ing of magnetic materials is ex-
tremely useful in such cases. But,
to obtain such data as permeability,
saturation, coercive force and hyster-
esis loss of magnetic alloys, special
equipment which is not easily avail-
able has been necessary; and even
with such equipment, comparatively
large amounts of sample lamina-
tions are generally needed for test,
and the measurements take con-
siderable time and effort.

Features of Oscillographic Method

The oscillographic equipment de-
scribed makes it possible to obtain
this data with great rapidity. Com-
parison checks of a number of sam-
ples can be made within a few sec-
onds. Initial and reversible perme-
ability characteristics, or increase of
loss with flux density can be directly
observed on the screen when the cur-
rent input to the sample is gradually
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Magnetic characteristics of laminated material

can be checked in a few minutes during pro-

duction runs to detect wrong laminations in

0S50S e LAV st 1905

special four-tube amplifier and test jig with an
ordinary cathode-ray oscilloscope

e ot ot SN =

’

varied—observations and measure-
ments which take hours with older
methods.

An additional advantage of the
oscillographic method is that it per-
mits the use of extremely small
samples. A little washer punched
from a single lamination is all that
is needed. Less than one millivolt,
produced in a few turns which are
wound around this miniature ring,
is sufficient to provide an indication
of flux density in the sample. On
the other hand, little power is needed
to saturate so small a sample, and the
whole equipment is compact and easy
to handle.

The small size makes it possible

Complete equipment needed for obtaining the B-H curve of a
magnetic sample almost instantaneously.

The power trans-

to run tests at elevated tempera-
tures by simply placing the sample
with its holder on a heater a few
inches in diameter. Such an ar-
rangement is particularly valuable
for tests on alloys with low perme-
ability. Some of these alloys exhibit
a large drop of permeability at high
temperatures, and this characteristic
is used for temperature compensa-
tion in watthour meters and other
instruments. The equipment de-
scribed here makes it easy to check
the performance of such materials
throughout the range of their oper-
ating temperatures.

The samples have about % inch
minimum inside diameter. The ratio
between inside and outside diam-
eter should be small to maintain
approximately uniform field intensity
throughout the piece. A ratio of
about 3:2 (for instance, &% inch out-
side and 15 inch inside) is good
enough for most purposes.

Principle of Operation

Figure 1 shows a block diagram of
the equipment. A 60-cycle current of

Washer-shaped sample used for tests.
Three loops of the fine wire are used here
as coupling to the vertical amplifier
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a-f transformer or choke assemblies, using a R

v

former and variable transformer are at the left, with the high-
current shunt and sample holder in front of the amplifier

low voltage and high intensity is
sent through a shunt resistance and
a bar and collar arrangement by the
secondary winding of the power
transformer. The washer-shaped
sample is slipped over the bar, and
one or more turns of fine wire are

-threaded through the gap between

sample and bar. The potential ap-
pearing across the little loop is fed
into the input of an amplifier which
also contains an integrator. The
output of this integrator is connected
to the vertical plates of an oseillo-
scope. The potential drop across the
shunt is fed through a single-stage
amplifier to the horizontal plates of
the oscilloscope. A variable trans-
former serves to adjust the primary
voltage supplied to the power trans-
former.

At any given moment, the current
flowing through the bar develops a
corresponding field intensity in the
sample. At the same time, a pro-
portional potential is produced across
the shunt and appears amplified
across the horizontal oscilloscope
plates. As the flux in the sample
changes, a voltage is induced in the
little loop proportional to dB/dt,
the rate of change of the flux. To
obtain B from this voltage, it is
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FIG. 1—Block diagram of complete B-H curve tracer.
shaped sample of the lamination to be tested is slipped over
the bar that forms a single-turn loop carrying a 60-cycle current

necessary to carry out a process
opposite to differentiation; in other
words, pass the voltage through an
integrating network. A simple net-
work of this kind is shown in Fig. 2.
The output from the loop is fed into
a large capacitor through a large re-
sistance. The time constant of these
two elements is large compared to one
period of a 60-cycle wave. If E
designates the potential produced
in the loop, the voltage appearing
across the capacitor is proportional
to J Edt. Since E is proportional
to dB/dt, the voltage across the ca-
pacitor is

fEdt—dedt=de=B
dt

This derivation does not take into
account various constant factors. It
proves, however, that the output
from the integrator stage is propor-
tional to the flux density in the
material. The proper voltage for
the vertical oscilloscope plates must
be obtained by selecting the right
gain in the amplifier.

Circuit Details

The power transformer is the type
used in small radio sets, with a pri-
mary rating of approximately 40
watts. The secondary consists of a
single turn formed by four strips of
copper braid, s inch wide, all in
parallel. The open-circuit voltage
across this secondary turn is about
0.1 volt, and it can handle over 100
amperes without undue drop of volt-
age. At this high current intensity
the power developed is only in the
order of 10 watts.

Figure 3 shows the high-current
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A washer-

circuit. The same four strips of cop-
per braid are used throughout to
avoid heating. The bar is made of
copper, 0.100 inch in diameter, sol-
dered into a 1 inch copper plate, and
the braided leads are soldered to this
plate. The top portion of the copper
bar is slightly tapered, and another
1+ inch copper plate with a corre-
spondingly tapered hole is used for
the return connection. Contact be-
tween bar and top plate is very good
if the tapers are correct, and any
heat developed in the copper rod is
promptly dissipated into the two end
plates. The total resistance of the
high-current circuit is less than 0.001

Loap

" 5

FIG. 2—Simple integrating network used
to convert the induced voltage (propor-
tional to dB/dt) to flux B

ohm. Up to 150 amperes, it can be
used for short periods without undue
heating.

The shunt is selected according to
the range of current required for
the sample. In most cases it is the
largest resistance in the high-current
circuit. Most shunts produce a drop
of 50 mv at full rated current, and
a rating close to the required current
intensity should be selected. Since
the full voltage available is about
100 mv, such a combination permits
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of the order of 100 amperes, and the resulting magnetization is
utilized by electironic circuifs to produce the B-H curve of the
magnetic material on the screen of the cathode ray oscilloscope

easy adjustment within the desired
range.

With an output voltage from the
shunt of 30 mv, a gain of 30 is
normally needed to get full deflec-
tion on the scope. A single 6SF5
high-gain triode supplies this gain<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>