


One+ of a series showing AMPEREX tubes in the making

Photograph of sealing opera-
tion on vertical rotating fires

of exclusive Amperex design.

A significant “Amperextra" in the manufacture of our tubes is the specially-created
life testing procedure. In this phase of operation, samples of production are regularly
being tested to provide a precise check on tube quality and tube endurance. Examina-
tions must prove that each tube is built with more than normal life expectancy, otherwise
we will reject it. Thus, you are assured a bonus of many hours of additional service . . .
in all applications . . . broadcasting, industrial, electro-medical and military.

Good to the last drop on the battlefteld . .... donate a pint of blood to the Red Cross

AMPEREX ELECTRONIC PRODUCTS

79 WASHINGTON STREET -BROOKLYN 1, N. Y.
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NOW AVAILABLE HERMETICALLY SEALED

The UTC Ouncer type transformer is one of the most popular units in military
equipment at the present time.

UTC glass-metal seals have been production proven for over a yzar. Additional
developments have now made it possible to employ this type of sealing in the
miniature Ouncer unit . . . 73" diameter.

Should you have limited space requirements, this transformer (the smallest her-
metically sealed unit now available) can be supplied to specifications.

150 VARICK STREET NEW YORK 13, N. Y.
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* STABILIZED to keep its trugh-
ness and transparency — that’s
Albanene Tracing Paper. Because
it is treated with crystalclear
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 tak=s ink
or pencil fluently, erases wit ease — — r\-“-

. . Ask your K&E dealer.
y KEUFFEL & ESSER CO - Est. 1867
_ CHICAGO + NEWYORK - HYOBOKEN‘, N.J. . MONTREAL
ST.LOUIS « SAN FRANCISCO + LOS ANGELES « DETROIT
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OPEN CAPACITY




@ A generation of experience in the mass production of precision variable con-

densers and more recently of autematic record changers has placed us in a position to contribute '
materially to the tremendously increased war requirements in the electronics field. We now have
greatly expanded facilities and a remarkable system for the manufacture and assembly of pre-

cision instruments of wide variety and great complexity. l

@ We are ready and eager to undertake development and large scale production
of the many new items in the fields of radio and radar which will utilize the special techniques
we have perfected in the volume output of such items as variable condensers, automatic timing

mechanisms. wired assembilies. etc.

@ Toinsure 44 production goals we ask that you send your inquiry immediately.

NSTRUMENT .....ccrron

829 NEWARK AVENUE , ELIZABETH 3 N.J.
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Capacitors for long
record of practicall AKX
Ratings are always conserva )
Constant research . -+ manufactur-
ing skill born of long, specialized

.. frequent, rigid in-
spections—these are the «secrets”
of Tobe's ability to master difficult
jike those of the
new American War Standards. The
«pp” Molded Paper Condenser
shown below is an example. It is
made of high grade Kraft tissue
paper and aluminum foil —mineral
oil impregnated and molded in
_loss Bakelite. Leads are tin
copper wire. Whatever your
enser problemss Tobe
engineers will gladly work
with you. Inquiries and re-
quests for samples will

receive Pprompt

AW

experience .

specifications,

low

cond

attention.
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Uow docs 2 Bomber Flor—

COMMAND TONS OF PRESSURE WITH POUNDS OF EFFORT ?
= T

OU’VE seen a heavy bomber

change direction in the air—
climb, bank or nose down. It looks
easy, although the airstream is ac-
tually piling tons of pressure against
the rudder and tail surfaces.

It even looks easy in the cabin, as
you watch the pilot handle his con-
trols. And it is easy, because a little
trick called an “amplidyne”—which
steps up electrical power input to
the control motors about 10,000
times—is doing the work for him,

This mechanism, a development
of one of the nation’s largest elec-
trical manufacturers, depends upon
the special properties of an

Allegheny Ludlum Electrical Steel
to achieve its results. Into the steel,

as it must be in the amplidyne itself,-

is built reliability, uniformity and
stamina.

Although important, this is only
one of the dozens of wartime elec-
trical devices to which Allegheny
Ludlum Electrical Alloys have lent
desirable qualities of magnetism,
high permeability, or high resist-
ance. The list covers control, de-
tection and communications
equipment for all the services.

For engineers and production
men desiring certified technical in-
formation on these special alloys,

write for a copy of the “Electrical
Muterials Blue Sheet’” or for the
assistance of our Technical Staff.

ADDRESS DEPT. E-20.

4//2;6&7;/ 24/1»1”7

STEEL CORPORATION

BRACKENRIDGE, PENNSYLVANIA

Steel-Makers to the Electrical Industry

A-8826 .. W&D
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HAMMARLUND
NEEDS
ENGINEERS

We are expanding our engineering facilities and are in

immediate need of

* 3 Senior Engineers
10 Junior Engineers

4 Laboratory Assistants

Here's your chance to become associated with one of
radio’s oldest organizations (34 years) in new and fasci-
nating phases of electronic engineering. If 'you are not
now engaged to your maximum capability in essential

war work, write to:—

J- KELLY JOHNSON, Executive Engineer
Hammarlund Manufacturing Co., Inc.

460 West 34th Street, New York 1, N. Y.

* To supervise development of receivers, transmitters, radar and electronic devices

April 1944 — ELECTRONICS



Infinite Possibilities

The T&B Sta-Kon Disconnect* Way of Wiring is
opening up infinite new wiring possibilities for the

electrical industry. It is based on new Sta-Kon
fittings which connect, disconnect and re-connect
wires #22 to #10 at will. As part of the Sta-Kon
line, these fittings are installed with Standard
Sta-Kon pressure tools in a matter of seconds. The
resulting connection is eclectrically sound and

mechanically perfect.

A f{ew of the almost endless combinations that
can be made with the essential TRB Disconnect
Tip and Coupler are shown here.

Our Engineering Department is constantly work-
ing out special designs of particular combinations
for electrical manufacturers. What are your re-
quirements? We invite you to send them to us
for study and workable suggestions.

*Pat. Pending

T&B Discon-
nects are in-
stalled with the
same tools
which install
the familiar
Sta-Kon Ter-
minals,

THE THOMAS & BETTS C0.
INCORPORATED
T&B MANUFACTURERS OF ELECTRICAL FITTINGS SINCE 1899
ELIZARBETH 1, NEW JERSEY
In Canada: Thomas & Betts Ltd. Montreal

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

ELECTRONICS — April 1944 9
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THE BRUSH DIRECGT |NK|NG 0SCILLOGRAPH
Gaot - Scmple - feccarate

® This instrument directly and instantaneously records

mechanical or clectrical fluctuations up to 120 cycles per
second. With appropriate electro-mechanical pickup or direct
elcctrical coupling, it accurately records vibrations, pressure
changes, dynamic strains, time intervals, transients, and the
like. In war and the peace to come you will find this

Brush product doing an important job.

477

‘THE BRUSH DEVEL,GPMENT cCO.

3423 PERIKINS AM‘rENUE oo, O : J CLEI’ELAND, QHIO
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FA-6
Mox. peak voltage . . . 700
Max, rms current . . . 1) amps

FA-15
Max peak voltoge . . . 3000
Max. rms current . . . 8 amps

GL-1521
Mox. peck voltage . . . 10600
Max. rms current . . . 8 amps

No arc-overs or burning of
contacts with these compact

G-E VACUUM SWITCHES

ancther G-Eelectionic JrRsy/
Lol ty

SincE the contacts of these G-L switches are mounted
in a vacuum, they are virtually free fromn the effects of
corrosion and arcing. Thev are protected against dirt,
oil and waler, and require no maintenance.

Vacuum-lype construction means: (1) Safety that
makes these switches especiallv applicable for installa-
tions where guseous o1 dust-laden atmospheres are a
fire and explosion hazard. (2) High eurrent rating for
their size. (3) The switch produces clean, vibrationless
circuit-breaks at any speed — whether 1welve or twelve
hundred a minute. A hundred million or more contacts
during its lifetime are not unusnal when operated within
proper limits. . . . These features lead the procession
of advantages in this new tvpe ol switch — which G.E.
was first to develop and manufacture.

Simple, compact, and easilv installed in any position
G-E vacuum swilches are ideal where space is at a
premium (as in airplanes). No self-contained coils:
no auxiliary coutacts or relays required! Movement
can be obtained from the mechanism to be controlled
(often through a cam or thermostat), or {rom any other

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

ELECTRONICS — April 1944

apparalus lo suil the user's application. They may be
operated by air or liquid hellows, rod-linkage system,
or other means. Movement is transmitted o the contacts
through an operating arm fulernmed in a flexible dia-
phragm and requiring anly a minute operating force.

Typical applications: I.imitswilchies. Thermoslatic con-
trols. Inerlia-controlled devices. Radio antenna switch-
ing. Radio transmitter tank-coil assemblv switching.
Strato=pheric applications.

SEND FOR BULLETIN ET-1—"G-f Vacuum Swifches.”
Contains additional information, and shows regnlarly avail-
able types and ratings. For speciul requirements, consult G-E
electronic tube engineers. Address Electronics Department,
Generul Electric, Schenectady, New Y ori..

G-E TUBES ARE ''FIRST' IN KWDUSTRY, TOO! The stucdy steel-
Jacheted G-E sealed ignitron, for example, supplies the heavy
current required for high-speed resistanee welding. Ignitron
rectifiers are widely used instead of rotating machinery. They
are easier lo maintain and lower in operuating cost.

e Tune in ";l'l1e World Today™ every evening except Suuday at 6:45
EW.T. over CBS. Ow Sunday disten to the G-E “All Girl Orchestra™
at 10 P.M. EEW.F. over NBC.

GENERAL @ ELECTRIC

187-C4



YOU CAN STILL GET
PROMPT POST-WAR
DELIVERY IF YOU
RESERVE YOUR
GENERAL ELECTRIC
BROADCAST
EQUIPMENT

.
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The begery Lectriy

Wiy

ARGE as is the amount of broadcast equip-
ment already on reservation with General Elec-
tric, the tremendous war-geared G-E manufac-
turing facilities can produce all this reserved
equipment for quick post-war delivery. Even
twice this amount can be built within prac-
tically the same time if we know now what will
be required and can plan for its production.

General Electric has the plant, the machines,
and the skilled engincering and factory per-
sonnel, to swing into peacetime production vir-
icht. No extensive reorganization
of production mée will be necessary at G.E.
. . . since much of the equi needed for
commercial broadcasting is in the samé i
pattern as that which today is proving its high
standard under the acid tests of war.

Prompt post-war delivery is only one of the
benefits you gain by reserving your G-E broad-
cast equipment NOW,

Your contact with us will enable you, your
staff, and your consulting engineer to develop
the details of your post-war station during the
period before new construction is authorized.
Then, you will be fully prepared to proceed
with the building of your station.

ELECTRONIC TUBES

ITEESER gy Hy

0’. Ms’ - 'ya ’,
M I”'00d0 "

Priorigipg
stiag equip, mens

General Electric can help you in any of the
three broadcasting fields:/ FM—TELEVISION
~—or AM. You can ben¢fit from exclusive G-E
developments such asQZ)e_FM circular antenna
or the S-T relay systoin which permits you to
establish your statigh for maximum coverage
... your studio for vhaximum convenience. You
can obtain from G/E any broadcast equipment,
either station or/studio, together with associ-
ated equipment/for FM, AM, or television. No
other manufagturer can offer such complete
system experfence and “know how.”

Come to S¢henectady and See for Yourself!

ectric operates five proving-ground
T afling stations at Schenectady — AM,
International Shortwave, FM and Television,
Broadcasters and prospective broadcasters are
invited to inspect these facilities and discuss
their problems with our station personnel.

* WRITE for your copy of the G-E Equipment-
Reservation Plan, and application forms. Electronics
Department, General Electric, Schenectady, New York.
® Turne in General Electric’s *The World Today” and hear the
news from the men who see it happen, every evening except Sun-
day at 6:45 E.W.T. over CBS network. On Sunday evening listen
to the G-E “All Girl Orchestra” at 10 E.W.T. over NBC.

RECEIVERS

ANTENNAS

ELECTRONICS — April 1944
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Ux~pEr electronic control, as developed
by General Electric electronic engineers,
resistance welding has become a high-
speed, precision operation that is making
yesterday’s impossible jobs a routine part
of today’s production.

With G-E ignitrons controlling the
heavy surges of power required, and G-E
thyratrons switching them on and off at
lightning speed, scam welds can be
spotted at any desired distances apart or
brought together in an overlapping or
solid line. Operations may be performed
at any desired speed up to 1800 or

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

14

12 IN A SERIES EXPLAINING THE USES OF ELECTRONIC TUBES IN

INDUSTRY

Electronic tubes made possible the high-speed
construction of stainless steel railroad cars
and air transport planes

y

The G-E ignitron controls the power.

The G-E thyratron does the timing.

more welds per minute — with exactly
the right amount of heat applied at
exactly the right spot.

Practically all metals can be electron-
ically spot-welded together, or to other
metals — in thicknesses ranging from
tissue-thin nickel-copper alloy, 40 mil-
lionths of an inch thick, 1o laps of half-
inch stecl.

Main illustration shows stainless steel
sheets being welded to railroad-car frame-
work. Welder is double-wheel electrode
type. Inset illustration shows typical
seam welds made at approximately 7 feet

GENERAL ) ELECTRIC

FE @ @ O O O D
[N} ®

aminute: (A to E) from 124 to 21 spots
to the inch; (F) essentially equal on-
and-oft periods; (G) long-off-short-on
period; (H) short-off-long-on period.

There is a G-E electronic tube for
every industrial purpose. Through its
nation-wide distributing system, General
Electric is prepared to supply users of
electronic devices with replacement
tubes.

‘*HOW ELECTRONIC TUBES WORK''

This booklet will be mailed to you without
charge. Its 24 pages are interestingly illustrated
and written in easily understood language.
Shows typical electronic tubes and their ap-
plications. Address Electronics Department,
General Eleciric, Schenectady, New York.

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

162-C4
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SPECTROGRAPHITE v |

HEADQUARTERS FOR MOLDED
CARBONS, GRAPHITES, METALS
and COMPOSITIONS

Brushes and Contacts
(All carbon, graphite, metal,
and composition types)
Rare Metal Contacts
Bearings
Welding Rods, Electrodes, and
Plates
Brazing Blocks
Rheostat Plates and Discs
Packing, Piston,and Seal Rings
Carbon Regulator Discs
Sintered Iron Components
Carbon Pipe, etc.

. a new Stackpole high-purity graphite

for chemical and metallurgical analysis

Spectrographite No. 1 is made by a
special process recently developed by
Stackpole. Whereas normal graphite
anodes contain total impurities on the
order of .02 to .05%, Spectrographite
contains less than .001%. Thus, it is
used in analyzing such things as
batches of molten metal, or in check-
ing the purity of liquids by the spectro-
graphic process.

Ordinarily, high-purity graphite is
made only by specialized chemical

manufacturers, and is of interest only
to chemisis and metallurgical engi-
neers. In this case, however, we believe
Stackpole Spectrographite No. 1 will
prove generally interesting to readers
of this publication—not so much
because you might use it, but because
it offers a convincing illustration of
the progressive engineering behind
the many Stackpole molded carbon,
graphite, and metal composition
products you do use.

Spectrographite No. 1 is supplied up to 12" lengths in ',
Vy', and 4" diameters. Complete details on request.

STACKPOLE CARBON CO., ST. MARYS, PA.

STACKPOLE

EVERYTHING IN CARBON BUT DIAMONDS

ELECTRONICS — April 1944
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news to people everywhere. As significant as the roar of battle, its voice

reaches and sustains the oppfessgd in their wait for freedom. Enginzers know
that perfect transmission under war-time conditions demands perfect equip:

ment . . . that’s why they court on quality. components like (D capacitors.

Thirty-four years of specialization in building capacitors, has alsa built the
C-D name. It has become axiomatic for the industry to say “C-D” when-
ever dependable performance is a “must”. That is why 4 out of 5 engineers
think of C-D first when capacitors are menticoed (proved by a recent, impat-

tial survey).

And C-D capacitors live up to their every promise of greater endurance, abso-
lute reliability ard longer life. It is no wonder there are morz in use today

than any other make! Coraell-Dubilier Electric Corp., So. Plainfeld, N. J.

Coxrnell
IDuunbilierxr
Capacitors.

MICA « DYKANOL ¢« PAPER - WET AND DRY ELECTROLYTICS

Agril 1944 — ELECTRONICS



Bosie: fwaorns My

Temco Equipment Excels

Behkird the consistently dependable performance of Temco
Transmitting Ecuipment stand these 3 fundomental factors:

Engineering thet is a step in advance of
today's needs.

Comoonent parts whose trade names stand
for leadership in their various specialized -ields.

Workmanship standards, throughout every
stage of manufac-ure, that insure maximum
nperating efficiency under widely vacying ex-
remes of conditiors.

As to component parts, Terco always has used aome but
those of recognized high standards. Together wifl: adwanced
eleztronic engineering and unsurpassed workmanship; these
hig calibre electrical parts help to comprise a o of basic
quality.reasons why Temco performonce invites eorparison.

oL e

345 Hudson Street °

gy

i

e

Lok

Above—"emnoo Model 1000 AG-CW-:
1000 Wett Radio Telegrcch Trans=
mitter fcr siz frequency cperation
with motor driven band changing,
MNormal frequency rarce 2to 16 Mc.

Left — Interio- View, Temco Model
1000 AG-CW-1000 Wett Teleg raph
Transmitter, llustrating excel.ence
oF mechanical details.

#co”

RADIO COMMUNICATION
EQUIPMENT

Let owr engineering depariment help solve your
commnicaticn ejuipment problems. — Write
for a copy of oor newes: iNwstrated catalog.

 TRANSMITTER EQUIPMENT MFG. CO., INC.
New York 14, N. VY.




IT'S B&W AIR-WOUND
CONSTRUCTION
FOR TEMCO!

Where radio equipment must be constructed to the most advanced
standards of service and durability .

For use where the going is the toughest .

That's where B&W Air inductors really come into their own . . . a
fact demonstrated once again by their selection for the famcus Temco
Transmitter.

In this case, B&W engineers designed a 1 KW rotaiy-link style Air
Inductor for band switching operation that matched specifications to the
letter—and B&W producticn saw to it that deliveries on all six Air Inductors
for the job kept pace with production needs.

B&W Air Inductors are rugged, mere durable, more adaptable,
easier to mount. Dozens of standard types meet modern radio as
I well as electronic heating needs—ard, as in this instance, B&W

specialized facilities are geared to fast production of special coils

INDUCTORS it

BARKER & WILLIAMSON, 235 Fairfield Ave., UPPER DARBY, PA.

Exclusive Export Representatives: Lindeteves, Inc.,
and Phenolic Form Types 10 Rockefeller Plaza, New York, N. Y., U. §. A.

Air-wound and Ceramic



Because Dependable Performance l'
Counts Most —
TEMCO Transmitters Use

UNITED TUBES

which Temco transmitters must gperate . . . in

BY virtue of the exacﬁngizndit;ons under
mobile police service and on factive duty with
the Armed Forces . . Temfo engireers were

obliged to seek tubes of fdr greates than the

average standards of perfgrmance . . . tubes
that can ‘‘take it"" for fustained periods of
usage . . . tubes thaf can travel as well as
transmit. ;

We are glad tg be able to meet these
rigid specifications, gind te provide tubes which
serve Temco withgbmplefe satisfaction.

After all, tubes are the heart of a trans-
mitter—and no gransmitter can be more effi-
cient or more sfurdy than its tubes.

f
When rformence counts—you can
count on Unjled Tubes to provide a maximum
of electroni¢ efficiency—plus a high degree of

mechanical ruggedness.

W1l

/ELECTRONICS COMPANY
)f‘ NEWARK, 2 g%ﬁ New Jersey

¥ Transmitting Tubes EXCLUSIVELY Since 1934

r——

SR
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These are the ever-reliabl> Stanrdard Cardweil
Yariable Air Ccpacitors.

Compact . . . ultra-sturdy . . . time-tested thrcuch
the years in every conceivable type of service.

Invariakly chosen by modern designers lor the
most exacting and rugged usage.

In the "business end” of high calibre radio com-
munication or elactronic equipment—always look
for s

ARDWELL

w"ta-qm EF_-:-‘—. -aa:-:'_-i-g

THE ALLEM D. CARCWELL MANUFACTURING CORPCRATION
81 PROSPECT STREET . BRODKLYN 1, N. Y.



Each field of electronic design can {ill its needs for correct vacuum

tube receptacles with National Fabricated Sockets . . . To meet
-~ . o o / = the demand for the ever-increasing variety of sockets covering
s ® o E all frequency applications. insulations are available ranging

from paper base laminated phenolic sheet to mica-filled
molded plastics and low-loss ceramics . . . Contact alloys
of special steels, brasses, phosphor bronze, silica bronze
and beryllium copper are employed — utilizing an assort-
ment of mechanical contact designs to fill all wiring re-
quirements and provide dependable long-life electrical

performance.

NATIONAL

FABRICATED PRODUCTS

2650 WEST BELDEN AVENUE, CHICAGO 47, ILL.

Manuiacturers of SOCKETS, TERMINAL ASSEMBLIES, JACKS and CONNECTORS for use in every flield of electronics.

ELECTRONICS — April 1944 17
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work 7 7oil (breorion

s In Automatic Electric’s chemical
loboratory, before any materials are accepted for use in relays, they are

carefully tested for the presence of sulphur, bromine, chlorine, or other
elements that might cause corrosion, affect

insuldtion or give rise to other troubles

N THE selection of materials and fin-
Iishes for use in Automatic Electric
relays, performance and durability are
given first consideration. The aim of the
designers is to produce an apparatus that
will resist all corrosive influences
throughout long years of tough service
—even when this means foregoing the
bright, shiny appearance which is so
attractive at first. Every factor in the de-
sign of Automatic Electric relays is given
similar attention—resulting in a unique
fund of design data and experience. This
background is the reason why Automatic
Electric relays serve so dependably under
tough conditions.

You can make this experience work
for you—by calling in the Automatic
Electric field engineer. His job is to help
you select the apparatus that will best
meet your need. Call him in next time
you are faced with an electrical contral
problem. Write for Catalog 4071.

‘AUTOMATIC ELECTRIC SALES CORPORATION
1033 West Van Buren Street o Chitago 7, lli.

In Canada: Automatic Electric
{(Canada) Limited, Toronto

'VERY ELECTRICAL CONTROL NEED

April 1944 — ELECTRONICS



SPEC’S
CHANGED

How quickly can you whip your revisea
plastic parts into your new design?

“Three years ago we produced the bulk of our
plastic parts. But because we are primarily an
electrical assembly and metal working plant
we were unable to adapt ourselves to quick
changes in plastic specifications in such parts
as our fuse posts, spacers and terminal strips.

“To cope with these sudden problems we called
in ‘CREATIVE PLASTICS’ ... and the re-
sult has been so outstanding that we feel more
secure about our plastic parts being produced
in your plant than in our own.”

~—The above is an excerpt from one
of many similar letters in our files.

"’CREATIVE” INSULATING GROMMETS

Five important characteristics
? save time and labor in wiring

operations:—1. All holes are con-
centric . .. 2. All threads are clean and lubri-
cated . . . 3. All parts have geared collars and are
matte finished for quick handling . . . 4. All cor-
ners are chamfered to protect against fraying . . .
5. Four standard sizes, all immediately available
from stock. Send for free sample card.

ELECTRONICS — April 1944

In these times of sudden specification changes,
whip your plastic problems by calling on
“CREATIVE”. Frequently we can solve your
problem right from stock with such parts as
insulating grommet bushings, shown at the
left . . . or we can fabricate to your specifica-
tions in suitable materials.

Take the first step NOW—send us blue
prints for quotations and delivery promises.

PLASTICS CORP.

978 KENT AVENUE . BROOKLYN 5, N. Y.
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% No Danger of "Flash Over"
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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 capacnor that gives assured
"LONGER LIFE" for continuous oper-
ation . . .Its special features and
consfruchon are exclusive with
Dumont.

BUMONT

JUMIVA TUIN

ELECTRIC CO.

MFR'S OF
CAPACITORS FOR EVERY REQUIREMENT

34 HUBERT STREET NEW YORK, N. V.,

BUY

BONDS
NOwW
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15-KW OF HIGH-SPEED
ELECTRONIC HEAT

WITH THE NEW RCA 15-B

IN nearly every case where electronic power has been applied
for heating, important savings in time have resulted. The
high-frequency power generated by the new RCA 15-B is suited
to heating a wide variety of non-metallic substances because of
the wide choice of frequencies it offers — from 2 million to
10 million cycles per second.

Why Electronic Heating? When high-frequency electricity is
applied to non-metallic materials, it heats them —all the way
through. For example, a block of wood can be heated uniformly
by high-frequency power whlle with ordinary heating methods,
the heat Would have to “‘seep” in from the outside.

The uniformity of electronic heating makes it possilie 1o
Introduce heat at a high rate. Processes that once took hours
can now be completed in minutes.

The uniform heating often means better uniformily in the
finished vroduct. and little or no internal stresses to cause warping.

What Materials Can Be Heated? W 0od, plastics, paper, glass,
rubber, foods, chemicals, tobacco, Celanncs—dnd many other the correct proccssing procedure is established, any intelligent

industrial materials can be heated clectronically. operator can use it with ease. RCA field enf'meers are available
to help with your application problems.

How Much Heat Will the 15-B Give? Ihe new RCA 15.B

electronic generator is rated at 15 kilowatis output. It will deliver Get the Full Story. A comprekensive 12-page descriptive cata-
up to about 50,000 B.T.U. per hour, depending on the load log on the RCA 15-B generator is yours for the asking. Use the
conditions. convenient coupon below. If you have a specific application for
: electronic heat in mind, write, stating particulars, to RCA,

Easy to Operate. The 15-B is push-button controlled. Once Electronic Apparatus Scction, Camden, New Jersey.

RCA Electronic Apparatus Section, Camden, N. J. .
Please send me details on the new RCA 15-B electronic
generator. I
NAMEC ;. comow oo omsmsssas s s s wos e sieesss v s e as i
RADIO CORPORATION - I I R i
; Address T UL .1 oo O |

0 F A M E R I c A Lo Y- 7 S T

N N B BN N § & 58 5 3
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This curve shows the core loss relationship of light-
gage ARMCO Electrical Steel for varying frequencies
at'a fixed induction. It is one of many “job-history™
charts prepared by Armco Research technicians for
manufacturers of high frequency equipment.

If you need test data on clectrical steels for spe-
cific jobs, we'll be glad to supply you with infor-

a E I |
-"‘.

-
"o o —

ARMCO

*
CORE LOSS FOR A
CONSTANT INDUCTION

WATTS PER POUND (LOGARITHMIC SCALE)

300 500

ELECTRICAL GRADES

FREQUENCY-CYCLES PER SECOND
] |

mation like this. Just tell us the induction and fre-
quency in which you are interested. This will help
determine the correct electrical steel grades for your
wartime uscs as well as peacetime.

Many electrical products for home and industry
will benefit greatly from lessons learned during the

. war. Notable progress is being made in the creation

and production of special light-gage ARMCO High
Silicon Steels for all kinds of high frequency equip-
ment. Besides providing many new conveniences,
steels like these will help insure safer transportation
and faster, more accurate communications.

There is a grade of ArMcO Electrical Steel for
every need. You will get steel of top magnetic qual-
ity with low core loss and exceptional permeability;
steel that’s ductile, flat and clean-surfaced. May we
work with you? Just address The American Rolling
Mill Co., 1441 Curtis Street, Middletown, Ohio.

EXPORT: THE ARMCO
INTERNATIONAL CORPORATION.

1
1000 2000 3000 5000
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MODEL 300
ELECTRONIC
VOLTMETER

MODEL 220
UBCADE
AMPLIFIER

MODEL 402 0.00002 TO 10,000 VOLTS

MULTIPLIER

Th:s enormous range of voltages—five hundred
million to one—is accurately covered by our
Model 300 Electronic Voltmeter and some of' the
accessories shown above. Frequency range 10 to
150,000 cycles. Accuracy 2% over most of the

o e e

range. AC operation. Five decade ranges with
logarithmic scale make readings especially easy.
! Uniform decibel scale also provided. May also
be used as a highly stable amplifier, 70 DB
gain, flat to 150,000 eycles. i

" BALLANTINE LABORATORIES, INC.

BOONTON., NEW JERSEY, U.S.A.
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GUIDES

4 NnEW % _
FOR DESIGNEERS OF COMMUNICATIONS EQUIPMEN’T

HIGH vory
AG L \
CAPACITORS , ,E.D <

STEPPED-yp
VOLTAGES , , ¢

SEND FOR THESE NEW BOOKLETS TODAY!

Whether it’s a problem of stepping up d-c power...
reducing core assembly time...locating the right high-
frequency insulators or high-voltage d-c capacitors in
a hurry, you’ll find the answer in these new Westing-
house publications. Complete listings of sizes, weights
and dimensions, together with application guides
make these booklets an invaluable aid in designing
and ordering.

"These are only four examples of the help that
Westinghouse can offer in the design and manufacture
of communications equipment.

Other helpful publications are available on

® Micarta insulating parts ® Instruments
and materials * Rectox rectifiers
® Thermostats ®* Relays
® Contactors

Whatever your problem, Westinghouse Communi-
cations Equipment and Communications Specialists
can help you find a quick solution. Call on Westing-
house for help. Ask for the booklets you want from
your Westinghouse representative, or write Westing-
house Electric & Mifg. Co., East Pittsburgh, Pa,
Dept. 7-N. . 1-94613
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NATIONAL SCREW OF CLEVELAND

makes the famous Phillips Recessed Head Screws
and Bolts, scientifically engineered for fast-

starting, faster and easier driving, better fastenings.

7 distinct advantages of the Phillips Recessed Head

Self-centering on the driver

Holds driver from slipping

. Four “wings” give greater driving power
Eliminates head breakage

Frees operator’s hand to hold work

N

Makes better appearance—
prevents marring work

7. Simplifies hard-to-get-at
jobs

THE NATIONAL SCREW & MFG. CO., CLEVELAND 4, 0.

ELECTRONICS — April 1944 : 25
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he should be

’l‘he electronic engineer is one of the hardest-
working men contributing to the war effort
today. His highly specialized training and
knowledge is not easily or quickly acquired.
His skill calls for many years of constant
application. Because the demand for experi-
enced engineers and designers jumped so
greatly after Pearl Harbor, each one vir-

L3 B
Pt oL g \ \ S
ARMY-NAVY “‘E'* WITH STAR
Awarded All Four Divisions of Raythean
for Continued Excellence in Producilan

tually has been doing the work of two men.

Raytheon is proud of its engineers and
their great contribution to the war effort. ..
and Raytheon is proud of its part in fur-
nishing electronic tubes and equipment that
meet all requirements of stamina, “Plus-
Extra” quality, and complete dependability
under the most severe wartime demands.

e g—— i 2 A - ’ & & o)
RESEARCH AND THE MANUFACTURE OF TUBES AND EQUIPMENT FOR THE NEW ERA OF ELECTRONIC!
» AYYHEON MANUFACTURING COMPANY i

Wglthan wnd Newton, Mesgachusetis
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Representatives

ELECTRONICS — April 1944

R. W. Farris

2600 Grand Avenue
Kansas City 8, Missouri
Phone: Victory 3070

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

Branch Offices
S. ]. Hutchinson, Jr.
401 North Broad Street
Philadelphia 8, Pennsylvania
Phone: Walnut 5369

In Canada

C. C. Meredith & Co,
Streetsville, Ontario

CHICAGO TELEPHONE SUPPLY
Cenmpany

ELKEHART = INDIANA




HOW TO MAKE SCARCE TIN

GO THREE TIMES AS FAR!

E'RE a “have not” nation when it
comes to tin. That’s why a new
plating method—developed by Westing-
house—makes big news! High frequency
induction heating is the answer, and it not
only fuses a uniform, corrosion-resisting
tin coat on sheet steel five times faster than
previous methods—it also uses only one-
third as much tin!

Unexpectedly, glass made by Corning plays
an important part in this job. The picture
at the left shows the key units creating the
high-frequency, tin-smoothing waves. The

are glass vacuum tubes about like you™d ftnd
in a radio station. Note, too, the glass bowl
insulators handling the “juice.” As an ex-
ample of the type of service these glasses
must give, one plant is installing tin-plat-
ing oscillator units with 72 .times the powgr
of the largest radio broadcasting station
now on the air in the United States!

High electrical insulating qualities are just
one of the idteresting characteristics you
can get in glass made under the Army-Navy
“E” flag at Corning. There are glasses with
an expansion coefficient practically equal
to that of fused quartz; glasses that are ex-
tremely resistant to mechanical shock;
glasses that can be made into intricate
shapes formerly considered impossible. If
you even suspect that glass may help solve
one of your problems, we want you to know
that Corning’s “know-how” is at your
service. A study called “There Will Be More
Glass Parts In Post-War Electrical Parts”
will help bring you up-to-the-minute. Won'’t
you write for a copy? Address the Electronic
SalesDepartmentE-4,Bulb and Tubing Divi-
sion, Corning Glass Works, Corning, N.Y.

Photo Conrtesy of Westinghouse

——means——
Research in- Glass

“PYRICX and “CORNING” ure resistered trade-marks of Corning Glass Works
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Little wonder that tube making is often

referred to as an @r2. For much of the
v ~ work is by hand. To fashion these com-

plex assemblies of filaments, grids,
plates and wires; to position the parts within
such close space limitations—parts, mind you,
that often are so fragile, flimsy and elusive,
tweezers are required to handle them—calls for
a high degree of skill, a steady hand and an eye
for accuracy. Art is right!

Yet, today, guiding every move of every N. U.
production worker’s hands is the “know how”
of many scientists and engineers. Here are

NATIONAL

i/" anp SCIENCE...BOTH

chemists, physicists, metallurgists, and men
high in the sciences of electronics and mechan-
ics—all teamed up in a scientific tube develop-
ment and production program recognized as a
model throughout this industry.

It takes a lot of both science and art to make
the advanced-design, high performance N. U.
tubes now being produced for combat service.
It is such superior tubes that will do your elec-
tronic jobs better, after the war. Count on
National Union.

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

RADIO AND ELECTRONIC TUBES

P(‘LJRG);
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g, Special Purpose Trbes » Condensers o Volume Consrols o Photo Electric Cells » Panel Lamps « Flashlight Bulbs
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3 MONTHS IN DAVY JONES’ LOCKER

— Aud this nadio still wonked!

= S e

For three months, a radio
receiver and transmitter
lay at the bottom;oﬂthe;"
sea. It was partioft th&
equipment of a plane that had accidentally
plunged into the ocean during a test.

After three months under water, the
radio was brought up and tested. What
was found may seem unbelievable, yet it’s
_ _amatter @f record. After the sea water had

B been drained out, the radio set still worked
perfectly.

. Unfortunate as the attendant circum-
stances of this ‘‘case history” may be,
they afford concrete proof of the invalu-
—able properties and-qualities of -General-
Ceramics and Steatite Insulators used in
this set.

The fact that Steatite is absolutely im-
pervious to moisture and has no cold flow
properties are among the reasons why
- Steatite is specified by the U. S. Army
~ and Navy.

In the widening use of Steatite Insula-
tors, General Ceramics and Steatite Cor-
poration have been prominent for their
increased productive capacity as well as
engineering skill in the development of
new products and manufacturing methods.

If. you have a problem involving insu-
lators whether specialized or standard,
our Engineering Department is ready to
serve you.

, 4
- "  AND STEATITE CORP.
& 1< KEASBEY NEW JERSEY

A @ 5289
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Calibration of o Lavoie Precision Frequency Meter,
using a Crystal Calibrator developed in our laboratories

Slhe Wewest Fhouglhd...

in UHF Calibiation and
Ceystal-Contiof Methods

In our particular field of specialization we have
originaled methcds of calibrating UHF equipment
which require a small fraction of the time formerly
necessary for this high precision work. The same
principles have been applied to crystal-controlled
oscillalors and harmonic frequency generators.

As manufacturers we do not limit ourselves to
putting inlo production standardized ideds. We seek
new lires cf thought, which are followed by original
experimentation and developmient. The results have
producad ¢ method for the generation and identifi-
cation of very high harmonic frequencies. We shall
be gladto discuss your specific requirements with you.

S ————

- UHF PRECISION
FREQUENCY METER

Complztely Portable
Battery or AC-Operated
Accuracy 0.1%

Models available from 180 to 1500
mecacycles with 2 to 1 frequency
cdoverace on each model. Availzble
only oa high priority while our
nation is al war.

EECOMMENDED FODR:

8 Prcducticn testing

# Measurement of oscillator
drift

® Independent alignment of
transmitters and receivers

® Precise measurements of
frequancies

RADIO ENGINEERS AND MANUFACTURERS | B, |
"MORGANVILLE, N. J. y

Specialists in the Development of UHF Equipment



This meeting of

Sight and Sound
advanced

It was more than 15% years ago that

Farnsworth research men synchronized
sight with sound electronically and
transmitted the two to experimental
receiving sets.

By that important operation, they
assured modern electronic television
a wide public appeal. Its advance has
been rapid — and nowhere more pro-
ductive than at Farnsworth, where 18
years of television rescarch have de-
veloped a number of key circuits, tubes

Television’s future!

and synchronizing devices—including
the Farnsworth Disscctor Tube and
the Photo-Cell Multiplicr Tube.

We lay much credit for Farnsworth
progress to our rescarch policy, which
has always stressed the advantages of
parallél work in both tubes and circuits.

Tarnsworth research and manufac-
turing facilities — greatly broadened —
are now producing only military com-
munications cquipment and highly
specialized clectronic devices, and our

FARNSWORTH

TELEVISION

32

technical knowledge of applied elec-
tronics is enriched constantly.

When peace comes, our broadened
background and resources will be bet-
ter than ever able to help you in the
fields of sight and sound reproduction.

* Another of a series of advertisements
depicting milestones in television’s history.

Look ror the Farnsworth Television adver-
tisements in March 6, April 3 Newsweek;
March 18, April 15 Collier’s,

® Farnsworth Television & Radio
Corporation, Fort Wayne 1, Indiana.
Farnsworth Radio and Television
Transmitters and Receivers; Aircraft
Radio Equipment; the Farnsworth
Dissector Tube; the Capehart, the
Capehart-Panamuse; the Farnsworth
Phonograph-Radio.
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THIS IS GOAT
ELECTRONIC TUBE
PART...

G1224 is just one of the thousands of parts made by GOAT since the days
of radio infancy. GOAT is continually called upon to handle tough jobs
requiring skill, precision and efficiency. Because of experience gained
throughout the years, GOAT has been able to meet the demands of this in-
dustry for greater quality, durability and quantity production. Today, GOAT
serves almost every electronic tube manufacturer with a tremendous variety of
stock and special parts made of any metal to any required degree of accuracy.

STAMPING GROUNDS
For Small Tough Jobs

A # nl" ”/

- “” 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.

A DIVISION OF THE FRED GOAT CO.INC. EST. 1893
314 DEAN STREET + BROOKLYN, N. Y. |

P ¢ ]
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-, BY EENTON CLARKS

ee.pinned down by pillbox on righit ,flanl..

% Landing parties must depend on supporting fire
from ships off shore until their own artillery can
getinto action. By radio communication the Navy’s
fire is brought instantly to bear on enemy strong
points holding up the advance.

When the Marines carry out the tough landing
operations for which they are noted, Walkie-
Talkies are among the first ashore. They must
get the messages through! For unfailing power,

many depend on E-L Vibrator Power Supp]ics.

ILABORATORIES, INC.

IHDIANAPOLIS:

E-L ELECTRICAL PRODUCTS — Vibrator Power
Supplies for Communicatians . . . Lighting . . . Electric
Motor Opaeration . . . Etectric, Electronic and other
Equipment . . . on Land, Sea or in the Alr.

Wherever reliability is a “must,” E-L Vibrator
Power Supplies are also proving their other advan-
tages of light weight, small size and high efficiency.
They are products of the most extensive research
in vibrator power supplies and circuits ever known.

That rescarch has extended the scope and use-
fulness of vibrator type power supplies beyond all
previous conception. Certainly, in the electronic
era of peace to come E - L Power Supplies w 1]] con-
tribute new advances and economies - ¢
wherever electric current must he

changed in voltage, frequency or type.

Power Supply using recharge-
able, non-spill storage battery
for operation of Walkie - Talkie
radio equipment. Input Voltage:
4 Volts D.C.; Output: Numerous
Voltages, supplying plate and
filament requirements of the
equipment. Width. 315" ; Length,
614" ; Height, 438”.




Here’s How We Find The Angles
To Precise Radio Frequency Control

Precision properties of oscillators are de- wartime communications and RADAR
termined by the angles at which they are  will provide startling improvements for
. cut. Here are shown the locations of vari- many peace-time products. This Com-

ous type crystal oscillators with respect pany’s technical and production facilities

to the axes of a quartz mother. are at your service for wartime or post-

Crystals developed for the perfection of  war crystal engineering and production.

PROIPYCTS COMPANY
1519 McGEE STREET, KANSAS CITY, MO.

Producers of Approved Precision Crystals
for Radio Frequency Control
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" AThird EITATIUN

FOR THE INSTRUMENT LEADER

This third" citation for meritorious war

productidn .. climaxing a long record of

war service . . . is a source of justifiable
pride to the.men and-women of WESTON.

The record began back in the earliest
days of our defense period, when a large
segment of WESTQ}NS’ capacity was as-
signed to the production of instruments
vital to military needs. Thus, when we
finally were forced into this world struggle,
WESTON was ready for full-scale war
production.

This new star which adorns our “E”
pennant marks the third timé WESTON
has been first in this highly specialized
field to receive each successive war
citation. Weston Electrical Instrument
Corporation, Newark 5, New Jersey.

e -

o M ‘Standards . . . Precision DC and
Portables . . . Instrument Transfomers
Sensitive Relays . . . DC, AC, and
mo_f»\_vitt_hboavd and Panel instruments,

T -~

FOR OVER 355 YEARS LEADERS IN

34

——

Spetiiélixcgd Test Eq-ipﬁéni'.';_'. :
Meosuremént ond Control Devices .
Exposure Meters...Aircraft Instruments...
ElectricTachometers...Dial Thevmo.mctu'!.: ’

ELECTRICAL MEASVRING INSTRUMENTS
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PROVIDING ACCURATE RADIO TUNING
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Meck skill and precision are performance-
proved. Meck experience is proved by our
completely diversified selection of crystals in
a wide range of types—silver-plated, too.
Our Special Crystal Service Division is today
prepared to meet exacting requirements to

any specifications on short notice.

For your urgent
needs, either large

or small phone

PLYMOUTH (INDIANA) 33

JOHNIMECK' ummmmu&’a

DEEYE&]@W@ Dﬁﬂﬁ)m
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SLOW AND STEADY

manufacturer building
secret military apparatus called for a
small, compact electric motor that pro-
vided unfailing, uniform speed.
Since standard “off the shelf” gear motors
could not meet the strict performance

and design specification, the only solution

Recently, a

slow

was.a special motor.

Holtzer-Cabot motor development en-
gineers tackled the job and designed a
special synchronous gear motor that ex-

actly met all the operating conditions, ..
and another military device was on its
way to help win the war,

Today, Holtzer-Cabot is designing and
building special fractional HP motors for
war produets, only. However, our motor
development engineers, backed by over 50
years of experience in ‘eleciric motor de-
sign will gladly cooperate with you on
your motor requirements and problems
for post-war products.

SPECIAL MOTORS DESIGNED TO FIT THE APPLICATION

+«.WITH NO SPEED VARIATIONS

THE HOLTZER-CABOT ELECTRIC COMPANY .
Designers and Builders of Specidl Fractiohal AP Motors and Electrical Apparatus

125 Amory Street, Boston 17, Mass. Chicago, lll., New York, N. Y., Philadelphia, Pa.
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Sound ideas! On the drafting board . . . in practical engineer-

ing . . . in production “know-how”. These form a strong union

out of which come many Electro-Voice developments. And the

latest of these is the Model T-45 “Lip Mike” . . . a noise-cancell-
. ing Differential Microphone.

T T oy

MO 7)o e

The soundness of Electro-Voice design refinements will be even.
more effectively demonstrated in peacetime. We have grown
up with the field. We know its needs and its possibilities. You
may be sure that products born of Electro-Voice ideas will
perform a sound function.

g

Electro-Voice distributors are giving greater under-
standing to your requirements than ever before. If
your limited quantity needs can be filled by any of
our Standard Model Microphones, with or without
minor modifications, we suggest that you contact
your nearest radio parts distributor.

4DON'T WASTEMWASTEPAPER . . . TURN IT IN TO FIGHL FQR.QUR SIDE
. - z;g; y"‘“"

—

-%ice ELECTRO-VOICE MANUFACTURING €O., INC,
. . M I CQ OD HON ES 1239 South Bend Ave. * South Bend 24, Indiana

EXPORT DIVISION: 13 EAST 40th ST, 'SW YORK 16, N. Y. — U.S.A. CABLES: ARLAD
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details
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A MAJOR RESISTOR IMPROVEMENT

W
The outstanding superiority of Sprague Koolohnl‘:i‘a\ so lVI N G

Resistors in practically every important character-

istic could—and did—result only from an entirely PR o B l E M s

different engineering approach to basic prob-
lems—from the wire up. Research proved that o
the resistor was no better than the insulation on

the wire. Koolohm ceramic insulation applied to UNWIELDY SIZE
resistance wire permitted such valuable engi-

neering features that, in less than four years, these REDUCED WATTAGES
resistors have set higher standards of performance CHANGED VALUES

on hundreds of the most exacting applications.
Standard vunits include 5- to 150-watt power HIGH AMBIENTS

types, bobbin types and meter multipliers. Write MOUNTINGS
for Catalog— today!

SHORTS
SPRAGUE SPECIALTIES CO.

RESISTOR DIVISION
NORTH ADAMS, MASS.

e+ and many more!
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. . . New Federal Development ‘;
(>

Revolutionizes the Metal Rectifier!

at®

By the use of a simple CENTER CONIACT
Federal has achieved another “first” in
Selenium Rectifier development.

The result — remarkable new corrosicn
resistance and weather stamina adoed to
the important advantages already inherent
in Federal Selenium Rectifiers.

Ovtstanding among these advantages are
high efficiency over a wide range of load;
small size and light weight; adaptability to
wide ranges of temperatures, humidities and
atmospheric pressures— plus maintenance-

Federa! boitery chargers and power supplies,

free operation.
q . . . powered by Selenivm Rectifiers, have wide appli
CENTER CONTACT 1s ava"ab'e O"'y n cation in the fields of radio, telephone, telegraph,
Federal Selenium Rectifiers, first in the field avigion, railway signaling and wherever direct
current is required from an AC socrce.

and standard for industry.

Federal Telephone and Radio Corporation

% 7 Newark, N. J.

A
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TYPE 508 TRANSMITTER \

(Illustrated at right). Type 508 Transmitter as designed '

by AAC for Army Airwavs Communications Service. ;
T Power outpu: 450 watts ea:k. channel. Types of emission /
£ ‘ X A1, A2, A3 and FM teletypz=. Five channels can be oper-
4 / [ & ' ated simultaneously. Singl> or dual modulator can be
f z. - supplied.
=] E
g

1/

/

|
|

TIRCRAFT

PRECISION RADIO

Burbank, Calif. Kansas



Serving the AIR TRANSPORT COMMAND
Along Vital World-Wide Routes

HE Air Transport Command has become the greatest air transporta-
tion system in the world . . . delivering planes, materials and personnel

to the Allied forces everywhere! - "~

As ATC pilots fly the seven seas and girdle the earth they are served
by communications systems of which Aircraft Accesscries Transmitters
are an important part. These *508 units” are an outstanding example of
the engineering skill and production tempo of Aircraft Accessories. De-
signed specifically to performance requirements of Army Airways Com-
munications Service (AACS), which sets up and operates radio facilities
for the ATC, this equipment is now in operation at many of the wide-
spread world outposts maintained by AACS.

This type of AAC equipment can be readily adapted to immediate
use by other airlines. Deliveries can be made in remarkably short time,
if adequate priority ratings are available.

ELECTRONICS DIVISION “*iaxsas™
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L CCESSORIES /ORPORATION

and ELECTRONICS « ENGINEERED POWER CONTROLS
City, Kans. New York, NL Y. Cable Address: AACPRO




No. !

N TAPE sq. in-
q.

1700 tb. Per S )

N
UTSTAND
£ FIBRO

M
fensile strength—— 1000 VP

Low temper®

ation- o €. (60 <¢y€l

Dielect?

IRVINGTON for INSULATION

VARNISHED TUBING
VARNISHED RAYON
VARNISHED FIBERGLASS

EXTRUDED PLASTIC TUBING
INSULATING VARNISHES
VARNISHED PAPER
VARNISHED CAMBRIC
VARNISHED CANVAS AND DUCK OIL STOPS
VARNISHED AND PLASTIC WIRE MARKERS

ooy, |[RVINGTON VARNISH & INSULATOR COMPANY

Y 6 Argyle Terrace, Irvington 11, New Jersey, U. S. A.

) Plants at

g

TRADT &y, T MARK . A .. .
cusm Representatives in 20 Principal Cities

IRVINGTON

—40° C.
0 th- E o
pielectric s"e:‘ugre ﬂexibi\ny./i/soo/o ~ 400%

%
CY“eS)"’\':):b.Q%
7.6%

cles)—
o C. (69 <y _69%
ic Constant @3 0 kl\Of-Y“e)lsoo (o

VARNISHED SLOT INSULATION

lrvington, New Jersey and Hamilton, Ontario, Canada

THE

"“ALL-PURPOSE”

FOR INSULATING wires, cables and electrical
equipment . . . FOR PROTECTING electrical
wires and cables exposed to caustic or cor-
rosive fumes, oil, grease, acids, alkalies, or
moisture...FOR SPLICING cables with a contin-
uous, protective covering . . . FOR COVERING
exposed piping in chemical plants, equipment
exposed to moisture or severe atmospheric
cenditions.

These widely diversified applications of
FIBRON TAPE No. 1 are made possible by
its combination of outstanding electrical,
physical, and chemical properties. (See adja-
cent panel.) This flexible, elastic, ' Vinylite”*
resin tape is heat sealing, flame resistant, high
in dielectric strength, strong mechanically,
and highly resistant to oils, acids, alkalies,
moisture, and normal variations in tempera-
ture and climate.

FIBRON TAPE is a new addition to the
already extensive line of Irvington products.
It is offered with the usual guarantee that
applies toall Irvington Insulation — to protect
equipment in accordance with specifications.

Plan now to test the new FIBRON TAPE. A
generous sample will be sent on request —
without obligation. For further information
on FIBRON, or other IRVINGTON INSU-
LATION, write Dept. 106.

*Reg. Trade Mark—CARBIDE & CARBON CHEMICALS CORP.

INSULATION

@ 5582
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HEIGHT
FINDER

COMPUTER
DIRECTOR

The M9 GUN POINTER directs ack-uck fire with deadly
accuracy, operating on built-in CONSTANT VOLTAGE

i .

With amazing success on our far-
flung battle fronts the Army’s new
M9 gun pointer, operating on elec-
trical voltage controlled to minute
limits of fluctuation, directs shells to
their targets swiftly and surely, spell-
ing almost certain death to enemy
aircraft.

This uncanny accuracy in our im-
plements of war is a tribute to the
skill of America’s design engineers.
Their ingenious application of scien-
tific instruments and devices from
every known source has achieved an
exactness in modern warfare that
has left consternation and fear in
the hearts of our enemies.

Without Sora Constant Voltage
Transformers many of these achieve-

Constan

ments would not have been possible.
These automatic, self-protecting
transformers have been on the job
day and night. On the production
line, in research laboratories, even at
the battle fronts their important role
has been to iron out the peaks and
valleys of power fluctuations to the
very narrow voltage limits so essen-
tial to precision.

On countless drafting boards this
war-gained knowledge is already
being projected into new things for
the future. And here, as in the im-
plements of war, built-in Sora Con-
stant Voltage Transformers will
continue to provide safe, stable
operating voltages.

Sora Constant Voltage Trans-

” ormers

formers are available in standard’
units from 10VA to 15KVA for use
with any existing equipment where
voltage regulation is required. They
are fully automatic, with no moving
parts to get out of order. They re-
quire no manual supervision. Volt-
age fluctuations as great as 30% are
instantaneously reduced to the safe
operating voltages specified on the
label.

Custom built units of convenient
size and capacity can be designed as
a built-in part of any electronic
device or electrically :operated
equipment where narrow voltage
limitations are required. Sola engi-
neers are available for study of your
voltage problems.

v ot

To Manufacturers:
Built-in voltage control guaran-
tees the voltage called for on your
label. Consult our engineers on
details of design specifications.

Ask for Bulletin DCV-74

Transformers for: Constant Voltage « Cold Cathode Lighting » Mercury Lamps » Series Lighting » Fluorescent Lighting « X-Ray Equipment » Luminous Tube Signs

Qil Burner Ignition » Radio « Power « Controls *

ELECTRONICS — April 1944

Signal Systems ¢

Door Bells and Chimes « etc.

SOLA ELECTRIC €O., 2525 Clybourn Ave., Chicago 14, lil, -

45
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Mote than just sheet steel specialists. ours is an organiza-
tion where top emphasis is placed upon the men and
women responsible for designing and building our prod-
ucts. Working as a team, over a long stretch of years.
we’7e welded together a fine group of exacting, conscien-
tious artisans, supplemented by skilled replacements and
additions due to the war.

 —

We build cabinets, chassis, panels and racks for diversi-
tied electronic equipment . . . quickly, precisely, econom-
ically. The hundreds of different dies available will reduce
the zost of the dies needed on your job and may, in many
instances, eliminate die-cost entirely. Because of these
unique facilities, we manufacture to required specifica-
tions at the lowest possible cost, Moreover, we’ll go over
your plans with you...make recommendations if they
can be helpful...suggest means of expediting deliveries.
Briedly, ours is an extra pair of hands . . . offered willingly
as part of a firmly-established policy of unselfish service
to our clients.

Y T

\%

The services of a Karp engineer are avail-
able for a discussion of your problems.

T T 7

= ANY QUAETITJES—-ANY METAL— ANY SIZE — ANY FINISH

124 30th STREET » BROOKLYN 31, PANELS

i D

~TRE
E
=3
»
=
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mm«:m msm'mcx_, .. BUY MORE WA.B__EONDS
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Write Dept. 1—1, Ray-O-Vac Compony,
Madison 4, Wisconsin. Additional fac-
tories in Clinton, Mass., Lancoster, Ohio,
Sioux City, lowo.

BUY WAR STAMPS

FLASHLIGHT <« TELEPHONEe® LANTERN © HEARING AID * RADIO e IGNITiON s MULTIPLE
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BOTHERED BY VOLTAGE VARIATIONS?

HERE'S. HOW WEBSTER REGULATORS SOLVED
THIS PROBLEM IN VITAL MILITARY -APPLICATIONS

Ifvoltage variations interfere with your design objec-
tives, a Webster Carbon Pile Regulator may solve
your problem. Sturdy, compact, reliable, they with-
stand vibration, shock, moisture, salt spray. Some
designs are temperature compensated for minus 55
to plus 70 degrees C. ambient operating range. If
yoursis a highly rated war project, our engineers will
gladly study your application without obligation to
see if a Webster Regulator will do the job best. Please
include complete circuit data and operating speci-
fications with your inquiry.

THE HOW AND WHY
OF CARBON PILE REGULATORS

Webster Regulators function as illustrated at the
right. The carbon pile is under spring compression;
and this compression is more or less offset by the
magnetic attraction of the armature when the sole~
noid is energized. The result is a steep increase of pile
resistance at the critical voltage as illustrated. The
solenoid circuit requires from 2 to 15 volt-amperes
depending on the application. Maximum pile resist-
ances from approximately 14 ohm to 100 ohms are
available. The stable maximum control resistance
range for any particular pile is of the order of 20 to 1.
VR-2000 Regulators have a maximum pile dissipas
tion of about 25 watts. (213{” O.D., 47{;” high, wt.
214 1bs.) VR-2200 Regulators dissipate 100 watts
with adequate air blast, and up to 50-75 watts with-
out blast. (213(” O.D., 4%,” high, wt. 2 1b. 5 o02z.)

CARBON PILE

SPRING

g‘ ASSEMBLY
>

o=

L 3+IRON ARMATURE

.
SOLENOID

PRINCIPLE OF QPERATION

VR-2000
SERIES

PILE RESISTANCE

VR-2200
SERIES

SOLENOID VOLTAGE
RESISTANCE CHARACTERISTIC

it -

3825
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REGULATOR

A basic circuit for con-
stant voltage from a va-
riable voltage source. A
regulator of this type can
be added to practically
any reasonably constant
DC load provided the
apparatus can be ar-
ranged to operate on 85
to 90% of the minimum
line or battery voltage.

o

EGULATED OUTP
8510 9E*3105%

Tios

SERIES
i Compensation for vari-
able input voltage by
regulator-controlled ex-
citation of a compensat-
ing field in a special
dynamotor. Requires co-
ordinated dynamotor
and regulator design.

A method of regulating
the AC output voltage of
an alternator or inverter
by field control to com-
pensate for load or
source variations. Sole-
noid voltage obtained
from suitable rectifier.
Adaptable to existing ap-
paratus if sufficient field
excitation is available.

Method of controlling
high voltagerectifier out-
put. Regulator acts to
maintain constant bleed-
er current by automat-
ically adjusting field
excitation, thus hold-
ing voltage constant.

Webster Products also makes
Dynamotors, Generators, Inverters, Small Motors and Special Instruments

TO SPEED V-DAY BUY MORE WAR BONDS

EBSTER 2 PRODUCTS

CHICAGO 47, ILLINOIS

W. ARMITAGE AVE.

TRANS -
FOAMER

10
ALTER-
NATOR

HIGH VOLTAGE
RECTIFIER
@
@
m
m
o
mn
REGULATOR ¥
ro==y

TO ALTERNATOR FIELD
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‘ 2 Metals
can help you build TUBES

" LAST LONGER

MR. TUBE MANUFACTURER:

Are you striving for tubes of higher
ratings . . . or longer life . . . or
the two gualities in combination?
Famous, time-tested Driver-Harris
special redio metals will help you
achieve exacctly the properties you
seek. Here are a few D-H tuke
metals used by leading monufac-

turers:

(4lloy #14, Alloy #42, Alloy #52)
far mechanically strong and vac-
vum tight bonds with glass.

GRID SIDE RODS

Easily weided, notched, ‘and cut.
Embodies important characteristics
necesscry in grid side rods.

/ XIS |

i GRIDNIC*
PI__A]E Sﬂl? S ' A.se‘ries of alloys Yvith very law f:lect(on
o - - ’ . /i emission . . . e.sp'ECIG”V ?U|tob!e in_:tuf:)gs
3/ where back-emission is involvad. Wide
Nickel ard Nichrome.” Thin but i range of tensile strengths available.

rigid. Takes a tightly adhering heat
radiaticn coat.

e

FILAMENT WIRE

FILNIC™
Fine wire and ribon, wide rcnge of alloys avail-
able. Takes tightly adhering oxide ccat. Extra
care is taken in the spooling and packing, to keep
its properties unchanged in transit.

®
Spacial Purpose Alloys Other famous D-H tuke metals are cathode sleeving,
Since 1699 : support wires, metcl for socket prongs, special strip

imm,

for mica straps, fllament support springs. For com-

plete specifications, write
*Trade Mark Reg. U. 8. Pat. Off.

. : .
Di’l&’é/" -~ Iﬂf'?’l.f COWPIV

HARRISON, N. J.

BRANCHES <« ~CHICAGO + DETROIT =« CLEVELAND ] LOS ANGELES < SAN FRANCISCO - SEATTLE
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A jeep that goes< buckirg and chattering over a rccky, rutted roac—or
no road at all. A PT Boat smacking the waves at <5 knots . . . A battle-
ship whose broadsides seem to shake the encme! off the gunners' -eeth.

These are the oslaces whzre MYKROY is the 'perfe’ insulation for radio

and other elecirical equipment . . . because »KROY has mechanical

strength com=arable with that of cast iron. Un.der severe vibration or
shock MYERO™ will nct wars or crack or othemwbe yield to unbdance
the precise cdjustmen-s of the apparatus.

MYKROY will rot pass or dissipate the higher “requencies, owing to
its excegtional low-1ass characteristics. Its =bsorption factor is vir-
tually nil. 1- will stamc 1emperatures as higr as 1000° F. It >onds
and seals to mesal . . . is relatively light in weight and can be

machined to clos2 -olerances, as well as mchded.

Bring vs your insuvlating problems. Write for new ca-alog,
detailed informerior and quotations.

Mykroy is manufacturad exclusively by

70 CLIFTON BOULEVARD « CLIFTON, NEW JERSEY
Chicago 47: 1917 NO. SPRINGFIELD AVENUE . . TEL. Albany 4310

Export Office: 89 Broad Street, New York 4, N. Y,
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zhey are domg thelr ;ob 5uperbly w‘ell

alhcrafters employees are prou

take b z_n the design and production of rad:

hallll:raﬁers RADIO
=

BUY MORE BONDS!

THE HALLICRAFTERS CO.,, MANUFACTURERS OF RADIO AND ELECTRONIC EQUIPMENT, CHICAGO 16, U. S. A,
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" ELECTRONIC |
ENTERPRISES, INC.\

GENERAL OFFICES 85.67 SEVENTE AVENUE. NEWARK, 4, N. 4
EXPORT OIVISION 22 WARREN STRPET, NEW YORX, 7 NEW YORK

etails that
: 1’“’&0“ 4 s 8 ? P
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POWER RECTIFIERS—The E-E diversified line
of high vacuum and mercury vapor half and
full wave rectified tubes is capable of meet-
ing the most varied requirements. Long life
and high efficiency are emphasized through
electronic and engineering resourcefulness.
Inverse voltage flash-over, secondary emis-
sion and occluded gas difficulties are virtually
non-existant in these electronic components.
E-E engineering is not static—it is beamed to
the far horizons of ever wider applications.
These progressive engineering facilities are
available to you for collaboration relative to
present day problems or those looking to the
future. Inquiries are invited— no obligation.

Wustratian. of

Type 8020, Holf Woveé

High* Vacuum Rectifier
Peak Inverse Voltoge 40,000

Peok Plate Cusrent 0.5 Amp.

April 1944 — ELECTRONICS
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ALLEN B. DUMONT LABORATORIES,

(Zos 7o Do MOKT Lelose . .

YYPE 247 CATHODE-RAY OSCILLOGRAPH
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. This latest oscillograph facilitates the investiga-
tion of transient as well as recurrent phenomena
over a wide frequency range. And since a perma-
nent record of transient phenomena is usually
desirable, this instrument provides for such pho-
tographic recording by applying comparatively
high accelerating potentials o its cathoderay
tube. Furthermore, a new type of beam-control
circuit is incorporated.

' Literature

INC., FASSAIC, NE

Uses new Army-Navy preferred Type
SCP1 cathode-ray tube with intensifier
electrode operated at overall acceler-
ating potential of 3000 v. High-inten-
sity patterns. 5" dia. screen.

Medium-persistence green screcu,
standard. Also available with short-
persistence blue scréen Type SCPS
tube for high-speed photographic re-
cording. Or Type SCP2 long-persist-
ence green screen for visual observa-
tion of low-speed phenomena.

Vertical or Y-axis amplifier response
does not fall more than 10% below
the uniform value from 2 to 200,000
C.P.S. Sufficient gain for maximum
deflection factor of 0.05 r.m.s. volt
input signal for 1" deflection of beam,

Distortionless, continuously-variable
low-impedance attenuator or gain con-
trol. Stepped attenuator with ratios of
1:1, 10:1 and 100:1,

X-axis or horizontal amplifier accom-
modates signal produced by linear
time-base generator. Reasonably uni-
form response from d-c to 100,000
sinusoidal C.P.S. Signal amplitude of
0.5 v. r.ms. sufficient for deflection
of 1" through amplifier.

Recurrent, repetitive and single-sweep
operation of linear time-base gener-
ator. Continuously variable from 0.5
to 50,000 sawtooth cycles per second.
Single sweep of writing rates corre-
sponding to 0.5 to 10,000 cycles per
second.

Z amplifier channel for applying ex-
ternal signal to grid or modulating
electrode of cathode-ray tube.

Steel case. Black wrinkled finish. Cop-
per-finished steel chassis. Two carry-

ing handles. 14" w.; 19" h.; 26" d.
130 lbs.

The sweep frequency range has been extended.
The instrument may be used for observations on
low-speed machinery and for other low-frequency
signal functions—even down to Y2 cycle per sec-
ond. At the other extreme, the instrument handles
radio-frequency signals as high as 500 kilocycles.
The time-base has the necessary range to display
such signals properly. Also, the vertical amplifier
can satisfactorily accommodate them.

on request...

© ALLEN B. DUMONT LABORATORIES, INGC.

Cladhonces s

e e R
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MORE LOGICAL REASONS
FOR THE EXCELLENCE OF |

DeJUR POTENTIOMETERS

Basic mechanical design is rugged, compact and easily adapt-

able, providing efficiency and dependability.

2 Difficult applications in power and high frequency circuits are
met with ease. Resistance winding elements are germanently

close, smooth, and free from shorted out or irregular turns,

-~ 3 Excellent control as variable resistors in filament and plate

supply control units, and in tube voltage and circuit elements.

& Resistance element for heavy duty and heavy wott designs are
specially wound to set up better radiation conditions in the

H 3 component elements.

| A close tolerance held on full resistance value for regular pro-
f S °

duction units.

'4 6 Controlled resistance wire quality from ingot to final drawing
of wire sizes; resistance element is externally protected against

damage.

7 Internal multiple fingers contact arm design, and reduces

extraneous noises; assures a smooth operating rotation.

» & Terminal and mounting holes easily re-located for special

applications; terminals are heavily tinned for adaptability in ©®

subsequent circuit hook-up.

@ Electrical power ratings and the mechanical characteristics are

in accordance with National Electrical Manufacturers’ Associa-

tion standards.

ATTACK AGAIN AND AGAIN . .. BUY MORE WAR BONDS ... NOW

MANUFACTURERS OF De)UR METERS, RHEQSTATS, POTENTIOMETERS AND OTHER “PRECISION ELECTRONIC COMPONENTS e""
o &
SHELTON, CONNECTICUT

NEW YORK PLANT: o5 Hudson Street, New York 13, N.Y, ® (ANA DIAN SA[ES 0FF|(E' 560 King Street West, Toronto

@ De JurAmsco (orporation e
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SINCE 1897

TUDNKOF

ondada the World of Electronice
STUPAKOFF CERAMIC AND MANUFACTURlNG CO., LATROBE, PA.

TRANSMISSION
LINE PARTS

—

&

CONDENSER ﬂ'

PARTS n

n RESISTOR CASES
TUBES, SPOOLS AND o
CONDENSER SHAFTS ©

| S ET PN KO

- . ’
TUPAKOFF produces a | Q)MW combination of important

Zi

complete line of preci- (T N ) factors. They include the

sion made, ‘“radio grade” ‘ _LJ_S’JJ_’J r\_) K.S absolute control over raw

. insulators, made of Steatite L e materials, modern manufac-
and other ceramic materials. turing facilities equipped
Stupakoff insulators are subjected to with precision tools, correct engineer-

ing, and most important of all, the

J’I

the most severe laboratory and field \\
\¥

tests, to assure their unfailing per- j\\ e % invaluable experience and knowledge
formance in actual service. \\= BB gained through years of producing

The dependability of Stupakoff ir 708 oReAr ceramic insulators. This experience is
. . ACHI MENT™ .
Ceramic Insulators is the result of a i available to you upon request.

Let’s All Back The Attack—Buy More War Bonds

P S — -

L STUPAKOFF CERAMIC AND MANUFACTURING Co., I.A'I'ROBE PA. 3
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’I;ese Gammatron tubes are being submitted
to an exhaust process so severe that only tubes

made with tantalum elements can withstand it.
They are “cooking” at 3,000° F, running at this
temperature from 30 to 40 minutes. At the same
time they are being pumped to create a vacuum
equal to one ten-billionth of atmospheric pres-
sure...the best commercial vacuum obtainable.

Heintz and Kaufman Ltd. has perfected such
a rigorous pumping process to protect Gamma-
tron tubes from filament bombardment. If m'any
gas molecules remain in an evacuated tube, elec-
trons traveling from the filament to the plate
strike these molecules and ionize them. These
ions, being positive, dart toward the filament,
hitting with such force they strip the filament

ELECTRONICS — April 1944

of its coating. This action, termed filament bom-
bardment, materially shortens the life of a tube.

The severity of the Heintz and Kaufman ex-
hausting process assures superior protection
against filament bombardment, and thus adds to
the operating life of all Gammatrons.

(*Practically, but not precisely true. Even at 0000000001 of
atmospheric pressure, there are two billion gas molecules 1o the cubic
centimeter of evacuated space.)

HEINTZ ano KAUFMAN .1D.

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

e

@WW\\ Tubes

FOR VICTORY AND SECURITY BUY WAR BONDS
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Radio Receptor Equipment — the HEART of

Your Airpor

56

At the world’s largest and most. modern civilian airports —
Washington’s National Airport, LaGuardia Airport and others
—RADIO RECEPTOR airport traffic control radio equipment
aids daily in controlling the arrival and departure of countless
great airliners on their scheduled trips.

Along the far-flung skyways of the Army Air Forces—110,000
miles in length — RADIO RECEPTOR equipment serves the
needs of our armed forces in moving men and materiel to all
parts of the globe.

. though still in the project stage can also procure RADIO
RECEPTOR’S reliable airport radio of the same superior type
as supplied to the major civil airports and to the military,
adapted to your special requirements. But, you must plan now—
manufacturing facilities may be overtaxed when Victory comes.

Send for your Airport Radio Questionnaire—answer ten simple questions
—and we will be in a position to advise you—no obligation. If you are
interested in any way in a community airport, we shall be glad to aid
you. Address, Desk E-4.

RADIO RECEPTOR CO., INC.

23} WEST 19th STREET NEW YORK 11, N. ¥

Engineers and Manufacturers of Airway and Airport Radio Equipment
SINCE 1922 IN RADIO AND ELECTRONICS

the AIRPORT

{unnssuns
x

SIGNAL CORPS PHOTO

Awarded for Airport Traffic Control
Meritorious Tower somewhere along
Service on the ;

Production the lines of the Army

Front Air Forces.
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Yesterday wouldn’t get much

TOMORROW

Yesterday's radio would fall far short of doing justice to today’s
broadcasts. Few of us would have the patience to fool around with
numerous dials to keep a station tuned in properly. Improved Elec-
trical Insulating Materials have made an important contribution to the
performance of today's radios, whether in use by our Armed Forces
or by civilians.

The C-D Laboratory has made it unnecessary for Electrical and
Design Engineers to “fool around” experimenting with numerous types
of electrical insulating materials. C-D has developed grades and
types of electrical insulating materials to meet specific and special
problems. The “know-how" accumulated through solving thousands of
electrical insulating problems is at your disposal to help you solve
the question “What Insulating Material 2"

CC-13

of a reception TODAY

POWER FACTOR VALUES IN
DILECTO Laminated Phenolics™

Power factor may be considered an indication
of the stability of the insulating material in ques-
tion or a check of the uniformity of specimens. In
some cases it is desirable to have low power fac-
tor, while in others it is not so important. In all
cases, however, it is a useful means to indicate
purity of composition and useful life under elec-
trical stresses, as well as the efficiency of the

insulator.

POWER FACTORS FOR STANDARD
DILECTO GRADES

GBZ T T T I
\XXP I | Power Factor
XXX P22 | Perpendicular to
XKP 22z 277 Laminations
XX P 77 at 10° cycles |
| somommminizess. e i
Y inch sheet

(N vcenseomsssosssonrrts) i

e _
0 005 0030 0045 0060 0075 0.09% 0.105

One of the standard test methods for power fac-
tor is called the “Resonant Circuit; Resistance
Variation Method.” Measurements are at 106 cy-
cles per second. Equipment consists of a stable
high-frequency generator, a vacuum tube volt-
meter, decade resistors and a standard precision-
type variable air condenser. Below, Mr. Freed is

seen operating this equipment.

* Excerpts from an article on POWER FACTOR TESTS by
J. R. Freed of the Continental-Diomond Laboratory Staff.
A copy of the complete article will be sent on request.

CW@W=DW@W FIBRE COMPANY

M
Established 1895 . . Manufacturers of Laminated Plastics since 1911 — NEWARJK « DELAWARE
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SNUB TEST

Proves non-fray feature
of new BH Fiberglas
Sleeving

’ i New, BH Extra Flexible Fiberglas Sleeving will

| not fray, even under severe conditions. You can
prove this right at your desk. It’s easy as snub-
bing out a cigarette. Here’s how:

Write us for a sample of BH Extra Flexible
Fiberglas Sleeving equal in size to the saturated
sleeving you use now.

Hold short pieces of both BH Fiberglas Sleev-
ing and the usual saturated sleeving between your
thumb and index finger, and snub the ends of
both sleevings against your desk, similar to the
way you would snub out a cigarette. Do this five
to ten times, pressing hard.

BH Flexible Fiberglas Sleeving will spread
slightly under this pressure, may fuzz a little, but
will not fray. The usual saturated sleeving will
| break down at the edges and separate.

Continued snubbing will not noticeably affect
the BH Extra Flexible Fiberglas Sleeving, whereas
the saturated sleeving will readily unravel and
become progressively worse.

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

The new BH Extra Flexible Fiberglas Sleeving is

| woven from the choicest continuous-filament Fi-

berglas yarns. It possesses high dielectric strength,

is water-resistant and, like all BH Sleeving and
Tubing—is non-inflammable.

All sizes from No. 20 to 54”, inclusive, are avail-

able. Write for samples of this radically new and

different sleeving today—in the sizes you desire.

THIS-NOT THIS Seeing is believing! Bentley, Harris Manufactur-
ing Co., Dept. E, Conshohocken, Pa.

NON-BURNING IMPREGNATED MAGNETO TUBING « NON-BURNING FLEXIBLE

yA.?:N‘lSH,ED TUBING OISATURATED AND NON-SATURATED SLEEVING

PROQUCTS

e

e

<= BENTLEY, HARRIS MANUFACTURING CO.

Conshohocken, Penna.
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® When American planes concentrate ever a targef: the
total of Amphenol aircraft and communications electrical
parts in that area runs into the hundreds of thousands.

Such quantities suggest mass production . . . but two
factors in Amphenol production are even more important
than volume—(1) the highest precision attainable with
modern equipment—(2) complete range of required types
in all sizes. Only after these come the speed and savings
of mass production.

Primarily, this is Amphenol’s war achievement . . . but it
is also a peacetime preparation in that it offers extraor-
dinary facilities, for quantity, quality and engineering co-
operation when the time comes.

Meanwhile many of these parts are -available under
proper priorities for current demands.

AMERICAN PHENOLIC CORPORATION
a = ~ Chicago 50, Illinols

- COMPLEE [L1A SHEETS AVATLABLE

of AVIATION

<

e
ST~
e

Request by Section Letter

AN-and 97 Connectors
{Section A)
Special Connectors
~ {Seciion Al)
Conduit Fittings
{Section B)
Amcraft Electrical Conduit
(S=ttion B1)
Special Tools
(Section C)
H.F.Tronsmission Lines and Equipment

-~ {Section D)
British Connectors
~ {Section E)

Rudio Parts & Accessories
[Section F)
Synthetics: For Electronics
{Section G)




CAN YOU SEE THE (fzcalilss

Where do you find quality in wire? In the metal itself?
... the insulation?...the sheathing or finish that the
eye can see?...or the way they are put together? No,
in Roebling Electrical Wires and Cables quality is the
sum total of all of these —a result of wire specialization.

Your products can benefit from this quality. In the
war equipment of today, performance takes priority.
With return to peaceful times, performance will still
be building reputations again. The reliability and in-
tegrity that have always characterized Roebling elec-
trical conductors back up the quality of any product
you make that uses wire.

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

PACEMAKER IN
WIRE PRODUCTS

WIRE ROPE AND STRAND ¢ FITTINGS ¢ AERIAL WIRE ROPE SYSTEMS ¢ COLD ROLLED STRP ¢ ROUND AND SHAPED WIRE
AIRCORD, SWAGED TERMINALS AND ASSEMBLIES =+  SUSPENSION BRIDGES AND CABLES - ELECTRICAL WIRES AND CABLES
WIRE CLOTH AND NETTING <+« HIGH AND LOW CARBON ACID AND BASIC OPEN HEARTH STEELS

50 April 1944 — ELECTRONICS
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Pﬂ@KER | sets the pace

R - ra Y
The radiographic inspection operation described here is one of
many being conducted routinely in electrenic tube plants, and
employing Picker 150 KV X-Ray Units, either stationary or mobile.
Picker builds industrial X-Ray equipment in ﬁldny models and
capacities for every phase of industrial x-ray . . . radiography,
fluoroscopy, and diffractien

Branches in principal cities throughout the country. A Picker
engineer near of hand will always be glad to discuss with
you the application of x-tay to your owm inspection problems.

@

ELECTRONICS — April 1944

PICKER X«RAY corporation
300 FOURTH AVENUE « NEW YORK 10, N. Y.
WAITE MANUFACTURING DIVISION, CLEVELAND, OHIO

hidden within

1/2” copper walis..yef

cation of non-destruc-
tive X-Ray inspectjon to the kind of tough
problem which it alone can solve satisfactorily.
An extremely complex grid-filament structure
hidden deep within heavy copper tube walls
... yet X-Ray demonstrates, with precision, cer-
tainty and speed, any error in alignment and
sealing of elements, broken connections or any
of dozens of other faults which could otherwise
escape detection until too late. Moreover, in
doing all this, industrial radiography provides
a permanent, visible check record at a cost

‘well in line with routine production inspection,

P
( ‘,‘-\;,’F.'y
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METALLIC

HE KEY to many a new industrial de-
velopment is frequently the right appli-
cation of AC to DC Power Conversion. At the
heart of many of today's electrical marvels is
a.BL Metallic Rectifier. Equipment designs once
believed impossible or impractical are now in

common daily operation rendering efficient,
dependable service.

Are you working on any ideas involving DC
Power Supplies, Metaltic Rectifiers, or Conver-
sion Assemblies? Our Engineers' experience in
solving many such problems is at your service.
Use it! There is no obligation.

Writefor Bullet:nNo 93 giving detailson B-L Metallic Rectifiers.

THE BENWOOD LINZE COMPANY «ST.LOUIS 3,MO.

Designers and manufacturers of Copper Sulphide and Selenium. Rectifiers,
Battery Chargers, and D.C. Power Supplies for practically every requirement.

62
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“Cat’s head,”” they call it. The core is Phenol
Fibre— to eliminate moisture absorption and
to increase dielectric strength. But because
an electric arc will not carbonize Vulcanized
Fibre. the front and back of the Cat’s head
are made of Vulcanized Fibre.

PLASTICS for post-war planning

a

While there is still a war to be won, your principal concern, as well as ours, is to pro-
duce products that will speed victory. We are all giving our maximum attention and
production-capacity to that vitally important objective.

But even the most pessimistic will agree that it is not too soon to plan and think for
the post-war reconstruction period. Peace will dawn with the suddenness of a raised
curtain and only those who are prepared for it will be able to swing into profitable,
peace-time production with the minimum delay.

Figuring prominently in many a pro fitable, peace-lime venture will be the intelligent
use of Vulcanized Fibre and Phenol Fibre. In the design, application, and production
of such products, Taylor Fibre is unsurpassed, thanks to Taylor’s Verifibre Process
in which quality is controlled step by step, from raw materials to finished product, in
the industry’s most modern plant.

Now-—before the curtain goes up on a bright, new world, discuss your.post-war plans
with our engineers. Now is the time to Take it to Taylor.

TAYLOR FIBRE COMPANTY

NORRISTOWN, PENNSYLVANIA » OFFICES [N PRINCIPAL CITIES * PACIFIC COAST HEADQUARTERS: 544 5. SAK PEDRU 'STREET, 10S ANGELES

LAMINATED PLASTICS: VULCANIZED FIBRE - PHENOL FIBRE - SHEETS, RODS, TUBES, and FABRICATED PARTS

ELECTRONICS — April 1944
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MAINTAINED CAPACITANCE

over temperature range between

Type K compensating capacitors are sup-
plied only in low-loss {yellow) XM bake-
lite cases. Sealed for immersion.

Available in limited range of capaci-
fances and voltage ratings as listed in la-
est catalog.

Obtainable in any temperature co-effi-
cient from —.005% fo +.005% per de-
gree C. over temperature range from
—40° C. 1o }-70° C.

Standard folerance is plus/minus 5%.
Closer ftolerances obtainable at extra
cost. Minimum tolerance available is
plus/minus 2% or 2 mmt., whichever is
greater.

Can be used to correct normally posi-
tive temperature co-efficient of induc-
tances for maintenance of constant L.-C
products (resonant frequency) of tuned
circuits independent of temperature.

Export: 13 E. 40 ST., New YoRX 16, N. Y.

@ Zero temperature co-efficient capac-
ifors can be used wherever a capac-
ifance independent of temperature is
required. Furthermore, since Aero-
vox Type K compensating capacitors
are also available in any temperature
co-efficient from —.005% to 4.005%
per degree C., various circuits can be
developed or refined to utilize the
negative, zero or positive tempera-
ture co-efficients of such compensat-
ing capacitance. Examples:

One suggested application is as a
shunt for the measurement of r.f. cur-
rents with a vacuum-tube voltmeter
as the indicating instrument.

Compensating capacitors may be

used in radio range beacons where it
is essential to maintain uniform cur-
rents both in magnitude and phase
relationship simultaneously in sev-
eral circuits, regardless of wide tem-
perature changes.

By the use of compensating capac-
itors it is feasible to obtain oscillator
frequency stability comparable with
that obtained from quartz crystals,
and with marked economies in
weight, space, cost.

Therefore, when you face the prob-
lem of maintaining constant opera-
tional characteristics despite temper-
ature variations, just specify Aerovox
Type K compensating capacitors.

@ WRITE FOR LITERATURE...

Aerovox Type K compensating capacitor curves, technical
details and listings, are included in the new Aerovox Capaci-
tor Manual. Write on your business stationery, for your copy.

<o,
B R
P

Cable: ‘ARLAB’ -

¢ s
¢ ]

ALLY TEST

SALES OFFICES IN ALL PRINCIPAL CITIES

In Canada: AEROVOX CANADA LTD., HamiLTon, ONT.
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BONDED RUBBER

Shear Type

Depend Upon Specialists in Vibration Control

“Engineered Protection” against the disastrous effects
of shock and vibration for all types of equipment
involves only:

T
A )
C&
Bea l/ 1. Provision in your designs for the use of
: f flexible mountings.
2. Selection of mountings which are of the
proper type,size,deflection,and load rating.

3. The correct positioning of the mountings
in relation to the direction of the dis-
turbing forces.

Lord Shear-Type Mountings fulfill the requirements
of Engineered Protection. They are the resule of 20

years’ specialization in the design and production of H
% bonded rubl(oier-to-;netabl products. Lord Mountings .
are produced in a few basic shapes, but in a multi- MOUNTINGS ON INDUSTRIAL EQUIPMENT
M?Egg;:%LELE;?T:,?:LCORCSNggo)LS plicity of sizes, to cover any loading from 1, 1b. to  (ASSEMBLY BY MARION STEAM SHOVEL CO.}

thousands of pounds, with deflection ratings from ;

1/16" to V%"'. Vibration Isolation efficiencies from
75% to 85% are commonly obtained, and up to
97% in the case of equipment operating at very
high frequencies.

The use of flexible mountings will prolong
equipment life, lower maintenance cost, insure ac-
curacy of operation, reduce weights by eliminating
necessity for inertia masses, and cut down noise by
breaking up metallic paths for sound travel. The
illustrations show a few applications of widely
varied types, all of which fulfill in detail cthe
requirements of, and have gained the benefits of,
engineered protection.

/ For complete information covering all Lord o
e oo Mountings, as well as engineering discussion on ToTNTeRCR S SUNENENGINES
vibration control, write for Bulletins 103 and 104.
INDIVIDUAL METER MOUNTING ’ ) (ENGINE BY KERMATH)

Let’s All Back The Attack _
BUY WAR BONDS

IT TAKES RUBBER 9“ Séewz TO ABSORB VIBRATION

LORD MANUFACTURING COMPANY

ERIE, PENNSYLVANIA

SALES REPRESENTATIVES
NEW YORK - - 28O0 MADISON AVE.
CHICAGO - 520 N. MICHIGAN AVE.
DETROIT - - 7310 WOODWARD AVE.
BURBANK, CAL. - 245 E. OLIVE AVE.
CANADIAN REPRESENTAYTIVES

RAILWAY & POWER ENGINEERING CORP., LYD.
TORONTO, CANADA

(0 Origimators of Shear Type Bonded Rubber Mo_unti-ngrs_'-T:
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ODAY, the entire output of Bliley Crystal Units is directed to vital
communications equipment for war purposes. When the United Nations
win the last battle, as they most certainly will, the fruits of increased engi-
neering knowledge, expanded facilitiesand improved production technique,
will be available to a peace time world . . . a new world of greater human
comfort through applied engineering and science.

In this new world, Bliley Crystals will take their rightful place with their
pre-war record of dependability, accuracy and user acceptance. Not counting
applications covered by war time secrecy necessities, there will be Bliley
Precision-made Crystals for diathermy, ultrasonic generators, pressure
gauges, carrier-current communications systems, radio frequency filters, and
precision interval timers. And, of course, in greater quantities than ever be-
fore, frequency controlling crystal units for all radio communication necessi-
ties, F. M. or A. M., fixed, portable, mobile or air borne. As always, Bliley
Engineers are ready to extend their assistance to you . . . call on them freely.

Let’s All Back The Attack— BUY MORE W 4R BONDS

b6 : April 1944 — ELECTRONICS
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commumcahons from |

NEW MELROY

ELECTRONIC CODE TAPE PERFORATOR PFR-443-A

Every ship and every marine station should and probably will, eventually, be equipped with

perforator and transmiiter.

Marine radiotelegraph communications were given a substantial boost in efficiency when
Ted McElroy perfected the McElroy Code Tape Perforator PFR-443. This new model. .. the
PFR-443-A...represents an even greater advancement in reducing the human margin of error.
Entirely mechanical, the PFR-443-A comprises two units: The Keying Unit which is made up
of an assembly of two keys. the space bar and punching mechanism: plus the Electronic
Unit which relieves the keying contacts of high current and voltage. and provides for utmost

ease in operation.

Operation of the PFR-443-A is similar to a semi-automatic ("bug”) key excepting that the
transmission of dots and dashes is automatic. A light touch actuates the punching mechanism
for as leng as either the key or space bar is depressed. Experienced operators can main-
tain, with ease. an accurate speed of more than 40 words per minute . . . in all Morse com-
binations assigned to the Russian, Turkish. Greek. Arabic and Japanese dlphabets and
languages, which are not found on the keyboards of standard perforators manufactured in
the United States and Great Britain. Write for additiona! informatien.

MANUFACTURING
CORPORATION KEEP IT UP...BUY MORE
o ¢ 6 o o o AND MORE WAR BONDS

82 BROOKLINE AVENUE
BOSTON, MASS.

Mctlroy engineers never imitate. ..never copy
We CREATE...DESIGN...BUILD

ELECTRONICS — April 1944 87



‘When Voltage
Must Walk The

"STRAIGHT |

L 3

USE THE

FOR ANY COMMERCIAL OR AIRCRAFT
FREQUENCY, VOLTAGES UP TO 480

The type 'RH" Transtat was developed trols without circuit interruption is further re-

for electronic applications where voltage must fined by Vernier type actuation and innova-
be continuously adjustable in minute fractional- tions in the core, coil and commutator con-
volt increments, or line fluctuations must have struction.

instant and accurate compensation. In achiev- if you wish improved efficiency and wider lati-
ing such results, these regulators sacrifice tude in designing your electrical apparatus,
neither high electrical efficiency nor extreme consider the advantages of the compact, light-
compactness. weight *RH"" Transtat as a component. Write

Like other Transtats, this is a highly efficient for Bulletin 51-2E.
transformer type regulator that does not distort

wave form or interfere with radio reception. THE AMERICAN TRANSFORMER COMPANY

The velvety smooth Transtat system that con- 178 EMMET STREET NEWARK 5, N. J.

Pioneer Manufacturers
of Transformers, Reactors
and Rectifiers for Electronics
and Power Transmission

68 April 1944 — ELECTRONICS



G-E MYCALEX—THE HIGH-FREQUENCY INSULATION
WITH A THOUSAND AND ONE USES

Dot be surprised where you find
G-E mycalex. This outstanding, high-
frequency insulating material has a
thousand and one applications, Con-
sider the important properties it has.

High dielectric strength—low power
factor — prolonged resistance to elec-
tric arcs—ready anchorage of metallic
inserts within the body of the material
during the molding operation.

These are but a few of the reasons
why G-E mycalex has bheen for more
than 21 years helping to solve the
toughest insulation problems.

More and more manufacturers to-
day are using G-E mycalex fabricated
to their own specifications. There are

-specialists in fabrication who can serve

you right now.

If you want a list of these fabricators
— a free sample of G-E mycalex and
a copy of the data bulletin, “G-E
Compression-Molded Mycalex”-—
please fill out the coupon.

Remember, when you choose G-E
mycalex, you get the full benefit of
General Electric’s unequaled experi-
ence in the application of this amazing
material. . . . General Electric,

Schenectady, N. Y.

TUNE IN General Electric’s “The World Today"
and hear news from men who see it happen,
every evening except Sunday at 6:45 E.W.T.
over CBS. On Sunday evening listen to the G-E
“All-Gir]l Orchestra™ at 10 E.W.T. over NBC.

:/\
FREE 5
G-E MYCALEX o
BULLETIN &
--------- i\
i\ |
ELECTRONICS \‘\R‘J [
DEPARTMENT |
\ AC
GENERAL \ .u“,“v) |

ELECTRIC €CO. | =
Schenectady, N. Y. =

Please send a free sample of G-E
mycalex and your descriptive booklet ex-
plaining the methods and tools to use
for machining G-E mycalex.

G-E mycalex, check here.........

Name
Company_

|

|

|

|

|

(If you wish a list of fabricators of I
|

|

I

Address I
|

|

v 21 vers ot syt epaione 1o sewene ot 0y GIENERAL @ ELECTRIC
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Here is a Frequency Meter
that drives a Recorder without need

!

for Auxiliary Amplifiers |

The 0/’8/(«’0

Direct Reading Frequency Meter
8 Ranges: 0 to 50,000 Cycles

This new NORELCO instrument is an accurate, sensitive and
versatile tool for laboratory or factory, adaptable to many regular or

special uses and capable of directly driving standard 5 milli-

ampere recorders. Easy to Use-—The new NORELCO

P meter
Both the meter and recorder (when one is in use) are pro- 2 T i Gn R
‘ o ) oak cabinet (main illustration) or for
tected against overload by a sensitive relay which operates standard rack mounting and can be

instantly in case a frequency higher than maximum reading used with standard $MA recorders.

of range in use is applied to input. Easy toRead — The
direct reading
fealure throughout
the eight ranges,
from 0 to 50,000
cyvcles facilitates
measurements, par-
ticularly by un-
skilled operators.

hreleo.

NORTH AMERICAN PHILIPS COMPANY, INC.
Executive Oflices: 100 East 42nd Street, New York 17, New York

Factories in Dobbs Ferrv, New York; Mount Vernon, New York
(Metalix Division); Lewiston, Maine (Elmet Division)
Represeuted in Canada by Electrical Trading Co., Ltd., Montreal

Write for complete information on this new meter, so
that you may be able to decide for voursell its true
value in your own plant.

For Army and Navy communications we make Quartz
Oscillator Plates; Amplifier, Transmitting, Rectifier
and Cathode Ray Tubes. For war industries we make
Searchray (X-ray) apparatus, X-ray Diffraction Ap-
paratus; Electronic Measuring Instruments; Direct
Reading Frequency Meters; High Frequency lleat-
ing Equipment; Tungsten and Molybdenum
products: Fine Wire in many metals and vari-
ous finishes; Diamnond Dies.

And for Victory we say: Buy More War Bonds!

April 1944 — ELECTRONICS
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\  Army-Navy "E" : OUT OF TODAY'S RESEARCH
\ First Awarded Iu[y 27. 1942 o= |
Second Award: “Star” Februa.ry
13, 1943 o2 o
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25, 1943 - f,‘ X TRADE MADN REGIITERID U 3. PATENY OFFICE

A TO-MORROW IS ENGINEERED

— ; f _ -c-,—'q-—..“-'-tra-_.. %

STEATITE CERAMIC INSULATORS

CHARACTERISTICS TAILORED 70 YOUR REQUIREMENTS
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American Phillips Screws are saving an average of 509, of war-production
assembly time for two reasons:
1. Faster Driving Methods. The snug fit between the Phillips bit point and
the tapered Phillips recess prevents the driver from slipping out of the recess,
and permits change-over to electric and pneumatic driving, greatly decreasing
the driving time over the slower hand-driving method.
2. No Spoiled Work. The non-slipping feature eliminates spoiled work and
lost-time accidents. Every screw is driven up straight and tight.

oy
g W . ——h . . -,
QVER ch“‘n RECESS These substantial savings in time and materials make American Phillips Screws
A . g Qg
“_w\\lc““\u? peRE the fastest method of war production screwdriving under any conditions. And when
\ . . . .
of ¥ we retutn to peacetime production, these savings will lower the over-all

cost of screw-driving assembly.

AMERICAN SCREW COMPANY
PROVIDENCE 1, RHODE ISLAND
Detroit 2: 502 Stephenson Building

A. American Phillips Ma-
chine Screws.

B. American Phillips Wood
Screws.

American Screw Com-
pany manufactures a
complete line of Phil-

lips Recessed Head.
Screws, in a full range
of sizes, and with al}
styles of heads.

D €. American Phillips Hard-
ened Self-Tapping Sheet
Meta] Screws.

P. American Phillips Stove
Bolts.

Put the Screws on the Axis... BUY WAR BONDS!
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Hepplewhite won fame on design alone. Others could use
equally good wood and cut just as good dowels and dovetails.
But in today’s competition you can and must back better design
with superior materials tailored to the function of your products.

Chemicals have been tiailored into dozens of plastics and each
like Formica laminated plastic into many grades with differing
properties which make them exceptional for specialized use.

The strength, machineability, dielectric properties, stability of
dimensions, moisture and acid resistence of Formica have caused
its wide application in communications and other electrical uses.
Now is the time to inquire about the interesting properties recent
Formica research makes available for your post war products.

THE FORMICA INSULATION COMPANY
4661 Spring Grove Avenue
CINCINNATI 32, OHIO

ELECTRONICS — April 1944 n



The world
may be
shrinking—

Right now, in action on ships and planes and
vehicles, there are radio and electronic applica-

tions that were vague dreams a few short years
ago. They were built for war, but their principles
promise new products and refinements to enrich
the peace that follows.

It has been Delco Radio’s privilege to work
closely with Army and Navy engineers in ex-
ploring the possibilities of radio and electronic
equipment. Many problems of design have been
solved through cooperative research—many
problems of production overcome by Delco
Radio’s experience as a large manufacturer of
precision radio instruments. From laboratory to
drawing board to production line, Delco Radio
has been in on the job of making electronics

74

BUT THERE’S
A LOT MORE

practical for mobile artillery, tanks, aircraft,
ships and field units.

This accumulated experience is a reservoir of
technical knowledge that will add a lot to the
world of tomorrow.

Put your dollars *‘in action”’
BUY MORE WAR BONDS

DIVISION OF :

GENERALOTORS

F 4

AP
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Climatic eanditions, under which various communi-
cations equipments are operated, vary from the
sub-zero temperatures of the northeramost climates
to the trosical temperatures encoumtered at the
equator. Conditions of humidity covar the extreme
range; from the dry arid regions of the many
deserts, to the almost 1009, humidity in tropical

and sub-trapical atolls.

It has been ths problem of Sangamc engineers to

design and produce capacitors that perform faith-

fully under these varying conditions, and so assure

vitally needed communications at all timas.

The wide variety of capacitors illusirated insures
the availab lity of the proper unit fcr almost any

mica capadator requirement.

SANGAMO ELECTRIC
COMPANY

SPRINGFIELD, ILLINOIS




‘midget

but it does MGHTY job!

This little Smooth Power motor weighs
less than two pounds, but it does some
mighty important work. On many {fronts,
the vital job of maintaining communica-
tions between our fighting forces is helped
by this little motor.

It comes from a long line of Smooth
Power motors, that for years have been
driving such mechanisms as tape recorders,
record changers, turntables, motion displays
and such devices. Where smooth starting,
quick pick-up and velvety running are prime

ENERAL

NDUSTRIES
COMPANY

PRODUCTS

requirements, you're quite likely to find
Smooth Power motors on the job.

But, we know that many new peacetime
products which are now on the drafting
boards or in experimental changes will need
small motors. We’d like to know more about
these, to see if more work can’t be found
for our Smooth Power motors in homes,
commerce and industry.

If you’re planning such products . . . or
if you are thinking about other postwar
developments involving comparatively small
electrical or mechanical devices, perhaps
we can help you. We’ve a plant that is com-
pletely equipped for such work. While we’re
busy right now on War demands, we like to
think about keeping busy in the future...
and we’d like to have you think about us, too.

THE GENERAL INDUSTRIES COMPANY
Elyria Ohio
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Combination Tube
and Set Testers

/Mulllhois"rs.
Electronle Voltmeters
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ability and ease of operation of Supreme Instru-
monts and Meters, assured by Supreme’s 15
years ol experience.

Supreme Radio Testing

Ecuipment Keeps Com-

munications Open.

2 r Cathode Ray
SUPREME Id#STRUMENTS CDRP. Oscifleagraphs Signal
GREENWOED, HisSISSIPPI, U.'S. A, Generators




No. 1 of a Series Based on the Role of Insl-x
In War and Peace

[N PROTECTION

i

Our forces in the Pacific fight more
than just Japs. Tropical humidity and
fungus "go together" but destructive

fungus and vital radio equipment do not.

To help our forces lick fungus, Insl-x
engineers have developed the premier
moisture proofing, fungus resisting over-
all treatment for electtical equipment.
The toxicant used i:\ Insl-x No. 25 far
exceeds government specifications, yet

is non-toxic to humans.

Insl-x engineers are now at work de-
veloping new ingulating coatings to help
speed victory—but always with a mind

to improving post-war living.

Write for Literature

THE INSL-X CO., Inc.
Dept. EL 857 Meeker Avenue, Brooklyn, N. Y.

@ Exceeds government spécifications for fungus

NAL GORPS SPEG. ?1'2202A resistance by several hundred per cent.

Equally potent in killing higher bacterial

APPROVED UNDER SIG

s forms.
# @ Non-Toxic to humans — Official tests
show Insl-x will not cause Dermatitis.
) ; @ Moisture proof {wet di-electric strength over
500 v/m). :

@ Extra fast drying at room temperature. “Tack
NT COA.“NG FOR OVER- free” in less than 15 minutes. Hard in less

MOISTURE & FUNGUS RESISTAED GROUND EQUIPMENT thav an_ hour.

@ Adaptable for use on other types of equip- .
ment.

ALL TREATMENT OF ASSEMBL

April 1944 — ELECTRONICS



COMMUNICATION
MEASUREMENTS
LABORATORY

Rotobridge - Electronic Generators- Power Supply Units
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. Because it is a resistor, Thyrite*
obeys Ohm’s law—but its resistance
varies with change in applied voltage
(I varies as E*).

Perhaps you will find Thyrite useful
in solving some of your special circuit
problems. Or perhaps you’ll find the
answer in our wide line of standard
enameled units.

Widely used throughout the elec-
trical and electronics industries, G-E
resistors are typical of the great variety
of standard and special G-E compo-
nents that are available to manu-

facturers of electronic equipment.
*Reg. U. S. Pat. Off.

#

&

Each type of G-E*electronic compo-
nent is designed by specialists in that
particular field. Help in selecting those
best suited to your requirements is
readily available from qualified G-E
representatives. Located in. principal
cities throughout the United ;States,
these men can help you co-ordinate
purchasing, and expedite procure-
ment. sy

Before ordering or specif};ng elec-
tronic components, find out-what G.E.
has to offer—by calling in the nearest
G-E representative. General Elec"tric
Company, Schenectady 5, N. Y.

Capacitors « Sensitive contrdl and time-delday relay$ o Limif
switches ‘o ‘Motors, dynamotors, amplidynes. o. Motor-generator
sets ‘o Alnico magnéts o Small panel insiruments ¢ Formex fivag-
net wire + Radio transformers. ¢ Switchettes ¢.Selsyns:e Chokes
also tubes, crysfals§ plastics.products; insulation-materials,
.and many others:

=

¥, m
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THYRITE —the G-E nonlinear resistance material

Thyrite is a silicon-carbide ceramic material, dense
and mechanically strong. Its nonlinear resistance
characteristic is stable, and substantially independent

of polarity or frequency. Thyrite has been used for

i T YW T

14 years in many important applications, including

electronic. Thyrite can be produced in various shapes
and sizes (those which can be successfully molded).

Among its countless applications are:

g mien

1. Circuit protection (by limiting voltage surges)

2. As a stabilizing influence on circuits supplied

by rectifiers

As a potentiometer (making division of voltage

' 3.
== e i e B ecaZande, i A

) substantially independent of load current
Typical forms of G-E Thyrite resistors 4 P )

4. For controlling voltage-selective circuits ;

&-E VITREOUS-ENAMEL RESISTORS |

1
These resistors employ a strong, high-heat-resisting body

developed to withstand sudden and extreme changes in tem- 1

|

!

perature. Their resistance remains nearly constant through
temperature changes, because of the low temperature coefh-
cient of the resistance wire. The enamel, in which the wire is
embedded, is fused at high temperature to a uniform glassy
structure. It is moistureproof, durable, and forms a mechani-
cally air-tight casing.

-

Made in a wide range of resistance and current values, from i
10- to 180-watt units, G-E enameled resistors are available in Y
a wide variety of constructions, which include the addition of
stranded copper leads, circular-band terminals, copper leads
and porcelain bushings,

SR

Edison screw bases, etc.

They also are available
in virtually every re-
quired style—open or
enclosed, for any style
of mounting.

BUY WAR BONDS
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hmevican Radio Hardware Co. , Fne.

)

MANUFACTURERS OF SHORT WAVE . TELEVISION « RADIO -« SOUND EQUIPMENT

b e

We were doing a splendid job of war production before the opening of our
new plant. Today we're doing an even better job. Increased ARHCO facilities
comprise the most modern manufacturing equipment . .

. especially designed
and developed for us. Every inch of space has been planned to yield the utmost
capacity. Each worker utilizes his highest skill.

ARHCO components are dependable “right hands” in countless radar, radionic
and electrical applications. They’re made right. They work right. We've set our
sights high for quality and efficiency . . . the performance of ARHCO com-
ponents, under current rigid specifications, demonstrates our ability to make
good. Your inquiries are invited . . . for present or peacetime techniques.

152 MACQUESTEN PARKWAY SOUTH . MT. VERNON, NEW YORK
MOUNT VERNON 8.4100 FAIRBANKS 4-4200
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Pon’t burn wastepaper
« oo I’s a vital
war material
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for the WAR PROGRAM

WHEN electronics went to war, the
best engineering talent of the nation
went to work to extend the range, the effec-
tiveness, the power of electronics al war.

The range and effectiveness of the equip-
ment, in many cases, is proportional to the
operating voltage. llence higher and higher
voltages have been demanded, placing ever-
increasing requirements on the electronic
tubes.

X-ray tubes are the one form of electron
tube for extremely high voltages which has
been commercially produced in prior years.
In the x-ray industry, operating voltages
from 50,000 volts upward into the millions

are commonplace. The production of x-ray

tubes is a specialized art, requiring skills

MACHLETT
| Laboraloiics e

and techniques which have been developed
by exceedingly few organizations. The
Machlett organization pioneered x-ray tube
production in this country, and for a num-
ber of years has been the leading producer.

When faced with high-voltage tube prob-
lems in the war-time electronics program,
the Government’s electronics experts have
come to Machlett for aid in the solution of
those problems. Machlett has undertaken,
with its own facilities, development con-
tracts on behalf of this activity. Machlett
has constructed enormous additional pro-
ductive capacity, to produce the high-pow-
ered new tubes so essential to the opera-
tion of the wonderful new electronic devices

for waging war,

SPRINGDALE

CONNECTICUT

POWER TUBE DIVISION: NORWALK, CONN.

ELECTRONICS-— April 1944
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FROM EXACT PROPERTIES TO FINISHED PARTS

PAN

PROPERTIES

PANELYTE properties are listed below—not as descriptive of
any one grade of these paper, fabric, wood veneer, fibre
qluss,—und asbestos base thermo-setling plastics—but to
show the range of properties of the 32 grades.

HIGH DIELECTRIC STRENGTH

Volts/Mil. Short Time Test, 14" Thickness—up to 700 volts.

Dielectric Constant, at Radio Frequency (1 megacycle from 6 to
5 for electrical controlled grades)

Power Factor, at Radio Frequency (1 megacycle from 6.5% to
2.5% for electrical grades)

UNUSUAL STRUCTURAL STRENGTH

Izod Impact Strength (ft. lbs. per inch of notch)-0.5 to 20.
Compressive Strength (psi)--20,000 to 55,000.

Tensile Strength (psi)—7,000 to 35,000.

Modulus of elasticity in teasion (psi x 10°) -7 to 30.
Flexural Strength (psi)—12,000 to 40,000.

‘EASY MACHINABILITY

May be Sawed, Die Punched, Drilled, Lathe Turned, Milled,
Knurled, Grooved, or Shaved.

LIGHT WEIGHT
20 Cubic Inches Per Pound—Half Weight of Aluminum.

LOW WATER ABSORPTION
As low as 0.79%, in 24 hrs. immersion.

CORROSION RESISTANT
Not affected by Water, Brine, Oil, Ordinary Solvents, Coolants,
Ketones, Esters, Most Acids and Weak Alkalies.

LOW COEFFICIENT OF FRICTION
LOW THERMAL CONDUCTIVITY

GOOD DIMENSIONAL STABILITY

Low Cold Flow—Uniform Thermal Expansion—Does Not Warp
Under Normal Conditions.

EXCELLENT HEAT RESISTANCE

Heat Resistance—300° F. for cellulosic base; inorganic base mate-
rials are flame resistant.—Does Not Soften Under Heat.—Only
Effect of Hot Water to Accelerate Absorption.

*x

LYTE% CAN<BE. MADE
TO YOUR ORDER

S L == _ —
[ 3 -
i %

Panelyte, the structural laminated plastic, is
both versatile and adaptable. Close tolerance
work is possible because sheets are thor-
oughly bonded and the structure homogen-
eous. Irregularity of shape or intricacy of
design are not obstacles, as parts are lathe
turned, milled or drilled toexactspecifications.

Use Panelyte Service to eliminate time-wast-
ing experiment — to improve your product or
simplify its assembly —to save weight — to
speed production. Your inquiry is invited on
any problem involving the use of structural,
laminated, resinous plastics in essential work.

Write for Data Sheets and samples.

Sales Offices: Atlanta, Boston, Chicago, Cincinnati, Cleveland, Dallas,
Denver, Detroit, Kansas City, Las Angeles, Mantreal, New Orleans,

St. Louis, St. Paul, San Francisco, Seattle, Syracuse, Toronto, Trentan, Yancouver

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

84
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teamwork in precision...

Again pre-war research and devel-
opment has proven its war-time
value. An Edison Thermal Switch,
originally designed by Thomas A.
Edison Inc. engineers, to automat-
ically maintain crystal oven tem-
perature constant to 1/10° C, now

serves in numerous critical war ap-

Standard and special shapes in tungsten, moiybdenum, silver, platinum, palladium,
and alloys of these metals. Send for complete details in Contact Catalog No. 152,

&/// '9 co;ltacts

plications. Callite Tungsten Con-
tacts, formed parts, welds, and
lead-in wires, contribute to the
dependability of these sensitive in-
struments.

Our engineers offer you their ex-
perience gained thru years of

working with the electrical and

electronic industries. We can give
you practical help on product de-
velopment, redesigning, the selec-
tion of materials, etc. . . . Consult
Callite Tungsten Corporation, 544
Thirty - ninth Street, Union City,
New Jersey. Branch Offices in

Chicago and Cleveland. / 4

_ ELECTRONICS — April 1944

The Edison Thermal Switch 15 one of a wide variety of sealed-in-glass thermostats
and time-delay. relays — famed for precision and inberent stamina. That Callite
paris are chosen for these products is a tribute to ous bigh standards of quality.




VERSATILE CLARE TYPE 'G” RELAY REDUCES
OVERALL RELAY COST--SIMPLIFIES
| INSTALLATION

Features of the
] Clare Type “G” |

1. Standard spring assemblies
may embody any-combination of
the five forms illustrated.

—
—

FORM E

r | —
I ] —

2. Itcanbe provided with twelve
different standard—or special—
types and sizes of contacts which
are welded to the nickel silver
springs by a special process. The
contacts are made from precious
metals and alloys, such as silver,
palladium, palladium-iridium,
tungsten and elkonium. They can
be furnished in sizes from .062°
silver, rated at 1 ampere, 50
watts to .1875" tungsten, rated at
4 amperes, 500 watts. Various
types may be incorporated in one
relay. Also furnished with Micro

s B

‘Contacts of
rare metals
and special

Spring bushing
insulators made
by a patented

i

or other snap- action switches
which carry a higher rating.

3. Special anti-vibration springs
guard against accidental or vi-
bration-induced operation of the
relay.

4. All exposed metal of the Type
“G” is cadmium plated to with-
stand a 200-hour salt spray test.

5. Standard insulators are made
of special heat treated Bakelite
that permits punching without
cracks or checks and possesses
minimum cold flow and low
moisture absorption properties.

6. The patented spring bushing
insulators are made of Bakelite
rod. These strong, hard, long
wearing bushings are essential
where heavy contact pressures
are employed, where vibration
exists or heavy duty service is
desired.

7. The heelpiece, coil core, and
armature assembly of this relay
are of magnetic metal carefully
annealed in precision ovens.

8. Coils are carefully wound to
exact turns on precision ma-
chines. Lead-out wires are se-
curely soldered. Coils impreg-
nated with a special varnish are
available. Data regarding resist-
ance, number of turns, type of
wire appear on the coil as illus-
trated. The coil is protected with
a transparent acetate covering.

9. The Type “G"” is particularly
adaptable for plug-in mounting,
permitting easy service and rs
placement.

alloys,
“over-all"
welded to
nickel
silver
springs

process from
Bakelite rod.
lllustration also
shows twin
contacts.

Clare Type “G* Short Coil Relay

The innumerable conract arrangements supplied by the Clare
Type “G” Relay make it readily adaptable to the widest range of
applications.

These simple, rugged, “custom-built” relays are especially valu-
able for use in sequence control of machine tools, electric eye
controls, for counting equipment, radio and radar controls and
other electronic devices.

Check the features of the Clare Type “G” Relay given here and
you will know why they are being increasingly used in spots
where hard service, long life and dependability are of prime
consideration.

Like all Clare Relays, the Type “G” is carefully designed, pre-
cisely manufactured from the finest marerials and accurately ad-
justed. These factors insure that the Clare Type “G” Relay will
reduce overall relay cost, simplify installation and insure better
and more dependable performance.

Clare engineers are ready at all rimes 1o assist in the development
of a Clare “Custom-Builr” Relay to meet any new and unusual
requirement. Send for the Clare catalog and data book. C. P.
Clare & Company, 4719 West Sunnyside Avenue, Chicago (30),
Ilinois. Sales engineers in all principal cities. Cable address:
CLARELAY.

CLARE RELAYS

“Custom-Built” Multiple Contact Relays for Electrical, Electronic and Industrial Use
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I understand, Colonel, that you're interested in performance!”

There is a time dict on actual performance, we turn to
and place for you who design, build, and operate the
everything. intricate electronic tools of war.

Oscar's single-
minded enthusiasm might have been bet-
ter timed. On the other hand, his point is
well taken.

Those using Hytron tubes such as the
1616, OC3,/VR-105, and OD3/VR-150, will
not be surprised to discover that these
tubes have earned the reputation of be-

In manufacturing electronic tubes, per- ing the best in the industry.
formance is the ultimate goal. To assure

uniform reliability, Hytron tukes are You owe it to yourself to become fa-

painstakingly produced to standard fac- miliar with these and other popular
tory test specifications tighter than cus- Hytron tubes, many of which appear on
tomer tolerances. Then for the final ver- the Army-Navy Preferred List.

BUY
ANOTHER
WAR BOND

ELECTRONICS — April 1944
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160 PAGE CATALOB

FREE

A request on your letterbead
will bring you Catalog 12

showing the full line of Solar
LCa/:'atitors.

G CORPORATION
285 MADISON AVENUE - NEW YORK 17, N. Y.
CAPACITORS
88

and RADIO NOISE-SUPPRESSION FILTERS
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Dz',goom/ of Government War Plants and Eqmpmem

In the last four years, the Federal Government has
spent over fifteen billion dollars on war plants — two-
and-one-half times as much as was spent by private
investors.

Of this fifteen-billion-dollar government investment,
about onc-third has gone into facilities for the manu-
facture of aircraft and for ship construction and repair;
another third has gonc into plants for production of
combat ordnance; and the remaining third has gone into
a variety of facilities for making synthetic rubber, metal
products, machinery, and miscellaneous equipment.

Most of these plants are in industries that are ex-
panded far beyond peacctime requirements. Further-
more, their convertibility to other civilian uses will, in
many cases, be complicated by their specialized equip-
ment and layout, by their tremendous size, and by their
uneconomic location. At the moment, it locks as if
roughly onc-third of the government-owned plants and
equipment can be converted fairly readily to peacetime
opcration, and will, thercfore, be easily disposable to
private enterprise.

The discovery of unsuspected uses for war plants and
equipment may well raise the disposable proportion to
one-half or more. The government, at the cnd of the
war, may own about one-cighth of the commercially-
usable industrial capacity of the country. It will be by
far the largest owner of machine tools; it will own enor-
mous aluminum capacity, magnesium capacity, many
miles of pipe lines, and more ships than thic entire
private shipping industry.

What the government does with its war plants will
have a profound effect on the free enterprisc system and
on all workers, employers, investors, and consumers who
have a part in that system. If this problem is handled
badly, we may find ourselves enmeshed in a trend to-
ward monopoly and government operation of industry.
If the problem is handled well, we shall have taken a
big step toward freedom of action in a compctitive
socicty, toward full opportunities for business enter-
prise, toward well-paid productive jobs for workers, and
toward a higher standard of living for us all.

Recently, threc important events have signalled en-
couragement. They are the report of Senator George's
Committee, the Baruch report, and the report of Scna-
tor Truman’s Committce. These reports are notcworthy
for their competent sizing up of a complex problem,
for their recognition of the major responsibility of gov-
crnment in making a successful transition to peace, for
their insistence on wise policy and good administra-
tion, and for their genuine concern that our productive
powers be given full opportunity in a free private cnter-
prise svstem. These reports agree on basic principles
and many specific lines of action. There are, however,

*

important arcas of policy formation, organization, and
procedure—especially in regard to plant disposal—which
remain to be blue-printed.

In formulating the policics and practices to be fol-
lowed in dealing with government war plants, our
major goal must, of course, be a high level of produc-
tion and cmployment in private business after the war.

Government operation in competition with private
employers and privately-employed workers will not be
desirable because it will make investment unattractive
to private capital and will limit opportunities for private
employment. On the other hand, sales to private buyers
which result in increasing the concentration of industry
will also be undesirable. We must use this opportunity
to strengthen the competitive enterprise system and to
move away from, not toward, the concentration of
economic power in either public or private agencies.

To accomplish thesc objectives, a program of action
such as follows will be necessary:

1. An adequate reconversion organization will be
needed in the government, but its powers and respon-
sibilities should carefully be defined by Congress.
Fortunately, an able Administrator of Surplus War
Property already has been appointed. It will be essen-
tial for him to work in closest cooperation with Con-
gress and with the Armed Forces and other executive
agencies. The Office of War Mobilization, and ulti-
mately the President, must be responsible for seeing
that the Surplus War Property Administration is not
sidetracked by the operating agencies and is not domi:
nated by their sheer size. Funds must be supplied gen-
erously to the Surplus War Property Administrator, so
that he can set up an organization adequatc to cope
with this huge and complex job. Business, too, must
be generous in loaning top-flight executives for postwar
government scrvicc.

2. One of the first acts of the Surplus War Property
Administration will have to be to assemble a complete
inventory of government war plants and equipment, to
make possible the planning and control of the disposal
process, and to form the basis of catalogues of property
available for sale.

3. Cooperation between the exceutive and legislative
branches of the government will be needed to develop
at least tentative plans with respect to matters of public
policy which are of special importance to a successful
transition to pcacc. Among these matters are the size
of the military cstablishment to be maintained in time
of peace, the stand-by facilities and reserves of materi¢l
necessary for our sccurity in casc of future war, and our
policy regarding import and production of synthetic
rubber and other critical and strategic materials.

4. The Surplus War Property Administrator should



obtain from the Armed Forces, acting under congres-
sional directives, specification of those plants which arc
needed to supply our peacetime Army and Navy and to
provide the essential reserve capacity in case of war.

5. The Surplus War Property Administrator should
select certain war plants as depots in which to store the
huge surpluses of inventories and equipment which
will have to be removed from private and government-
owned factories in order to make possible their con-
version to civilian use.

6. Those plants which are not desired by the Army
or the Navy, which are not needed for storage, and which
clearly will be unsuitable for peacetime utilization should
be scheduled for dismantling and disposal pieccmeal.

7. The two or three billion dollars’ worth of govern-
ment facilities intermingled with private plant should
receive attention with a view to early sale, temporary
continuance or use under lease, or carly removal.

8. The various plants and pieces of equipment avail-
able for sale to private business should be classificd
conveniently, catalogued, and advertised to prospective
buyers or lessors. Before the Surplus War Property Ad-
minustrator offers, for private sale, plants and equipment
not desired by the Army or the Navy, he should ascer-
tain whether the plants or equipment are desired by
other branches of the government or by public corpo-
rations such as the T.V.A.

9. Whenever property can be sold at prices approx-
imating depreciated reproduction cost, that will be by
far the best solution. Generous timc-payment terms
should be offered. In many cases the government may
be unable to sell the property for reproduction cost less
depreciation, for the simple reason that no one would
think ot reproducing it. The property may already be
partly obsolcte or, because of its size, location, or other
characteristics, may only be moderately well suited for
commercial use. This should not prevent the govern-
ment from selling it, provided a price which fairly re-
presents the worth of the property can be obtained. The
best test ot that worth is the price produced by active
bidding under favorable market conditions.

10. When property cannot be sold at a fair price,
temporary leases with options to buy should be em-
ployed to get the facilities into productive use. This
should not, however, be done on terms which would
cause unfair competition or create clearly cxcessive
capacity in an industry. And the leasc must be tem-
porary; 1t must not be the means to prolong govern-
ment control or ownership.

11. The government should offer the strongest pos-
sible resistance to local groups or industry groups scck-
ing subsidics for continued operation of war properties.
Subsidies will burden the Treasury and lcad to ineffi-
cient use of resources. They will be justified only to
maintain facilities needed for national security.

12. The plants and equipment offered for sale and
lease should include sufficient quantitics in small cnouglh
lots to satisfy the demands from small business. The war

has tended to concentrate production in larger plants.
After the war, we should seck a wider distribution of
the government war facilities.

13. Insofar as possible, war buildings and equipment
should be offercd for sale in units which can be pur-
chased by businesses in peacetime industries. Many of
these industries have had to get along during the war
without adequate replacement and expansion, and will
be ready to buy if they arc able to get what they want
from the government. This is a particularly desirable
market for surplus government property since these
industries are, for the most part, not faced with the
problems of excess capacity.

14. Property, such as machinery and other movable
equipment, which is in excess of our domestic require-
ments or 15 more urgently needed by other countries,
should be exported. We shall nced, and can take, large
supplies of raw materials in return.

15. Property which is not nceded by the Armed
Forees, which cannot be sold or lcased on terms which
would be fair to compcting plants, which cannot be
dismantled and distributed piccemeal, and which can-
not be sold abroad, should be scrapped as soon as its
non-disposability is apparent. The disposal of war plants
should be completed within three to five years.

16. All negotiations for sale or disposal should be
matters of open public record. As Mr. Baruch has said,
the process must be conducted in a goldfish bowl. This
1s as much for the protection of business as for the
protection of the government.

These courses of action do not include everything
that must be done, but they do indicate the gencral
lines along which our surplus war plant disposal must
proceed if it is to avoid precipitating needless transition
unemployment.

The gravest danger of all will be red tape, intergov-
ernmental conflict, and inadequate administration. It
would be a great misfortune for the exccutive and
legislative branches to quarrel over details of organiza-
tion when they agrec on the basic principles to be
followed in handling the problem. Obviously, the Sur-
plus War Property Administration must cooperate with
Congress and look to it for policy guidance. Just as
obviously, the disposal problem will involve great diffi-
culties of administration which must not be complicated
by congressional interference. We shall need the best
we can get in careful policy making, detailed planning,
good organization, and couragcous action. This is a
matter of vital importance to every American. The
stakes are too high to tolerate poor administration or
petty politics.

President, McGraw-Hill Publishing Company, Inc.
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*Reg. U. S. Pat. Off. for metal compositions

Groomed for Action
in the Substratosphere

A Rugged, Long-Lived Mallory Switch

This switch was made for fighter planes. It was
built to operate with fuel tank valves—to con-
trol the booster pumps as need required. De-
signed for service at 30,000 feet and up, it had
to be rugged and it is!

Precisely constructed . . . made of just the
right materials for each current carrying part
. . . thoroughly dependable . . . it has proved
its ability time and again to stand exireme
vibrations, low temperatures and other un-
favorable conditions peculiar 10 high altitude
flying. Compare these features with your own
requirements:

Elkaloy* contactor rings and Elkonite* G-17

that may be readily adapted to your application

contacls with excellent electrical conductivity
and extreme hardness. High contact pressure.

Laminated plasiic insulation—for maximum
strength and minimum electrical loss.

A total of eight circuits—with four separate
circuil combinations on each. (More circuits
are possible by adding sections.)

This is but one of a number of special switch
aduptations designed by Mallory for military
use. The same engineering skill that went into
its development will be gladly extended 1o
your own applications. Just send us a skeich
or description of the problem to he solved.

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

Serving the Aviation, Electrical, Electronics and Industrial Fields

M

P.R.MALLORY & CO.Inc.
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. Keep Em Flving —
Buy More War Bonds
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CROSS

» SYMBOLS . .. As outlined on this page in the
March issue, a compromise set of components sym-
bols was devised at a meeting held in New York on Jan-
uary 22 under the auspices of the American Standards
Association. Letter ballots were sent to those who
had an interest in the matter with the request that
returns be made by February 15. By March 1 the
ballots had been returned with a favorable vote by
all except a few power people, who again raised
objections.

As a result of this disagreement, the whole matter
is still up in the air. Another meeting has been
scheduled to iron out the troubles.

In the meantime, thousands of men are being
trained exclusively in the communications symbols,
several industrial electronic books using power
symbols have been published and are practically
unintelligible to anyone approaching industrial elec-
tronics from a communications background, authors
request publications like ELECTRONICS to refrain from
modifying symbols used in original diagrams to con-
form with the publication’s style, and econfusion
reigns.

» TELEVISION . . . There is a great deal of post-
war talk about sight-broadcasting these days. There is
little likelihood that the industry will wait for the
inevitable, ultimate Utopian system to be developed
before going on the air. Television will start off very
much as it left off, with some changes in standards,
some improvement. At the same time expesrimental
work will not stop. Frequency channels will be made
available for this forward-looking work. The pros-
pect that some inventions or discoveries will be made
and which will improve the present system vastly, per-
haps make the present system obsolete, is a chance
everybody will simply have to take.

First, however, the conflict between the desires of
the FM enthusiasts and the television people for the
same space in the spectrum must be resolved. Both
services, justifiably, want more space.

Telephone company, in response to request from
Niles Trammel, NBC president, indicates large-scale
construction of coaxial cable in years 1945-1947 and

TALK

requests television people to state their requirements
so that proper plans for future tie-up system may be
evolved.

Anticipating post-war television boom, Local 306,
Motion Picture Operators’ Union, is sending mem-
bers to school to learn radio and television. They
talk about shooting the television programs on wire
lines (telephone) from a central station to a group
of theaters so that all can show the same picture
but pay for only one rental of the film. MPO wants
its members ready for jobs at the local theaters.
Telephone linesmen’s union and radio broadcast
operators’ union are keeping their eyes on this busi-
ness. Quite possible that they will whack it up
amongst them, radio men at the transmitters, MPQO’s
at the theaters, telephone men sitting on the wires.

> FM . . . Decision of broadcast networks to make
available to affiliated stations having FM outlets full
network programs free of charge is a great decision
for those with FM receivers. In New York, for exam-
ple, full NBC and CBS programs are now available
during the hours that the FM outlets are on the air.
This puts the New York Philharmonic Society’s Sun-
day afternoon concerts on CBS’s FM transmitter.

General opinion now tends toward the idea that
FM will grow and grow, that ultimately all of the
locals and many of the regional stations will be on
FM, thus relieving the congestion in the present AM
band. The result will be the freeing of channels for
high-power, wide-band, clear-channel transmitters
serving communities not near enough to FM trans-
mitters to get good reception.

Thus, as often happens, the advent of something
new will not replace something old as was feared,
but will actually make it possible to improve the
older broadcasting system and enable it to perform a
better service.

Idealists who hoped, somehow, that FM would im-
prove soap box operas, cosmetic drivel, sales talk for
“keep-regular” pills and other cheap whoopla are
doomed to disappointment. This stuff sounds just as
nauseating one way as it does the other. FM is no
cure for mediocrity and bad taste.



RADIO FOR

War-accelerated technical progress, the need for maximum transportation system effi-

ciency, the improving financial position of railways, and the recent satisfactory experi-

ences of ordnance plants with electronic equipment have fortuitously combined to stimu-

By
WILLIAM S. HALSTEAD

President
Halstead Traffic Communications
Corporation
New York, N. Y.

ON DECEMBER 23, 1943, the Asso-
ciation of American Railroads
announced that it had requested the
Radio Technical Planning Board
to examine the public safety possi-
bilities lying in the proposed use
of radio-telephony by rail carriers.
It is reported that this action was
taken, in part, as a result of public
comment that radio equipment
might have prevented a series of
major rail accidents in which heavy
loss of life and property was in-
volved.

As it has long been recognized
that radio communicating systems
have contributed to the safety and
efficiency of air and water truns-
portation, it may well be asked why
the railroads have moved so slowly
in applying radio signaling tech-
niques to their communications
problems,

late growth of the field

Locomotive radiotelephone installation employed in the
Proviso yard of the Chicago and North Western Railway

Reasons for Pre-War Hesitancy

There have been many reasons
for hesitancy, including:

(1) The attitude of the railroad
industry itself toward radio as a
communicating medium. Although
some railroads have conducted tests

of radiotelephone equipment over a
period of many years, and a few
far-sighted railroad executives have
studied the potential uses of radio
apparatus, the industry as a whole
has shown only occasional interest
in the subject. This attitude has

POTENTIAL RAILWAY RADIO SERVICES

ON MAIN-LINE TRACKAGE

. Locomotive cab to caboose

Train-to-train

Train-to-tower

Emergency communications

Control of cab signals

om:hwro-n

Passenger communications

92

IN YARD AND TERMINAL AREAS

O w0

Yardmaster to locomotive engineers or conductors
. Towermen to engineers or conductors

Conductors (on trains or on ground) to locomotive engineers
Communications between locomotive engineers
Yardmaster to supervisory personnel on foot or in mobile units

Communication between ground personnel
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AILROADS

been enforced, to a large extent, by
the financial burdens under which
the railroads were obliged to oper-
ate. Also, the majority of railway
executives have been trained in the
older telegraph and telephone tech-
niques, and therefore cannot be ex-
pected to appreciate the full extent
to which modern radio equipment
is able to provide many important
services of value to rail operators,
as well as to the traveling public.

(2) The lack of concerted effort
on the part of radio manufacturing
groups to develop and market radio
communicating systems specifically
engineered to meet the special re-
quirements of railway operation.
Efforts in this direction have been
of a sporadic nature, in most in-
stances, without the existence of a
broad plan under which the rail-
road industry as a whole would de-
rive maximum benefit from the use
of radio equipment.

(3) The fear of the railroad
brotherhoods that the adoption
of radio communicating methods
would result in a reduction in the
number of men required to perform
routine operations, thereby produc-
ing unemployment.

(4) Difficulties involved in Fed-
eral licensing, particularly with re-
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spect to allocation of suitable radio
frequencies for railway communi-
cations. This problem is compli-
cated by the fact that trains nor-
mally operate over long distances,
thereby precluding the assignment
of frequencies on the basis of lim-
ited-area coverage, as is the case
in the majority of public utility
services.

(5) Technical difficulties peculiar
to railway installations of radio
equipment, such as the existence of
high electrical noise levels in the
vieinity of electromotive equipment,
wide variation in signal strength
along trackage in industrial and
mountainous areas, the need for
continuous indication in mobile
units that radio equipment em-
ployed for traffic control purposes
is in operable condition, and the
need for particularly efficient shock-
mounting and housing of transmit-
ters and receivers.

Emergency Gives Idea Impetus

In meeting the unprecedented de-
mands of the war emergency, in
which serious shortages of man-
power and rolling stock have de-
veloped, the over-burdened rail car-
riers have given consideration to
new methods by which the efficiency

of existing equipment may be in-
creased. This search for new and
improved methods of operation has
broadened, to a considerable extent,
the viewpoint of railroad executives
towards all technological develop-
ments. Simultaneously, increased
income has put the railroads, for
the first time in a number of years,
in a financial position where they
can give serious consider_‘ation to
improvements of a basic nature.
Finally, recent rail disasters, which
emphasized the need for improved
communicating methods in emer-
gencies to supplement existing
block-signaling equipment and wire
facilities, have focused the atten-
tion of the more progressive rail-
road executives on the proposed use
of radiotelephony to increase safety
and efficiency of rail operations.

In analyzing the reasons for lack
of substantial progress in the de-
velopment and marketing of radio
equipment adapted for use on rail-
ways, it should be pointed out that
prior to the war period neither the
railroad industry nor governmental
agencies had much practical experi-
ence data with which to appraise
the value of radio techniques in
railroad operations. . Most manufac-
turers, furthermore, were not pre-
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pared to underwrite the costly re-
search and development programs
required in establishing the prac-
tical value of radio in the eyes of
hard-headed and tradition-minded
rail executives. However, one engi-
neering group had initiated in 1937
a long-range development program
directed toward the application of
radio traffic-control and communi-
cations techniques on highway and
railway transportation systems.
This development program, utiliz-
ing designs of the original engi-
neering group, was extended into
the railway classification yard field
in 1940 by one of the signal equip-
ment companies, and during that
year an experimental radio tele-
phone communications system, en-
gineered for railway use, was in-
stalled in the Proviso yard of the
Chicago and North Western Rail-
way.

The successful operation of equip-
ment at Proviso, which incorpo-
rated automatic means for continu-
ously checking on the operable con-
dition of the system in accordance
with railway signaling practice,
was brought to the attention of the
operators of the Kingspury Ord-
nance Plant. The particular prob-
lem of this and similar plants was
to obtain, on some 200 miles of
trackage, maximum safety and
speed in handling the rail move-
ment of high explosives. As a
result of tests conducted at Kings-
bury, this and other government-
owned ordnance plants have now
adopted radio traffic-control meth-
ods. Thus the demands of efficient
war production provided the oppor-
tunity to demonstrate the practical
operating advantages of railway ra-
diotelephony, while the use of radio
equipment in ordnance plants over
a period of two years has proved
the degree to which radio control
techniques may increase the safety
and efficiency of vard operations.

Unions Becoming More Receptive

In considering the attitude of the
unions with respect to the use of
radio by the railroad industry, ra-
dio engineers anticipate that the
sympathetic and constructive co-
operation of the railroad brother-
hoods will soon be forthcoming.

While it is natural for the lead-
ers of the various brotherhoods to
oppose any technological develop-
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ment that might appear to have an
adverse effect on the number of
employees required for railroad op-
eration, it is thought that these
leaders are becoming aware of the
fact that unless the railroads em-
ploy advanced means to increase
efficiency of operation, the rail-
roads will not be in a position to
meet most effectively postwar com-
petition from other forms of trans-
portation and thereby maintain full
employment at good wages. Fu_r-
ther, the degree of safety afforded
by radio will, in the opinion of
some railroad men, prove to be as
important to railway labor as it
will be to the traveling public. It
is hoped, therefore, that frank and
open discussions between the rail-
road operators and union leaders
will make possible the wholehearted
support of the brotherhoods in
facilitating the successful, wide-
spread use of radio communicating
te‘chniques throughout the railroad
industry.

FCC Studying Alloccation Problem

With regard to questions per-
taining to Federal licensing and

frequency allocation, it is antici-
pated that the Federal Communi-
cations Commission, other regula-
tory governmental agencies, and
representatives from the railway
and radio industries will now ac-
tively cooperate in seeking a prac-
tical solution to this problem, espe-
cially since the public has initiated
a demand for use of radio by the
railroads in safeguarding life and
property. In this connection, it is
believed that the case histories of
ordnance plants will aid in proving
the extent to which safety and effi-
ciency of railway operations are
increased by application of radio
control techniques.

The problem of frequency alloca-
tion for proposed railway services
is related directly to the manner
in which radio communicating fa-
cilities are to be utilized by the
railroads. If the use of radio equip-
ment is to be placed on a limited
basis to provide emergency com-
municating facilities only, it is pos-
sible that just a few frequencies
below 100 megacycles may be util-
ized initially in railroad services,
especially during the war period.

Central-station radiotelephone equipment at the “hump” in Proviso yard,

developed by Halstead engineers for the General Railway Signal Company.

Units of this general type are adaptable for installation along main-line track-
age in radio-repealer or secondary-station services
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However, if broad benefits are to
be derived from coordinated use of
radio communicating systems in
routine operations, such as train
dispatching, main line and yard
traffic control, and other communi-
cating services of value to railroad
operators and passengers, it is be-
lieved that more frequencies, spe-
cifically assigned for routine use in
railroad services, will be required.

Microwave and Induction System
Possibilities

While it is recognized generally
that the number of available radio-
frequency channels below 300 mega-
cycles is limited, it is pointed out
that accelerated technological prog-
ress during the war has extended
the useful range of radio communi-
cating equipment to frequencies
above 300 megacycles. It appears
to be desirable, therefdre, that any
long-range plan for the application
of radio to the railway industry
should embody a careful considera-
tion of the use of frequencies in
the microwave range where rela-
tively few assignments have so far
been made. In this regard, it may
be stated that tests conducted on
frequencies above 300 megacycles
have indicated that use of micro-
wave equipment in railway radio
services is technically feasible.

Utilization of the higher frequen-
cies also appears to be desirable
for the reason that, at frequencies
above 100 megacycles, and in par-
ticular above 300 megacycles, di-
rectional and restricted-range radio
services, limited to line-of-sight
distances, become most practicable.
Further, the use of directional an-
tenna systems, wide-swing fre-
quency modulation, and automatic
relay stations along railway routes
could provide railway radio facili-
ties of an extensive nature without
involving the assignment of an
excessively large number of fre-
quencies for use by the railroad
industry for traffic control, emer-
gency, and passenger communicat-
ing purposes. In this connection
it is estimated that by the use of
modern radio-beam communicating
techniques, a maximum of 10 to 20
clear channels, on frequencies above
300 -megacycles, would be sufficient
to provide radio signaling circuits
required for traflic control and
emergency services on all main-line
railway systems.
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This central control unit, employed in ordnance plant radiotelephone service, is

located at the yardmaster’s or dispdicher’s office and permits radio-equipped

locomotives, motor vehicles and secondary-stations within the service area to
be instantly contacted

In addition to the use of directed
microwave radio channels in pro-
viding new railway communicating
services, it is probable that the
utilization of induction-radio sig-
naling techniques, in which way-
side conductors are employed as
wave-guides or transmission lines
to keep the effective signaling
field within narrow zones extending
along the railroad right-of-way,
will prove to be of value in solving
the frequency allocation problem.
These restricted-range signaling
methods may be of particular aid
in providing supplementary com-
munications channels along main-
line trackage, in small railway
vards such as those of industrial
plants, and in congested terminal
areas. Services of this type, how-
ever, require the use of wire con-
ductors along railway trackage,
and therefore do not have the flexi-
bility afforded by normal space-
radiation methods.

Suggested Temporary Channel Ex-
pedient

Although railroad radio equip-
ment designed for operation in the
microwave field would appear to be
the ultimate answer to the problem
of frequency allocation, it is under-
stood that during the war period
the Federal Communications Com-
mission, upon proper showing that
a radio service is in the public in-
terest, will grant licenses on a Class

2 experimental or special emer-
gency station basis to cover opera-
tion of equipment on frequencies
below 300 megacycles. In this in-
stance, it is possible that it would
be necessary, at a later date, to
modify the equipment for operation
at higher frequencies, should the
use of higher frequencies be advis-
able for technical reasons.

A request of the railroad indus-
try for the allocation of frequen-
cies for rail communications pur-
poses, together with maintenance
of a progressive viewpoint on- the
part of the railroad industry with
regard to its future activity, should
stimulate a solution to the problem

‘of frequency allocation for general

railroad use.
Technical Problems Largely Solved

In meeting the technical prob-
lems involved when applying radio
techniques to mobile railway units
of various types, and in effecting
coverage of railway trackage ex-
tending throughout industrial or
mountainous areas where shielding
effects are encountered, it may be
stated that solutions to these prob-
lems have already been found.
These solutions include the devel-
opment of practical methods of elec-
trical noise reduction as afforded
by the frequency-modulation sys-
tems developed by Major Arm-
strong, and the use of automatic

(Continued on page 210)
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Medical Electronic

Basic principles of bioelectricity, a survey of present techniques, and predictions of

future progress, with emphasis on electro-shock therapy. electrical anesthesia, brain-

wave recording, determination of ovulation time and measurements on living tissues

HE PURPOSE of this article is to
present a review of the elec:
tron arts applied to therapy, medi-
cal diagnosis and related research.
In a field indicating so many new
directions, with current investiga-
tions constantly * expanding the
available data, it is not possible to
“freeze” the information into a
static picture. The literature is
growing logarithmically with time.
and even a bibliography would fill
several volumes.

A brief list of special terms, de-
fined according to the meanings
intended in this article, appears in
Table 1.

The generation of
charges by muscular contraction
was observed by D’Arsonval in
1870, nearly a hundred years after
the reverse effect was demonstrated
by Galvani. During the next few
decades the presence of electrical
waves was discovered in connection
with functions of the nerves, heart,
brain and other organs in humans.
More recent techniques have re-
vealed electro-dynamic fields with
distinct patterns corresponding to
specific types, species and indi-
vidual living organisms.

electrical

Bioelectric Currents

Currents produced in living or-
ganisms may be divided into five
broad categories:

1. D-C Differences of Potential:
These gradients appear in all living
tissue, varying directly with the
local rate of metabolism. The outer
surface of a single cell is normally
polarized with respect to its in-
ternal structures.

2. Transient Diphasic Spikes:
These abrupt voltage changes up-
pear when skeletal muscle or nerve
fiber is activated. In nerve fibers
such currents are called “action po-
tentials,” and often function as a
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-stimulus to activate skeletal muscle,

which in sequence produces an elec-
trical response of similar wave
form. When a nerve fiber~is me-
chanically, electrically, chemically
or otherwise stimulated, the cov-
ering membrane becomes selec-
tively (with respect to various
ions) more permeable at the point

nerve fibers of each sense organ
are normally subject to excitation
only by one form of energy. Imme-
diately following local activation,
the nerve fiber is incapable of
response for the brief period (ap-
proximately 0.4 to 0.55 ms) nec-
essary to effect repair. This is
called the “absolute refractory pe-

of stimulation. A local bioelectric riod,” During recovery, as the

current then flows from the posi- original semipermeable state of the

tive surface to the internal area membrane is.approached, a rela-

and stimulates a similar cycle in  tive refracrory period occurs dur-
Neuron
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Schematic diagram of nerve cell, showing physical and electrical relationships

the adjacent region of the cell. In
this manner a wave of increased
permeability and consequent de-
polarization is generated and propa-
fated so as to travel over the
entire structure.

Each action potential in a single
nerve fiber bears no quantitative
relation to the magnitude of the
external stimulus; the response is
“all or none,” and occurs whenever
a specific minimum of energy is
applied. This quantitative thresh-
old varies in specialized sense
organs for different qualitative
tvpes of stimuli. Consequently the

ing which the threshold of stimula-
tion is relatively high, returning
to normal as recovery is completed.

If the stimulus is sufficiently
strong and appears periodically so
as to re-excite the nerve fiber early
in the relative refractory period,
the magnitude of the action poten-
tials diminishes to an equilibrium
which is a function of the fre-
quency of stimulation. This equi-
libration may be considered as a
form of fatigue, although it levels
off at a definite plateau. The
maximum pulse repetition rate for
action potentials is about 1000 per
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Practice and Research

Brain stimulator being used to locate areas of low threshold of irritability

in the exposed brain.

Currents indicating epileptic seizures, thus induced,

are recorded on the electroencephalograph tape and made visible on the
screen of the cathode-ray tube for the operating surgeon, while audio-fre-

quency components are reproduced by the loudspeaker.
as general anesthesia would disrupt the
Equipment shown is from Electro-Medical Laboratory.

conscious during the operation,
brain-wave patterns.

The patient is

Inc., Holliston, Mass.

second, and the velocity of conduc-
tion ranges from 1 to 100 meters
per second, averaging around 30
mps. It should be noted that the
considerable length of many axons
and the relatively slow travel of
action potentials makes it possible
for large differences in activity to
appear at various points simultane-

ously in the same cell. An action
potential starting at one end may
encounter and be terminated by an
absolute refractory period further
along the fiber which resulted from
a second stimulus originating even
later in time. This may have some
importance in connection with
masking effects produced by the

By JOHN D. GOODELL

Consulting Engineer
Detroit, Michigan

series-parallel connection of audi-
tory nerve endings to certain hair
cells in the inner ear.

Note: The point of connection
between neurons (synapse) pre-
sents a number of unsolved mys-
teries. Some evidence indicates the
release of a chemical mediator
(sympathin, acetylcholine, etc.) at
the nerve endings, which functions
to activate muscle tissues and may
be the mode of transmission at
synapses. The transmission time
across synaptic junctions ranges
from 0.5 to 3.0 milliseconds.

3. Semi-Rhythmic Wave Forms:
Smooth muscle moves with a slow
undulation that generates a corre-
sponding electrical wave form.
This type of electrical manifesta-
tion accompanies the regular con-
tractions and relaxations of the
intestinal tracts during digestive
processes.

4. Microphonic Currents: The
so-called ‘“‘cochlear response” from
the inner ear is an electrical cur-

CELL: The unit of structure for living organisms.
A cell consists of a nucleus, which directs the
activity, and cytoplasm, which surrounds the
nucleus and carries out the activity, Semi-
permeable membranes separate the nucleus
from the cytoplasm, and the cytoplasm from
its environment.

CYTOPLASM:  The viscid, sticky substance which
does the work of the cell. It conteins many
structural variations locally and generally, and
is composed of carbohydrates, fats and proteins,
as well as many special enzyme systems, min-
erals, water, salts, etc.

NEURON: A cell specialized by its cytoplasmic
form and structures for conducting a nerve im-
pulse.

NERVE IMPULSE: A conducted tendency to
excite activity in the next unit of a chain; its
energy has electrical, chemical and thermal
manifestations and is derived from the local
area where it appears at a specific moment of
time.

DENDRITE: The branching arms of cytoplasm in
the neuron which remain within two cu mm of
the cell body in which the nucleus is located;
they receive the nerve impulses from other
neurons.

TABLE [. DEFINITIONS OF MEDICAL TERMS USED IN

AXON: The single structure reaching from the cell
body of the neuron which may extend for dis-
tances up to four or five feet, terminating upon
the dendrites and cell body of another neuron
cr some other type of specialized cell (cffector
organ).

MYELIN SHEATH OR MEDULLATION: The
fatty coating which covers axons requiring sneed
of action; the velocity of propagation of the
nerve impulses is related to the thickness of the
fatty sheath.

INNERVATION: The nerve supply to clusters of
cells of the same type and function.

SYNAPSE: Originally a functional concent of
the special characteristics of the brain and spinal
cord in contrast to axon® These include: (1)
one-way conduction; (2) gradation of response
to strength of stimulus; (3) easy fatigueability;
{1) summation of impulszs; (5) inhibition or
sappression of excitation. Used in  the
anatomical sense in this paper to refer to the
contact of the specialized endings of axons
with the dendrites or cell bodies of other
neurons.

OVULATION: The process of discharging an
egg cell (ovum) from the ovary into the con-
‘ducting tubes of the utzrus.

THIS ARTICLE

STIMULUS: A quantity of enersy which when
applied will evoke a response.

SENSE ORGAN: A cell or sroup of cells
specialized in responding to a particular form
of energy (stimulus) at a lower threshold than
other forms of energy.

SKELETAL (VOLUNTARY) MUSCLE: A mass
of cells capable of responding to nerve impulses
by a rapid, vigorous shortzning (or increased
tension); this is the type of muscle with which
voluntary movements are produced, Under
the petrographic microscope the cytoplasm of
skeletal muscle shows alternating transverse
bands of isotropic and anisotropic substances.

SMOOTH MUSCLE: Layers or sheets of small
spindle-shaped cells which enclose all hollow
internal organs (stomach, intestine, bladder,
genitalia, etc.) and most blood vessels; they
are capable of adapting their dimensions within
wide limits to changing conditions without in-
creased tension, and are characterized by slow
(usually rhythmic) contractions; smooth muscle
is not generally subject to voluntary control

CARDIAC MUSCLE: A special type of cellular
construction associated with the action of the
heart, with characteristics between those of
smooth and skeletal muscle.
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rent which follows the frequency
and amplitude pattern of the sound
energy stimulus with considerable
fidelity. This is the only phenome-
non where living tissue has been
demonstrated to function as a di-
rect ratio transducer of complex
energy  patterns. The optic
mechanism may have some similar
characteristics.

5. Continuous Rhythmic Wave
Forms: In the central nervous
system (brain) the electrical com-
ponent of continuous activity is
omnipresent, These brain waves
are observed as a steady flow of
rhythms subject to many interpre-
tations. The correlations with
pathological conditions are based
on empiric knowledge.

The vast majority of information
about all these currents has been
obtained since the advent of
vacuum-tube amplifiers.  Special
equipment of various kinds has
been developed for studying specific
manifestations. There is a con-
siderable trend today to combine a
variety of simultaneous measure-
ments and integrate the resulting
data into a coordinated diagnosis.
Considerable work along this line
was reported by Dr. Lynn in the
January, 1944, issue of ELkC-
TRONICS.

Electrodynamic Field Patierns

It is still difficult to state the
extent to which the organization
and g¢rowth of living cells is di-
rected by associated electric fields.
The phenomena appear to be inex-
tricably intermingled, each depend-
ent on the other for existence and
orientation, and confirmatory evi-
dence for the basic inter-relation-
ship has been clearly established.

Successful predictions regarding
the axis along which a central
nervous system would develop have
been based on measurements of
voltage differences existing in the
cecgs of frogs and salamanders.
Studies of cancer in the breasts
of mice have shown that a meas-
urable change in field strengths in-
dicates the onset of wild cell
growths before thev can be ob-
served by touch. Mice suscepti-
ble to cancer appear to have char-
acteristic electro-dynamic fields in
their breast structures which dif-
fer observably from cancer resist-
ant tvpes. Measurements made on
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unfertilized eggs, on seeds and
plants, on wide varieties of living
systems, have all seemed to verify
conclusively the interdependent ex-
istence of electric fields in connec-
tion with growth, change and all
cellular activity.®®  Experiments
are indicated to determine whether
the ‘growth of living systems can
be deliberately influenced by exter-
ior applications of electro-dynamic
patterns, but little, if any, evidence
of a conclusive nature has been
presented from this approach.
Certainly it is an amazing mech-
anism that controls the growth

FIG. 1--Circuit diagram of Burr-Lane-
Nims vacuum-tube microvolimeter, used for
measuring exiremely small potentials in
living-tissue structures during medical re-
search and for determining ovulation time
in experiments with artificial insemination.
Both tubes are used with bases removed.
(Yalz Journal of Biology and Medicine)

of living organisms with complex
biological designs, in the midst of
intricate chemical changes, with
so little inconsistency. It may well
be that this fundamental organ-
ization is accomplished by electrical
means.

The mapping of direct voltage
gradients in living structures pre-
sents many special problems, and
requires an instrument of suff-
ciently high input impedance to
draw a minimum of current from
the area under investigation and
be reasonably unaffected by vary-
ing resistances. Quadrant elec-
trometers are ruled out by many
difficulties involved in their opera-
tion, as well as high sensitivity
requirements.

The Burr-Lane-Nims vacuum-
tube microvoltmeter’, diagrammed
in Fig. 1, solves these problems.
This instrument requires little as-
sociated shielding, contains stand-
ard radio parts and is conveniently
portable. The circuit is a bridging
arrangement using two tvpe 112-A
radio tubes with a special battery
bias supply for the grids, which is
adjusted to the “floating grid”
potential.

Associated equipment consists of
an accurate galvanometer and re-
versible silver, silver-chloride elec-
trodes which may be designed for
microscopic manipulation. A num-
ber of necessary precautions and
calibration procedures are fully out-
lined in the referenced paper on
this instrument.

One of the most dramatic demon-
strations of the existence of an
electro-dynamic field has been pro-
duced by placing on a turntable
a vessel containing a salamander
immersed in salt water. When ro-
tation takes place between elec-
trodes connected to a galvanometer,
a sine-wave output may be re-
corded, showing that the salaman-
der is functioning as the living
armature of a dynamo, proving
the presence of an electric field.’
All of this excites great interest,
and the answers to many basic
riddles of organization may well be
established as a result of such
research.

Electro-Shock Therapy

Of more immediate practical im-
portance is the application of elec-
tronic devices to therapy and diag-
nosis. The use of diathermy ma-
chines is so common today as to be
familiar to nearly everyone. It is
of particular importance that ac-
ceptance of new techniques is rapid,
and the medical practitioner is
more eager to take quick advantage
of developments than ever before
in history.

An example is the speed with
which the use of electric shock has
spread in the treatment of psy-
chotic disorders. Although first
demonstrated only five yvears ago
(Rome, Italy, 1938), the litera-
ture already contains more than
150 papers on this subject.® Com-
mercial apparatus is available, and
most major hospitals have trained
operators on their staffs. Electric
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shock offers many advantages of
control in convulsive therapy, and
has been adopted widely because of
the relatively low incidence of post-
treatment complications. Among
the desirable results from electric
shock therapy is the immediate un-
consciousness produced upon appli-
cation of the stimulus, and the
freedom from unpleasant sensa-
tions such as are associated with
recovery from metrazol injections.
Of equal interest is the amnesia
the patient has for the treatment,
which improves his cooperation in
successive applications. This is of
particular  importance  because
many practitioners regard thirty or
more convulsions as necessary for
permanent cures of certain dis-
orders,

Manufacturers of this equipment
stress the incorporation of safety
features, such as protective circuits
to prevent application of treatment

currents prior to determining the.

proper amperage and duration of
the shock. Automatic timers rang-
ing from 0.1 to 0.5 second are in-
cluded, and safety switches prevent
the possibility of excessive current
surges.

When the 60-cycle shock current
is applied, it is important that the
electrodes be in firm contact with
the temples. In most cases 400
to 450 milliamperes applied for

from 0.2 to 0.8 second will produce
general convulsions, but the exact

treatment required varies with the.

individual patient.

The “why it works” questions
about electric shock therapy are
completely unanswered. Conjec-
tures, which have little if any basis
in definite experimental evidence,
range from the belief that organic
changes are produced in the brain
(possibly destroying higher nerve
centers) and the theory that abrupt
overloading of the nerve circuits
reestablishes proper connections.
The brain centers it is desired
to affect have not been specifically
located. In fact, beyond the bare
knowledge that electric shock pro-
duces convulsions that are bene-
ficial in certain psychotic disorders
and that current magnitude and
duration are determining factors,
very little is definitely known about
this type of therapy. A great deal
of experimental work under con-
trolled conditions is needed.

Electric shock is a powerful tool,
and as additional experimental
work goes forward, an increased
understanding may expand the use
of this type of therapy. It is in-
teresting to note that early work-
ers based the calculation of treat-
ment currents on d-c resistance
measurements and were annoyed
and perplexed at the apparent

ABOVE—Electro-shock therapy unit made by Rahm
Inc., New York. Balls of steel wool held by locking tongs serve as

electrodes

RIGHT—Electro-shock therapy equipment in use.
made by Offner Electronics Inc., Chicago, uses flat metal electrodes
held in position by a soft, flexible band around the head
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Instruments

This instrument,

anomalous failure of the treatment
current to behave in accordance
with Ohmi’s law. It has beenr'shown
that the equivalent circuit approxi-
mates.

R,
4!_”%%’3\"‘
R
—AMW— 2
100 L
L—1

0.4uf, 62°

in which C represents the reactance
introduced by the polarizability of
living tissue.. When such tissue is
highly stimulated, the polarizabil-
ity approaches zero and R, falls
to a relatively low value, essentially
short-circuiting C and reducing the
effective resistance to a figure far
below the measured d-¢ value. To
circumvent this difficulty, some in-
struments have built-in circuits
with which the effective resistance
is calculated on the basis of a high-
frequency  (approximately 7000
cps), low-intensity current which is
readily passed by C.

The frequency for the test cur-
rent must be selected to avoid the
pararesonant point of the nerve
cells, in order to eliminate any
possible sensation by the patient
during the test. Actually, d-c
resisiance measurements change
with the manner of electrode ap-
plication, and voltages vary accord-
ingly. Conversely the electrode
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Application of small lead elecirode to the scalp with collodion and a con-
ductive paste, for brain-wave recordings. The scalp is not pierced, nor is

it necessary to cut away any hair.

This photograph was taken in the

Brain-Wave Department of Harper Hospital, Detroit

Cortical stimulator unit made by Rahm Instruments, Inc.

When the electrodes

are applied to thg exposed surface of the brain, the muscles controlled

by that section will move and thus identify that cortical area.

An RC

oscillator using a gaseous triode and followed by an a-f amplifier gen-
erates 7.5, 15, 30, 60, 90, 120, 240, 480 and 1000 cps, with the saw-tooth
output voltage being variable from 0 to 10 v

technique does not greatly change
the effective resistance measured
at high frequencies, nor does it
appear to alter appreciably the cur-
rent required for treatment. It is
the current, and not the voltage,
which produces the convulsions.
Hence, variations between tech-
niques and patients may result in
widely differing voltages, but data
on current values can be correlated
without precise reference to other
controls.

Electro-Narcosis

Development of electro-shock
therapy has led to revived interest
in electrical anesthesia. Relatively
few papers are available on this
subject, but experiments date back
over fifty years. Shortly before
the turn of the century an opera-
tion was reported as successfully
performed under local -electrical
anesthesia. Both direct and alter-
nating currents have been used, but
unfortunately the results reported
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by various investigators differ so
greatly that few valid conclusions
can yet be assumed..

One set of experimental results
from tests on frogs, rats and dogs
indicates the production of a reflex
block due to central action by ap-
plication of a current that approxi-
mates one milliampere per sq mm
of spinal cord cross-section.®* Com-
plete anesthesia was produced and
maintained for eight hours in one
dog, and repeated periods of several
hours each produced no observable
histologic effects in the spinal cords
of rats and dogs. In the work
with dogs, one electrode was placed
in the mouth and the other in the
anus. The d-c resistance was meas-
ured at a rather surprisingly low
value, around 500 ohms. Twenty
volts was required to obtain the
45 ma of current necessary for
anesthesia. Some experimenters
report inability to duplicate these
results. Alternating-current tests
have produced data with somewhat

greater agreement between investi-
gators.

The desirability of producing
anesthesia electrically includes a
number of obvious advantages of
control and convenience. Certain
direct-current experiments have
shown the effect to be reversible.
It is believed, in general, that a-c
is less likely to cause serious dam-
age such as is associated with the
polarization of delicate cellular
structures. As in electroshock
therapy, the theories with regard
to electrical anesthesia are numer-
ous and varied. No one knows
definitely “why,” and careful ex-
perimental work is needed to ex-
haust the possibilities. This may
have no practical value, or the solu-

tion might provide an inestimable
contribution to mankind. Certainly
it is a field worthy of continued
exploration.

Impedance Measurements

In connection with research to
determine the effects of centrifugal
force in aireraft maneuvers,
changes in blood circulation have
been correlated with tissue im-
pedance data. A device for auto-
matically recording these effects
during flight has been developed
at Yale by Drs. L. F. Nims and
Jan Nyboer.

Equally interesting is the work
in connection with thyroid dis-
orders started in 1933 by Dr. M. A.
B. Brazier,” now of the Massa-
chusetts General Hospital. As dis-
cussed under electro-shock therapy,
there are many difficulties of con-
trol in making d-c resistance meas-
urements on living tissues, Even
slight changes in electrode tech-
nique often produce large devia-
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tions. Impedance to alternating
currents can be determined with
greater accuracy, and a definite
correlation has been found with
thyvrotoxicosis. In cases of goiter
it is important to distinguish be-
tween toxic activity of the thyroid
gland and non-toxic conditions.
Previously diagnosis has been based
on basal metabolism rates. B. M.
R. measurements involve hospitali-
zation, fasting and many variables.

In these investigations the
human body was considered as an
irregularly shaped quantity of di-
electric substance. The dielectric loss
angle &, or the correlative power
factor angle ¢,(6=4x—¢), either
of which may be considered as the
“impedance angle,” are quantita-
tive measurements which elimin-
ate the variable factors of size and

shape. The angle of the impedance
vector may be measured in terms
of either reference, i.e., with re-
spect to pure resistance or pure
capacitance vectors, because clini-
cal results are concerned only with
deviations from a standard.
Using simple, portable devices
consisting of an oscillator, a varia-
tion of the Wheatstone bridge and
a heterodyne unit (in order to make
possible the use of frequencies
above the audible range), the im-
pedance angle of a human body may
be measured in approximately five
minutes. No previous conditioning
of the patient is required. Exten-
sive statistical programs have de-
termined the validity of this meas-
urement in terms of the B. M. R.
in thyrotoxic patients.” An addi-
tional use for this method is found

in the control of thyroid dosage for
treatment of mental disorders.”

Studies of Ovulation

Conception can occur only during
a brief number of hours following
ovulation, and for this and other
reasons a knowledge of the time
at which the ovum is released has
importance in gynecology. Char-
acteristic electrical changes were
reported in 1935 in connection with
ovulation in rabbits.™ Subsequent
investigations in humans appeared
to confirm the accuracy of this cor-
relation. Recent studies” have in-
volved artificial insemination of pre-
viously infertile women at the
time indicated by the changing po-
tential associated with ovulation.
Although some of these women had

(Continued on page 356)

TABLE Il. ELECTRO-BIOLOGICAL MEASUREMENTS
Order of
Magnitade in
Phenomena Observing Instruments Millivelts Physiologic Source Anpplication of Knowledse
Voltage senerated by heart action. Electrocardiosraph (EKG Re- 1.0-2.0 Cardlac muscle. - Diasnosis; confirmation of diasnosis; Indi-
cordings) Speclal electrode cation of patholosic disturbance to normal
technlques recently developed functions.
permlt flexible observing view-
polnt 2,
Contraction of skeleta] muscle gencrates abrupt VT "amplifler wlith assoclated 0.05-10.0 Skeletal muscle. Treatment for infantile paralysis may be
voltage transients. recording Instruments.® (50.0%%) checked to indicate extent of prosress.
Diagnosis and study of muscular pa-
thology.
Digestive activity raises stomach voltages. VT amplifier with sssoclated 0.1-50.0** Smooth muscle. Experimental work indicates the possibility

The voltage changes appesr to vary in relation
to normal, ulcerous and cancerous condition.

recording Instruments.*

of developing an accurate ulcer and cancer
diagnostic method.

if nerves are anesthetized or severed, d-c skin
resistance tises, Areas of human skin have
been mapped and measurements compared to
correlate normalcy between individuals.

String galvanometer.

Determination of damaged nerves in frac-
tures. D-C skin resistance measurements
are also studied in connection with diabetes,
circulatory conditions, Reynaud's disease,
ete.

Skin impedance to alternating currents varies
in different areas under changing conditions.
Cormrelative studies indicate relationship of skin
impedance to blood circulation.

A-C bridge circults.

Self-recording instruments have been de-
vised to indicate effects of centrifugal force
in aircraft maneuvers on blood circulation.

Voltage measurements on breasts of mice
change in advance of cancerous growths. Pat-
terns appear different in mice that are in-
herently susceptible and those naturally resist-
ant to cancer. Changes and growth in cell
structure are accompanied (possibly con-
trolled) by associated changes in electro-
dynamic fields.

VT Mictovoltmeter.

Few microvolts.

chanism,

Injury potentials to cell
structures or
electro-dynamic feld me-

organizing

Diagnosis of cancer susceptibility; advance
warning of wild cell growths. Investigation
may assist in development of therapeutic
methods.

Ovulati in animals and h
companied by a voltage change.

is ac-

VT amplifier with associated
recording Instruments.®

5.0-25.0

Metabolic ch

rup- Det tion of ovulation time in humans

ture of tissues, ete.

is of interest for many reasons. It has
been used to determine proper moment for
artificial insemination of previously infertile
women.

Reptile eggs, even previous to fertilization,
show varlations in voltages for different surface
areas.

VT Micaovoltmeter.

Few microvolts.

Electro-dynemic fields as-
soclated in structural rela-
tionships with intracellular
organiztation.

Successful predicitions based on these
measurements have been made as to the
axis along which nervous centers would de-
velop. Investigations may lead to a better
understanding of the forces governing the
creation of living organisms.

Norma ! and abnormal physiology of the brain
is accompanied by typical brain wave patterns.

Electroencephalogranh
Recordings). *

(EEG 0.01-1.0%*

Continuous functioning of
brain cells gencrates elec-
trical wave forms.

Diagnosis of epilepsy. Diagnasis and lo-
cation of brain tumors, blood clots, etc.
Studies of behavior conditions.

* These devices are used in connection with a wide
variety of writing recorders of magnetic, thermal and
crystal types, as well as oscilloscopes and oscilloscope

motion picture cameras.
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above the 100-millivolt range.

*¢ 50.0 millivolts is the theoretical maximum for action potentials, and the lower order
of magnitude in practice results from shunting circuits,
design, spikes (transients) in action potentials of nerve fibres have been observed well

With amplifiers of special
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Fabricating Wood

R-F heating is extensively used in the production of flat laminated stock. It is also com-

ing into favor for the fabrication of curved spars and other parts of the structural tvpe.

This article discusses experimental manufacture of thin coverings such as those that

constitute wing and fuselage surfaces

~£lectrodes.,

i
Plywood !
covering

// i
Glue line” |

Frame member-- (@)

FIG. 1—Several arrangements of elec-

trodes for gluing thin' plywood to a frame

member by utilizing so-called “stray-field”

heating. In (b) and (c) the greater conduc-

tivity of the glue line ccuses a concentra-
tion of current

N THE FIRST PART of a previous
I article’, methods of adapting
radio-frequency heating to the pro-
duction of curved laminated wood
aireraft parts—particularly parts
of the structural type such a sthose
used in the aircraft frame—were
discussed at some length.

Radio-frequency heating may
also be used eventually in the pro-
duction of thin plywood coverings
such as those which make up the
wing and fuselage surfaces of wood
aircraft. This use of r-f heating is
still in the development stage. A
considerable amount of experimen-
tal work, however, has been carried
out and the results lead to the con-
clusion that while r-f heating may.
not be immediately applicable to the
manufacture of these relatively thin

FIG. 2—Experimental plywood door for a

two-engined bomber-trainer. Made from
five plies of 1/16-in. veneer, this door is
typical of “semi-molded” sections
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FIG. 3—Rear view of the door shown in

Fig. 2. The frame is cut from a piece.of

1%-in. thick plywood formed to the proper
curvature at the time of gluing

sections, it does have definite prom-
ise for the future.

As in the case of the structural-
type parts previously discussed, it
is obvious that the greatest ad-
vantages will result only when r-f
heating is applied to quantity pro-
duction. Whether wood aireraft
production will ever reach the quan-
tities necessary to justify the use
of r-f heating on a large scale is a
question. However, it is almost cer-
tain that plywood parts of a similar
nature will find many uses after the
war and that some of these uses will
require such parts in large quan-
tities. The start which has been
made toward developing r-f heating
techniques for this type of appli-
cation is, therefore, of interest be-
yond the present concern with wood
aircraft.

Making Parts From Flat Sheets

There are three more or less dis-
tinet types of construction used in
making fuselage or wing sections
for wood airplanes. In the first of
these a strong wood frame is the
essential element. Over this frame
thin sheets of flat plywood are bent
and tacked or glued in place. This
type of construction is similar to
that of the so-called “wood-and-
fabric” small planes made in pre-
war days except, of course, that the
covering is thin plywood instead of
fabric. For lack of a better name it
will be referred to as the “frame-
and-covering” type of construction.

There are two possible uses of r-f
heating in this type of construction.
Both are somewhat outside the in-
tended scope of this article and
both have been at least partly de-
sceribed before. For the sake of com-
pleteneéss, however, they deserve to
be mentioned.
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Aircraft "Skins

By JOHN P. TAYLOR

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

~Wood forms

The first of these applications is
in the production of the large, flat
sheets which are used as covering
material. Since these sheets are
very thin—from 1/20 in. to % in.,
according to use— they can be made
quickly and satisfactorily in hot-
plate presses. At the present time,
so far as is known, all so-called “air-
craft-quality” plywood is made by
this method. There is, however, at
least one large plywood manufac-
turing plant in operation today in
which r-f heating is being used for
the mass production of large, thin
sheets of ordinary Douglas-fir ply-
wood.” If this operation—in which
the cost of the final product is much
lower than that of ‘“‘aircraft-qual-
ity” plywood—is economically jus-
tified, then it seems at least possible
that eventually all plywood will be
made this way.

The second possible application
of r-f heating to the frame-and-
covering type of construction is in
“tacking” or gluing the covering
sheets to the frame. At the present
time this is mostly done by ecold-
gluing, the sheets being held in
place during setting by “nailing
strips,” which are narrow wood
strips tacked along the edges of the
sheet.

Conceivably the experimental r-f
spot-gluer, which has been previ-
ously deseribed?®, could be used for
this purpose. By “tacking” the
sheets down to the frame with this
spot-gluer the necessity of placing
and removing ‘“nailing strips”
would be overcome and the holes in
the skin caused by the nails would
be eliminated. No great time sav-
ing would be occasioned, of course,
since only the ‘“spots” would be im-
mediately glued and the rest of the
glue would still be “cold-set,” which
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FIG. 4—Arrangement of forms and clamps used to make the

thick piece from which the frame of the bomber door shown

in Figs. 2 and 3 is cut. The steel faces of these forms were

used as electrodes in adapting this operation for the use of
r-f heating

means a matter of hours. This use
of the spot-gluer has not been given
a complete trial and there remains
a question as to whether spot-gluing
will result in sufficient pressure
(during the subsequent cold-setting
period) to obtain full strength of
the bond between sheet and frame.

A more promising method, so
far limited to small pieces, is the
use of so-called “stray field” heat-
ing. This consists of placing two
thin strips of copper along the joint
to be glued, in one of the ways
shown in Fig. 1. These strips are
connected to the output terminals
of an r-f generator. While the glue-
joint does not lie directly between
the electrodes, it is usually suffi-
ciently in the field so that the neces-
sary heating results. In some cases
the higher conductivity of the glue
line provides a current concentra-
tion which is of considerable ad-
vantage. A production operation of
this type was recently deseribed by
John Drever of Duramold Corpo-
ration in a paper before the Radio
Club of America’. Similar applica-
tions Have been described by Bil-
huber and Godfrey’. It is desirable

to note, however, that in many in-
stances gluing operations of this
kind can be satisfactorily accom-
plished by the use of simple resis-
tance-heater strips.

Making Semi-Molded Parts

Following the frame-and-cover-
ing type of construction, in the nat-
ural order of development, comes a
second type of wood aireraft con-
struction—usually  called “semi-
monocoque”’—in which a somewhat
lighter frame is used and the ply-
wood surfaces themselves are so
designed as to give additional
strength to the structure. This is
accomplished by shaping or mold-
ing the plywood coverings to final
form at the time the separate
veneers are glued together. When
these shaped surfaces are placed
over the frame and securely glued to
it at all points, they tend to hold the
whole assembly together rather than
to be held by it, as when flat sheets
are used as coverings.

In the semi-monocoque type of
construction the wing and fuselage
surfaces are usually divided into a
number of components which are
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FIG. 5—Four steps in making complete bomber door by ri heating method:

(a) gluing 28 plies of 1/16-in. veneer to make frame piece: (b) gluing two pack-

ages of 11 plies each to make intermediate cauls; (c) using intermediate cauls
to glue 5 plies for “skin“ of door; (d) gluing frame to “skin”

formed separately. The wing, for
instance, may consist of a leading-
edge section, two slightly curved
wing surfaces and a wing tip sec-
tion. The fuselage will ordinarily
be made up of half a dozen or more
separate pieces. Some of these indi-
vidual sections will be of simple
curvature or of very slight double
curvature. These can be made from
flat veneer, providing the individual
veneers are quite thin. Such parts
are usually referred to as “semi-
molded” (to distinguish them from
the “full-molded” parts which, as
described later, are made up from
narrow strips of veneer).

In Fig. 2 and Fig. 3 are shown
the front and back of an experi-
mental door for a two-engined
bomber-trainer. This door consists
of a heavy frame which is about 1%
in. square and is formed to the out-
line of the door, together with a
preformed plywood “skin” made
from five sheets of +s-in. veneer.
The frame is routed out of a piece
of formed plywood 1} in. thick. The
arrangement of forms and clamps
shown in Fig. 4 is that which was
previously used in making this thick
piece by cold-gluing methods. These
forms are similar to those previ-

104

ously described’; that is, they are
made of wood and provided with
Ts-in. steel facing plates on the
inside surfaces. By using these steel
plates as electrodes it is relativelv
easyv to apply r-f heating to this
gluing operation. Not only is the

thick “plywood” piece from which
the frame is cut made with r-f in
2% minutes, as compared to 8 hours
by the cold-gluing method, but also
the “skin” for the door is made
with r-f and, finally, the skin is at-
tached to the door by means of r-f
heating.

The method followed in making
the completed door by the r-f heat-
ing method is illustrated in the sev-
eral sketches of Fig. 5.

In the first step 23 plies, each /%
in. thick, are glued together (and
simultaneously formed to the re-
quired shape) as shown in Fig. 5a.
(The thick plywood piece shown in
Fig. 6 is the result.) From this
piece the frame of the door and the
inner circle (which forms a frame
for a-window) are cut by routing.

The second step in the process is
to make up two intermediate forms
or “cauls” which will act as space
fillers ahd thus allow the same
main forms to be used in forming
the “skin” for the door. To do this
two packages of 11 plies each are
glued up as shown in Fig. 5b.
(The result of this operation is the
two formed caul boards shown in
Fig. 7.) The two caul boards so
produced are used to fill in the space
and thus muke the forms fit cor-
rectly.

The skin itself is glued up from
five plies as shown in Fig. 5¢. The
operation of gluing up the skin is

FIG. 6—Thick plywood piece from which
door and window frame are routed. Glued
as shown in Fig. Sa

FIG. 7—Intermediate cauls used in gluing
skin. They are made by means of rf
heating as shown in Fig. 5b
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“wrapping’’ veneers used in forming
referred to in the text

much more critical than that of
gluing the thick piece due to the
fact that it is much thinner and
hence any small misfit makes for a
greater percentage error and a
correspondingly greater difference
in pressure over the area of the
piece. For this reason it was found
necessary to position the caul
boards very carefully. A further
advantage was gained by cutting
saw-slots in the top caul board
every inch or so along its length.

FIG. 8—Frame glued to skin and ready for
trimming and sanding
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the

during process of
“blister’’ piece

This gave the board considerable
flexibility and thereby tended to
provide a pressure-equalizing ef-
fect.

As the final step in producing the
completed door, the skin formed as
above and the frame and circle
routed from the thick piece made
first are placed in the forms again
as shown in Fig. 5d and r-f power
applied to join them permanently
together. After this final gluing op-
eration the assembly needs only to
be trimmed and sanded and it is
ready for final finish. (The frame
and skin, which have been glued but
not vet trimmed, are shown in
Fig. 8.)

In each of the four gluing opera-
tions outlined above the radio-fre-
quency connections are made to the
steel face plates of the main forms.
Thus all of the material placed be-
tween these plates is heated in each
instance. This represents a certain
waste of power but has the ad-
vantage that tuning and power ad-
justments of the r-f generator are
the same in each operation. This is
an important consideration where
the equipment is to be operated by
inexperienced personnel.

R:F Equipment

The r-f feed arrangement used is
exactly the same as that used in
gluing the laminated fuselage rings
previously' described. Essentially

FIG. 10—Arrangement for curing the “blister” piece by means
of r- heating. Pressure is applied by inflating the rubber bag

to approximately 50 lb

this consists of a two-wire trans-
mission line from the generator to
the two steel face plates which form
the electrodes. (In permanent in-
stallations a concentric transmis-
sion line is used in order to reduce
radiation) Tuning is accomplished
by an adjustable tuning stub con-
nected in parallel with the load.
With a spacing of 11 in. between
forms, as used in the four opera-
tions deseribed above, a frequency
of 8 Me was found most convenient.
If only the “skin” were to be heated
in the one operation—as by using
additional electrodes next to the
“skin”’—the load capacitance would
be so great that a lower frequency,
probably 2 or 3 Me, would have to
be used. On the other hand, if an
attempt is made to use the lower
frequency in making the thick
piece, it is found that an impractical
amount of tuning inductance is re-
quired and, moreover, the voltage
gradient across the load is high
enough that flashover may occasion-
ally occur. For this reason as well,
therefore, the arrangement in
which all the material between the
forms is heated is much the best.

With this method consistently
good results were obtained. Any
of the four gluing operations could
be completed in an average time of
23 minutes of actual heating. To
insure positive results it was found
desirable to apply power for 2%
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minutes (during which time the
temperature of the wood rose to
about 230 deg F) and then to leave
the material clamped up for an-
other 2% minutes with power re-
moved. Thus 5 minutes sufficed
to accomplish the same result as 8
hours of setting at room tempera-
ture. Not counting time out for
routing the frame from the thick
piece, a completed door could be
turned out every 15 minutes.

The power used in these gluing
operations was approximately 8 kw
at the generator output terminals.
In order to accomplish the above-
mentioned heating times it was
necessary to readjust the setting of
the parallel inductance as the load
changed during the heating period.
As the reactance may change as
much as two-to-one during the cy-
cle, and as the circuit is quite
sharply tuned, the current through
the load would drop off markedly
if this were not done, and a much
longer heating time would be re-
quired. This is one drawback of
the simple and otherwise desirable
r-f feed arrangement used here.
There are several possible ways to
overcome it. One is to use an ar-
rangement in which the load is sim-
ply connected across the tank cir-
cuit, or a part of it, so that the fre-
quency of the generator, assuming
it is a self-excited oscillator,
changes with the load and thereby
keeps itself in tune. Unfortunately,
this arrangement requires the use
of low frequencies for other than
the smallest loads, and low fre-
quencies invite trouble with flash-
over. Moreover, the use of oscil-
lators which drift through a “wide
range of frequencies during the
cvele is questionable engineering.
If the practice becomes widespread
it will be certain to result eventu-
ally in a difficult interference situ-
ation,

Another possible solution has
been suggested by Hoyler and
Bierwirth®. This consists in plac-
ing in the line a matching section
which is so designed as to mini-
mize the effects of load changes.

Making Full-Molded Parts

Wood, unfortunately, cannot be
stretched or drawn. Therefore,
where the forming of parts for
wood aircraft requires pieces hav-
ing a compound curvature, it is
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FIG. 11—Metallized mandrel for “blister”
piece, mounted in box used for r-f heating.
Metallized layer forms bottom electrode

FIG. 13—Upper electrode, consisting of
formed lead sheet placed over the “skin”
which is to be heated

necessary to resort to a third and
rather complicated method of con-
struction. This involves molding of
these parts by what is commonly
called the ‘“rubber bag process.”
This process has been deseribed in
some detail by the author in
previous article in ELECTRONICS®
and at length in various other
journals. *° Essentially it consists
of the following steps.

Tirst, a mandrel is made, usually
of wood or plastic. This is a mule
form carefully shaped to the pre-
cise contours of the fuselage or
wing surfaces to be made.

Second, narrow strips of thin
veneer to which a resin glue has
been applied are fitted or “wrapped”
on this mandrel as shown in Fig. 9.
Fach strip is tailored by trimming
or slolting so that it fits the form
snugly and its edge is tight against
the edge of the preceding strip. At
the present time these strips are
usually secured to the mandrel with
staples. From three to as many as
nine layers of veneer may make up
the “skin” which is “wrapped” on
the mandrel in this way.

The third stepin the process is to

‘place the mandrel and wrapping in

FIG. 12—The “skin”, formed by the
veneers “wrapped” as in Fig. 9, is placed
on the metallized mandrel for curing

FIG. 14—Rubber bag placed over top of
lead sheet. After the box is closed the bag
is inflated to provide the required pressure

a rubber bag from which the air is
then evacuated.

Next the whole package—i.e.,
mandrel, wrapped-skin and cover-
ing rubber bag—is placed in a large
pressure chamber called an “auto-
clave.” Steam, hot water or hot
air under pressure is then intro-
duced into the autoclave. The re-
sulting combination of pressure
and heat serves to set the glue and
thereby weld the strips of veneer
into a single strong piece of the de-
sired shape.

While this process of making
“molded” wood parts is, with a
number of variations, in wide use
today, it has many acknowledged
drawbacks. One of these is the use
of staples which leave small holes in
the “skin,” often puncture the bag
and, to some degree, limit the slight
shifting of the veneers under pres-
sure which is desirable in obtain-
ing a fully stressed piece. The r-f
spot-gluer mentioned above can he
used in place of the staples, as has
been previously described in“BLEC-
TRONICS".

An even greater disadvantage in
the bag method is the necessity of
using an autoclave. Not only is
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the autoclave method slow, but also
it is inefficient and somewhat dan-
gerous. Hence, even though the use
of r-f heating for thin pieces, such
as these aircraft “skins” represent,
is at first glance not too promising
—on the theory that external heat
can penetrate thin sections quickly
and hence “heating the inside” is
of no advantage—it turns out on
further study that it may yet be
found of advantage in this particu-
lar case. A few experimental tests
of the use of r-f in making full-
molded parts have been made. One
method which yielded fairly good
results will be described.

The piece chosen for this test was
a small streamlined “blister” used
on a well-known bomber-trainer.
While this piece is of small size, it
has a sharp double curvature and is
otherwise typical of the sections
ordinarily “molded” by the bag
method. Since r-f heating applica-
tions which look good under ideal-

In Fig. 10 is shown the r-f heat-
ing box used to ‘“cure” the skin
wrapped as above. This is a heavy
wood box in which the mandrel is
placed as shown. A rubber bag is
arranged so that after the lid of the
box has been clamped shut the bag
can be inflated, thereby ptoviding
the pressure required to press the
veneers tightly against the mandrel
and assure that they will be ade-
quately bonded.

The necessity of having “flex-
ible” or “fluid” pressure in this
kind of gluing has been previously
pointed out. The rubber bag ar-
rangement shown in Fig. 10 will
provide this if a sufficiently flexible
top electrode is used. A number of
different electrodes, both top and
bottom, were tried. The first re-
quiremen: of these electrodes is
that they be quite smooth and en-
tirely free from irregularities, par-
ticularly small protuberances.
Since the spacing between elec-

FIG. 15—Molded “blister” piece made as described in the text and “cured” by
use of rf heating in 3 minutes as compared fo 30 minutes by “autoclave”
method

ized conditions in the laboratory
often come to grief when moved to
the factory, an attempt was made
to reproduce factory operating con-
ditions. A regular mandrel was
used and the layers of veneer were
fitted or ‘“wrapped” on this man-
drel by one of the regular girl op-
erators.

Three layers of 1/48-in. veneer
were “wrapped” on the mandrel us-
ing the r-f spot-gluer previously
mentioned. Figure 9 shows the po-
sition of the spot-glued points on
the several layers of veneer.
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trodes is only <& in., the slightest
roughness will result in flashover.

Attempts to form copper screen
or copper sheet over the mandrel
as a bottom electrode came to grief.
The final and quite satisfactory so-
lution was to “metallize” the man-
drel by spraying a layer of alum-
inum on it with a spray gun. A
thick laver—nearly % in. deep—
was put on carefully, after which it
was sanded to a mirror-like finish.
This worked admirably and is, no
doubt, the best answer for the bot-
tom electrode. The top electrode is

a tougher problem, since it must be
free to flex. The best of those tried
in these tests was a sheet of 1s-in.
lead which was preformed to the
shape of the mandrel by drawing.
Because of the preforming there
was no tendency for this sheet to
crease or crack when pressure was
applied. At the same time, it was
soft enough to transmit the pres-
sure almost equally and to preserve
to some degree the “fluid” pressure
provided by the inflated bag. There
was some question whether there
was quite enough flex in the sharp-
est part of the curvature and it is
felt that thinner lead sheet—prob-
ably #-in. thick—would be better.

Figures 11, 12, 13 and 14 show,
respectively, the mandrel in the
box, the wrapped skin in position
on the mandrel, the upper electrode
in place and the rubber bag ar-
ranged ready for closing the box.
After the box is closed and clamped
tightly, the bag is inflated, r-f
power applied to the electrodes
through connections brought out
the sides of the box, and the assem-
bly left to “cook” for about 3 min-
utes. The “blister”, removed from
the box after this “cooking” cycle,
iz shown in Fig. 15.

With the arrangement shown
here pressures of 45 to 50'1b were
used. This is probably near the
minimum. Larger pieces of heav-
ier veneer would undoubtedly re-
quire more. To obtain such pres-
sures on fairly large pieces will re-
quire retaining structures of great
strength comparable, in fact, to the
autoclaves now used. However, all
the difficulties attendant on the use
of steam or hot water, including
particularly the deterioration of the
rubber bags, will be eliminated.
Time cycles can be greatly reduced.

The small “blister” mentioned
above required 3 minutes for set-
ting, as against something like 30
minutes in an autoclave. Bigger
pieces can be done in the same
short time if the necessary power
can be justified. At the present
time the repair of mandrels spoiled
by water soakage is a big item of
expense. Bags are also an expen-
sive item, the average life at pres-
ent being not more than one hun-
dred cycles. Both these expenses
would be greatly reduced; in fact,
bags and mandrels should last in-

(Continued on page 391)
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Electronic Timer for
MICROSECOND INTERVALS

A capacitor is charged for the exact duration of the interval, and the capacitor voltage

then measured with a vtvm calibrated to read from 0 to 140 microseconds with an accu-

racy better than =2 microseconds. Uses include measuring propagation velocities, re-

action rates, time lags of relays, and projectile velocities. Calibrating methods are given

HENEVER a velocity is to be

measured, as in acoustic or
ballistic studies—whenever a me-
chanical, electrical, or chemical re-
action time is to be determined, as
in studying explosives or measur-
ing the time-lags to be found in
a multitude of electronic circuits—-
an instrument which measures the
length of the time interval between
two events may be the ideal meas-
uring device.

Like many other devices for the
measurement of some specific phy-
sical quantity, such instruments
have been in existence in the lab-
oratory for some time past. How-
ever, it often takes an additional
step of consideration and design to
make a rugged engineering instru-
ment, constructable of commer-
cially available parts, out of such a
laboratory set-up.

Just such a step was required
in the case of the time-interval
meter to be described. It is de-
signed to measure time intervals
in the region of 0 to 140 micro-
seconds, with an accuracy of =2

By PAUL B. WEISZ

Bartol Research Fowundation
The Pranklin Institute
Swarthmore, Pa.

microseconds or better. It can be
built with a longer time-scale read-
ing up to several milliseconds, if
desired, and with some precautions
even shorter times can be measured.

Operating Principles

Circuits for the measurement of
time intervals have always been
based on the effect of a certain
amount of electrical charge @
transported over the length of the
time interval. Either this charge
Q is used to produce a proportional
deflection on a ballistic galvanom-
eter, or charge a capacitance C to
a potential V = @Q/C, which then is
measured. Such instruments have
been described“*** for full-scale
ranges of a fraction of a second
down to 10 milliseconds. In the
present case, the capacitor charg-
ing method has been adopted, which
eliminates the use of a sensitive
galvanometer.

V’]'4 C Volt-
meter
VT5
— s} ]

Vacuum-

Tube

1

OFF pulse Control Tube
O—-——-—

Input 2 VT,

Input / Control Tube
o—

On pulse VT,

FIG. 1—Block diagram of timing circuit
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The block diagram in Fig. 1 illus-
trates the operating principles. The
two electrical impulses represent-
ing the beginning and the end of
the time interval to be measured
are each fed to a control tube. When
control tube VT, receives the on
pulse, it causes tube VT, to pass
current and begin charging capac-
itor €. When control tube VT,
receives the off pulse, it causes VT,
to block. Thus, capacitor C is
charged to a value depending on
the time interval over which cur-
rent passes into it. A vacuum-tube
voltmeter reads this voltage, and
can be calibrated directly in units
of time.

Design Problems

There are three basic design
problems which accompany the use
of the charging capacitor method:

1. Leakage of charge from or
onto the capacitor before, after, or
during operation of the current-
controlling tube must be elimi-
nated. This imposes requirements
on the leakage resistance of the
charging capacitor and the general
insulation used in construction, on
the output impedance of the cur-
rent-controlling tube, and on the
input impedance of the vacuum-
tube voltmeter tube.

2. In attempting to design a suit-
able switching circuit, it is found
that most circuit arrangements
which suggest themselves have the
undesirable feature that various
cathodes have different potentials
with respect to ground, as in direct-
coupled d-¢ amplifiers.

3. When extending the range of
measurements down to time inter-
vals as small as is the case here,
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FIG. 2—Complete circuit diagram of high-speed electronic timer

care must be taken that the switch-
ing mechanism does not introduce
time lags. This eliminates all cir-
cuit designs in which the two input
circuits have time constants which
are large compared to the time
intervals to be measured.

Circuit Design

Considering all these points, the
circuit design shown in Fig. 2 was
finally selected. The control tubes
are type 2051 gas tetrodes. There
is no appreciable delay in the firing
action of such tubes, as the ioniza-
tion time is less than one micro-
second.

In principle, when the type 9001
current-controlling tube (VT,) is
at rest it has zero control-grid
voltage and negative screen-grid
voltage (with respect to cathode),
resulting in zero plate current. The
on pulse is responsible for immedi-
ate application of a positive voltage
pulse to the screen grid of this
tube, causing it to pass plate cur-
rent. This positive pulse is made
to last for a time longer than the
time interval to be measured.

The off pulse, arriving while the
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screen grid of VT, is still positive,
causes immediate application of a
negative pulse to the control grid of
this tube, thus cutting off its plate
current. The negative voltage
pulse on the control grid will last
a longer time than the positive
screen-grid voltage swing, so that
the control grid of VT, does not
return to zero bias until the screen
grid has first returned to its at-
rest negative potential. Plate cur-
rent therefore stays at zero after
an off pulse.

The entire action, including the
resulting plate-current pulse, is
shown in Fig. 3, which constitutes
oscillograms of the various poten-
tial and plate current variations.

The on and off pulses must be
of positive polarity at the input
with respect to ground. They may
be capacitively coupled to the input,
or direct coupled if more conveni-
ent and not disturbing to the d-c
grid voltages on the input tube. Gas
tetrodes are preferable to gas tri-
odes, in order to have a minimum
of capacitive coupling from grid
to plate and to avoid errors due to
surges or pulses following the phe-

nomenon to be measured. An in-
put pulse fires its gas tube, which
transmits a negative voltage pulse
through capacitive coupling to the
following tube. The gas tubes re-
main conducting once they have
been fired, until their plate voltage
is removed momentarily by operat-
ing a push-button switch. Neon
bulbs N, and N, glow to indicate
that the associated gas tubes have
been fired.

The polarity of the negative
pulse from VT, (produced by the
on pulse) is reversed by VT, thus
producing a positive pulse that is
applied to the screen grid of VT..
The duration of this positive pulse
depends on the time constant of
R.C, or R,C. whichever is smaller.
Here R,C, governs, and the pulse
stays positive for a duration of
approximately 0.005 sec. If no
other pulse arrived, VT, would stay
conducting for this interval. How-
ever, the negative pulse produced
by VT, upon arrival of the off pulse
is applied to the grid of VT, and
immediately cuts off its plate cur-
rent. This pulsé on the grid will
decay with a time constant deter-
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FIG. 3—Capacitor charging:current and
electrode voltage curves for the type 9001
tube used in the electronic timer

mined by R.C, which is 0.05 sec
(ten times longer than for the
screen-grid pulse). In this way
VT, cannot conduct current at any
time after the event to be meas-
ured has occurred.

Leakage Resistance Problems

Capacitor C in Fig. 2 is charged
by the plate current of V7T, during
the pulse interval. The leakage
problem arises here. Conditions
can be considered practical and
stable if, over a period of t = 5
seconds, there is no more than 2
percent change of voltage across
capacitor C. The minimum allow-
able leakage shunt resistance R,
in ohms is determined as follows:

1 dE

Tia - YEC
5 M1y
= —"_ "= 9
R = 535 ¢.= 20/C

According to this formula, a 1-pf
capacitor should have a leakage re-
sistance above 250 megohms; =a
0.1-uf capacitor should be above
2500 megohms, and so forth. Such
capacitors are now obtainable. For
capacitances larger than 0.1-uf,
Cornell-Dubilier Dykanol capacitors
were used successfully, and below
this size their type 86 mica units
were likewise satisfactory. The
calculated leakage resistance of
course combines the leakage in all
other parts of the circuit.
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The vacuum-tube voltmeter must
have an input impedance that is
large compared to R, (larger than
2.5 X 10° ohms for a 0.1-uf charg-
ing capacitor). The type 38 tube
is known to have good grid imped-
ance characteristics if used prop-
erly. Since the input impedance
is determined by the grid current,
the tube must be operated at a
small cathode current. This cur-
rent is about 0.4 ma in the circuit
shown, and is obtained with =a
plate voltage of about 20 wvolts
and a grid bias of about —4 volts.

To avoid surface leakage over
the bulb of the tube (VT, in Fig. 2)
under conditions of high humidity,
the top of the tube can be dipped
in a molten nonhygroscopic wax.
Another good precaution is paint-
ing the rest of the glass envelope
with colloidal graphite (Aquadag) ;
when connected electrically to the
“cold” end of capacitor C, this
serves as an electrostatic shield, as
a guard ring for leakage and as a
light shield. (Illumination often pro-
duces a grid current due to photo-
electric liberation of electrons on
the grid electrode.)

Leakage from the plate lead of
VT, is also important. This was
formerly a major problem from the
point of view of using commer-
cially available material, since ordi-
nary receiving tubes with plate

connections through the glass en-
velope were not available. Some
transmitting and power tubes have
this feature but do not cut off
sufficiently to eliminate internal
electron current. In the laboratory
it was sufficient to use a tube like
the 1B4-P after removing the
Bakelite base and filling the glass
cavity with wax. Now, special uhf
tubes having electrodes passing di-
rectly through glass and good cut-
off characteristics, such as the type
9001, have solved this leakage prob-
lem. Polystyrene sockets for these
tubes are also on the market. The
sketch in Fig. 4 summarizes con-
struction details of that part of
the circuit.

Operation and Calibration

Operation of the instrument is
simple. Push-button switch S, is
pushed to break the discharge cur-
rent through VT, and VT, if they
were previously fired. Neon bulbs
N, and N, must now be dark.
Key S. is next closed to discharge
capacitor C, and the output meter
is adjusted to zero by means of the
rheostat. The apparatus is now
ready for the measurement. After
the on and off pulses arrive, the
meter is read.

Before each measurement, capac-
itor C must be fully discharged.
This is accomplished by a key ar-

———— e e e
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FIG. 4—Mechanical arrangement used in the vacuum-tube
voltmeter circuit to eliminate leakage and photoelectric effects
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ranged as in Fig. 4, so that no
additional dielectric problem is
created.

To provide greater sensitivity,
the output meter circuit is balanced
using a 0.1-ma instrument. It is
most convenient to use a dry cell
as the source for the balancing
potential, since the drain is only
a fraction of a milliampere, Volt-
age drop due to aging over as long
as a year or more is immaterial
since balancing current can be ad-
justed with the 5000-ohm rheostat.

For calibration of the instru-
ment, a source for the production
of two ftransients (pulses) with
variable and known time spacing
is required. If so desired, such a
calibrating circuit can be incorpo-
rated in the apparatus, to provide
a permanent means of re-checking.

If a source of transient pairs is
available, but the time spacing
unknown, the calibration can still
be made with the aid of a cathode-
ray oscilloscope having a variable
and known sweep frequency. The
procedure is obvious if the tran-
sient pairs are periodically recur-
rent. If they are nonperiodic,
becin with a low sweep frequency
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5__Calibration curve for the elecironic timing circuit

8 (at right)—Circuit giving a capacitor charging current
that is independent of the plate voltage of the charging tube.
The three tests outlined on this diagram constitute a simple
method of measuring the capacitor charging current and

thereby calibrating the instrument.

Tests 1 and 2 determine

two voltage values, Vi and V. whose difierence constitutes

and increase it. During this proc-
ess, the linear spacing of the pulses
on the screen becomes greater,
until the sweep frequency is
reached at which the two indi-
vidual pulses occur at exactly the
same place on the screen during
{wo successive sweeps; this fre-
quency then determines their time
spacing.

A typical calibration curve ob-
tained for the circuit of Fig. 2
is stown in Fig. 5.

Alternative Calibration Procedure

A design variation which shows
great promise is shown in Fig. 6.
It makes full use of the pentode
principle of independence of plate
current I, and plate voltage E,
when the plate voltage is well above
the applied screen voltage. If this
constant plate current is known
for the screen-grid voltage cor-
responding to the maximum ampli-
tude of the screen-grid pulse when
the circuit is operated in the same
way as above, the voltage to which
capacitor C charges for any time
interval of measurement can be
found with good accuracy. If this
is known, a simple calibration of

the actual vollage on the screen grid during operation. In

test 3 this difference voltage is applied artificially and the

resultant charging current is measured. From this value the
corresponding time value can be computed

the plate current meter reading
and grid voltage (capacitor volt-
age) on the vacuum-tube voltmeter
tube fixes the calibraticn of the
instrument. Although the screen-
grid pulse is a transient, the as-
sumption of a constant screen volt-
age is justified, since the tran-
sient’s recovery (t = R.C, = 10
milliseconds) is very large com-
pared to the duration of the meas-
urement (0 to 0.15 millisecond).

In Fig. 6 is shown the procedure
for finding the effective maximum
amplitude of the screen-grid pulse
V from two tests, and subsequently
finding the constant plate current
I, when voltage V is actually ap-
plied to the screen grid in the
form of a battery (test 3). With
this current found, the voltage to
which the capacitor charges as a
result of a measured pulse inter-
val t is Ee = T,t/C, where values
are in volts, amperes, seconds and
farads respectively. By calibrating
the output meter reading in terms
of a variable applied and known
voltage on the grid of the vacuum-
tube voltmeter, the calibration giv-
ing output meter reading in terms
of time t is directly obtained.



Production of Transient Pairs

Circuits for the production of
transient pairs, with variable and
known time spacing between the
individual pulses of the pair, are
easily constructed. The time it
takes for a known capacitance C.
to charge from an initial voltage
E, to a known voltage E, by appli-
cation of a known voltage E,
through a known resistance R is

found to be
E, — E
—z]

The circuits shown in Fig. 7 are
based on this principle. Figure 7TA
uses a gas discharge tube of known
flashing potential E.. The initial
voltage, before operating the mer-
cury-pool key, is E, = 0 volts.
When the key is pressed, a known
voltage E, is applied. With three
different capacitances C and a vari-
able resistance, three ranges are
obtained for the time of delay be-
tween pulse 1 and pulse 2, the latter
of which will occur as a result of
the delayed ignition of the dis-
charge tube.

The voltage regulator tube
VR105/30 can be used as a dis-
charge tube. Its flashing potential
is accurately reproducible, and was
found to be E, = 1388 volts = 1
percent for four different tubes
tried. Such cold-cathode gas dis-
charge tubes introduce an intrinsic
time lag which has to be taken into
account. Under normal conditions,
this time lag would, in fact, be
random and unpredictable, render-
ing the tubes worthless for this

t = RC, log

purpose. However, sufficient illu-
mination from a steady source of
light produces sufficient photo ion-
ization in the tube to eliminate all
randomness, and simply yields a
consistent time lag which, for the
VR105/80, was found to be ap-
proximately t, = 2.5 x 10° sec
for 4 different tubes. Thus, the
actual time lag between the two
pulses of a pair is determined with
Eq. (1), taking into account the
additional intrinsic lag ¢,:

E, — E
treat = 1+ &, = RC, log [ETE—'I +
2.5 X 10 sec.

The source of light is made a
permanent part of the apparatus,
in the form of a 25-watt light bulb
mounted so as to irradiate the
VR105/30 through its top.

Figure 7B shows a more elabo-
rate variation of the same prin-
ciple. A gas-tetrode (2051) is used
in place of the cold-cathode dis-
charge tube. This has two advan-
tages: (1) The intrinsic lag of the
gas tetrode (or triode) is negligi-
ble; (2) The inter-electrode capa-
citance (grid to plate) is very small.
The arrangement in Fig. 7B is of
great advantage for very short
time intervals, since there would
otherwise be danger of inducing

a4 non-delayed pulse in the output

circuit of pulse 2 by way of capaci-
tive coupling. To make full use of
this feature, the delayed pulse must
be taken from the plate cireuit,
and since this pulse has negative
polarity, must be reversed in phase
by a subsequent vacuum tube. If

it were not for the relatively large
grid-cathode capacitance it could be
taken off as a positive pulse on the
cathode side without the need of
an additional inverter stage.

The principle of operation of the
circuit in Fig. 7B is the same as in
the case of Fig. TA, although it
may not be immediately obvious.
Tn analogy with the circuit in Fig.
TA, operation of switch S should
apply a known voltage E, to the
delay network between a and b.
Actually this does happen, the volt-
age being between ¢’ and b and
capacitively applied over C,. This
does not introduce an error as long
as C, is much greater than €. In
this way, the necessary negative
bias can be applied to the grid of
the tube through R, which, in order
to introduce no error, must merely
be large compared to R. Equation
(1) will now apply accurately with-
out additional time lag, but noting
that in this case E, is not zero but
equal to the permanent negative
bias (—45 volts). The voltage
sources were drawn as batteries
merely for the sake of simplicity;
a-c operation is naturally possible,
and can be carried out in the cus-
tomary ways.
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CoLD
TESTS

Tests of clothing at 60 deg below

QM

zero are made by the U. S. Army
Quartermaster Corps, using ther-
mocouples placed at the heart, kid-
ney, back, abhdomen, thighs and big

toes of soldier volunteers

A harness holds thermocouple junctions in contact with the
flesh at eight points on the soldier’s body. A cable connects
the couples to an electronic potentiometer which records
body temperatures during various activities in arctic dress

Not a mummy, but a soldier in a sleeping bcg undergoing a Use of this electronic potentiometer, a product of Brown Instru-

temperature test at 60 deg below zzro to determine the reac- mernt Co. has speeded up the recording of the temperature

tion of the body to extreme cold while relexed. Such tests, con- readings over a manually-operated instrument formerly used.

ducted by the U. S. Army QMC, should have an effect uvpon A complete record of the eight readings for each man now
commodity standards after the war requires about 30 seconds
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Photoelectric INDUSTRIAL
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Fig. 1-—Current-illumination characteristics of typical phototube

ANY industrial engineers and
M plant superintendents have
been afraid of photoelectric equip-
ment and have regarded it as deli-
cate gear that must be carefully
handled. This is, today, an erron-
eous idea. Photoelectric equipment
is now constructed to meet the
same rigid requirements as other
well-constructed industrial control
equipment.

The art of manufacturing elec-
tronic tubes has progressed to such
a point that they are sturdy and
long-lived. Similarly, maintenance
of photoelectric equipment presents
no greater problem than that of
other industrial controls. In many
cases, maintenance is less on photo-
electric equipment than on other
type controls used for the same
purpose.

Photoelectric controls can be ap-
plied without special knowledge of
electronics. Familiarity with amp-
lifiers, control circuits and tube
theory is not necessary. One must
know only what the equipment will
dd and how it can be used.

For photoelectric control, light
is used as the controlling medium
rather than mechanical or electri-
cal contacts. Operations where
friction cannot be tolerated (or
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where mechanical contact cannot
be made) are readily and conven-
iently controlled with simple photo-
clectrie apparatus,

Types of Devices

in general, control by means of
light is accomplished by three basic
types of photoelectric devices: (1)
Photoconductive cells, in which the
resistance of a semi-conducting
solid substance to electric-current
flow is reduced by light radiation.
(2) Photovoltaic cells, in which
light energy produces a difference
in potential across two substances
that are in close contact. Some-
times the photovoltaic cell is called
a barrier-layer cell. (3) Photo-
emissive cells, or tubes, whose
action is produced by emission of

electrons from a
cathode surface. o

Photoconductive and photovol-
taic cells are quite rugged in con-
struction and have relatively high
current output. This sometimes
makes possible the direct operation
of meters, relays or other current
operated devices. An amplifier can
be used with any one of the three
types of light-sensitive devices,
however, and the photoemissive
type is often selected since its out-
put is so readily amplified.

light-sensitive

Phototubes

Photoemissive  devices called
phototubes are probably the most
widely used. They contain two
elements, a cathode and an anode,
sealed in a glass tube. The cathode
is semi-cylindrical in shape and con-
sists of some base metal (such as
silver) coated with caesium oxide,
which is sensitive to light. The
anode generally consists of
straight wire electrode mounted
along the axis of the cathode.
Light falling upon the cathode re-
sults in emission of electrons from
the light-sensitive surface. The
released electrons are drawn to
the anode by virtue of an external
voltage applied between the anode
and cathode.

Selection of cathode material de-
termines the spectral response of
the phototube. Pure sodium, tung-
sten-on-nickel, thorium-on-nickel or
titanium-on-nickel cathodes are
particularly sensitive to ultraviolet
radiation. A thin layer of caesium
deposited on a layer of caesium
oxide (formed on a silver surface)
is sensitive to visible and infrared

TYPICAL APPLICATIONS

Paper mill break indicator

Automatic weighing

Cellophane bag machine controls
Stopping of mechanical devices

Liquid level control

Initiation of flying shears in steel mills

Counting units on production line
Safety Control of machinery, furnaces
Concentration and color control

Weld comparers

Plant protection

Tin reflow regulators

Door opening and closing initiation
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CONTRO

Rugged construction has taken the elec-
tronic equipment out of the experimen-
tal stage and made it an important in-
dustrial tool. The principles of opera-

tion of gas and vacuum-type phototubes

and the use of accessories

By HAROLD J. HAGUE

Electronic Engineer
Westinghouse FElectric and Manu

Fast Pittshurgh, DPa.

LS

are described

facturing Co.

An explosion-proof case for special

rays and is a very satisfactory
type of cathode. It is particularly
useful where Mazda lamps are em-
ploved as light sources.

Optical filters and phototubes
may be combined to alter the color-
sensitivity response of the photo-

tube. If a green filter is used with
the Westinghouse tvpe WL-770
phototube, for example, the re-

sponse is almost identical to that
of the human eye.

Phototubes can be divided into
two classes, namely, gas and
vacuum. The two designs are

ELECTRONICS — April 1944

applications encloses this control unit

identical as to structure. A high
vacuum is emploved in the vacuum
type and an inert gas such as argon,
neon or helium (at very low pres-
sure) is used in the gas-filled tvpe.

Gas Tubes

Gas-filled phototubes are much
more sensitive than vacuum-type
tubes. The greater effective re-
sponse is obtained through gas am-
plification and secondary emissicn.
Electrons emitted by action of light
rays on the cathode are drawn to
the positive anode. High velocity

Photoelectric unit of the type commonly
employed for counting boxes or pack-
ages on @ conveyor

of the photo-emitted electrons is
sufficient to knock out additional
electrons from the gas atoms with
which they collide. Gas atoms are
thus split into positive ions and
free electrons.

The free electrons are drawn to
the positive anode and the positive
ions migrate toward the negative
cathode. The positive ions sur-
round this element of the photo-
tube and exert such force that addi-
tional electrons are emitted which
combine with the original photo-
electric current. These two fact-
ors produce additional photoelectric
current that may be several times
the value of primary electron cur-
rent.

Phototubes are not particularly
sensitive to temperature changes.
However, the maximum operating
temperature for most commercial
phototubes should not exceed 50
deg. C (122 deg F). The tempera-
ture referred to is that which comes
in contact with the bulb, or the
ambient temperature. If the photo-
tube is operated above recom-
mended temperature, sensitivity
may decrease. High operating
temperature also decreases life of

15
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Fig. 2——Inexpensive light relay for indoor applications where
low sensitivity is permissible

the tube due to evaporation of vola-
tile material on the cathode.

Under ideal operating conditions
(normal temperature, proper volt-
age on the anode and sufficient light
on the cathode) the output of ordi-
nary gas or vacuum phototubes
does not exceed 100 microamperes
per lumen of light. The curves of
Fig. 1 show how current flow in
phototubes is affected by illumina-
tion intensities. It is usually nec-
essary to amplify this small current
if phototubes are to be of prac-
tical value. The device that am-
plifies the small currents of a
phototube is called a light relay,
or photoelectric relay.

Relays

Photoelectric relays are available
in a number of different designs.
When used to supply initiating ac-
tion to open and close doors (or for
operation where maximum sensi-
tivity is not required and distance
from the light source does not ex-
ceed, say, 20 feet), a light relay
such as shown in Fig. 2 may be
used. Such an arrangement con-
sists of a phototube, a thyratron
tube, a transformer (to supply
proper filament and anode volt-
ages) and miscellaneous small ca-
pacitors and resistors.

Thyratron characteristics are
such that when the negative grid
potential (relative to cathode) ex-
ceeds the critical breakdown volt-
age (for corresponding anode volt-
age), the tube does not become
ionized and no current is conducted
through the tube. When the grid
potential becomes more positive
than the critical grid voltage, the
tube breaks down and conducts
current. In the photoelectric velay
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shown in Fig. 2, a negative voltage
(relative to cathode) is applied to
the ‘grid of the thyratron tube.
When the phototube is illuminated,
this negative thyratron potential
is balanced out as a result of cur-
rent flow through the phototube and
the thyratron conducts current.

As shown in the diagram of Fig.
3, the coil of a relay is connected
in series with the anode of the
thyratron tube. When the coil is
energized, the relay contacts oper-

ate a counter or other suilable
control.
Many installations require a

photoelectric relay that responds
to exceedingly small changes in
illumination and provides mauxi-
mum speed of response. In such
applications, an amplifier is placed
between the phototube and the
thyratron tube. The amplifier mag-
nifies the small current impulses
that are generated by action of
light on the cathode of the photo-
tube. Figure 4 shows a photoelec-
tric relay that utilizes a single
stage resistance-coupled amplifier.
The phototube is on the left, the
amplifier tube is in the center and
the thyratron is on the extreme
right.

Register Control

Photoelectric relays designed for
maximum sensitivity and speed of
response are used in installations
where the distance between light
source and phototube is about forty
feet or more. DMany are also used
for register regulator applications.
Register regulators are found in
many industries where consumer
products (such as cigarettes and
candy bars) are wrapped auto-
matically by machine. Such regu-

Fig. 3—Schematic circuit of a phototube and thyratron as used
to form a simple photoelectric relay

Fig. 4—In this unit the phototube feeds

into a single-stage amplifier wﬁich, in turn,

conirols the thyratron under the shield at
the right

lators control the cutting of rolls
of paper. Aligned to plus or minus
#2-in. accuracy, they control the
cutting along one edge of the roll.
This edge control assures cutting
the paper into sheets of the right
size to conform to some definite
pattern on the wrapper itself. The
pattern is often made an integral
part of the design of the wrapper.
In other cases, the design (fre-
quently a4 small rectangular spot
i1x2 in.) is placed on one edge of
the paperstrip. Register regulat-
ors have made paper speeds up to
3,000 ft per minute possible.

When light source and phototube
are over 40-feet or so apart it is
difficult to obtain sufficient illu-
mination on the phototube to oper-
ate the photoelectric relay. 1In
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such cases, it is rarely practical
to increase the sensitivity of the
photoelectric relay since extrane-
ous light (such as that reflected
from light-colored objects, windows
and people’s clothing) is apt to
cause false operations. Filters
used to provide an invisible light
beam sometimes help and some-
times merely accentuate the difficul-
ties. A phototube housing having
infrared filters is shown in Fig. 5.

Interrupted Beam

A photoelectric relay, responsive
only to a rapidly pulsating light,

has been designed for applications
where distance between light
source and phototube is between 40
and 225 feet. Constant illumina-
tion has no effect on the unit, thus,
false operation cannot result from
light reflections. Pulsating light is
obtained by interrupting-the light
beam with a motor-driven slotted
disc that produces five hundred and
forty interruptions per second.
Figure 6 shows a light source suit-
able for outdoor pulsating-light
installations.

The phototube is not always lo-
cated near the photoelectric relay.
In some applications, space limi-
tations or appearance make it
desirable to place the photoelectric
relay and the phototube forming
part of this unit in different places.
The phototube can be mounted in a
separate housing and can be con-
nected to the relay by means of a
cable. Any convenient position and
location (where mechanical vibra-
tion is not excessive) can be chosen
for the housing so long as it can be
rigidly mounted to insure constant
alignment with the light beam.
Under normal conditions, the cable
connecting phototube and relay
rarely exceeds ten feet. Increased
capacitive reactance in longer
cables will influence sensitivity of
the relay.

In the majority of photoelectric
applications, a special light source

bty

is required for successful opera-
tion.

Light Sources

Normally, a source includes: (1)
A small lamp that usually operates
on a potential of six to eight volts.
(2) A transformer to supply cor-
rect filament voltage to the lamp.
The transformer is generally an
integral part of the light source. It
can also be a separate winding on
the main control transformer in
the photoelectric relay. (3) A lens
assembly to concentrate the light
beam. (4) A light-source housing,
usually of cast metal and con-
structed to facilitate lamp inspec-
tion and mounting-position adjust-
ment.

In some instances it is desirable
to have the light source and photo-
tube housing built as one integral
part. Such a combination is called
a “scanner.” Figure 7 shows a
scanner that is often used on regis-
ter regulator applications. This
scanner has a single tube amplifier
circuit built in to insure maximum
sensitivity and speed of response.

Photoelectric relays, phototube
housings and light sources are
available with different enclosures
for all types of applications. They
can be used indoors, in damp out-
door locations, and even in explosive
atmospheres where exposed spark-
ing contacts would be hazardous.

5—This phototube housing contains a
large lens and infrared filter

i

Fig. 7—This combination of phototube and light source in one unit
is called a “scanner’” and is useful for register-regulator applications
where light is reflected from printed moving register marks

Fig. 6—False operation due to light from other
sources is eliminated by the use of this motor-driven
slotted disc to interrupt the light beam
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EQUALIZER DESIGN

Attenuation and phase functions of frequency-transmission characteristics in circle dia-

o . . . . Q 29
grams, for determining performance and selecting circuit constants of “constant-resistance

HE USE of circle diagrams for

facilitating the solution of va-
rious problems in engineering is
well known. 2 A chart which may
be used in determining the charac-
teristies of a large number of elec-
trical circuits used in audio and
r-f systems is to be described.

The attenuation, phase and im-
pedance functions of various cor-
rective networks may be determined
directly from the chart by follow-
ing the circular loci of constant 4
and constant X. Here A is the
ratio of two resistances, while X
is the product of radiun frequency
and an inherent time constant of
the circuit. As soon as particular
values of A and X are determined
from given specifications, the be-
havior for all other values of X or
A is read directly from the chart.
Exuamples showing both methods of

and other conventional types

By MICHAEL J. DI TORO

Senior Radio Engineer
Hazeltine Eleetronics Corp.,
Little Neck, N. Y.

application will be considered.

Suppose it is desired to design a
simple low-pass network satisfying
the following specifications:

(1) As the frequency increases,
the attenuation introduced by the
network is to increase gradually
from zero to not more than 14 db,
while at the pivoting or ‘“‘cross-
over” frequency of 1000 cps, the
attenuation should be 7 db.

(2) The network is to work from
a signal source having 500 ochms in-
ternal resistance.

A circuit having these general
characteristics is shown in Fig. 1a,
and in the fourth-quadrant group
of circuits shown on the chart. The
problem is to determine the values

of the resistances K and AR, and
the capacitance C, which satisfy
the specifications. Since the source
internal-resistance is to be 500
ohms, it is possible to let R be this
internal resistance, 500 ohms. For
purposes of analysis, let the signal-
source voltage be a sine wave of
frequency f, represented by the
complex quantity £,. Let the out-
put voltage be another complex
quantity E which differs from E,
in both magnitude and phase.
Certain facts are evident on in-
spection of Fig. la. For d.c., or
zero frequency, the ratio E/E, = 1,
or E and E, are equal both in mag-
nitude and phase. As the frequency
increases and -approaches infinity,
the reactance of the capacitance C
and the voltage across C approach
zero together. Hence, at infinite
frequency, K is again in phase with

Lo oI
R g éQ‘E’:
S ijE
X |ES€E

5] 1

E S 3
. !

: ST Y

FIG. la—Equalizer of Example 1

| f X Atten.| Phase
{ (cps) (db) | Shift
295 | 0.53 L5 | =27°
520 | 0.94 35 | -37°
1,000 | 1.8 7.0 | —42¢°
1,950 | 3.5 10.5 | =36°
3900 | 7.0 12,5 | —25°

FIG. lc—Table of computed values of X

for corresponding selected frequencies

f, and readings of values for the atten-

uation and phase-shift functions taken
from the chart
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FIG. 1b—Simplified, partial duplication of the design chart, for use in solution
of the network of Fig. la

April 1944 — ELECTRONICS



S—
CHART
b o as THE FIRST QUADRANT GIVES CIRCUIT GIVES) WHERE
C {; 3 THE MAGNITUDE AND PHASE 7h
g ’ e OF THE EXPRESSION 2 | e _El X
9 ": - ] . &S |-J A r:(:o;st.) R E E° '&fCR
= - -
'8 5 ’ ‘74‘36 ) —J('_i'_A)
—|2%8 W, s . 5
E - ! S, = wHICH 1S THE L Otz X
] C D. B. & . E, L £ —E- v kL
; 7 3 SOLUTION FOR tonst ) AR o =—L—R
= F ., THE CIRCUITS| ¥ |
L 4 . 40
- SHOWN TO |
51 : i >\ THE RIGHT.,
- YALUES OF X (
5 4 & 8 \7|/ \/ 36
s ¥ \5 -
a8 5 . NAENR 2
I 4 Y S 20°
- 1O /
ad 3
*F .3
= 4
r Ry
2 "; s "2 S \g
g N 4 < N
ok % 05 .2 3 744 213 S
- | YALUES oF A [ : CHART
- £ CIRCUIT GIVES WHERE
o 7, i
U o 10 7 C R X
c < , N .
. 5 o [ arY g| £
2£ LR 2 (const) g E| E_|-AfCR
o v }
- 3 et ¢ RZA
3t 5 3 s ’ S - £ ki
- : A 20 R T E| El anfL
[ {const) R =
a4+ 8 ? -3 v v
E 1.5 L / LRt
5 t 6 -1 .8 -30
o FREQUENCY R rd
o VvooX THE FOURTH fE‘ X
54 VAL UES OF X o | 2nfL
. 9 N 48 QUADRANT Py o
'g o GIVES THE : 2efeR
3-7 T3 MAGNITUDE AND
3 N Pﬁc,\ﬁ' sf  PHASE -oF THE |
s8¢+ @ Gy EXPRESSION Z > ar 2zl X
< b I' 2 R 1+ JAx me. = TR R |ftr
s ! o 1+ j(1+A)X
- 70 R X
o o WHICH Is THE SOLUTION FOR THE Y
Lo <80  jag gy Y 2afL
CIRCUITS SHown To THE RIGHT. Aom. a R
i

E, and should be 14 db below E.,,
or E/E, = 0.2. But E/E, = AR/
(R+ AR) = A/(1 + A) =02, 0r
A = 0.25. This determines AR to
be equal to 0.25 x 500 = 125 ohms.
For intermediate frequencies, a
little consideration will show that
the voltage E lags E, and has a
magnitude somewhere in the range
between E = E, and E = 0.2 E..

Consider now the use of the chart
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in determining quantitatively the
manner in which the ratio E/E,
varies with frequency. Reference
is first made to Fig. 1b, since it is
a simplified but partial duplication
of the portions of the circular loci
chart which pertain to the problem.

The end of the heavy arrow indi-
cates the complex quantity E/E..
The magnitude of this ratio is equal
to the length of the arrow, while a

clockwise or counter-clockwise ar-
row rotation indicates a respective
phase-angle lag or lead of E rela-
tive to E,. As the frequency in-
creases from zero to infinity, this
arrow starts from a horizontal
position where E/E, = 1, then ro-
tates clockwise, decreasing in mag-
nitude. The rotation indicates that
E lags in phase relative to E,. After
the arrow reaches a point of —42
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L=CR2= /45 mp

FIG. 1d—Bridged-T network derived for

constant-resistance impedance-match at

both its input and output terminals, with

attenuation characteristics for the cir-
cuit of Fig. la

deg maximum lag, it continues in
reverse rotation, while decreasing
further in magnitude. At infinite
frequency, the arrow is again hori-
zontal, where E and E, are again in
phase, and the length of the arrow
(the magnitude of E/E,) is 0.2.
As the frequency varies, the locus
of E/E, is a circle. This is shown
in Fig. 1b by the heavy circular
line, which is obtained from the
chart in the following manner:

It is recalled that a 14 db maxi-
mum attenuation is desired at infi-
nite frequency. Thus, on the ver-
tical-amplitude, linear, db scale, lo-
cate the circle of constant 14 db
attenuation. Follow this circle in a
counter - clockwise direction and
note the point where it intersects
the horizontal line. The circle of
constant value of A which also in-
tersects this point is the circle for
which A = 0.25. This circle is the
desired locus of E/E.,.

The chart and Fig. 1b also show
that, orthogonal to the circles of
constant A, are those of constant
relative frequency X. As indicated
in the fourth quadrant of the chart,
X = 2zfCR, i.e., X is proportional
to the frequency, and equals unity
at the frequency where the magni-
tude of the reactance of capacitance
C is equal to R. It is now recalled
that, at 1000 cps, the specifications
require an attenuation of 7 db.
Figure 1b and the chart show that
the circle of constant 7 db attenu-
ation intersects the circle of con-
stant A = 0.25 at the value of
X = 1.8. Hence, C is determined by
noting that X = 1.8 = 2zfCR =
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2 X 1000 x C x 500, or C =
0.58 puf.

Complete Transmission Function

If desired, the amplitude and
phase frequency-characteristics of
the network, for frequencies other
than 1000 cps, are easily deter-
mined. Following the procedure
outlined above, it is found, for ex-
ample, that the attenuation is 3.5
dbat X = 0.94, or f = X/27CR =
0.94/2z x 0.58 x 500 = 520 cps,
and the phase angle is —37 deg.
Both the attenuation and phase
characteristics are tabulated in Fig.
lc. It should be noticed particu-
larly that the chart gives a physical
picture of the way in which the
ratio E/E, varies with frequency.

The circuit chosen is the simplest
which will fulfill the specifications,
but it has the disadvantage of pre-
senting to the 500-ohm source an
impedance which is not solely re-
sistive and which varies with fre-
quency. If a constant resistive
impedance of 500 ohms is desired,
as one looks from the source into
the network, then the circuit may
be elaborated to the bridged-T type
shown on the chart and in Fig. 1d.
This is one of a series of “constant
resistance” networks® whose solu-
tion may be obtained using the
chart.

Phase-Shifting Network Example

Suppose a simple phase-shifting
circuit is to be designed using the
circuit shown in Fig. 2. At the
frequency of 1000 cps it is desired
to control the phase of E relative to
that of E, by the setting of the
variable resistance AR. The total
phase shift should not be less than
35 deg, and there should occur a
minimum change in the magnitude
of K as its phase is varied. The
problem now is to determine C and

AR, R being given equal to 500
ohms.

Studying the chart, it is seen
that, inasmuch as the frequency is
now constant, the locus of E/FE, is
again circular but now follows the
circles of constant relative fre-
quency X. It is desired to choose a
circle for some value of X such
that, as A varies, a maximum phase
shift occurs in E/E, together with
a minimum change of magnitude.
By choosing the circle for which
X = 2, a phase shift of from —65
deg to —28 deg, or a difference of
37 deg, is obtainable with only
about a 0.6 db change in magnitude.
Hence X = 2 — ZﬁfCR = 2n X 1000
X 500 X C, or C = 0.64 uf. The
value of A at —65 deg is zero, while
at —28 deg the value of A4 is 0.48.
Thus AR should vary from 0 to 0.48,
so the resistance AR of Fig. 2
should vary from zero to 0.48 X
500 = 240 ohms. '

The table in Fig. 2 gives values
of phase shift vs. settings of AR.
Some attempt should be made to
solve this problem without the use
of the chart to appreciate its time-
saving value in solving problems of
this type.

The use of the chart is not lim-
ited to examples of the types just
described. For example, it is possi-
ble to solve also for the magnitude
and phase of the input impedance
or admittance of the networks
shown in the first and fourth quad-
rants of the charts. Applications
to other circuit problems not given
here are also possible.
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FIG. 2—Phase-shifting network, for constant-amplitude phase-correction, dis-
cussed in Example 2. Values of AR, adjusted for the desired condition, are
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Military Transmitter
in MASS PRODUCTION

Assembly system similar to those used in the pre-war manufacture of radio receivers is

successfully applied to the fabrication of the heavier, much more complicated BC-610-E.

Units pass through the steps pictured here in less than six hours

By C. T. READ

Engineering Department
The Hallicrafters Company
Chicago, Il

N THE home-front battle of war

production, an outstanding vic-
tory has been won by the adaption
of mass-production technique to
the manufacture of heavy, yet com-
plicated electronic equipment.

Everyone ig familiar with the

success that automobile manufac-

turers have had in applying their
methods of fabrication to the air-
plane engine. Less well known has
been the successful use of mass pro-
duction methods in the construction
of radio transmitters.

Apparatus which in pre-war days
was virtually custom-built by skilled
craftsmen is now being produced
on the assembly line. Not only
has production been speeded up,
but quality has been improved.

The accompanying  pictures,
taken in the Clearing, Illinois plant
of the Halljcrafters Company,
where the pre-war model HT-4
transmitter is now being built in
large quantities for the armed
forces as the BC-610-E, illustrates
the major steps in assembly.

ELECTRONICS — April 1944

1 Power-supply assembly starts here, on the main production line. This
chassis forms a base for the entire BC-610-E {ransmitter. Rectifier tube
sockets, filter chokes and capacitors are the first component parts to be
installed. A special weod table holds the chassis upside down for this step
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General flcor plan showing tke productionline scheme em-
ployed. Units assembled -elsewhere, dnd components, are
delivered to the sub-assembly lines shown at the left and
right. Work progresses from the top of the diagram to the
bottom, with direct physical transfer from auxiliory to main
line facilitated -l')y the adjacent position of these two lines

5 The power-supply section of the BC-610.E transmitter is
picked up by means of an electric hoist and placed on a
dolly which can be moved by hand the rest af the way

down the assembly line. This photo skows the modulator
chassis, received from a sub-assembly line, being lowered
into place. Inter-connection cables are installed here
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Military Transmitter in

2 Power-control panel assembly starts here, on an auxiliary
production line. Paris are mounted on the panel and wiring
is complreted

6 The powersupply and modulator unit receives a com-

plete mechanical inspection. All main support bolts are

tested with a special torque-measuring wrench. The bolts

holding the main power tramsformer, for example, must not
turn until a forque of 90 inch-pounds is applied
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MQSS Pl'Od'llCtiOIl {Continued from p. 121)

3 Shifted to the main production line, the assembled and 4 After the power-supply chassis and power-control panel

wired power-contrel ponel is bolled to two side members are fastened together, the unit is turned over and placed in

and forms the froni of the cabinet. The power-supply chassis a jig. Then the main power transformer, weighing 113 Ib.,
is lifted and lowered into place, forming the bottom iz lowered inte position and bolted down

7 Back on the auxiliary production line. an exciter chassis 8 The final amplifier turing copacitor assembly and a

socket for the final amplifier tube are installed. and r-

built as a complete unit at another Hallicrafters’ plant is
wiring is completed

installed in the r section of the cabinet and a conirol panel
containing meters, band-switch and final amplifier tuning
cantrol is placed in position oo
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Military Transmitter in Mass Production (Continusd from page 120)

9 Main and auxiliary production lines now come together,

The rf section of the transmitter is placed on top. of the

power-supply <and modulator section. Cables connecting the
units are placed and the two units are bolted together

1 1 The fransmitter is moved into an electrical testing room,

where large tubes and plug-in tuning units are inserted. A
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