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STRIKING POWER of United Nations forces is dependent upon
radio communication equipment for smooth, efficient and coordi-
nated action. And though hampered by shortages of critical mate-
rials, we are utilizing every facility and substance in order to supply

our Armies and Navies with transmitting tubes , . . better transmit-
ting tubes and more of them.

Such design and production achievements call for experienced
organizations . . . made up of engineers and technicians who have
had long and intimate contact with complex electronic operations
and processes. It is fitting that a company such as ours should use
its experience as a contribution to victory.

AMPEREX ELECTRONIC PRODUCTS

79 WASHINGTON STREET BROOKLYN, NEW YORK
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MAY WE ASSIST YOU IN YOUR PROBLEM?




WITH THIS NEW
TRACING CLOTH

PHOENIX is the new kind of trac-
ing cloth, proofed against per-
spiration stains and water marks
—that bolds erasurve scars at
minimum. PHOENIX gives you
clean tracings, in pencil or ink,
free from untidy “‘ghosts” ‘that
reproduce on blueprints!

An exclusive new process is
responsible for this amazing per-
formance, a process which defies
moisture, and gives PHOENIX its
unusually durable working sur-
face. You use harder pencils. ..
get sharper lines with less ten-

REG. U.S. PAT. OFF.

TRACING CLOTH

for pencil and ink
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dency to smudge. Even GH pencil
fines show clearly, and repro-
duce strongly. You don’t mar
the surface when you erase;
erased areas take pencil smoothly
—and ink without feathering. Its
new white color and its increased
transparency provide excellent
drawing contrast. .. produce
strong blueprints.

Give PHOENIX your own
drawing board test. See your
K &E dealer, or write for a gen-
erous working sample and an
illustrated brochure.
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PHOEN!X DEFIES
MOISTURE GHOSTS

Perspiration and water
splashes on ordinary tracing
cloth create “ghosts'* which
reproduce on blueprints.
PHOENIX Tracing Cloth
withstands actual immersion
in water for fully 10 minutes
at a time! Perspiration and
water marks will not stain itl

PHOENIX LESSENS
SMUDGE GHOSTS

The new improved surface of
PHOENIX Tracing Cloth
permits you to use harder
pencils (SH and 6H) and to
get sharper lines with less
tendency to smudge.

Result: Cleaner tracings
and blueprints.

PHOENIX REDUCES
ERASURE GHOSTS

Ordinary tracing cloths be-
come scarred whenerased.. .
erased spots produce ghosts
on blueprints.

PHOENIX has a durable
drawing surface that reduces
working scars toa minimum.

EST. 1867
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IN PLANES—Ohmite Rhe-
ostats and Resistors have
pioneeredtheairways. To-
day, they fly and fight on
all fronts. Approved types
for Army and Navy speci-
fications.

IN TANKS—Here, too.
Ohmite Resistance Units
perform essential control
functionsunder the tough-
est service coanditions to
help fight a beter fight.
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IN SHIPS = Qhmite Rhe-
ostats, Resistors and Tap
Switches are used in a
variety of ebectrical con-
trol applications in banle-
ships, submarines and tos-
pedo boats.

IN INDUSTRY— Ohmite
Units not only are used in
war material which indus-
try is producing, but in
laboratoryand production
cquipment as well, in the
control of motor speed
and generator fields, of
heat and Fght, of signal
and supervisory circuits.
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Here are facts with which many of you have long
been familiar—facts which give you added assurance
in dealing with today’s resistance — control problems.

(1) The basic design and construction features of
Ohmite Products have been tested and proved thru
years of service in critical applications. (2) The ex-
tensive range of types and sizes makes them morc
readily applicable to almost every requirement. (3)
The experience of Ohmite Enginecrs is especially
helpful in selecting or designing the right units for
each need.

Add them up rogether—and you can readily under-
stand why Ohmite Rheostats, Resistors, Chokes and
Tap Switches are used in endless variety and number
in war and in industry—in planes. tanks and ships,
in walkie-talkies and field units—in communications
and electronic devices, in test apparatus and elec-
trical control equipment—and in the development of
new devices to defeat the enemy and build for to
morrow’s peace.

Factory and production facilities have again been
expanded to help meet the greatly increased demand
for Ohmite Products.

Units Produced to Government Specifications.
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Close Control Rheostats

Smooth. gradual. close control is
permanently built in. The wire is
wound on a solid porcclain core,
locked in place and ivsulated b
Obmite vitreous enaniel. Nothing
to shrink. shift or deteriorate.
Self-lubricating metal graphite
contact prevents wear on the wire.

Vitreous Enameled Resistors

The resistance wire is evenly
wounnd on porcelain core, rigidl!y
held in place, insulated and pro-
tected by Ohmite vitreons enamel.
Dissipates heat rapidly—prevents
hot spots and failures. Core sizes
range from 2%" diameter by 20"
long to 5/16" diameter by 1" long.

High Current Tap Switches

Load-break, siugle-pole, miulti-
point rotary selectors. Compact
all-enclosed ceraniic construction.
Unique slow-hreak action. Large
self-cleaning silver-to-silver con-
tacts. Lowcontact resistance. Back
of panel niounting. Nowu-shorting
type. rve sizes from 10 to 100
amperes, 1.C

OHMITE MANUFACTURING COMPANY

Sorerniosl o //axna/('w/www of Seeeer Rbroosterts, Rewcslow and 870/0 Stedlechres
4816 FLOURNOY STREET, CHICAGQO, . S, A.
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W rite on company letterhead for Com-
plete Catalog and Engineering Manual
No. 40. Helps expedite the solution to
resistance problems. Gives valuable in-
formation on the selection and applica-
tion of rheostats, resistors, chokes, tap
switches and attenuators. Contains use-
T ful reference tables, dimensional draw-

ings, important engineering data and a
manual of resistance measurements.
Tells about stock types and special

This 96-Page Book Is Especially Helpful Today
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OHMITE
Rheostdts-Resistors
TapSwitches



THEY ALSO SERVE

The “HFB” is in the fight for Viectory.

F ROM the smallest to the largest—every Ham-
marlund product has found a place alongside
the Kellys, Powers, Dickinsons and all other United
Nations’ heroes—who are carrying on the fight for

the preservation of the American way of life.

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

WWW.americanradiohistorv.com



Elecironeering
is our business!

ELECTRONEERING is the word
we have coined to symbolize
the part we are playing in the
conquest of the stirring new
world of Electronics.

Behind the closed doors of
the RAULAND laboratories, new
visions, new ideas, newdiscov-
eries areunfolding themselves.
Here, scores of new vacuum
devices are blazing new trails
in the fields of Television,
Broadcasting, Communica-
tions, and Sound.

But first and foremost, we at
RAULAND are at war—along
with 130,000,000 other fight-
ing Americans. All of our
energies, experience, engi-
neering ingenuity, and manu-
facturing resources are at work
on military communications,
building the vital sinews of

ELECTRONICS — October 1942

modern warfare. Electroneer-
ing for American victory is our
main business.

We are not unmindful, how-
ever, that since 1922 we have
been at the service of the radio
industry. We feel, therefore,
that it is our obligation to tell
you something about our pres-
ent activities. It is our plan to
give you, from time to time,
worthwhile information (with-
in the limits of government

RADIO + SOUND -

WWW.americanradiohistorv.com

regulations)describingunique
advances in electronic design
and in techniques of manu-
facture that symbolize the RAU-
LAND ideal in Electroneering.

We hope to make these mes-
sages interesting and informa-
tive —to keep you posted on
the scope of RAULAND'S engi-
neering and manufacturing
activities—against the day
when we can once again share
these resources with you.

COMMUNICATIONS
The Rauland Corporation

Chicago, lllinois

The new laboratories and
plant of the RAULAND
Corporation—a superb
setting, for forward-look-
ing research. and pre-
cision manufacturing.
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CLASS A

CERAMIC TUBULAR
FIXED CAPACITORS;

Bulletin 597 describes the CENTRALAB CERAMIC TUBULAR Fixed

Capacitors with controlled temperature sensitive characteristics.

Centralab Ceramic Trimmers feature capacity ranges and stabili-
ty, the equivalent of air trimmers, plus a saving in space and
weight. Write for bulletins that supply full Ceramic Trimmer data.

Always specify Centralab —
whether for ceramic prod-
ucts . . . Fixed Resistors . . .
or Volume Controls . .

CENTRALAB

DIV. OF GLOBE-UNION INC.
MILWAUKEE WISCONSIN

2MOUNTING HOLES
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DOUGLAS DC-5 Long Range Transport, in service with the Royal Dutch Airlines.

BUILT BY DOUGLAS . ..
Radic-Equipped by Bendix

Doueras ‘“Boston' BOMBERS, now operai-
tng with the armies of the United Nalions.

Bendix Radio Equipment is standard on peace-
time DC-5's and wartime “Boston” Bombers. It’s
more than a coincidence that BOTH should be
Radio-lsquipped by Bendix. For Bendix Radio
Equipment has always been built for the hardest
type of service—and always came through with fly-

- ing colors. Bendix is today one of the prim-
ary contractors supplying Radio Equipment

to our fighting air forces and (hose of our allies.
It’s gratifying to know that Bendix Radio is
*seeing the boys through.” But it’s more grati-
fying to know that Bendix Radio’s facilities have
been stepped up to a new high—to meet fulure
demands for Radio Equipment needed to win the
war. BEnpix Rabpio, Div. of Bendix Aviation Cor-
poration, Baltimore, Md. Cable Address: BENRAD.

BENDIX RADIO DiVISION 9}

PRECISION
SL_FQUIFMENT BY

AVIATION CORPORATION

Products of the Bendix Radio Division are important members of “The Invisible Crew,” all the Bendix precision-built
instruments and controls made by 15 Bendix Divisions and which are serving with our fighting crews on every front.

wWwWwW americanradiohistory com
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Now You Have

19 Sources of Supply for
Phillips Recessed Head Screws

AMERICAN SCREW COMPANY
Providence, Rhode Island

THE BRISTOL COMPANY
Waterbury, Connecticut
CENTRAL SCREW COMPANY
Chicago, Illinois
CHANDLER PRODUCTS CORP.
Cleveland, Ohio

CONTINENTAL SCREW COMPANY
New Bedford, Massachusetts

THE CORBIN SCREW CORPORATION
New Britain, Connecticut
INTERNATIONAL SCREW COMPANY

Detroit, Michigan
THE LAMSON & SESSIONS COMPANY
Cleveland, Ohio

THE NATIONAL SCREW & MFG. CO.
Cleveland, Ohio

NEW ENGLAND SCREW COMPANY

Keene, New Hampshire

...PHILLIPS SCREWS
CcOST LESS TO USE:

distribution.

S

THE CHARLES PARKER COMPANY

Meriden, Connecticut

PARKER-KALON CORPORATION
New York, New York

PAWTUCKET SCREW COMPANY
Pawtucket, Rhode Island

PHEOLL MANUFACTURING COMPANY
Chicago, Illinois

RUSSELL, BURDSALL & WARD
BOLT & NUT COMPANY
Port Chester, New York

SCOVILL MANUFACTURING CO.
Waterbury, Connecticut

SHAKEPROOF INC.
Chicago, Illinois

THE SOUTHINGTON HARDWARE MFG. CO.

Southington, Connecticut

WHITNEY SCREW CORPORATION
Nashua, New Hampshire

Your screw requirements can be met without delay — with genuine
fast-starting, quick-driving, tight-seating Phillips Recessed Head
Screws. WHAT ABOUT DRIVERS ? There are 44 sources of supply
for PHILLIPS DRIVERS plus general hardware and mill supply

PHILLIPS RECESSED HEAD SCREWS

GIVE YOU 2/?/(spssn,nmwsncosr)
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WOOD SCREWS MACHINE SCREWS . SHEET METAL SCREWS STOVE BOLTYS
SPECIAL THREAD-CUTTING SCREWS - SCREWS WITH LOCK WASHERS 5
~— =
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10 October 1942 — ELECTRONICS

WWWw.americanradiohistorv.com



4
L
e JB ) @ 0 i UJ » UK ® » [ + »
q d 0 on o ODOLO 0 Proo d fl b d 0 d o
O O D O O D O O D O D .: O Q O (l D O D
O O d or d 2 d g O on-P ding g O
O 20 O d d : : D Q a O D aesign o
e D aet a 1 - DO D O
OOLO 0 O d a0 Pro 0 O 0 pPreo 0
¢ d B OR ouna 0 alo O Proo dg a g oub y d
Pro I D ( : O O na D Q D O a g D O )
O : O NSO P O -:4 O £ O d€q Da / §? O () O
O d ged PO b g OOLO D 0 0
g » p g diff d
O g D g O e to §
Q PDat10 : A1€S O d C a = era d D « Og D
0 OOLO Y e at-proo 000° O D
i ‘
, 134 WY i ) .
’ 0 OLO 0 0 oved 1o show co e O
; 00L0 i /‘ d '}
p 00 0 0 100 ( \ /
Bt ) &
- 1 '/ _.' “' ] (.::: A

h‘ "

ey

WWW.americanradiohistoryv.com =




decad
Over three .
WESTON Cadmiu®

Laboratory Standards
AC Portables .

... Precision DC and
. . Instrument Transformers
. . . Sensitive Relays . . . DC, AC, and
Thermo Switchboard and Panel instruments.

WESTON ELECTRICAL INSTRUMENT

12

s have passe
ell, deve

Dr WESTON i
he Intemat"O“a‘

WESTON

d since the
1oped and
1893, was

Q\J'\reme"‘ts .

for built:in 1€ and dePendGb.‘“W as

the same stability

M p g .
its S‘Ol\d(ﬂd Ode‘ A 1o eH\\O|

W ESToN name

for over ha\f-a-century.

Specialized Test Equipment ... Light
Measurement and Control Devices . . .
Exposure Meters.  Aircraft Instruments...

Electric Tachometers.. Dial Thermometers.

CORPORATION, 618 FRELINGHUYSEN AVENUE. NEWARK. N. J.

October 1942 — ELECTRONICS
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EXCELLENCE IN QUALITY AND QUANTITY OF WAR PRODUCTION

¥ THE ALCO PLANT WAS ON THE FIRST LIST OF 43 AWARDS FOR

4. AWARDED JULY 27, 1942 %

} N THE SHADOW of war-historic Lookout Mountain, within gun shot of America’s bloodiest
battlefield at Chickamauga, on soil hallowed by the best blood of North and South — there
proudly flies the Army-Navy burgee.

Nearly a hundred years ago in the Mexican War of 1846, when Tennessee exceeded its quota
by supplying 30,000 troops instead of 2,800, it earned, and has retained, its title as the
“Volunteer State.”” Perhaps there is significance in the fact that this area was one of the
first in the land to receive an Army-Navy combination award for excellence in quality and
quantity of war production. A star is offered by the Army-Navy for every period of six
months in which the record of high production is maintained.

Our employees, whose achievements in the production of ALSIMAG steatite ceramic insulation
constitute the real glory of the award, wish to publicly record their determination to earn
a Service Star every 180 days. This is not at all for our aggrandizement, but as evidence
of a stern resolution: “That our brave fighting forces on the water, on the land, in the air
or under the seas shall never suffer from the lack of what we can supply.” That shall be
our goal and our pledge. This is our slogan:

WHILE AMERICA IS AT WAR,
AMERICAN Lava IS AT WORK

Excerpts from Acceptance of the joint Army-Navy Burgee by Paul J. Kruesi, President

T M AR AMERGAN LA CORPORATEN

ThabE WA REGISTEMED U 8 sATENT OFFICE CHATTANOOGA, TENNESSEE

CHICAGO ¢ CLEVELAND o NEW YORK.e ST.LOUIS @ LOS ANGELES © SAN FRANCISCO ® BOSTON o PHILADELPHIA ¢ WASHINGTON, D. C.

ELECTRONICS — October 1942 13
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HARDWICK, HINDLE, Inc.
Newark, N. J., U.S.A.

The exclusive features of our
Ferrule Terminal Resistors are so
important that engincers everywhere
acknowledge their suy eriority.

No other resistor oflers you the ad-
vantage of monel terminals. In addi-
tion to their complete freedom from
corrosion or oxidization, they are
forced securely over the ends of the
tube before enameling, and so become
an integral part that can not loosen or
zet out of alignment. No cement is
used,—so there is nothing to loosen or
crumble.

The ends arc open and the entire
inside diameter is eompletely free
from obstruetion of any kind,—giving

FERRULE TERMINAL

RESISTOR

maximum ventilation.

The rvesistance winding is silver
soldered to each ferrule, eliminating
all possible trouble from intermediate
connections.

And the winding, the connections,
and the inside face of the ferrules are
completely embedded-in- protecting
vitreous cnamel.

In addition to a complete range of
sizes in this resistor, we have a large
range of sizes in many other types of
resistors and rheostats,—with many
other exclusive advantages. Please
consult us before ordering, whether
vou need standard or special resist-
ance service.

14
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Already many converted industries have
saved precious minutes of their manu-
facturing time by placing unfamiliar
problems involving the use of magnet
wire and coils in the hands of Anaconda
engineers. With manufacturing capacity
still unfilled in Anaconda Central West
Plants, these engineers have been ableto
show how Anaconda's Coil Assembling
Department and magnet wire produc-
tion facilities can solve these problems.
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“MACONDA' wire & CABLE collt”

H—"

If You have any Magnet Wire and Coil problems,
or need increased production on these items

N D

A special message to industries

converting to war production

s Vy/ /llm]""lﬂ”lﬂllll]l (A
care /e% you 2.

Take advantage of this opportunity,
as so many others have, to release your
time so that it can be devoted to other
important problems. Our field men,
located in all principal cities, are near
you. Call today. A representative will
be glad to discuss your problem.

ANACONDA WIRE & CABLE COMPANY
GENERAL OFFICES: 25 Broadway. New York
CHicaGo OFFICE: 20 North Wacker Drive

Subsidiary of Anaconda Copper Mining Company
Sales Othices in Principal Cities

Vi

ANACONDA WIRE &

ELECTRONICS — October 1942
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These improved insulations
are now available for war work
Nylon —Vitrotex —and Formvar

The commercial development of Nylon
and Vitrotex insulations is in part the result
of Anaconda research . . . research that
continues with redoubled effort produc-
ing these and other new products for war
work. With peace, these research benefits
will be ready for industry everywhere.

e A.:f*ﬁ/*

Two marks of achievement—the cherished Navy “E” (award-
ed to rwo ot vut plants) for achievement in production. ..
the Anaconda trade-mark tor achievement in quality.

CABLE COMPANY

15



FECT |
ATION/ for SOLDERLESS WIRING!

The unique design of the “"Diamond Grip” combines in one
insulation support terminal: full protection for wire and insu-
lation; light weight; short compact construction; maximum
electrical and mechanical characteristics; quick one-crimp
installation; and visual inspection of every finished connec-
tion. 3}

Close-up of the "Dia-

mond Grip” in the in- | The new Diamond Grip insulation tool is in reality a hand
sulation support sleeve operated die —not merely a glorified pair of pliers.
which literally grips
the insulation after Because of the inherent precision which is built into this well
crimping. This, in addi- engineered device, every crimp is a perfect crimp.
tion to the two wire }‘L
crimps made at the ¢ 1. The tool is self gauging — it is impossible to damage
same time, makes the the insulation by squeezing the handles too tightly.
"Diamond Grip” ter-
minal connection so L 2. The insertion gauge automatically positions the
strong mechanically X terminal — making for production-line assembly
that it will withstand s dii© ati ring in this gauge prevents
the most strenuous }.:)ee 3 omp'ens flg ?p g gauge p
service requirements, & distortion during crimping.
Electrically, "Diamond ¥ i L . . .
Grip” assures the kind 3. Insulation crimping Jjaws are e.asﬂy adjusted to ac-
of corrosion resisting connection that gives superior perform- commodate various insulation diameters.
ance under the exacting requirements of low voltage and 3

4. 15 to 1 leverage ratio makes for low hand-crimping

high frequency use in radioc communication and  similar
pressure by operator.

applications.

5. Guides prevent Terminal from being
forced cut*of position by die action.
No distortion or extrusion as result
of crimping.

\
LET AMP SHow Yoy HOW 10
SAVE TIME ANp MONEY

Jusy t?ﬁ the press is AMP Bulletin 18
coYer'lng in detail the new *p;

Grip' Insulation Support
and the Precision “‘Hand Die>
stallation tool.  Also included i
complete SPecification da'ae n
standard sizes, shapes, wire si i
efc., now available ' e

6. Army and Navy wire sizes clearly
marked on tool.

7. Tool is made left or right handed
by merely moving insertion gauge
from one jaw to another.

in-

| ®
Write for Your copy
of Bulletin 18 today,

AIRCRAFT.
Depr. g T-MARINE PRODUCTS, Inc,

CATALOG CC-1

. . . A 286 North Broad Syreqs :‘?“% Write todcTy for your
Precision “hand die" tool is so simple to Elizabeth, New Jersey D copy of this complete
operate, so easy of precision adjustments, R T 5 catalog which details
and so positive in action, that even an un- = the complete line of
skilled woman operator can be taught to use - - AMP Solderless Wiring
it and obtain uniform results without any Otocirss e Devices and Installa-

tion Tools.

long period of special training.
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This Year’s Best Selling Car

sawed, turned,

OU’RE looking at this year’s most popu-

lar automobile —the Army’s “‘jeep”. In

its vitals are certain parts made of Synthane.
This is only natural for the civilian pre-
decessors of the “jeep” used Synthane too.
Synthane is a material of value to essential
industries because of an unusually wide
variety of properties, including resistance
to corrosion from solvents, acids, salts and
water, structural strength, light weight (half

that of aluminum ), hardness, excellent elec-
trical insulating characteristics and ease and
speed of machining.

After the war workaday opportunities for
these properties will knock again on factory
doors. In the meantime, to present users of
Synthane and those with future applica-
tions, Synthane offers helpful information
such as appears on the back of this sheet.

SYNTHANE CORPORATION, OAKS, PENNA.

Plan your present and future with plastics

SYNTHANE TECHNICAL PLASTICS

P

SHEETS « RODS » TUBES « FABRICATED PARTS

o e

Bakelite —

WWW.americanradiohistorv.com
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GENERAL CHARACTERISTICS OF SYNTHANE GRADES

Here are some of the standard grades of Synthane Bakelite-laminated. We

also make subgrades when one or two characteristics must be emphasized.

PAPER BASE GRADES

BASE

RESIN

CHARACTERISTICS

BASE

RESIN

FABRIC BASE GRADES

CHARACTERISTICS

C Heavy Hard A fabiic base laminated material made through-
X Kraft Hard A strong paper base laminated material pri- Weave out from cotton fabric weighing over 4 oz. per
Paper marily intended for hanical licati Fabric square yard and having a count as determined
where electrical requir ts are of dary from Inspection of the laminated plate of not
importance, Should be used with discretion when more than 72 threads per inch in the filler direc-
high humidity conditions are encountered. Not tion, nor more than 140 threads per inch total
equal to fabric base grades in impact strength. in both warp and filler directions. A strong,
tough material suitable for gears and other
applications requiring high Impact strength. The
heavier the fabric base used the higher will be
XP Krah Plasticized | A paper base laminated material primarily the impact strength, but the rougher the ma-
Paper Resin intended for punching. More flexible and not chined edge; consequently, there may be several
same as quite as strong as Grade X. Moisture resistance subgrades in this class adapted for various sizes
Grade X and electrical properties Intermediate between of gears and types of mAechani'ca!sevvice, Should
Grades X and XX, not be used for electrical applications except
for low voltages.
; | . CE Heavy " Hard A fabric base laminated material of the same
XX Cotton Hard A paper base laminated material suitable for Weave Greater % | fabric weight and thread count as Grade C.
Rag Greater % | usual electrical applications. Good machine- Fabric of Resin For electrical applications requiring greater
Paper of Resin ability. than toughness than Grade XX, or mechanical appli-
than Grade C cations requiring greater resistance to moisture
Grade X than Grade C. Exceptionally good in molsture
resistance.
XXP Cotton Plasticized | A paper base iaminated material similar to L ::’"eeave iaid :a::.th7::;:oL‘:bf’::mbac:tl:m;:::iidw’:rg';:Lagl
Rag Resin Grade XX in electrical and moisture resisting N
Paper Greater % Sroperlies; Butlmore able for hot punchi Fabric ftoz, o.r fess per squar.e yard. As determined by
X N inspection of the laminated plate, the minimum
same as than Intermediate between Grade XP and XX in thread count per inch in any ply shall be 72 In
Grade XX Grade XP punching and cold Row characteristics. the fller direction and 140 total in both warp
and filler directions. For purposes of identifica-
tion, the surface sheets shall have a minimum
Cotton Hard A paper base laminated material, suitable for phieadicouniloiss rhre‘ads.per inchiinlecchof
XXX . . r 5 the warp and Ffiller directions, This grade is
Rag Greater % | radio frequency work, for high humidity appli- itable f i d other i hi
Paper of Resin cations, Minimum cold flow characteristics, ,ﬂma i gegrsian SULLIO LR
than ing applications, particularly in thickness under
Grade XX 1% inch, Not quite as tough as Grade C. Should
not be used for electrical applications except for
low voltage.
XXXP Cotton Plosticized | A paper base laminated material, similar to IAE Fine Hard A fine weave f"b’i"b“” laminated materlal of
Rag Resin Grade XXX, but with lower dielectric fosses and Weave Greater % | the same fabric weight and thread count as
Paper Greater % | more suitable for hot punching, This grade has Fabric of Resin Grade L. For electrical applications requirlng
same as than greater cold Row than Grade XXX, and is than gredter toughness than Grade XX. Better ma-
Grade XXX | Grade XXP | Intermediate between Grades XXP and XXX Grade L chining properties and Aner appearance than

in punching characteristics.

Grade CE—also available in thinner sizes.
Exceptionally good in moisture resistance.

This sheet is one of a series describing the manufacture, grades, properties, and applications for Synthane. Keep
it in your Synthane data file or ask us to put you on our mailing list to receive these sheets as they are issued.

SYNTHANE]

Bakelite — \ laminated

SYNTHANE CORPORATION, OAKS. PENNA.

REPRESENTATIVES IN ALL PRINCIPAL CITIES
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sustainep UAGUUL
FOR LONGER TUBE LIFE
The ability of GAMMATRONS to radiate tremendous

amounts of power without release of gas adds hun-
dreds of hours to their efficient life.

Sustained vacuum—the “fourth element” in GAM-
MATRON triodes—results from the use of tantalum
plates and grids, a unique pumping technique, and
absence of internal insulators and getter. All gas-
releasing impurities are removed from the tantalum

HK-854 TRIO
OPERATING DATA

As an RF Power Amplifier,
Class C, Unmodulated,
Low mu (14) type

DE

. . Typical Max.
by the Heintz and Kaufman process. The tube is ex- Power Output . . 1800 Watts ——
hausted while the plate dissipation is running as Driving Power . 40 Watts  —
high as ten times the rated amount—far hotter than :z ::u:e Zol'ug: _ sggz ;ors e:zg

ate Current . AL
the greatest overload. DC Grid Current . 45 M.A. 80
. . DC Grid Voltage . -575 Volts -1500
Virtually all of the gas is thus squeezed out of the e o
tantalum; and after the vacuum is sealed, this re- Plate Input 2250 Velts 2250
markable metal acts as a powerful sponge which Plate Dissipation . 450 Watts 450

actually absorbs any gas later released.

The final vacuum is so hard that if sufficient voltage
were applied to the grid and plate, the lash-over would
prefer a route outside the tube rather than internally.

For additional data or for a
free copry of ““13 Ways to Prolong

Tube Life,” write to

L:m'rz <® I(AUFMAN

SOUTH SAN FRANCECO | LTD. /

GAMMATRONS oF course:

ELECTRONICS — October 1942
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&
RLC CERAMICON TRIMMERS

REG. U.S.PAT. OFF,

Incorporate These

STYLE TS5D STYLE TD2A

STYLE TS2B

STYLE TS2A

120 —— {STYLE TS2A ——— e
l STYLE TS28 ‘ |
*’STVLEI TD2AI ‘each section = r

e e

L |  RANGE OF ADJUSTMENT
|ERIE CERAMICON TRIMMERS

CAPACITY MMF
[=2]
(=1

20

s
N 300
TYPE (TEMPERATURE COEFFICIENT x 10+)

:
\
L
|
|
|
\
(
i

-
N-500

Choice of Temp-

High Ratio of
Maximum to
Minimum Capacity

Low Minimum
Capacity

A few seconds spent in studying the
above chart will show you that Erie
Ceramicon Trimmers cover the wide range
of temperature coefficients and capacities
that are in popular demand. The three avail-
able temperature coefficients, zero, —300
parts per million per °C, and —500 parts
per million per °C, provide a choice that
covers most practical applications for tem-
perature compensation. The high ratio of
maximum to minimum capacity, combined
with a low minimum capacity in each of the
four standard styles of Ceramicon Trimmers,

allows a wide frequency range to be covered.

The silver-ceramic construction of these
units accounts for their inherent stability. A
completely covered track and vibration-
proof adjustment makes them particularly
suitable for vigorous war time service.

These and many other features of Erie
Ceramicon Trimmers are completely de-
scribed in recently issued data sheets. If you
are looking for a substitute for air trimmers,
or require a trimmer that incorporates tem-
perature compensation in its operation,
write for a copy of these data sheets.

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

October 1942 — ELECTRONICS
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WITH R.C.P.'s
NEW ELECTRONIC A.C.- D.C.

VACUUM TUBE VOLTMETER

OHMMETER awo

CAPACITYMETER

The new Radio City Product’s Electronic Multitester Model
662 combines sensitivity with maximum utility and flex-
ibility. Simple to read—simple to use, this instrument is
suitable for eiiher production line or accurate labora-
tory test purposes; in extensive use by U.S. Signal Corps.

e Here are a few of the outstanding features of this unusual instrument:

A gpenuine vacuum tube voltmeter on A.C.
e A.C. Voltmeter measures signal and output
voltages ¢ Comprehensive capacity meter reads
directly in microfarads—40,000,000 to 1 ratio
» No danger of shock on low capsacity meas-
urements—no test leads to short—no resetting
when changing ranges ¢ Meter cannot be dam-
aged by checking live resistors or by using a
low range scale on high voltages ¢ Voltmeter
readings taken without affecting constants of
circuit being checked ¢ Matched pair multiplier
resistors 1% accurate * Regulator tube and
associated circuits control line voltage fluctua-
tions ¢ 2% accurate 41" microammster.

RANGES:

D. C. VACUUM TUBE VOLTMETER-DIRECT READING.
Sensitivity: Input Resistance — 160 megohms
(high rarges): 16 mezohms (low ranges).
Range: 0-6-30-150-600-1,320-6,000 volts.

A. C. VACUUM TUBE VOITMETER-DIRECT READING.
Input capacity only .00605 mfd. Input resist-
ance 160 megohms (high) and 16 megohms,
{low).

Range: 0-3-6-30-150-60D-1,500-6,000 volts,

o OHM - MILLIAMMETER—MODEL 423

Meter sensilivity 2,500 ohms per volt. 5
D.C. ranges 0-1,000 volts. 4 A.C. ranges
0-1,000 volts. 4 D.C. ma, ranges 0-1,000,
4 ohmmeter ranges 0-10 megs. db. range
minus 10 to 55. Meter 2% accurate. $25 95
In portable case, complete. . . .. . g

VACUUM TUBE OHMMETER-DIRECT READING.

From the lowest scale division .1 ohm to 1,000
megzohms.

Range: 0-1,000-10,000-100,000-1 megohm -10
megohms-100 megohms-1,000 megohms.
VACUUM TUBE CAPACITY METER-DIRECT READING.
Accurate measurements from .00005 to 2,000 mfd.
Range: 0-.001-.01-.1-1.-10-100-2,000 mfd.

ish steel case. Size: 9% x 9% x 7%
Complete ready to operate............ o
Model 662 V-7 with 814" meter........ $61.50

Supplied in rugged, welded, crystal'{ine iray fin-

Other instrumenis in the complete line
of R.C.P. electronic and electrical test
instruments described in catalog No. 126.

1f you have an unusual problem calling
for either laboratory or production line
test instruments, our engineers will be
glad to cooperate in finding the most
efficient and economical solution.

ADIO CITV PRODUCTS CO.,INC

127 WEST 26 STREET -

NEW YORK CITY

MANUFACTURERS OF QUALITY — ELECTRONIC LIMIT BRIDGES — VACUUM TUBE VOLTMETERS — YOLT - OHM - MILLIAMMETERS
SIGNAL GENERATORS — ANALYZER UNITS — TUBE TESTERS — MULTITESTERS — APPLIANCE TESTERS.

T e R T N [T T T T P R B AT S SR R T
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servmg WIth the Through the stratosphere wing the army’s new pack horses.

And with the planes of the Air Transport Command —as with

Cluud Frelghters ) other war machines which need direct current from an A. C.

source —I. T. &T. Selenium Rectifiers are delivering the goods.

Unusually compact and light in weight chese rectifiers are
ideal for aircrafc use. They have no moving parts to wear out
or fail. They operate dependably over a wide temperature
range and at extremely high alttudes.

Consulting enginecring services available for specific requirvements.
Addvess Rectifier Division for descriptive bulletins.

> General Offices: 1000 Fassalc Ave,
East Newark, New lersey

International Feleptione & Radio Mannfacturing (orporation

29 October 1942 — ELECTRONICS
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STAMPS

{

ALL (LIFAR

When the “All Clear” of final victory sounds. Jefferson-Traris will again make
available its two-way radio communication equipment for private and com-
mercial use throughout the world. Bu: until then we will concentrate all of our
effort and energy in the continued greducfion ¢t equipment for the armed
forces of the United Nations.

JEFFERSON-TRAVIS RADIO MFG. CORP.

/ﬂanuéacmu oé -ﬂi‘zctaét, Merine and Mobile Radio Communication ggui/ﬂmen:
NEW YORK, N. Y. WASHINGTON, D C.
il
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b3 THAT SEES

GAINST fog and murk and the black
A of night, even the keen vision of the
air-pilot is not enough to bring 1 bomber
safely home or spot a midnight enemy
raider. To the aid of the human eye in
such cases must be brought the miracles
of science, not in the form of lighting
devices but of sound that quite literally
seex. The modest lictle vacuum tube holds
the magic power to guide a transport
plane down an invisible beam to safe
landing. With sensitive listening devices
now in use, man locates enemy aircraft
while still miles away, and guides aloft
interceptors to stop them short of their
goal. When such trust is imposed upon
the goods we make, there is room for
only one standard of quality. That
standard, very simply, s the highest
anvwhere known.

SYI.VANIA ELECTRIC PRODUCTS INC.

Emporium, Pa,

Formerly Hygrade Sylvania Corporation

Extablished 1901 . . Makers of Dicandescent Lamps, Fluovescent Lamps, Fixtures and Accessories, Radio Tubes and Electronic Devices

RADIO ON TWO FRONTS — Ever a source of home entertainment,
radio is now—in wartime—a vital necessity at home and in battle. Thus a
heavy responsibility rests upon radio tube manufacturers. Not only must
present home equipment be kept serviceable for the duration, but the

insatiable demands of the battle lines must be met and met promptly.
Tube-making is 2 job upon which Sylvania has lavished its cxtensive
resources and full energies since radio came out of the “crystal” stage.
America can count on Sylvania’s superlative line of radio tubes—paced by
the incomparably rugged “Lock-In”"—to measure up to their important

assignment.

24 October 1942 — ELECTRONICS
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“Get the Message Through!”

“"GET THE MESSAGE THROUGH!" — the slogan of the

U. S. Signal Corps —typifies the importance of communi-
cations in our armed forces.

% % % w STANCOR is geared to the vital necessities of the
Signal Corps. Lives depend upon it! Successful operations
depend upon it! “Unfailing accuracy” therefore is the
STANCOR watchword.

Laboratory research and skillful engineering always have
been highly importantin the production of STANCOR Trans-
formers. Now, more than ever before, these factors are empha-
sized in many new fields and in many new uses.

Illustrated aboveare afew of the many “MADE-TO-ORDER”
STANCOR Transformers that are “precision performers.”
We can assist you in solving your transformer problems and
meet your needs in compliance with exacting government
specifications. Submit your requirements today.

PHOTO BY U. 5. SIGNAL CORPS

i

3

o« STANDARD TRANSFORMER

*CORPORATIONE®
1500 NORTH HALSTED STREET ** > CHICAGO

&
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ERE, in a few words, is one big reason why Simpson In-

struments have written such an outstanding service rec-
ord—why, in just a few years, they have skyrocketed to the
top at a pace unparalleled in the electrical industry.

Designers of electrical instruments, and users, alike, have
long recognized that a full bridge type movement with soft
iron pole pieces makes an instrument basically more accurate
and rugged. It remained for Simpson skill and ingenuity—
based on practical experience that reaches way back into
the Listory of electrical instruments—to put this finer design
into superlative practice, and to obtain for it the economies of
standardization and straight-line production.

If your need for instruments is vital enough to give you the
right to buy, it is vital enough to rate the best. Measured in
terms of ability to DO the job, and stay ON the job, best
means . . . Simpson.

SIMPSON ELECTRIC COMPANY, 5212 Kinzie St., Chicago, Il

% The Movement of Lasting Accuracy

No single feature can be entirely responsible for
instrument accuracy. Some of the many refine-
ments of Simpson design- -perfectly coordinated
and balanced to insure lasting accuracy—are
these. Soft iron pole pieces distribute mag-
netic flux more evenly. Full bridges at top and
bottom hold the moving assembly always in
perfect alignment. Magnets are heat treated,
then uaged for permeability. Springs are care-
fully tempered and tested for permanent resili-
ency. Pivots are completely Simpson-made—
specially processed for strength and hardness.
Selected jewels are the finest obtainable.

INSTRUMENTS THAT STAY ACCURATE

wwwW americanradiohistorv com
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Model 260 High Sensitivity Yester

Here 15 a typical ex-
angle of Simpson
leadership. Ranges tc
5 00C VYolts, both AC
and DC, at 20,000
ohms per volt DC ard
1300 ohms per veit
AC. Current readings
for | microampere
t> 300 milliamperes.
fesstance  reagdings
form !5 ohm to 10
riecohms. Five deci-
bel ranges, —I0 to
+52 D8.
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CHECK  THESE TURBO PRODUCTS

AGAINST ELECTRICAL INSULATION PROBLEMS

2 Y \:’ ‘ - '?{.

EACH HAS SPECIFIC ADVANTAGES REQUIRED
TO OBTAIN HIGHEST OPERATING EFFICIENCY

There's the whole story behind the extensive use of TURBO flexible
tubing—all the essential attributes to meet the urgent demand for
an insulation that 'can keep coming back for more'.

Flexible Varnished Oil Tubing—meeting the all-purpose requirements of a
sleeve insulation to stand guard against breakdown, moisture absorption, etc.

Varnished Glass Tubing—for those applications where extremely high heat
resistance is a prerequisite.

Extruded Tubing—where extreme sub-zero temperature resistance to any effects
of embrittlement becomes the important consideration.

Wi-e |dentification Markers—when strict compliance with Army, Navy and Air
Corps specifications is necessary.

Various Insulation Materials—for the diversity of requirements in which tapes,
cloths, sheets, etc., are needed.

For proof, ask for samples of each. Specimen board and
.* 3 list of sizes will be sent promptly without obligation.

WILLIAM BRAND & COMPANY

276 FOURTH AVE., NEW YORK, N. Y. ® 325 W. HURON ST., CHICAGO, ILL:

ELECTRONICS — October 1942 27
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DI-MET

MODEL 80 QUARTZ CUTTING MACHINE

The Felker DI-MET Model 80 with the
Rolling Table for fast through-cutting of
slabs, bars, wafers, etc. Table dimensions
are 13”x13" with a 1215" table travel.

For Manufacturing
Piezo Electric Crystals

Many features of this new Felker
DI-MET Model 80 insure fast, pre-
cise quartz cutting by either of two
approved methods. It operates as a
THROUGH-CUTTER for fast slab-
bing and barring of mother quartz
or as a DOWN-CUTTER for ex-
tremely accurate slicing of blanks
from prepared bars and wafers from
mother quartz. The cucting head is
equipped with the new Felker Hy-

draulic Retardant, which permits down-cutting with minimum blade damage

..eliminates chipping of the blank when starting or finishing cuts. .

insures parallelism of cuts.

.and

The DI-MET Model 80 reduces rejects and eliminates unnecessary grinding
time. Used with the Felker Resinoid Cutting Blade when cutting blanks
from bars it produces a maximum smoothness of surface finish. Surface
checking and cutting imperfections are so slight that an allowance of .002”
per side is usually sufficient for their removal in the grinding operation.
A catalog completely describing the DI-MET Model 80 Basic Unit, Model 80
with the Rolling Table and the DI-MET Rotary Table is now on the press.

Reserve your copy! No obligation.

SOMETHING NEW!

Latest Felker Development
—The DI-MET RIMLOCK
hard steel cut-off blade
especially designed for
quartz cutting. New man-
ufacturing process (patent
pending) rigidly bonds
diamonds in steel wheel
without crushing—pro-
duces a stiffer blade that
cuts faster, freer, truer, and
leaves an excellent surface
finish. For speedy, eco-
nomical quartz cutting try
the new DI-MET RIM-
LOCK!

\-l(
-&‘ 4‘

FELKER MANUFACTURING CO.

T O R R

A N C E,

c A L I F O

R

N | A

MANUFACTURERS OF DIAMOND ABRASIVE WHEELS

28
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Radio Communication Systems
DESIGNED AND ENGINEERED TO FIT SPECIAL NEEDS

FI ECTRONICS — October 1942 29
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All of us at the Hallicrafters  That our efforts have justified
are both proud and humble to  the award of the famous Army-
have important assignments in ~ Navy "E” flag is a great honor.
defeating America’s enemies. ~ We shall keep it proudly flying.

all of the hallicrafters

30 October 1942 — ELECTRONICS

www.americanradiohistorv.com



When Space 45 at'a Poomium

TRIPLETT

Ful! size of Instrument. Note deep shroud This molded case contains full size
for glass protection—and “"Quick-Look" Triplett Mechanism. Rugged Con.
Scale.

struction—Compact Convenience.

1 Four-point Core “— 3 Bezel Shroud Eliminates o 5 Balanced Frame Con-
Support Unwanted Glare

7  Four-point Rigid Magnet
struction

Clamping

= 2 Full Metal Bridges on —— 4 One-piece Formed Spring L— G Solid Balance Cross with £ Separate Dial Mounting
Top and Bottom Zero Adjustment Screw-type Balance Independent of Top Bridge
Weights
Thin-Line Instruments also have Standard Large Coil
Triplett Movements. Furnished with Osmium pivots for
special requirements. All these features make for greater
rigidity under vibration; greater permanence of calibra-

e o
tion; greater user satisfaction.

/ PLEASE INSERT

\NITIALS OF
YOUR Ex[cUTlVES

%

0.-- "4
FOR l'lll(‘lTl.A'l'loN T

er-

rigid requirements for.d.epend:b;:e;c)ha-
space they are not miniatures. -
lent performance over ;

les of cases—-Molde .

) meet
Triplett T hin-Line Instruments inimum
.ng mi
ugh occupy!
formance. Tho . h e
nisms are standard size wl(ll; (ic"? Made in three sty
jzed installa o
:ods. Standardize
penod

Rim. . eatd
Metal Wide Rim and Metal Narrow ilable for many industrial aPPh;auofnii
aila . s or tu
. . 1:ice Instruments, av . limited space.
Triplett Thin (I{lne for precision performance inl
on g
e depended upon - Line Bulleun .
Can!3 P'te for u’rrlple(( Thm Line — Bl‘UI:[-"I'“Ns
o — ELECTRICAL INSTRUMEN
RIPLETT

OH10. U. S- A
THE T
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“YOUR CORY TODAY!

JUST OUT!

Design, engineering and catalog
data on the nation’s most com-
plete line of quality relays and
timers including many types for
war requirements.

THE NEW DUNCO CATALOG AND
RELAY-TIMER DATA BOOK

® Far more than a catalog, the new
Dunco Relay-Timer Book is a complete
guide torelay selection and usage. Fully
revised, greatly enlarged, profusely
illustrated, replete with detailed speci-
fications and engineering information,
and prepared with a particular eye to
war equipment requirements, it is a

WWWw.americanradiohistorv.com

book that should prove helpful to de-
signers, engineers, purchasing agents,
production executives and mainten-
ance men alike.

Write for your copy today—or as
many copies as may be required to
equip your organization. Please men-
tion company connection,

STRUTHERS DUNN, INC., 1326 CHERRY STREET, PHILADELPHIA, PA.
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* LUMARITH

REG.U.S. PAT OFF

e B

3.5—6
0-015_ ¢ oq

i, 1500
L5 1000

of
the order of 155

—_—
. -good of the order of To-
good

IIREASONS WHY”

Typical Lumarith applications are. .. turn insulation
on wire . . . major coil insulation . . . layer insulation
: . coil lead insulation . . . boot and pad insulation
POSSESSING excellent electrical properties as the ... core insulation . . . layer wound cores for coils . . .
above chart shows, Lumarith has high resistance to slot insulation . . . Jaminated 1o paper, cloth, mica,
mechanical abrasion. Lumarith tubes can either be etc. . . . backing for pressure-sensitive tape.
made flexible or built up and made rigid.

Lumarith is absolutelv non-corrosive . . . is unaffected
by mineral oils and ordinary varnish solvents such as
naphtha and toluol; is resistant to weak acids . . . is
impervious to water {provides an cffective water bar-
rier) and resistant to salt water.. .is stable at temper-
atures up lo 125°C. when protected from air, as in coil

windings.

Celancse Celluloid Corporation, 180 Madison Ave., New York City, a division of Celancse Corporation of America

Sole Producer of Celluloid* (cellulose nitrate plastics, film base and dopés) . . Lumarith* (cellulose acetate plastics, film base,
insulating, laminating and transparent packaging material and dopes) ... ...Lumarith* E. C. (¢thy! cellulose molding materials)
*Trademarks Reg. U. S. Pat. Of.

ELECTRONICS — October 1942 33
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A BETTERMENT. ..

Nol a Srbslitonle

Push a button and you have world events before you . . .
Flick a switch and you hear the best music of the ages—
auvtomatically played from a dozen recordings. Would
you call the modern Radio-Phonograph Console a
substitute for the gramophone of only a generation ago?
W&Id you want to go back to the gramophone of
Grandma's day?

Most manufacturers who have properly designed
CONTINENTAL-DIAMOND NON -metallics info their

products . . . to replace corrosive, costly, weighty

and now hard-to-get materials likewise will rarely go
back to the materials replaced. )

C-D NON-metallics inherently possess vnique charac-
teristic combinations. YULCOID, for example, combines
the strength, resiliency and machinability of Vulcanized
Fibre . . .
nated plastics . . . and the electrical insulating properties
of both. The other four C-D NON-metallics possess
equally advantageous
Booklet GF-13 describes all of them. Send for it today.

When you are ready to discuss your specific "What

with the moisture resistance ability of lami-

characteristic combinations.

Material?” problem, write, phone or wire for a C-D
Laboratory Research Representative. He'll help you find
the answer

BETTERMENT.

to product, process or performance

Gm%mW=DW1wnd FIBRE COMPAN.Y

SO

o r—— e —

Established 1895 . . Manufacturers of . Laminated. Plastics since 1911 — NEWARK « DELAWARE
:
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. hed
formerly prOVled: new alternates

TH
TTON CLO N
e JVARNISHED NYLO

All these materials possess good dielectric -are available in thicknesses from .003”
strength with tensile and tear strengths to .008”. Each base material is coated with
equal to or better than varnished silk. They IRVINGTON. special insuldting varnish.

VARN|SHE D RAYON is the most svitable alternate for varnished silk that has yet VARN|SH ED COTTON ClOTH

been found. High-tenacity varnished rayon is as strong as silk and just as flexible. It is comparable
to varnished silk in cost. This insulation has a dielectric strength of 1200 VPM and has been used
for wrapping leads, small magnetos and coils.

has much greater tensile strength than varnished
silk. Its pliability allows application on odd shapes.
Dielectric strength of this insulation is 1200 VPM,

Irvington’s three alternates for silk are available in black
or yellow; straight-cut rolls or bias-cut strips in 51” lengths.

terial for your needs.
We will recommend the best m‘;ve:ite Deparsmens 106

IRVINGTON

VARNISHED NYLON porne | VARNISH & INSULATOR CO.

QAT O T i
lities of both flexibility and high tensile IRVINGTON, l%%N PUANTS ATURVINGTOR,'N. 1
qua (=<

strength with dielectric strength of 1200 VPM. NEWRIERSEVGRUASTAS ! EndiHANILTONNONT=! GAN:
All the alternates for silk, like Varnished Nylon el
above, can be punched into special shapes.

Representatives in 20 Principal Cities
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COM 1CATIONS

. . . directing arm of combat

“Get the message through!” That's the
tradition of the men who wear this insig-
nia.Of the 18,000 Bell System people now
in the armed forces, nearly 4,500 are with
the Signal Corps. Young men can serve
their country and obtain specialized train-
ingin commuanicationsinthis greatbranch
of the Army.

ent goes to every battle front

Army planes fly and fight with
Western Electric radio command A major source for this specialized
sets, which keep the planes of a
squadron in contact with each

other and with the ground forces. equipment is Western Electric—for 60

Wherever American soldiers Sight
in tanks, they get their orders over -
Western Electric radio sets—vital
in coordinating today’s mechan-
ized warfare.

years manufacturer for the Bell System

—one industry with over 70,000

. . skilled men and women dedicated to
Observers report front-line action to

Army commanders over Western

Electric Jfreld telephones, field wire, ee keep Yem in contact.”’
Sreld switchboards.

ARMY,

Western Eleclric G

() v/

NAVY SN
ARSENAL OF COMMUNICATIONS B e
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FOR Formica, as for many other companies,
the essential task right now is to supply the
front with war materials. Everything we have
is going into that and it will continue to be

our big job for the duration.

But so far we have been able to care for
many users of building and furniture sheet,

electrical insulation, chemically resistant parts

and many other plastic laminated products—

and we will continue to do so as long as we
are able—to help war-essential civilian ac-

tivities to continue here at home.

THE FORMICA INSULATION COMPANY

4661 SPRING GROVE AVENUE, CINCINNATI, OHiO

ELECTRONICS — October 1942
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AmerTran RS plate
transformers and re-
actors, oil-immersed
type, for all large
installations.

AmerTran transformers are. manufactured to meet your
exact electrical and mechanical requirements.

38

AmerTran modulation
transformers and re-
actors, oil-immersed
type, for large broad-
cast transmitters,

AmerTran W plate
transformers and re-
actors for all small
and medium installa-
tions.

You who are engaged in War work and are fortu-
nate in obtaining AmerTran transformers — you
know that some important improvements have been
made to these products which have so long held
the leadership in the electronic and radio indus-
tries. You know that they are new in electrical
design—new in many mechanical features. The
service these new AmerTran products are perform-
ing for war-time industry will never be forgotten—
and will give them even greater acceptance in
peace time. AmerTran products are engineered
and manufactured to meet the specific require-
ments of their users. Our 4] years of experience—
and service to the electrical industry—is standing
us in good stead —today. We look forward to
resuming all of our former commercial relationships

—in peace-time.

AMERICAN TRANSFORMER COMPANY, 178 Emmet St., Newark, N. J.

Manufactured Since 1901 at Newark, N. J.

}
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C-D s SERVE WITH

TODAY’S C-D Capacitors Speed Victory. ..
TOMORROW’S ¢-D Capacitors assure more hours of use

per dollar for AMERICAN INDUSTRY. ..

Somewhere along the Coast, “giant
ears” pick up an approaching plane.
A calculator fixes the plane’s position.
Shafts of light stab the black, spotting
a perfect target for anti-aircraft gun-
ners. Here, as in a hundred other
electrical and electronic devices on
critical war duty, C-D Capacitors are
meeting the enemy challenge.

C-D extras — extra stamina, extra
dependability, extra long life — have

made C-Ds the most widely used ca-
pacitors in the world. Today, cumula-
tive war-spurred "‘impossible” im-
provements and applications promise
measureless peacetime benefits; giv-
ing new and richer meaning to C-D’s
well-known pledge to industry of
“more hours of capacitor use per
dollar”. Cornell-Dubilier Electric Cor-

poration, South Plainfield, New Jersey.

* K

THE NIGHT WATCH

Dykarol Transmitter Capacitors
copied » imitated
hut never duplicated
Type T] series filter capacitors
are the most dependable units
for use in transmitters and power
supply equipment.

These units are filled with non-
explosive, non-inflammable Dyka-
nol and hermetically sealed. Con-
servative voltage rating permits
safe operation at 10% above rated
voltage. Available in DC work-
ing voltage ranges from 600 to
6000 volts.

Described in Catalog No. 160T
free on request.

Cornell LDibilier 6}%&’(270/3‘

IN USE

MORE TODAY THAN ANY OTHER MAKE
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HIGH ALTITUDE .
TEST and CALIBRATION CHAMBERS

FOR AIRCRAFT AND ELECTRONIC INSTRUMENTS

POSITIVE AUTOMATIC MECHANICAL MEANS PROVIDE:

Iliustrated above:
Model MR 966 VR

® Standard Models are available
sizes of clear visible test space:

MR 966 VR—24 in. high by 24 in.
16” front to back.

MR 965 VR—12 in. high by 12 in.

12” front to back.

Temperature Ranges for standard
are from -4158°Fahr. to —-40°F,
or ~100°F.

in two

wide by

wide by

models
-76°F,

@ LOW TEMPERATURES TO -—-100° F.
® HIGH TEMPERATURE -158° F.

® TEMPERATURES THERMOSTATIC-
ALLY HELD WITHIN =+2° F.

® ALTITUDE 60,000 feet. 2.13” Hg. abs.

® INTERNAL PRESSURES TO 30 lbs./
SQUARE INCH

@ RATE OF CLIMB TO 10,000 FEET/
MINUTE

® HUMIDITIES
AUTOMATIC OR MANUAL CONTROL

® Model illustrated includes standard
four-panel relay rack. Bottom panel has
separate controls and indicator lights for
chamber functions as well as 20 direct
electrical connections to the chamber in-
terior. Next panel is equipped with 2
micrometer type dials and control shafts
extending through the chamber wall. Top
panels come blank for mounting your
own instrumentation.

® Engineering department will gladly co-
operate with you on any high altitude
test or calibration problem or on special

size or purpose chambers.

MOBILE REFRIGERATION INC.

630—5th AVENUE

NEW YORK, N. Y.

40
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INSULATOR CO., INC.

LEROY, N. Y.




Trained on the Target ...
Thanks to Mallory Approved Precision Products

&£

NATION.WIDE

SERVICE THROUGH
253 SELECTED

DISTRIBUTORS

In the laboratories of a leading institution, eleetronic wizards have worked out a Yankee
invention that’s going tohelp Uncle Sam’s anti-aireraft gunners bring em down far more often.

I’s an electrical control apparatus that works in conjunction with a modern listening
device. When a plane is heard . . . within a radius of 30 miles . . . this new eleetronic instru-
ment predicts the plane’s course mathematically, then helps aim and fire anti-aireraft
guns automatically. Its aceuraey is uncanny.

This new anti-aircraft “predictor”. like many other military devices, includes such Mallorv
Approved Precision Products as switches, condensers, volume controls, Jacks and plugs,
which were supplied to the inventors by their neighboring Mallory Distributor.

Electronic engineers in many rescarch laboratories . . . working on both military and
industrial devices . .. have learned that it payvs to keep in touch with the Mallory Dis-
tributors nearby. In many cases, the Mallorv Distributor acts like a branch of the pur-
chasing department .. . helping engineers to make out specifications quicklv and easily
speeding up ordering and delivery of Mallory parts, and eliminating vards of red 1ane.

There are 253 Mallory Distributors from coast to coast . . . readv to serve vou efliciently
whether you need electronie parts for test or experimental work, for replacements in plant
equipment, or for manufacturing some electrically operated produet.

IFrite today for free
catalog describing

Call vour nearest Mallory Distributor today. Ash him—or write us if vou don’t hnow e
" 2 y g entire line of Mallory

his namv—fqr vour free copy of lho' latest Mallo_ry ca(alf)g ... used as a lmy.in;‘r guide in Approved Precision
the acronautical, antomotive, electrical, geophysical, radio and other industries. Products.

MALLORY

APPROVED
PRECISION PRODUCTS

P.R. MALLORY & CO., Inc. INDIANAPOLIS, INDIANA - Cable Address—PELMALLO
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The Chemical Engineer cuts years to months...

Born in the turmoil of the last war, he is shaping a

new world with i g/aty swords and magic plows/)ares

eRMAN CONSUL-GENERAL [HOSSENFELDER, writing
from New York on March 3rd, 1916, to von
Bethmann-Hollweg, chancellor of the Imperial German
Government, confidently predicted defeat for the
United States because we were totally dcpendent upon
the great chemlcal industry of Germany. “Amcricans,”
he wrote, “can never establish such an industry. They
have the resources but they lack the necessary science
and technology. And, besides, the conflicting selfish-
ness of American business renders it impossible.”

Even before the ink was drv on Hossenfelder’s letter
a new hgure appeared on the industrial scene—the
American chemical engineer. With the lielp of patient,
but progressive and venturesome capital, he laid the
foundations for the largest and most resourceful chemi-
cal industry in the world.

Today he is an all-important figure. 'or we arc Aght-
ing a chemical war, even though the emphasis that is
placed on planes, tanks, ships, guns and other arma-
ment tends to obscure that fact. And this chemical
cengineer is waging war for us on a prodigious scale.
Bombers carry more tons of more deadly cxplosives
because he has developed stronger and lighter alloys
and more cfficient fucls. Tanks are better armored and
wicld heavier blows because of products and processcs
born in chemical laboratories. Ships arc welded to-
gether by new metallurgical techniques that save
precious months over older processes. Gun barrels that
arc made in minutes instcad of hours shoot farther and
faster because of better ammunition.

And quantity keeps pace with quality. By mid-year
of 1942, explosives were being produced in newly con-
structed plants twelve times faster than a ycar ago.
Smokeless powder output has been doubled smece De-
cember. Five times as much TNT was being made in
Julv as in the months preceding Pearl Tlarbor. One
single new plant produces more of this high explosive
than did the cntirc pre-war industry—and several of
these plants alrcady are in production.

By what Major General William N. Porter, Clief
of the Chemical Warfare Service, calls a “miracle of
production,” the sort of incendiary bombs that General
Doolittle’s lads showcered on Tokyo were rolling out of

our plants within a few weeks after we got into the
war. As General Porter puts it, “they were rolling not
by hundreds or even thousands, but by the millions.”
That record he has cited as a tribute to the * ‘ingenuity,
industriousness and patriotism” of the American chemi-
cal industries.

Yet the General agrees that we have only started to
produce in the tremendous volumes that will shortly
make Germany, Italy and Japan “revolve on their
boasted Axis.” Our ncwest plants are just coming into
production. They face no limiting shortages of matc-
rials for, in the main, our chemical industry draws its
strength from coal, salt, sulphur, limestone, oil, natural
gas, coaltar, air and water—all available in abundance.

We have heard little about the use of poison gas by
our enemies. It may be that good reasons for this are
stored away in our well-stocked chemical arsenals. Amer-
ican chemical manufacturers have worked hard and long
with our armed forces so that if the time cver comes to
make good on the President’s warming of retaliation,
America will be more than ready.

And defense against gas has not been overlooked.
Every soldier is equipped with a most efficient type of
gas mask, developed through twenty-five years of in-
tensive research. The Chemical Warfare Service al-
ready is manufacturing millions of masks for distribu-
tion to civilians. Let us hope we may unever have to
use them. But if we must, we need have little fear of
any gas or secret chemical.

This gas mask program has been made possible by a
literal metamorphosis of production facilities, as peace-
time industrics have been converted to war purposes.
A lumber company, for example, is making activated
carbon from sawdust. Novelty manufacturers of rub-
ber goods are turning out valves and assembling other
parts. I'ormer manufacturers of shirts, swim-suits, shoes
and beds have converted their facilities and are con-
tributing their share. More than eleven hundred con-
tractors and two hundred and ffty sub-contractors are
supplying their full quotas of chemical warfare mate-
rials. And production is right up to schedule.

But the bulk of the war job of our chemical indus-
tries has to do with items other than weapons and
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ammunition. The German Consul-General, in that
1916 report to Berlin, said that many American indus-
tries were in a critical condition becausc of the scarcity
of German chemicals. e related in particular that
“the cries for help from the world of physicians arc
becoming louder and louder and more and more insis-
tent.” Thanks to our chemical industries this cry no
longer is heard. Even though we are again cut off from
quinine, camphor and some other strategic medicinals,
our homes and hospitals are adequately supplied with
synthetic products. Most of these are better and
cheaper than the natural materials. The same sulfa
drugs that have saved so many civilian lives in recent
years have gone to war, with the result that deaths
from infection at Pearl Harbor and Bataan are reported
as surprisingly low. In this war we suffer no shortages
of iodine and potash. Pioneering rescarch in the field
of vitamins has led to new industries that are contrib-
uting to health and better nutrition.

Those new uniforms the soldiers arec wearing are of
better quality and will last longer than the shoddy, ill-
fitting outfits of 1918—thanks to sunfast dyes and new
man-madc products. And in the field of fabrics, nylon
and the new rayons have gonc to war in parachutes and
super-strong cords for tank treads and tires.

* * * * *

And that brings up the question that 30,000,000
American motorists are asking with ever increasing
concern. “When, Mr. Chemical Engincer, arc you
going to give us a set of new tires for the old family
bus?”

That, T am told, is just what the chemical engineers
have sct about to do on a scale that is difficult to com-
prehend. In the words of Raymond Clapper, the colum-
nist, “the synthetic rubber program for this vear and
the next is the biggest job of chemical enginecring
ever undertaken in the world.” A billion dollar indus-
try is being built at record speed to make almost a
million tons a year of chemical rubber to serve our war
needs and those of our allies. This cannot be accom-
plished overnight. Many months are required to design
and fabricate complex equipment, much of which must
be made from corrosion-resisting metals and alloys. We
shall be lucky if a tenth of the desired capacity is in
continuous production this year and even more lucky
if, by the end of next year, the new industry should be
turning out synthetic rubber at a rate of 875,000 tons—
using both petroleum and grain as raw materials.

All this, of course, must go for essential militarv uses
but there is reason to believe that in the laboratory and
pilot-plant stages we have some promising substitutcs
and stop-gap materials that may tide us over until the
big program starts rolling.

The present prospect of real success is possible only
because of the cooperation of the chemical, rubber and
petroleum industries. Individual firms and entire indus-
tries have set aside their normal desires and selfish in-
terests to pool their patents, share their rescarch and
cngineering developments for the common good. Syn.
thetic rubber is here to stay as the basis for a great
post-war industry: no doubt as to that lingers in the
minds of the men who have seen many other natural
products—indigo, alizarine, camphor, vanillin—all eventu-
ally fall before the ingenuity of the chemical industry.

* * * * *

In the coming peace to which we look forward hope-
fully, we shall find a new world full of new materials,
new convenicnees, new jobs, new opportunitics, all
stemming out of the present-day work of the chemical
engincer. The same tough, transparent plastics that
now make noses for bombers will give us new frameless
windows for our homes and automobiles. With capacity
to produce at least 2V2 billion pounds of aluminum,
which is five or six times pre-war production, and a
magnesium capacity 50 or 60 times the pre-war figure,
many new uses will develop for these structural materials
of great strength and amazing lightness. Almost anvthing
that flics, runs, moves, or otherwisc is motive, will have
a place for them. New fibers such as nvlon and vinyon
had scarcely got started before they were put to war
use. Once the war is over they will be with us in greater
abundance and at lower cost for a variety of uses so
vast and so diverse that we can scarcely imagine them.

And the chemical engincer continucs to create and to
invent. He mecets the challenge of scarcitics and short-
ages with ever new “substitutes” that excel their ori-
ginals. Even before the war is over he will have placed
at our command a hundred new matcerials which we
did not have before. Ilis workshop is all industry. ITis
contributions arc as limitless as arc our needs.

But right now his all-important job is to help win
the war; to fight to a finish the ruthless and resourceful
encmies that arc devoting all their science and tech-
nology to bring about our defeat. So, as we take stock
of our assets in this desperate struggle, we count among
the first the proved resourcefulness of the research-
minded chemical engineers we now have mobilized to
help us fight this chemical war.

President, McGraw-Hill Publishing Company, Inc.

This is the fourth of a series of editorials appearing monthly in all McGraw-Hill publications reaching more than one and one-balf million readers.
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> JINX . .. Sometime ago in this
column the office jinx was intro-
duced. He is the fellow that causes
errors to be made. Well, he has
been around again.

In August ELECTRONICS page 37
was a diagram of an electronic
welding control circuit in which
were copper oxide rectifiers. We
are sorry to state that the thing
simply won’t work unless you turn
one set of rectifiers around like
those on page 39. Furthermore we
gave readers a bum steer in stating
that copies of patents issued could
be obtained from the Government
Printing Office. This might be so,
but the correct place to apply is the
Commissioner of Patents, Washing-
ton, D. C. Give the patent number
desired, the date it was issued, the
nature of the patent, your name
and address and send 10 cents.
Stamps are unwelcome.

» PATENTS . . . All readers should
keep an eye on the current investi-
gation of the patent situation taking
place in Washington. The field of
electronics is new, and patents will
play a very great part in its history.

One gathers, from reading news-
paper accounts of the investigation,
that it should be made illegal or
unethical or something for two
companies, perhaps in different
countries, to share their informa-
tion for their mutual benefit. A
patent is a mighty complex thing.
It is, on one hand a disclosure of
an invention, a new method, a con-
tribution to man’s knowledge. Pat-
ents are granted to encourage peo-
ple to disclose the features of in-
ventors’ work. If there were no
patent svstem inventors would have
to rely upon secrecy for protection;
and thus there would be no dis-

GROSS

TALK

closure of the work of inventors the
cumulative effect of which is very
great. A very important process,
important to the common good,
might die with the inventor be-
cause he was afraid to disclose its
details during his lifetime.

We do not see why it should not
react to the advantage of man
everywhere for inventors to share
their knowledge. So far as we have
read and heard, it is not the sharing
of information that Mr. Thurman
Arnold, Assistant Attorney General,
does not like but the using of pat-
ents to maintain artificially high
prices and to keep down competi-
tion, thus limiting the use of the
patent material by the greatest num-
ber of people.

ELECTRONICS will have more to
say about patents later; and will
endeavor to keep its readers up to
date on the situation. But, as ever,
readers should read carefully the
newspaper stories and remember
that they personally have not heard
what Mr. Arnold, or Senator So-
and-So or President So-and-So of
such-and-such a company have said
—they have only read what a news-
paper reporter says he heard these
gentlemen say. Single statements
removed from their context often
give a completely wrong impression.

» CODE . .. Until the war drove
radio station W1AW off the air,
people wanting to learn the code by
actually listening to radie trans-
missions were served by this head-
quarters station of the American
Radio Relay League. Nightly, how-
ever, at the present time code learn-
ers will find GSA on 6050 kc at 8:30
EWT sending “news from London”
first in English, then in French and
finally in German. This station is
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modulated at about 500 cycles, sends
each word twice and fairly slow.
The news summary is excellent giv-
ing what seems to be straight facts.
The day’s important events are put
tersely and make good listening
safe from jamming. The program
comes from the British Broadcast-
ing Corp. It’s worth listening for.

» STATIC . . . On August 23 Roy
A. Weagant, former chief engineer
of the Marconi Wireless Telegraph
Company, died in Vermont. Mr.
Weagant was another of the old
timers whose memory is strong in
the minds of those whose days in
radio go back to the beginning. The
work for which he is most remem-
bered was in problems connected
with conquering static as a trouble-
maker in the early code days. His
work in this field brought him the
Morris Liebmann prize, contributed
to lowering the power necessary to
communicate over long distances,
and to a reduction in the effective
height of antennas. Mr. Weagant
is credited with the discovery that
static radiations and desired sig-
nalling radiations travel in different
directions, the undesired noises
coming from overhead, desired sig-
nals moving along the surface of
the earth in a horizontal direction.
Mr. Weagant worked with the West-
inghouse Company, with the Na-
tional Electrical Signalling Com-
pany, Marconi Company, DeForest
Radio Company, and the Radio Cor-
poration of America—to mention
only the communications companies.

Another loss to the ranks of radio
was that of Malcolm P. Hanson,
Commander U, S. Navy. Commander
Hanson was chief wireless operator
on Admiral Bird’s Antarctic Expedi-
tion in 1928-30.



RADIATION INSTRUMENTS

Using GEIGER

B y P A U I. W E I S Z, Bartol Research Foundation of the Franklin Institute, Swarthmore, Pa.

N a previous issue of ELECTRONICS

the Geiger Miiller tube was dis-
cussed as a very versatile instrument
for the detection and measurement
of radiation’. Its development neces-
sarily went hand in hand with the
development of suitable electronic
circuits for the utilization of such
tubes for many different purposes.
Circuits had to be created capable of
transforming the electrical response
of these tubes to audible or readable
data, qualitative or quantitative
records, or to act as relay devices for
the control of other instruments. In
this way, by combining Geiger Miiller
tubes with appropriate electronic
circuits a variety of tasks can be per-
formed in radiation technique.

A simple circuit connected to three
Geiger Miiller tubes operated a relay
which turned on the illumination of
the New York World’s Fair in 1939
instantaneously when a cosmic ray
particle traversed all three tubes. In

= Ge/;ger Miller fubes

!

the same manner a great many re-
search problems have been carried
out by having the tubes and proper
circuits automatically operate other
apparatus. For example, many thou-
sands of photographs have been
taken of tracks of particles in the
so-called “cloud-chamber”, by having
the particles “photograph them-
selves” by tripping the GM tubes,
operating the circuits, and thus caus-
ing the various relay mechanisms to
work the chamber, the light arc, the
camera exposure, and other essential
operations. The circuit usually em-
ploved for such automatic control
action is shown in principle in Fig. 1.
A ray passing through one GM tube
will result in a negative electric pulse
reaching the grid of the vacuum tube
associated with it, and will, because
of its great amplitude, cut off the
plate current of this tube for the
duration of the pulse, say, 107 sec.
The effective grid bias on tube RL

ikl

S
=

ped LU ore

ohms

/50 vol#s
A0

=
High potential 3

S

Fig. 1.—The common “coincidence circuit” for the control of any mechanism by

rays which pass through all three GM-tubes.

Such a circuit turned on the

illumination of the New York World's Fair by the passage of a cosmic ray

44
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during this time will be about 40 v
negative. If the ray went through
two of the GM tubes, and two of the
vacuum tubes were cut off, reducing
the grid bias to 20 v on tube RL, the
latter would still be sufficiently nega-
tively biased to stay out of action.
However, a ray passing through all
three GM tubes will reduce the grid
bias to zero, tube RL becomes con-
ducting and initiates whatever func-
tion may be desired.*

The Fundamental Circuit Problem

Most applications of the Geiger
Miiller tube are concerned, directiy
or indirectly, with the measurement
of radiation intensity, e.g., the mea-
surement of quantities of radium or
other radiating substances, deter-
mining natural radioactivity in field
work, finding x-ray intensities, fixing
therapeutic dosages, hunting lost
radium, finding x-ray leakages und
undesirable radiation, measuring
thickness of muterials by absorption,
and so forth. Regardless of which of
these applications we may want to
utilize we are always confronted with
the following fundamental problem:

The Geiger Miiller tube supplies
electrical pulses of an amplitude of
some 50 to 200 v, having a sharp rise
of some microseconds duration, and
an exponential recovery determined
by the RC constant of the input cir-
cuit. Every such pulse represents
an ionization event in the tube, and
the number of these pulses produced
per unit of time is therefore a mea-
sure of the intensity of the radiation
responsible for the production of the
observed pulses. These pulses ure
naturally not periodic but follow
each other at random distribution in
time, because of the very nature of

* Editor’'s note. If each tube draws 4 ma
plate current, a voltage drop of 20 v per
tube exists across the 5000-ohm input
resistance to RL. I'or each tube cut off, this
voltage, representing negative bias to KL,
will be reduced by 20 v.
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MULLER TUBES

their production. Thus the funda-
mental problem to be handled by the
electrical circuit is the determination
of the frequency of randomly dis-
tributed electrical pulses. The order
of magnitude of the average pulse
frequency, often called the “counting
rate”, involved in this type of work
may vary within great limits from
one type of application to the other.
However, the ever present back-
ground rate of pulses due to cosmic
rays and natural radioactivity sets a
lower limit of the order of about one
pulse per minute’ due to radiation
to be detected, and the intrinsic re-
covery lime cf the Geiger Miiller
tube provides an upper limit of count-
ing rate which may be set at ap-
proximately 100,000 per sec.

It must always be kept in mind
that these pulses handled by the cir-
cuits are randomly distributed which
means that although the «veragye
time elapsing between {wo successive
pulses may be, say 1 sce., there wili
sometimes occur two pulses within,
say, 1/1000 sec. The probability of
this happening may be small, but
constitutes a certain percentage of
the total pulse rate. By mathemati-
cal means, we can determine just ex-
actly what this probability is. Fig-
ure 2 shows quite generally the per-
centage of pulses which will follow
within a time interval less than ¢
for different average counting rates.
This is an important aspect in the
design of any circuit or circuit ele-
ment, since they all possess a certain
maximum tresolving power repre-
sented by the smallest time interval
between two successive pulses for
which the circuit or circuit element
will still differentiate them as actu-
ally two pulses instead of skipping
the second pulse because it followed
too closely to be resolved. This char-
acteristic time ¢ is called the “resolv-
ing time”. For a certain given range
of pulse rate which a circuit element
or circuit is to handle, its resolving
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Fig. 2—For a completely random distribution of pulses as are dealt with in all
work with Geiger Miiller tubes, this chart shows the percentage of pulses which
follow one another within a time interval smaller than t, at different average pulse-
rctes N. This percentage of pulses would be “skipped” by a circuit or circuit unit
the resolving time of which is t, and thus constitutes the error of measurement
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Headphones, or
1

Fig. 3.—Fundamental circuits for the use of a Geiger Miiller tube for audible
or visual observation of pulses

time should be small enough so that
the number of “lost” pulses is neg-
ligible for the purpose ot the meas-
urement. Figure 2 can be used to
determine the resulting errer, and in
muny cases to correct for it if neces-
sary. Mainly as a consequence of
these considerations regarding the
speed requirements of the circuits,
the varicus measuring and record-
ing methods are each most suitable
for certain ranges of pulse rate, and
therefore for particular types of
applications.

Audible and Visual Methods

Whenever there is no need for an
accurate quantitative determination
of radiation intensity, but merely
relative variations in intensity are

wwwW americanradiohistorv com

N

to be observed. or the intensity esti-
mated, comparatively simple circuits
can be applied to serve this purpose
satisfactorily, by having the indi-
vidual pulses supplied by the Geiger
Miiller tube produce audible clicks
in a loudspeaker or a pair of head-
phones, or by causing them to pro-

duce flashes of a neon lamp. Par-
ticularly the audible method has
proven very valuable in  many
applications.

It is found that an electrical pulse
will become audible in an ordinary
set of headphones when it corre-
sponds to a quantity of electricity of
at least 10® coulomb passed through
the phones, irrespective of whether
this be accomplished by a fast pulse
of great amplitude or a long lasting
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Fig. 4—A small universal hand set for radiation measurements

pulse of smaller amplitude, within
wide limits. The GM tube itself re-
leases a spurt of charge of the order
of 10 coulomb per pulse, so that an
amplification of a factor of some-
where between 20 and 100 usually
will be sufficient to transform all
pulses into well audible clicks. This
can be accomplished by a single
vacuum tube, preferably with high
transconductance, as shown in prin-
ciple in Fig. 3.

Based on this general principle, a
portable radiation instrument for
universal use has been developed.
The set shown in Fig. 4 contains the
complete combination of a GM tube
amplifier, power-supply and high po-
tential source for the GM tube,
housed in a small case. Properly de-
signed, such an instrument will fol-
low pulse rutes from an occasional
pulse per minute to more than 10,000
per sec. or so. While the human ear
perceives an impression of individual
pulses or clicks only for pulse-rates
up to about 20 per sec., the psycho-
logical impression at higher rates is
that of an unsteady rattle which
slowly goes over into a more or less
constant hiss at still higher pulse
rates. It is thus readily possible to
estimate the radiation intensity by
means of the sound impression of
the pulse rate, especially if it is pos-
sible to make comparisons with
sources of known intensity. In the
apparatus shown in Fig. 4, this is
made possible by providing the GM
tube with a 0.0005-in. thick glass
window which is made accessable by
sliding away a protecting disk at the
end of the neck extension, where the
GM tube is located. The GM tube is
then sensitive for ultraviolet radia-
tion which penetrates the thin win-
dow. A burning mateh will supply a
sufficient amount of ultraviolet radi-
ation so that the response of the set
to any intensity of another radiation
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can be simulated by holding the
match at the proper distance from
the window, and an estimate of the
unknown intensity can be made by
comparison with the response to the
u-v radiation from the match at dif-
ferent distances. In this way, the
manufacturer is able, for instance,
to supply information with each set
as to the distance of a burning match
from the window at which the pulse-
rate will correspond to that produced
by a y-ray intensity of 0.1 r-units
per day, which is generally recom-
mended as the maximum radiation
intensity representing safe working
conditions. By the same comparison
method, quantities of radium and
radioactive material can be esti-
mated. The fact that weak B radia-
tion and a rays will also penetrate
the thin window makes such a set a
simple tool for wide application.
For demonstration purposes the
visual method of observation is often
desirable, in which case a neon bulb
is flashed by the instantaneous plate-
current pulse in a self-extinguishing
thyratron circuit, such as shown in
Fig. 3b. The first vacuum tube

serves to amplify as well as to invert
the polarity of the negative pulse
which originates on the GM tube
wire producing the positive electrical
pulse necessary for the control of
the gas triode. The visual method is
far inferior, however, to the aud-
ible one, since it serves satisfactorily
only at very low counting rates, since
the eye ean not discriminate any
higher pulse-rates than some 15 per
sec.

Quantitative Methods

Mechanical Recording. A logical
way of recording the pulse rate from
GM tubes is to operate an electro-
mechanical recorder or counting de-
vice. This can be done conveniently
by inserting the recorder in the dis-
charge circuit of a thvratron which
is operated as in Fig. 3b. In this
way, the number of pulses can be di-
rectly recorded and read from the
dial over any desired period of time.
It is probably the simplest and most
accurate method for the meusure-
ment of weak intensities. However,
the limitation lies in the mechanical
inertia of the recorder, i.e., its re-
solving power. Such a recorder is
seldom capable of resolving pulses
following one another within an
interval of less than 1/50 sec., so
that its resolving time can be set at
usually ¢ = 2x10* sec. From Fig. 2
it follows then, that to keep the er-
ror below, say, 5 percent, counting
rates not exceeding 2 per sec. can be
counted accurately.

Scaling by Trigger Circuits. At
pulse rates higher than those which
the mechanical recorder can safely
handle, one may still successfully ap-
ply the mechanical recorder by sub-
sequently using an electrical circuit

| — —_«|-|-T?° o
L0 - I |

Fig. 5.—The “scaling couple” for counting higher pulse rates, working on the
trigger principle
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capable of scaling the pulse rate
down by a given factor, i.e., a circuit
which will act so that only every
2nd, or every 8th, or every nth pulse
will trip the mechanical recorder,
being the desired scaling ratio of
the circuit.

Such scaling can be attained by
using a vacuum tube trigger circuit
as is shown in Fig. 5.

There are other circuits based on
the same working principle. An in-
teraction between the plate current
of one tube and the grid bias of the
other of a “scaling couple” and vice-
versa, provides that one tube of the
couple is conducting when the other
is cut off. The pulses to be scaled
are coupled to both grids, so that a
pulse will fire the tube which is
“dead’, thus causing the other tube
to be cut off; this occurring alterna-
tively between the two tubes when
pulses arrive on the grids. By coup-
ling to the plate circuit of only one
of the two tubes, one can obtain a
reaction for every second pulse on
the grid of that tube. Thus the
couple represents a scale-of-two cir-
cuit. By feeding the scaled pulses
after proper amplification into an-
other such scaling couple, a scale-
of-four is obtained, and so forth.
X stages of scaling couples therefore
will result in a scaling ratio of 2%
to 1.

The resolving time of such a cir-
cuit (in seconds) is determined by
the circuit RC constant, using the
values for R (in ohms) and C (in
farads) as indicated in Fig. 5. If
this time is sufficiently small, and it
is possible to make it as small as be-
tween 107 and 10°° sec, the scaled
pulses reaching the recorder are
again randomly distributed but with
an average pulse rate of 1/n the or-

iginal counting rate, n being the
scaling ratio. Thus, while with a
mechganical recorder of 2 X 107 sec.
resolving time, a counting rate of 2
per sec. was the maximum per-
missible speed at which we could
operate at an error less than 5 per-
cent, after scaling by a ratio of, say
16 to 1, we may count as fast as 32
per sec. original pulse rate at the
same small amount of error.
Scaling by the Accumulation
Principle. With a scaling circuit of
the kind described above a scaling
ratio of 16 to 1 can be obtained only
with four scaling couples comprising
8 vacuum tubes, plus three inter-
mediate tubes for the proper trans-
mission of the pulses from one
couple to the following one, and in
addition at least one converter stage
as input amplifier, and an end stage
to operate the mechanical counting
device. It is obvious that for even
higher scaling ratios such an ap-
paratus would become much too
elaborate to be conveniently con-
structed or used. Fortunately, other
methods of scaling enter the scope of
possibility for high counting rates.
By electronic means, every pulse
causes the transportation of a spurt
of charge into a condenser, increas-
ing the potential thereon as the
pulses charge it. When a certain
predetermined value of potential is
reached on this condenser, another
electronic device is made to respond,
thereby supplying the “scaled” pulse,
and also to reestablish the initial
conditions of potential on the con-
denser so that the cycle of operation
can be repeated. In this manner
scaling is accomplished by the ac-
cumulation of electric charges up to
a certain value and by the repetition
of this operation. Figure 7 gives

{ Positive Positive
pulse pulse
input input

Fig. 6.—Complete vacuum tube scaling
apparatus working on the trigger prin-
ciple, containing pre-amplifier, record-
ing end stage for the mechanical re-
corder, and a neon tube circuit for
visual observation of the scaled pulses.
It can be operated at scaling ratios of
2, 4, or 8 to 1, or without scaling, and
with its regulated power supply and
high-voltage source for the GM tube.
represents a reliable apparatus for
radiation measurements

two examples of circuits employing
this method of scaling. In Fig. 7a,
every positive pulse operating the
grid of tube V will cause the point «
to go more positive with respect to
b, and hence will cause current to
flow through D for the duration of
the pulse, and supply the capacity C
with a spurt of charge. With each
pulse the potential across cathode-
plate of the thyratron 7T, will in-
crease until at a certain critical
value the tube will discharge con-
denser C and operate the relay or

aals

!

Fig. 7.—Fundamental circuits for the scaling of pulse-rate by accumulation
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Fig. 8.—({a) Simplest integrating curren: meter used on a self-quenching GM tube.

(b) Direct reading intensity meter of the type shown in Fig. 9.
“integrated” by the RC circuit in the final VT voltmeter stage.

The pulses are
The thyratron

circuit is provided in case mechanical recording of very small radiation intensities
is desired, and is coupled to the main circuit over a double-triode stage to
prevent the feedback of the thyrairon discharge pulse into the integrating circuit

recorder mechanism. Then a new
cyele can follow. The scaling ratio of
such a circuit can bz controlled
within very wide limits by control-
ling the amount of charge supplied
to C by each pulse, i.e., its duraticn
as well as amplitude, by giving C
appropriate dimensions, or by vary-
ing the grid bias of 7, to control
the critical plate potential at which
discharge will be initiated.

Figure 7b shows a circuit in
which V, normally non-conducting, is
fired by a positive pulse and thereby
discharges a condenser C which is
subsequently recharged from a larger
condenser C, until the latter has lost
a predetermined amount of charge
resulting in a certain maximum vaiue
of cathode-plate potential on thyra-
tron T, which will fire it. The grid
of thyratron T, is biased to such a
value that the tube will discharge
with the full plate voltage applied,

and stay conducting until the plate
voltage is reduced to approximately
20 v. In other words, when the set
is turned on the thyratron T, fires
immediately and conducts until the
condenser C, is charged sufficiently
to reduce the voltage between the
cathede and heater to about 20 v.
Now C, carries the anode voltage for
tube V. Each pulse operating tube V
will discharge C, by a small amount
and thus the effective anode voltage
on tube T, will increase step by step
until it fires. A relay in the anode
circuit records the number of times
T, fires and therefore the number of
impulses reaching the grid of tube
V. The cycle then repeats itself.
There is practically no limit to the
scaling ratio for which such an ac-
cumulation circuit can be designed,
and it is possible, therefore, by pro-
viding a sufficiently great scaling
ratio, to operate under conditions

Fig. 9.—A sensitive direct-reading intensity meter.
especially useful for work with radioactive materials
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limited only by the properties of the
input circuit. If the latter consists
of vacuum tubes, this limitation in
resolving time may lie around 10
sec. of even lower. However, there
is a lower limit of pulse rate for an
accumulative circuit of given scal-
ing ratio due to the loss of charge
(or sometimes addition of charge, as
in Fig. Tb) due to leakages in the
condenser itself and in associated
circuit elements. If there is suffi-
cient time between successive pulses
such leakage may amount to a no-
ticeable error in the scaled counting
rate obtained. This will become seri-
ous if the time constant of the leak-
age circuit (i.e., as determined by
the value of leakage resistance and
the capacity of the accumulating
condenser), approaches the same
order of magnitude as the reciprocal
of the average scaled counting rate.

Pulse Integrating Current Method.
Instead of looking upon the response
of Geiger Miiller tubes as consisting
of individual electrical pulses which
we may count individually for a
period of time, and thus determine
the counting rate, we may picture
their response to represent simply
an electrical current like the vre-
spense of an ionization chamber, but
many times amplified. Then we can
measure the average current through
the GM tube and take this as a meas-
ure for the radiation intensity. Since
the current consists of relatively
great spurts of charge the electrical
averaging process is very important
to minimize the fluctuations to such
an extent that a fairly steady meter
reading of the current can be made,
as we will see later on.

Figure 8 demonstrates what is
probably the simplest method of
average curreint measurement with
& G tube, and will serve to demon-
strate the principle of this method.
Suppose that the GM tube to be used
is known to deliver 5 x 107 coulomb
per pulse. Then, if we desire our
instrument M to give a full scale de-
flection for a counting rate of, say
1080 per sec., this will correspond
to a current of 1000 x 107 coulomb
per sec. =— 55X 1077 ampere average.
Along a resistance R of 2 megohms,
an average potential drop of 1 v is
censequently obtained, and is easily
measured as a full scale deflection by
a vacuum tube voltmeter circuit of
moderate sensitivity. For the pur-
pose of averaging the current of

(Continued on page 118)
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Applications of
CATHODE RAY TUBES

The great number of applications of cathode ray tubes are surveyed, as an introduction to

the uses of this versatile tube in ultrahigh frequency technique

SSENTIALLY the cathode-ray

tube is a device for producing
a visual image, produced by means
of an electron beam impinging on a
fluorescent screen, the beam having
negligible inertia and being capable
of deflection at very great rates of
speed by the action of electric
and/or magnetic fields. Since the
beam may be deflected in two dimen-
sions as a function of time, and
since the intensity of the beam and
size of the spot may be varied by
voltages applied to the tube, a wide
range of possible applications exist.
In fact, the tube may be used to
produce transient or recurrent
traces (depending upon the phe-
nomena encountered) of any chem-
ical, mechanical, or physical varia-
tion which can be converted into
electrical or magnetic variations by
the proper types of energy con-
verters; it can, of course, produce
visual traces in accordance with
electrical or magnetic variations
acting upon the beam.

Because of its ease of operation,
application over an unusually wide
band of frequencies, production of
an image of either transient or re-
current phenomena which may be
observed visually or by photo-
graphic means, and its diverse ap-
plications to measurement, the
cathode-ray tube has found wide
use in communication and indus-
trial purposes. Although it is not
generally used directly at frequen-
cies usually classified as being in
the u-h-f spectrum because of cer-
tain inherent limitations in the tube
and its associated circuits, it does
form an important adjunct and
auxiliary piece of equipment for
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use in television and other ultra-
high frequency communication sys-
tems.

It is impossible to list all of the
actual or potential applications of
the cathode-ray tube and its associa-
ted circuits, but among its most fre-
quent uses may be listed the appli-
cation of the tube for:

1. Measurement of voltage"(* 5 16

2. Measurement of current* 1

3. Measurement and determina-
tion of frequency!® 23 % 5 6 16,35

4. Determination of waveform
and distortion 19
5. Measurement and deter-

mination of phase relation-
ships (& 6 16, 17, 18)
6. Measurement of ratio of charge
to mass of electron 1V
. Measure of power (% 5 6 16
.Determination of power
factor (21610

9. Determination of
IOSS {2, 16, 17, 18)

oo =3

dielectric

10. Determination of magnetic hy-
steresis, and B and H® 5 1617, 18)

11. Determination of characteris-
tics of oscillatory circuits %

12. Determination of ionosphere
characteristics %1

13. Determination of polarization
of electromagnetic waves 2 % 18

14. Study of atmospheric disturb-
ances (> 17

15. Study of corona (%)

16. Study of sparks and atmos-
pherics (¢

* Numbers refer to bibliography at end of
article.
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17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27,

28.

29.

30.

31.

32,

33.

34.

35.

36.

37.

Determination of field
strength (&
Determination
netic echoes ()
Studies of spectroscopy (1% 2021
Determination of bridge bal-
ance 3 1718

Determination of amplitude,

frequency and phase modula-
tion @ & 4 5. 16, 17, 18)

of electromag-

Modulation generator
Frequency and phase multi-
plier (10)

Measurement of acoustic prop-
erties of gases 17 1%
Measurement of velocities of
sound 47

Recording speech and other
sounds (16 17- 18

Determination of characteris-
tics of microphones, speakers
and other acoustic devices (18
Determination of ncise in in-
ternal combustion engines 18
Determination of frequency re-
sponse in audio amplifiers 4%
Determination of frequency re-
sponse in i-f and r-f amplifiers
and radio receivers (4 6 8 16.10
Determination of power output
and efficiency of amplifiers (¥
Determination of electron tube
characteristics (! 2 4 16.17, 18)

Study of rectifier character-
istics (18
Determination of characteris-

tics of
tubes (16
Determination of characteris-
tics of gaseous discharge tubes
and phototubes %

Production of pictorial images
in television > %
Determination of mechanical
characteristics such as pres-

arc and discharge
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sure, impact, acceleration, lin-

ear and torsional oscillation,

stretching, ete. 817

Study of piezoelectric oscilla-

tionsg - 1617

39. Illumination measurements (!¢

40. Operation of amplifiers !

41. Gas reactions ''®

42, Direction finding (6. 7. 18

43. Electrocardiography and simi-
lar medical applications /16- 17}

38.

In such applications as listed
above, the tube is used to form a
visual representation of the various
voltages applied to the deflection
and timing circuit. A wide variety
of patterns may be produced
through the various adjustments of
the tube and its associated circuits.
A proper analysis of the visual im-
age produced on the screen enables
the operator to determine the un-
known voltage, current, or wave
with which the cathode-ray tube is
associated in terms of some corre-
sponding electrical quantity whose
characteristics are known. The in-
formation which may be derived
from the analysis of the trace on
the screen of the cathode-ray tube
depends upon the type of pattern
and therefore upon the method in
which the tube is used. Therefore,
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deflecting plates -
(Deflects electron bearn
horizontally) \\\\
Y
\
\
\\
Accelerating gricd T
Accelerotes
electrons )\
\
\\
Flrst arnode \
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of electrons)
A \
\
!
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(Controls flow

of electrorns)
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/
Second’ anode
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electrons)

>,
rd

V'
e

E/ectrorn bearn,_ _--~
with vertical deflection
(Produces lurminous
spot or screen)

Conducting coatin
glass envelope
electrons ‘ermitted by rhe screern).

the operator of cathode-ray tube
equipment should be familiar with
the particular application of the
cathode-ray tube, or if this is not
possible, he must be prepared to
analyze the traces on the screen in
accordance with directions provided
to him for this purpose. Facility in
analyzing screen patterns comes
with practice and experience as well
as with an intimate knowledge of
the details of certain operations of
the associated equipment. The
analysis of screen images is made
easier if the operator has at least
an elementary knowledge of the
function of the cathode-ray tube
and its associated scanning, deflec-
tion, and sweep or timing circuits.

Construction of Cathode-ray Tube

A cathode-ray tube with electro-
static deflection plates consists of
an evacuated glass tube containing
the cathode, or source for produc-
ing a beam of electrons, a grid for
varying the intensity of this elec-
tron beam and thereby varying the
intensity of the spot on the fluores-
cent screen, a first anode having a
positive potential with respect to
the cathode and whose purpose is
to focus the spot on the screen, a
second anode also positive with re-

or /nside of glass
(Collects secondary

Pair of vertical deflecting
. plates (Deflects efectrom
N beam vertically)
|

Secorndary 'e/ecfro'ns
fRe/ea.?‘e_o/ by electron beam
in striking Screen) .

Fluorescent screen
(Lurnirous spot produced
where electrorn

beam. strikes)

Diagram of cathode ray tube with electrostatic deflection, indicating function

of each essential element.

In some tubes the accelerating grid is omitted

www americanradiohistorv com

spect to the cathode for accelerat-
ing the electrons from the cathode,
a secondary electron collector (in
some types of tubes), and two sets
of deflection plates at right angles
to one another. In traveling down
the axis of the tube from the cath-
ode to the screen, the emitted elec-
trons come under the electrostatic
influence of the control grid, first
anode, second anode, deflection
plates and impinge upon the fluores-
cent screen where secondary elec-
trons are produced which are col-
lected by the secondary collector
anode. In some types of tubes,
called electromagnetically deflected
cathode-ray tubes, the electron beam
is deflected by means of horizontal
and vertical deflection coils rather
than by electrostatic deflection
plates. These coils are not an in-
tegral part of the tube itself, but
must be incorporated with the as-
sociated or auxiliary equipment. In
this case the degree of deflection of
the electron beam depends upon the
current through the deflecting coil,
whereas in the case of electrostati-
cally deflected tubes, the deflection
of the beam depends upon the volt-
age applied to the deflection plate.

Cathode-ray Tube Adjustments

To a reasonable degree, the volt-
ages (or currents) applied to the
various electrodes in the cathode-
ray tube produce effects on the
electron beam which are largely in-
dependent of one another. This is
a considerable convenience in the
design of associated equipment and
in the manipulation of cathode-ray
tube circuits, for it makes possible
a single adjustment for any single
desired change in the size, intensity,
or deflection of the spot on the
fluorescent screen. In practice, the
cathode or heater is maintained at
a constant temperature by operat-
ing it at a constant voltage. Ac-
cordinglv a steady and continuous
supply of electrons is available
and the cathode voltage is not used
as a control means. The intensity
or brilliance of a spot on the screen
may be varied (for other electrode
voltages maintained constant) by
changing the voltage on the control
grid. The size of the spot, or the
sharpness of focus, is determined
by the voltage on the first anode,
or, more correctly, the ratio of the
first anode voltage to the second
anode voltage. For a given second
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TiME BASES FOR USE WiTH CATHODE-RAY TUBES.

Time Bases

| :
Electrostatic
défléction

Sinusoida!

I'_—'J_‘_\

Spiral

. Two ’
frequencies

o e

Spiral Radial

Single
freque_ncy
Straight- Circular

line trace
trace

Inductive

Current-regulating devices

Resistance | Pentode

v
Saturated
diode

Pulse-operated
switching valves

Capacitive

Single
frequency

Mixed Sawtooth
sinusoidal
and sawtooth

Inductive,

Radial

Two

Single ;
frequencies

frequency

Time surface,

e.g. television raster

Externally-operated

Feed-back
circuits

Commutator Spark

Hard ]
or switch gap

valve .

having at least.one
stable condition

Single-stroke

time bases

Single-stroke
time -bases

Classification of time bases according to Puckle

anode voltage there is, usually, one
value of first anode voltage which
produces the sharpest spot on the
screen. The second anode voltage
determines the acceleration which
is given the electrons traveling
from cathode to screen, the acceler-
ation increasing as the positive
second anode voltage is increased.
Because the second anode voltage
alters the acceleration of the elec-
tron, and therefore alters the time
during which any group of elec-
trons comes under the influence of
the deflection system, the second
anode voltage has some effect on
the deflection sensitivity of the
tube. This deflection sensitivity is
the ratio of the displacement of the
fluorescent spot on the screen to
a unit voltage (or in the case of
electromagnetic tube, to a unit cur-
rent) flowing in the deflecting cir-
cuit. It now remains to consider
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only the efTects of the deflecting
system. For convenience, this ar-
ticle will discuss the applications
of the electrostatically deflected
type of tube. It should be under-
stood, however, that the same gen-
eral type of reasoning applies to
electromagnetically deflected cath-
ode-ray tubes if we replace the
term ‘“‘deflection voltage” for the
electrostatic tube, by the term
“electromagnetic deflection coil cur-
rent” in the case of the magnetically
deflected cathode-ray tube.

Since the motion of a moving elec-
tron may be influenced by an elec-
trostatic or a magnetic field through
which it passes, three possible
modes of deflection are available:
(1) We can make the electrons
travel from the cathode to screen
through an electrostatic field in
which both vertical and horizontal
portions of the electric field intens-
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i.¢. inductance
with constant
applied potential

Flyback devices

Gas
.diode

Mixed electro-
magnetic and
electrostatic
deflection

Electromagnetic
deflection

Two
frequencies

Time surface,
¢.g. television
raster

Inductive,

i.e. inductance
with constant
applied potential

Switching devices

Self-operated

Hard-valve
trigger
circuits

Gas
triode

Back-toupled amplitiers

(35)

ity may be varied to produce a mo-
tion of the spot in two orthogonal
(90 deg.) directions, (2) we can
make the electrens travel through
a magnetic field whose vertical and
horizontal components may be va-
ried to produce the desired vertical
and horizontal deflection of the
beam, or, (3) we can make the
electrons travel through a combina-
tion of electric and magnetic fields
in such a manner that variations of
the electric field produce deflections
in one direction whereas variations
of the magnetic field produce de-
flections in another direction, which
is, most conveniently, at right an-
gles to the first direction. In any
case, and for constant voltages ap-
plied to the other electrodes of the
tube, the deflection of the beam is
proportional to the instantaneous
voltage on the deflection plate, or
to the instantaneous current in the
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deflection coil, within the frequency
limits of tube operation.

Screen Traces and Spot Deflection

Since the deflection of the spot
on the screen (or the deflection of
the electron beam, which is the
same thing) is proportional to the
instantaneous values of the deflec-
tion voltage (or current) it is evi-
dent that a direct voltage applied
to the vertical set of deflection
plates will produce a sudden and
constant vertical deflection of the
beam (or displacement of the spot),
while a direct voltage applied to
the horizontal set of deflection
plates will produce a sudden and
constant vertical deflection of the
beam or displacement of the spot.
Likewise, if a direct voltage is ap-
plied simultaneously to both vertical
and horizontal deflection plates, the
resultant deflection of the electron
beam will be both vertical and hori-
zontal in accordance with the usual
addition of vector quantities.

If an alternating voltage is ap-
plied to the vertical sei of deflec-
tion plates, the instantansous volt-
age of the plate will vary from zero
to maximum amplitude value in one
direction and then through zero to
a maximum amplitude value in
the opposite direction. The electron
beam will likewise follow the varia-
tions in voltage and the steady con-
stant deflection which was observed
in the d-c¢ case, will now be found
to resolve itself into a thin vertical
line (or vertical deflection) in which
the length of the vertical trace on
the screen is proportional to the
peak value of the deflection voltage.
Likewise, alternating voltage ap-
plied only to the horizontal deflec-
tion plate will produce a horizontal
trace on the screen of the cathode-
ray tube. When alternating volt-
ages are applied simultaneously to
both the horizontal and vertical de-
flection plates, any of a wide variety
of closed loop screen traces may be
obtained depending upon the ampli-
tude, frequerncy, phase relationship,
and the wave shape or harmonic
content of the deflecting voltages on
the two sets of deflection plates. For
sinusoidal voltages whose frequency
ratios are integral multiples or sub-
multiples, the trace preduced is any
of the common Lissajous figures
and the voltage applied to one set
of deflection plates may be analyzed
with respect to that of a known
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voltage on the remaining pair of
deflection plates through the usual
method of analyzing Lissajous fig-
ures.

The chemical composition of the
fluorescent screen determines the
color of the spot as well as rapidity
with which the intensity of the spot
decreases after the control grid
voltage has been made sufficiently
negative as to cut off the electron
reaching the fluorescent
screen. For television purposes a
screen producing a white image is
most satisfactory, especially if it
has a relatively short persistence
of image. For visual observation
of electrical phencmena, the color
of the screen is usually unimpor-
tant, although if the traces are very
fast or very faint, there is some
advantage in using the green screen
since the eye is most sensitive to
the green portion of the spectrum.
I'or photographic purposes a blue
screen is usually most satisfactory
since most photographic films have
their peak of sensitivity in the blue
or near-blue visual spectrum. For
the observation of transient phe-
nomena, a screen having a long per-
sistence of image is desirable, since
in this case the screcn trace is re-
tained for an appreciable part of a
second or perhaps for several sec-
onds. The persistence of image on
the screen is less important where
recurrent phenomena are observed
and in such applications where re-
current traces cceur with some dis-
placement, it may be desirable to
use a fluorescent screen of a phosphor
having a short persistence of image
so that one trace is practically ob-
literated before the next trace is
built up.

Deflection System

It is not the purpose of this ele-
mentary review of cathode-ray tube
technique to go into details of the
various types of electrical circuits
which may be used for producing a
time deflection base or scanning pat-
tern for the electron beam. A wide
range of deflecting or scanning cir-
cuits is possible and these have re-
cently been surveyed in an article
“Wave Form Circuits for Cathode-
ray Tubes,” by H. M. Lewis in the
July and August 1942 issues of
ELECTRONICS. Nevertheless, it is be-
lieved that a brief discussion of the
characteristics of the various sys-
tems may be useful in analyzing
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the screen patterns in any particu-
lar case, and also in determining
the complexity of the deflection and
scanning circuits which may be re-
quired for any particular applica-
tion of cathode-ray tube oscillog-
raphy. This is particularly true in
u-h-f applications of cathode-ray
tube analysis because of the com-
plexity of the patterns produced
and the frequency limits of the tube
and associated circuits for satisfac-
tory operation.

Scanning Sweeps Related to Phenomena
to be Analyzed

By properly calibrating the de-
flection of the spotin terms of volt-
ages and currents applied to its
electrodes, the cathode-ray tube may
be used directly as a measuring de-
vice. It is equally useful as a com-
parator in which case the deflection
of the spot need not be calibrated
in known electrical quantities. In
any case the unknown quantity is
applied to one or more electrodes of
the cathode-ray tube, and the known
quantity, in terms of which the anal-
ysis is made, is applied to the other
electrodes of the tube. Since the un-
known quantity is determined in
terms of a known voltage or current
considered as a standard, it is es-
sential that the frequency, ampli-
tude, waveform, or other character-
istics of the standard be known with
sufficient precision as to be suitable
for the application at hand.

The type of screen pattern pro-
duced, and therefore the type of
scanning, timing, or sweeping cir-
cuits for the known or standard
voltage, will depend upon the kind
of phenomena under investigation.
Particularly will it depend upon
the manner in which the unknown
phenomena varies with time or fre-
quency. Although it does not ap-
pear possible to build up a rigorous
classification which is at the same
time simple, the following classi-
fication is believed to be useful in
establishing the type of sweep cir-
cuit most satisfactory for the ex-
amination of various kinds of phe-
nomena.

Broadly speaking three classifica-
tions are useful:

(1) Phenomena which depend
upon voltage, current, or power, but
which are (largely if not com-
pletely) independent of time or fre-
quency, do not require time base

(Continued on page 154)
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DESIGN CHART FOR

Phase Shifting and
Amplitude Control Networks

Design charts present a graphical solution to the problem of determining the network
required to deliver proper power to each of several loads fed by the same source. Phase
and amplitude relations of coupling network easily determined

NE source of power is fre-

quently used to feed several
loads connected in parallel. Problems
of this general type may arise, for
example, when a transmitter feeds,
simultaneously, the various ele-
ments in a directional antenna sys-
tem. In such cases suitable networks
must be designed for insertion be-
tween the source and the loads, to
deliver the desired power to each
load. The purpose of the network is
to alter the effective impedance of
the load so that the current and volt-
age fed to it are of the proper
amplitude and phase relations. The
accompanying graphical chart per-
mits the rapid determination of the
reactive elements, in the simplest
L network, which will suffice.

As may be seen from the simple
schematic diagram on the next page,
the source delivers a voltage, E,, and
a current, I,, to a resistive load, E.
The voltage across this load is £, and
the current through it is I.. The re-
quired network is composed of X and
X. whose function is to change the
magnitude and phase of the current
I, so that the load R may take the
required amount of power.

In the absence of reactances X
and X, the current to the load is
I. = E,/R at an angle 0 deg. with
respect to B, and I.. The introduc-
tion of the reactive elements will al-
ter the magnitude of I, by a factor
K, and the phase by the factor ¢.
The value of K may be greater or
less than 1, and ¢ may be a positive
or negative angle up to 180 degrees.

When K, ¢, and R are specified,
from the requirements of the prob-
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Radio Engineering Department
National Broadeasting Company

lem, the chart enables us to deter-
mine the normalized reactances X
and X,. These normalized reactances
are expressed in terms of X/R and
X.,/R, so that we must multiply the
values, as determined from the chart
by the value of the load resistance, K,
to ascertain the true values of the
reactances actually required. The ad-
vantage of plotting the normalized
reactance is that, by so doing, the
chart is applicable to loads of any
resistance.

When the proper values of K and
¢ are known from a statement of the
problem, the chart is entered along
the vertical line, K, until the con-
centric circle corresponding to the
appropriate K value is obtained. This
circle is then followed until it inter-
sects the correct angle, ¢. From this
point, the values of X/R may be read
from the scale at the right edge of
the graph, while the values of X,/R
are read from a set of dotted radial
lines having K=1.0 and ¢ =0 as their
origin.

Suppose three transmission lines,
A, B, and C, are to be fed in parallel
from a single generator. Let the
relative magnitudes and phases of
these three currents be given, in
polar form, as I,—=0.60 +160°,
1,=040 +4+50° and I.—1.0 - 0°.
The first transmission line will re-
quire a correcting network which re-
duces the magnitude of the current
to 60 percent of its value without the
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network, and which shifts the phase
by +160 degrees. Thus, for the net-
work required for transmission line
A, we have, K, = 0.6 and ¢, = +160
deg. The network for line B reduces
the current magnitude to 40 percent
of its original value without the net-
work, and shifts the phase +50 deg.
Thus, for the network to be inserted
in line B, we require K,=0.4 and
¢s=+50 deg. No network is re-
quired for transmission line C.

The problem is now to find the re-
actances X and X, for lines A and B
from the chart. For the corrective
network for line A, we enter the
chart on the vertical line, K, until we
reach the circle whose K value is
0.60. Follow this ecircle toward the
left until we reach the solid radial
line whose value is ¢=+160 deg.
From this point of intersection, we
project to the scale at the extreme
right and find X,/R=—0.55R. From
the same point of intersection, we
read the value of X.,/R from the
dotted radial lines intersecting the
heavy vertical line. This gives X../R
—0.22. By multiplying these values
through by the load resistance, R,
we find X,=—0.55R and X,,—0.22R.
The negative sign indicates a capac-
itance while a positive sign indi-
cates an inductance. From these
values of X, and X.,, the network
elements are easily determined.

The corrective network for the line
B is found in a similar manner. From
the point Ky=0.4 and ¢$=+50 deg.,
we find X,=1.95R and X.,=—-3.3R.
Thus, X, is an inductance of 1.95R
ohms reactance and X,; is a capaci-
tance of 3.3F ohms reactance.
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Temperature Measurement

-
Fig. 1—Photoelectric temperature control-

ler using a mercury thermometer as the
sensitive element

Ffa EMPERATURE is a phenome-

non of nature so well known
that it is taken for granted and, in
general, little thought is given to its
implications. If the temperature of
the earth’s surface were to change
as little as 100 degrees F. from its
present average level for any ex-
tended period of time, animal and
plant life would either disappear or
some very radical changes would
have to take place in the processes
of life to withstand the new condi-
tions. Although certain bacteria do
not die at temperatures close to ab-
solute zero, this is very much the ex-
ception among living organisms. If
it 1s considered that the lowest tem-
perature in nature is absolute zero
(—460 d=g. F.), and that the highest

Electronics has played

a conspicuous role in the

development of temperature measurement and control

instruments during the past several years. This is a bring-

temperature is the temperature of
the surface of certain far distant
stars (about 60,000 degrees F.), a
temperature change of 0.17 percent
c¢f the measurable range of natural
temperatures would cause life to dis-
appear from the earth. This is
something to think about. But don’t
worry about it.

All this is by way of introducing
the subject of temperature and in-
dicating its importance to the human
race. Historically, man first tried to
control the temperature of his body
by rubbing himself and by moving
around. This is still a very common
practice. Next he used fire to in-
crease the temperature of his sur-
roundings to be more to his liking
and also to apply heat to cook his
food. These also are common prac-
tices today. The first efforts to
raise the temperature to a desired
level, rather than to just raise it
above the prevailing natural tem-
perature, was undoubtedly to build
a small fire for small increases and a
large fire for large increases in tem-

Fig. 2-—In the Bristol electronic pyrometer a vane attached to the pointer of a
millivoltmeter, operated by a thermocouple, passes between two coils of an
oscillator circuit whose output changes to aciuate ihe relay

Fig. 3—The basic potentiometer circuit as it is applied to temne-alure measurement
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perature. All efforts in this direc-
tion were very naturally by man’'s
own hand and not until the 19th
century were automatic means de-
veloped for maintaining temperature
at any given level. In the last few
years the new tool with which we
are primarily concerned, electronics,
has been used. Electronic methods
were applied very slowly at first, but
there are signs now of greatly accel-
erated progress in vsing the advan-
tages of electronics in the measure-
ment and control of temperature.
The maintenance of proper tem-
peratures in industrial processes
has increased steadily in importance
and has spread throughout many
industries until it is difficult to name
a product which at one time or
another does not depend upon con-
trolled temperatures. Naturally,
very active work in developing in-
struments for the measurement ang
control of temperature has followed.
Many companies are engaged in such
development and more than a few
have turned to electron tubes to
help solve secme of their problems.

Measurement Must Precede Control

Before any phenomenon can be
controlled, it must first be measured.
Therefore, it is necessary to discuss
first the methods for measuring tem-
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and Control by Electronics

the-reader-up-to-date article with some background of

temperature measurement and control in general, and

a description of several

electronic instruments

By CRAIG WALSH

Associate Fditor, Eleetronies

Battery

Standararzing
switch

Therrnocoup;e

Relay No.1.

Figs. 4 & 5—Circuit diagram of the Tagliabue photoelectrically
balanced recording potentiometer. Exact balance of the potenti-
ometer is indicated by zero deflection of the galvanometer. Any

perature and then the means for ap-
plying control. In some ways, tem-
perature is much like voltage. It
cannot be measured per se, it-can-
not be seen, it cannot be heard, it
cannot be picked up, but, like vol-
tage, if you come in contact with
it, especially if there is lots of it,
there’s no mistaking its presence!

Because temiperature cannot be
measured directly, it must be meas-
ured by its effect. The most import-
ant effects for industrial purposes
are: Expansion of a solid. liquid, or
gas, generation of an electric voltage
by a thermocouple, change of resist-
ance of an electrically conducting
material, difference of expansion
rates of dissimilar materials, and
change in radiation characteristics.
By proper calibration, instruments
using any of these physical changes
can be made to measure tempera-

ELECTRONICS — October 1942

Rheostat

Phototube

‘Advancing
emf "contacts

Relay No.2

restore balance

ture, or more strictly speaking, a
change in temperature.

A common object is the glass ther-
mometer in which a mercury column
rises as the temperature increases.
In cheaper thermometers, alcohol or
some similar liquid is used. Another
tvpe of liquid expansion thermom-
eter, frequently of the remote indi-
cating type, uses a tube completely
filled with mercury and fitted with a
spiral at the indicating end. When
the temperature increases, the mer-
cury volume increases and conse-
quently the pressure. The increased
pressure causes the spiral to open
somewhat and to move a pointer on a

scale on the face of the ther-
mometer. .
Thermocouple. Thermocouples

are very extensively used for the
measurement of industrial tem-
peratures. A thermocouple consists

WWW.americanradiohistorv.com

Galvanometer

Relay No.

Solenord

unbalance deflects it and the reflected light beam causes the
photoelectric balancing circuit to operate and drive a motor to

fundamentally of a pair of electriecal
conductors of dissimilar materials
joined so as to produce a thermal emf
when the junctions are at different
temperatures. The junction which is
to be placed at the location where the
temperature is to be measured is
called the measuring junction and
the other junction is placed at a lo-
cation whose temperature is known
and is called the reference junction.
A difference in temperature between
the measuring and reference junc-
tions causes an emf to be generated.
This generated voltage is ap-
proximately proportional to the dif-
ference in temperature between
the juncticns and is of the order of
millivelts. A sensitive galvanom-
eter is used to measure it a3 an
indication of temperature. Modern
thermocouple = instruments have
manv refinements for rapid and ac-
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to back, will curl with a change
in temperature. Or if one end is
fixed in position the other end will
move, because of the diiferent rates
of expansion of the two metals. The
strip may be formed into a spiral
and the deflection of the strip may
be used to move a pointer.

Radiation Pyrometers. Another
means for determining the tempera-
ture of a body is its radiation char-
acteristics which change with tem-
perature. A thermocouple, a ther-
mopile, a phototube, or a photovol-
taic cell may be used to measure
the radiation, and thus the tem-

Fig. 6—A Tagliabue Celectray Recorder-Controller set up in a heat treating plant
and requlating a pot type furnace in which the teeth of circular saws are hardened

curate indications including auto-
matic compensation for variations
in the temperature of the reference
junétion.

The measuring junction is usu-
ally placed in direct physical con-
tact with the object whose tempera-
ture is to be measured, but this is
not possible in all cases. Where
the temperature is too high or
where motion of the hot body pre-
vents placing the couple at the
point to be measured, the radiated
energy may be directed to the
couple, or to a thermopile (several
thermocouples in series), with satis-
factory results.

Resistance Thermometers. The
change of electrical resistance of
metals offers another convenient
means for the measurement of tem-
perature. In general, the resist-
ance R,, of a metal at temperature
t. is expressed by the formula:

IRp = R, l_]- <X11(t2 - t;)]
where R,, is the resistance of that
metal at temperature ¢, and a, is
the temperature coefficient at that
temperature.

Platinum and nickel have very
desirable characteristics for use in
resistance thermometers, and are
the most widely used materials for
this purpose. Because corrosion is
accelerated by exposure to high
temperatures and corrosion de-
creases the cross-section of the
wire, thereby increasing its resist-
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perature. The bhrightness of the
body (light radiation) may be com-
pared in an optical pyvrometer with
that of an incandescent filament,

the current through which may
be varied. The current is varied
until the brightness of the fila-

Fig., 7—Interior view of the Tagliabue Celectray indicating controller showing
the mirrcr galvenometer, light source, and phototube unit in the case and the
circular slide wire and battery rheostat mounted on the door at the right

anece permanently, the resisfance
thermometer is limited to measure-
ments lower thar 300 degrees F.
The low limit of its usefulness is
—150 degrees F. The nickel re-
sistance element is generally incor-
porated in a Wheatstone bridge
connected to some measuring de-
vice. There are several such meas-
uring devices and they will be
described later in this article.
Bi-metallic Strips. The difference
of expansion of various metals is
frequently used in temperature
measurement and control, espec-
ially in domestic heating systems.
A bi-metallic strip, made up of two
pieces of metals having different
expansion coefficients welded back
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ment is the same as that of the hot
body. The temperature is then
determined by reference to a cali-
bration chart. Radiation and opti-
cal pyrometery are well developed
and many instruments using these
principles are in use.

These are the principal physical
phencmena used in measuring tem-
perature. Thus far, the only elec-
tronic device mentioned is the
phototube. It is in the control
process, maintaining the tempera-
ture at a desired level, that elec-
tronics plays such an important
part. Electronic methods are used
in temperature control for the same
reason that they are used in other
applications, i.e., tubes can perform
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certain types of operations better,
faster, more reliably, or cheaper
than by mechanical or electrical
methods, or because a tube can per-
form operations not possible by
other methods. Electronic circuits
are not extensively used where
quantitative results are required
(from the circuit itself), but
serve as relays controlling the ap-
plication and direction of power.
The reason for this is that while
electronic circuits are used very
extensively for measurements in
the radio and communication fields,
the presently used circuits do not
posses sufficient accuracy for quan-
titative use in the field of tempera-
ture control. In radio, accuracies
of the order of 1 or 2 percent are
generally satisfactory, whereas ac-
curacies of small fractions of a per-
cent are guaranteed in industrial

(YY) S/ide-wire

M to
potenti- )

fachomeler

Low-/leve/
fransformer

to be maintainéd; the heat input must
equal the heat loss. The simplest
temperature control instrument
permits heat to be applied until the
temperature reaches the desired
point, or a little higher, then the
heat supply is removed until the
temperature falls to a predeter-
mined lower value when the heat
is once more applied. The tem-
perature then varies periodically
between the upper and lower limits.
In many cases an input of heat is
maintained constantly which will
not keep up the temperature to the
desired level and an additional heat
source is applied, to take care of
the variations.

Ancther system is that of propor-
tional control in which heat input
is proportional to the demand.
That is, if heat is being lost at a
low rate, heat is applied at a low

ALLLLLY

Voltage
amplifier
e

110 volts
60 cycles

Fig. 8—Circuit of the Leeds & Northrup Speedomax in which the unbalance

voltage is converted to a.c. by a driven carbon microphone. The speed of the

balancing motor is regulated by the action of the magneto tachometer which
generates a voltage in opposition to the unbalance voltage

temperature controllers now used
under widely varyving conditions.
This should not be considered a re-
flection on the abilities of elec-
tronic engineers or devices, but
rather as a challenge to be met.
The exigencies of the present world
situation will be an additional spur
to engineers to develop circuits and
devices for use in applications
where precision is a prime requisite.

Principles of Temperature Control

In any control process, the con-
trolled phenomenon must first de-
part from its desired value before
any correcting control can be applied.
Secondly, for any given temperature

ELECTRONICS — October 1942

rate and Iif heat is being lost
rapidly thereby reducing the tem-
perature by a considerable amount,
the heat input is at a correspond-
ingly high rate. In this method
the system is continuously bal-
ancing itself at some temperature
depending upon the demand re-
quirements. If the demand is
great the balance point will be
some temperature somewhat lower
than the desired value and some
means is almost always provided
for applying a load correction or
an automatic reset.

Electronic methods may be ap-
plied to any of the temperature
measuring phenomena for purposes

WWW.americanradiohistorv.com

Fig. 9—The Leeds & Northrup Speedomax

which converts the potentiometer un-

balance voltage to a.c. by means of an

a-c driven carbon microphone which is

then amplified to drive the balancing
motor

of control. Whether or not such
methods should be used depends
entirely on the individual applica-
tion. Sometimes it is justified and
sometimes it is not. An elementary
method is to use a phototube and
amplifier circuit in conjunction with
a mercurial glass thermometer as
shown in Fig. 1. A light source
and lens system is mounted on one
side of the thermometer and the
phototube on the other at a level
corresponding to the desired tem-
perature. [If the mercury column
is below that level, the light will
pass through the glass and fall on
the phototube causing it to pass a
current and actuate the amplifier
and relay circuit. The heat will
then be turned on. When the mer-
cury column rises to the level of
the light beam, the heam is cut off
and the relay is de-energized.

This tvpe of phototube device
may also be used on circular scale
thermometers where a hole is placed
in the scale at the desired tem-
perature. As the temperature rises
the pointer covers the hole thereby
breaking the light beam.

Electron tubes find their greatest
application in the temperature con-
trol field in those instruments using
the thermocouple or resistance ther-
mometer as the temperature sensi-
tive element. The thermocouple
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generates an emf of several milli-
volts when the two junctions are
at different temperatures and some
means must be provided for meas-
uring this voltage. One method is
to use a millivoltmeter which may
be, and generally is, calibrated in
degrees. The phototube method de-
scribed above may be used to oper-
ate the relay controlling the heat
application system or a light me-
tallic vane may be attached to the
pointer so that it will pass between
two small coils which are connected
in an oscillator circuit. Such
methods are used by the Bristol
Co., Illinois Testing Laboratories,
and Wheelco Instruments Co., in
some of their instruments. In the
Bristol instrument, whose circuit is
shown in Fig. 2, if the temperature
is low, the circuit is not oscillating
and the plate current is at its maxi-
mum value of about 10 ma. The
relay is energized and heat is sup-
plied. When the vane comes be-
tween the two coils oscillation
starts and the plate current drops
to a value of about 5 ma, the relay
is de-energized, and heat is cut off.
Tubes in this instrument have oper-
ated continuously for more than
four years without replacement.
Wheelco chose to vary the fre-
quency of its oscillator when the
vane moves between the coils.
When the frequency is varied, the
anode current changes and operates
a relay which in turn controls the
heat input.

The Self-Balancing Potentiometer

A very precise method of meas-
uring the voltage generated by a
thermocouple is by means of a

Figs. 10 and 11—Simplified circuit (left) to show the fundamental
operation of the Weston photoelectric potentiometer and the actual
circuit used in the commercial model (right!. A variable current
is passed through the standard, resistor R, to balance the input

potentiometer. The basic circuit is
shown in Fig. 8. The thermocouple
voltage is readily and accurately
determined by measuring the length
of the slide wire whose voltage
drop is equal to the thermocouple
voltage. When one side of the
thermocouple is connected to the
end of the slide wire and the other
connected through a contactor to
the slide wire at a point where the
two voltages are equal, the potenti-
ometer is said to be balanced. Sev-
eral automatically balancing po-
tentiometers have been developed
and are available commercially.
Some use mechanical means with
contact springs mounted on a gal-
vanometer, but others use electron
tubes. Among the methods used
for attaining balance automatically
are a light-beam deflected by a
mirror galvanometer and a system
of relays to drive a balancing
motor; the unbalance voltage of
the potentiometer converted to a.c.
and used to drive a balance motor;
and a variable current proportional
to the thermocouple voltage passed
through a fixed resistor.

The C. J. Tagliabue Manufactur-
ing Co. uses a light beam, a mirror
type galvanometer, a phototube and
amplifier circuit, relays and a bal-
ancing motor in their recording con-
troller. The circuits of the tem-
perature-measuring and balancing
portions of the instrument are
shown in Figs. 4 and 5. During
periods of temperature change cur-
rent passes through the mirror gal-
vanometer and deflects the light
beam away from its balance posi-
tion, at the edge of the phototube
cathode, or partly on the controlling
edge and partly off. In this bal-

voltage.

ance position one of the two relays
is open and the other is closed and
the balancing motor is inoperative.
When the light beam is off the
balance position it is either en-
tirely on the cathode or entirely
off and the relays are either both
open or both closed and the balanc-
ing motor will operate to drive the
slide wire contactor and recording
pen to the new balance position.
The balancing circuit operates in
the following manner. When the
light beam strikes the edge of the
phototube cathode it causes a sud-
den change in the current through
the grid resistor in series with the
grid condenser (Fig. 5). The
change in voltage drop in this re-
sistor is immediately applied to the
grid of the amplifier tube, before
the voltage across the condenser
changes appreciably. This is be-
cause a definite time is required
for the voltage across the condenser
to change. As the charge on the
condenser changes, the grid voltage
continues to change in the same
direction but at a much lower rate.
Thus, the plate current of the am-
plifier tube increases suddenly
when the light beam falls on the
phototube and then increases at a
lower rate to a still higher value.
The initial increase in plate cur-
rent is set to be between the
operating currents of the two relays
connected in series in the plate
circuit. These relays control the
operation of the balancing motor.
The motor operates in one direc-
tion if both relays are open and in
the other direction if they are both
closed. If one relay is open and the
other closed, the circuit is balanced
and the motor does not operate.

A non-restoring mirror galvanometer deflects a light
beam from one phototube to the other to change the plate current
of the amplifier tube to maintain a balanced condition. The com-
mercial instrument is a-c operated

Galvan-

Lamp l'lnl omefer .

'7
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Fig. 13—The sensitive element (resistance
thermometer) of the Foxboro recorder is part
of a bridge circuit having two resistance arms
and two capacitance arms. If the bridge is
unbalanced the voltage output is amplified
and fed to a solenoid balancing motor which

Tapped résistor: Steps are 20°F for this thermometer. Resistarice of
steps are: [2.20; 12.36; IJ.‘04,- 13.12; 13.36; 13.60;13.98; 14.26; /4/306 4/5 26,;
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Fig. 12—Circuit diagram of the precision

Voriable
heat

VStirrer
~—2}Constant
heat

temperature controller constructed by

the Shell Development Co. Any unbalance voltage in the bridge circuit caused

by a change in resistance of the nickel thermometer is changed in phase and fed

to the thyratron control circuit and then to the saturable reactor which controls
the application of heat

Assume that the circuit is unbal-
anced and that the motor is driving
the contactor and recording pen up-
gscale. The galvanometer deflects
the light beam off the phototube
and both relays are open. An ‘“ad-
vancing emf” is applied to the
galvanometer so that the light beam
reaches the controlling edge before
the motor vreaches the balance
point. This is done to avoid over-
shooting the balance point. As
the light beam enters the edge
of the phototube, one of the relays
closes and removes the advancing
emf from the galvanometer causing
it to stop quickly with a minimum
of overshooting, and applies a brak-
ing current to the motor. Some-
times the motor stops before it
reaches the balance point and the
light beam swings back off the
phototube. The motor then takes
small forward steps until the bal-
ance point is reached. If the po-
tentiometer becomes unbalanced in
the other direction, the light beam
moves onto the phototube until the
entire beam strikes it. Then both
relays close and the motor drives
dewn scale and the same sequence
of operations takes place in reverse.

Tagliabue has also developed an
indicating controller using the
same principle outlined above with
the difference that the balance
point may be set at any desired
point on the scale and the instru-
ment always balances to that point.
Relays are used in this instrument
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to control the heat input to the
unit being controlled rather than
to drive the motor. A photograph
of this instrument is shown in
Fig. 7.

The Leeds and Northrup Co. and
the Brown Instrument Co. use the
unbalance voltage of the thermo-
couple and the potentiometer to
operate the control circuit directly.
In the L & N instrument the unbal-
ance voltage is converted to an a-c
voltage which is then amplified and
delivered to the balancing motor.
Speed control is provided by a
magneto tachometer driven by the
motor. The speed control is such
that the speed of the motor is pro-
portional to the unbalance of the
system and it is necessary to avoid
overshooting the balance point and
causing the system to oscillate or
hunt. The circuit is shown in Fig.
8. The d-c¢ unbalance voltage be-
tween the thermocouple and the po-
tentiometer is converted to an a-c
voltage by means of a carbon micro-
phone alternately compressed and
released at 60 ¢ps. The converted
voltage is fed through a step-up
transformer to the voltage amplifier
and then to the thyratrons. De-
pending upon the phase, one or the
other of the thyratrons will fire
and drive the balancing motor in
the proper direction to rebalance
the circuit. The anodes of the
thyratrons are connected directly to
the two fleld windings of a d-c
series wound commutator motor.
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The a-¢ component should be in
phase with or 180 degrees out of
phase with the anode voltage for
proper operation. The tachometer
voltage is introduced into the ecir-
cuit so that the speed of the motor
is controlled to maintain the sum
of all three voltages in the circuit
at zero. The Brown instrument is
described in ELECTRONICS for August
1942, page 92.

In the photoelectric potentiom-
eter manufactured by Weston Elec-
trical Instrument Corp. a variable
current is passed through a fixed
resistor, the voltage drop across
which is used to balance the input
voltage (Figs. 10 and 11). In tem-
perature measurement or control
the input voltage would be pro-
vided by a thermoceuple or a re-
sistance thermometer with a Wheat-
stone bridge. The plate current
of a pentode amplifier tube is passed
through a standard resistor in op-
position to the input voltage. When
the two voltages are balanced the
galvanometer (of negligible restor-
ing torque) is undeflected. If un-
balance occurs the galvanometer
deflects and its mirror reflects a
light beam to one of two phototubes
through a system of prisms. The
phototubes act as variable resist-
ances in the grid circuit of the pen-
tode amplifier tube to vary the grid

(Continned on page 94)
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SPECIAL WELDING

Controlling small, hench-type spot welders .

high voltage power supplies .

- . Designing controls for welders operated by

. - Handling series-capacitor power-factor corrected welders

... Weld recorders and lock-out controls . . . Auxiliary program timing and heat controls

HE controls described in Parts

I and II of this series provide
control functions meeting the general
demands of a-c¢ resistance welding.
There are, however, many applica-
tions which warrant or necessitate
further diversification of design.
For example, a variety of controls
is required to meet the different
conditions incidental to the resis-
tance welding of materials ranging
from 0.003 inch wire to 1 inch plate.
Some of -these controls are such that
the welding current flow is less than
one cycle; in others the current flow
may be several seconds. In addition,
some controls must be small and com-
pact and, therefore. of limited ca-
pacity, while others may be oper-

By M. E. BIVENS

Electronics Section
Industrial Control Eng. Dept.
General Electric Co.
Schenectady

ated from a 2300-volt power supply
system or may be used with a power-
factor corvected welder.

Controls for Small Welders

Small welders, such as bench
welders for spot welding small parts
may require either a large demand
current for a portion of a half-cycle,
or a comparatively small current of
a4 few cycles duration. In the first
case, half-cycle welding controls
which include an ignitron fired to
apply a single unidirectional impulse

Powerl i
Asvpply |

Fig. 1—Circuit of one-half cycle welding control having heat control
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of welding current from the a-c
power supply mav be used. Heat
control by the phase-shift method
provides what is designated as a
half-cycle of welding current, but
which may be pre-adjusted to be
from about 20 to 300 electrical de-
grees vide at the base of the cur-
rent wave, depending upon the heat
setting.

The schemutic circuit of a half-
cvele bench welder control which
employs capacitor firing of the igni-
tron and which includes heat con-
trol is shown in Fig. 1. A charged
capacitor is discharged through the
ignitron ignitor at a definite instant
during the power-supply voltage
wave to initiate the single unidirec-

H
£
g
:
£44
H
£
=

Fig. 2-—Typical one-half cycle welding control

with heat control
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Fig. 3—Schematic diagram of spot-welder control for small welders, with waveforms

tional welding current impulse.
The voltage distribution of the
rectified d-¢ control voltage across
resistors R. and R, is such that most
of the direct voltage is applied to the
large capacitor C. and as a positive
anode voltage for the firing tube 2.
Capacitor C, normally has a large
charge for firing the ignitron tube 3,
the charge being released by the fir-
ing tube. Part of the direct voltage
across the small capacitor C, is ap-
plied as a negative control grid bias
on the firing tube. A peaked trigger-
ing voltage from (ransformer T,
overcomes the control grid bias and
attempts to trigger the firing tube in
accordance with the heat control set-
ting of the adjustable rheostat R..
Tube 2 is prevented from firing by
the negative shield grid voltage
across the voltage limiting tube 4.
Opening the weld initiating switch
S, removes the negative shield grid
voltage and permits the control grid
to trigger the firing tube when the
next positive peak of control grid
voltage occurs. The discharge of
the firing capacitor C, through the
power tube ignitor and tube 2 initi-
ates the half-cycle of welding cur-
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rent. Following the discharge of C.,
the anode voltage of the firing tube
is substantially zero and most of the
d-¢ control voltage exists across C..
The firing tube control grid 1is
thereby biased sufliciently negative
g0 that the peaked grid voltage from
T. can no longer trigger the tube and
no further operation occurs.
Releasing the weld initiating
switch first applies a negative bias to
the shield grid and then capacitors
C. and C. immediately regain their
normal charges. Thereby, anode
voltage is again applied to the firing
tube and the peaked voltages from
T, attempt to trigger the firing tube.
which remains non-conductive be-
cause of the negative shield grid
voltage. In this manner, the welder
applies a single unidirectional im-
pulse or half-cycle of welding current
each time that the weld initiating
switech is opened. The purpose
of the voltage limiting tube 4 is
merely to limit the negative shield
grid voltage applied to tube 2 at the
instant the initiating switch is re-
leased. A typical half-cycle welding
control, which includes a welding
transformer, is pictured in Fig. 2.
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The essential circuit of another
spot welding control for small weld-
ers is shown in Fig. 3. This control
uses hot-cathode power tubes (thy-
ratrons) but is adjustable for timing
spot welds of several cycles duration.
It will be observed that the conven-
tional rectified d-¢ supply for the con-
trol timing circuit is not required.

Tube 1 is the timing tube which
normally charges its timing capaci-
or C, synchronously and the grid
biasing capacitor C. for the leading
power tube 2 The a-¢ anode and con-
trol grid voltage supplies for tube 1
are applied with polarities to make
the anode and grid positive during
the half-cvele when the anode
voltage of the leading power tube 2
is negative. The shield grid voltage
supply for tube 1 lags the anode
voltage approximately 90 deg., so
that tube 1 charges capacitors C.
and C. during the crest of the posi-
tive half-cvcle of its anode voltage,
at instants designated as A, B, and
D in the waveform sketch. The time
constants of the charging circuits
of C. and C, are a fraction of a milli-
second. The time constant of the
discharge circuit of the biasing ca-
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Fig. 4A—Installation of spot-welding con-
trols operating bench-welders

pacitor C, is approximately 1 cycle.
The time constant of the discharge
circuit of the timing capacitor C.
is one cycle plus the spot length time
setting of R, The phase of the
peaked voltage furnished by trans-
former T. is adjusted by means of
resistor R, to trigger the leading
power tube at the power-factor angle
of the welder, approximately one and
one half cycles after the last syn-
chronous charging of the timing ca-
pacitor C, and biasing capacitor C..

It will be observed that normally
the timing tube synchronously and
continuously initiates the first cycle
of timing, but, because of one and
one half cycles delay in- the starting
of the leading power tube 2, no weld-
ing current is initiated and the tim-
ing capacitor and biasing capacitor
are recharged at a definite instant
during each cycle.

Opening the spot weld initiating
switch between points B and C of
the waveform sketch prevents the
timing capacitor C, from being re-
charged and causes the grid of the
timing tube to remain negative with
respect to its cathode because of the
charge on C,. This also prevents the
biasing grid voltage being re-
plenished on the leading power tube,
which is triggered by the first posi-
tive peaked voltage from trans-
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especially designed for small welders,
it is provided with time adjustments
for 3-cycle and from 1 to 10 eycles in
full-cycle increments. The #-cycle
adjustment is the same as the 1-gycle
spot length timing except that the
trailing power tube is prevented
from operating. An installation of
controls being used for timing bench
welders is shown in Fig. 4A while
Fig. 4B shows one of another group
of these controls with cover removed.
The lower compartment or sub-base
of the enclosing case is provided
only for the purpose of enclosing the
small welding transformer and heat-
control rheostat. The upper part of
the enclosing case which encloses the
spot welding control may be reas-
sembled for mounting directly be-
neath the bench.

High-voitage Controls

In contrast with the electronic
welding controls just described,
there are spot, seam, and pulsation
welding controls for operating large

Fig. 4B—Typical spot-welding control, shown with cover removed

former T, that occurs after point C.
This peaked voltage occurs at the
power-factor angle of the welder.
The grid of the leading power tube
is triggered during each positive
half-cycle of its anode supply voltage
until the charge on C. decreases suffi-
ciently to allow the timing tube 1
again to establish synchronously a
high negative grid bias on the grid
of the leading power tube. For a one-
cycle spot weld, this occurs at point
D. Tube 3 trails tube 2 in the man-
ner explained in Part I.

Since this spot-welding control is
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welding transformers directly from
high-voltage power supplies such as
2300 volts. The principal design
features differentiating these con-
trol panels from those described in
Parts I and II are the following:
High-voltage insulation is provided
between all circuit parts of the two
firing tube circuits and between all
parts of these circuits and ground.
Firing tubes having higher voltage
rating are used, and negative d-c
hold-off grid-bias voltages, instead of
a-c bias voltages, are applied to the
grids of the firing tubes.
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High-voltage controls are required
for controlling series-capacitor
power-factor corrected welders as
shown in Fig. 5. This application in-
volves several operating conditions
and problems not encountered in or-
dinary applications of resistance
welding controls. Capacitors are
sometimes connected in series with
the primary of the welding trans-
former to reduce the demand current
drawn by large welders’. The capa-
citive reactance of the series capa-
citor neutralizes the inductive com-
ponent of the welder impedance so
that the resultant impedance of the
combination is near unity power fac-
tor.

The application of series-capacitor
power-factor correction to welding
transformers requires proper co-
ordination in the selection of the ca-
pacitor size and in the design of the
welding transformer primary. Al-
though the power-supply voltage may
be regarded as low voltage, 460 volts,
for example, series-capacitor power-
factor correction may provide rela-
tively high voltage, of the order of
1500 volts on the primary of the
welding transformer. This requires
a high-voltage primary and usually
dictates the use of the high-voltage
type of control panel. Giving due
consideration to all design factors
involved in a given application,
series-capacitor power-factor cor-
rection provides a means of deliv-
ering the required welding trans-
former secondary current while
drawing a smaller demand current
from the power supply than would
be drawn by a welder not designed
for power-factor correction. The
power supply furnishes only the en-
ergy component of the kva input to
the welder, and voltage regulation
of the power supply feeders is re-
duced to a minimum.

If the power factor is corrected to
unity, the welding transformer pri-
mary current for the full heat
phase-control setting is a sine wave
in phase with the power supply vol-
tage. In that case it is necessary to
trigger the firing tubes and fire the
ignitrons at the instants when the
instantaneous value of the power-
supply voltage is zero, or near zero.
Therefore, in order to start up the
control for welding at the full heat
setting, it is necessary to either pre-
charge the series capacitor or to
make a preliminary welding opera-
tion on scrap material at a reduced
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heat setting to charge the series
capacitor. At the end of each half-
cycle operation of either power tube,
the series capacitor is left charged
with the correct magnitude and
polarity to provide anode voltage
for the next firing tube and power
tube to be operated, even at the in-
stants they are to be fired at the full-
heat setting. At the end of each spot
weld or current impulse, the series-
capacitor is left charged and adds
to the power supply voltage, insur-
ing that the leading power tube for
the next welding current impulse

will be provided with anode voltage :

for operation even though the in-
stantaneous value of the supply vol-
tage may be low.

In the case of series capacitor
power-factor correction, it is also
necessary
trolled peaked grid voltage (heat
control) to trigger the firing tubes
over a different range, thus making
it possible to obtain heat control over
the conventional current range. The

d-c¢ hold-off grid bias is very desir- *

able for holding the firing tubes
non-conductive during parts of a
cycle where the series-capacitor pro-
vides anode voltage, but where an
a-c grid bias would be low. This in-
sures that the tubes will be rendered
conductive only by the phase-con-
trolled peaked component of grid
voltages furnished by the peaked
voltage transformer 7. in Fig. 5.
Furthermore, considering firing
tube 5 and its associated grid cir-
cuits for example, the peaked grid
voltage for triggering the firing
tubes at the phase-controlled full-
heat setting occurs near the zero
point of the power-supply voltage
wave where there is a high value
of d-c¢ hold-off grid bias. Therefore,
the turn-on component of grid vol-
tage for elevating the peaked trig-
gering voltages from transformer
T. is provided by charging capacitor
C,. during the preceding half-cycle
when the a-¢ component of firing-
tube anode voltage is negative. The
discharge of capacitor C. through
resistor R, during the following half
cycle elevates the peaked grid vol-
tage from T. to trigger the firing
tube during the operating half-cycle
of the supply voltage. The charging
of capacitors C.. and C., is controlled
by control tube and timing circuits
that trigger the firing tubes in ac-
cordance with the desired weld tim-
ing intervals.
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‘Fig. 5—Firing tube and power tube cir-
cuits of controls for high-voltage or series
capacitor power-factor corrected welders

The control tube and timing cir-
cuits involve varieties of circuits for
spot, seam, and pulsation welding,
similar to those described in Parts
I and II of this series.

Weld Recorder and Lock-out Controls

When a welder and its control are
operating on a production line and
adjustments have been made to pro-
vide the correct amount of welding
current and the correct timing, the
quality of the weld still depends upon
the maintenance of normal condi-
tions. Part II of this series de-
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scribed  automatic  heat-adjusting
controls which insure that the chosen
vajue of welding current is main-
tained in spite of variations of sev-
eral factors that would otherwise
affect the welding current. In cases
where highest quality welds are of
vital importance, and where mainte-
nance ot the normal value and dura-
tion of welding current within close
limits must be assured, the weld re-
corder is used as a means of auto-
matically comparing the product of
current squared and time for ecach
weld.

The heat input to a resistance weld
may be expressed in terms of I*'RT
where I is the welding current, R
is the resistance of the work, and T
is the duration of welding current.
For a given set-up, the resistance of
the work remains substantially the
same for each weld, if the condition
of the parts or work is properly con-
trolled, so the heat input to the weld
is proportional to I'T. The weld re-
corder? is an instrument having a
meter movement which produces a
deflection proportional to the quan-
tity I'T where I represents the mag-
nitude of the welding current and 7
its duration. It is thus an ampere-
squared second-consistency indica-
tor.

When # welding set-up has been
completed to produce good welds un-
der normal operating conditions, the
weld recorder sensitivity control is
adjusted to produce a definite de-
flection to indicate the normal value
of I'T for each weld. This deflec-
tion is recorded on a strip paper
chart and if the deflection is less
than, or exceeds, certain limits on
the print bar, a contact is momen-
tarily closed to initiate additional
control circuit operations, such as
ringing a gong and preventing fur-
ther welding until the controls are
reset. The gong ringing and the
necessity of resetting the controls
serves warning that the operation of
the equipment should be checked.

A gong and lock-out control cir-
cuit, and a portion of the weld re-
corder circuit, is shown by Fig. 6.
The operation of the weld recorder
as an ampere-squared second-con-
sistency indicator has been thor-
oughly explained in the article re-
ferred to in the bibliography. For
the application of this instrument to
welding controls, it is sufficient to
explain that immediately following
a weld, the instrument pointer rests
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under the print bar at a position in-
dicating the I’T input to the weld.
Relay CR, is de-energized and causes
relay CRs; to be energized momen-
tarily. CR, causes the print bar to
stamp the pointer deflection on the
paper chart and the instrument
pointer is then returned to the zero
position. The instrument pointer
serves as one side of the con-
tact WR and the print bar, with an
insulated segment, serves as the
other side of this contact. The cur-
rent transformer in the primary cir-
cuit of the welding transtformer de-
livers a current to the weld recorder
during each weld. By means of the
current range switch and sensitivity

picks up and initiates the spot-weld-
ing control circuits and seals in
through its own contact as long as
the Initiating switch remain closed.
Relay CR, also energizes the gong
and relay CR,, which seals in through
the CR. contact. The CR, normally
cloged contact in the initiating cir-
cuit will prevent any additional welds
being made unless relay CR, is reset
by CR.. This means that some weld-
ing current must flow to cause CR,
to drop out CR- and CR, or the gong
continues to ring and the spot-weld
initiating relay CR, cannot again be
operated unless CE. is reset by
means of the reset push button. Fol-
lowing a weld, relayv 'R, drops out
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Fig. 6—Lock-out control circuits for weld recorder

recorder is ad-
justed so that the instrument
pointer rests under the insulated
segment of the print bar immedi-
ately following normal welds. There-
fore, contact WR is never closed dur-
ing normal welding but is closed
momentarily in response to incor-
rect values of I'T input to a weld.

Since the weld recorder requires
some current for its operation, it
does not respond to complete fail-
ures of welding current. The con-
trol circuits are arranged, therefore,
so that during each weld, the weld
initiating circuit is prevented from
initiating another welding current
impulse unless the weld recorder
registers a correct weld.

Preceding a weld, only relay CR; is
energized. When the spot-weld initi-
ating switch is closed, relay CR,

control, the weld
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relay CR, which in turn drops out
CR,, permitting additional welds to
be made as far as this portion of the
control circuit is concerned. The
weld recorder prints the value of
I'T and, under normal operating con-
ditions, contact WR is not closed. If
the I’'T input to the weld is abnormal,
contact WER is momentarily closed,
causing relay CR, to pick up and
seal-in, which continues to ring the
gong and energize the lockout relay
CR, until the initiating circuit is re-
set.

Program Timing and Heat Controls

In some resistance welding appli-
cations, producing the highest qual-
ity weld involves a more complex
process than previously described
and requires special heat treatment
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of the work®. It may involve heat
treating the work either before weld-
ing (preheat treating) or following
the weld (post-heat treating).
Obviously there are definite ad-
vantages if the welding process re-
quiring either preheat treating or
post-heat treating can be performed
as one continuous operation by
means of welder current while the
work is in a welding machine al-
ready equipped with a control cap-
able of accurate timing and having
phase-shift heat control. This is
especially true in cases where the
“cool” or “off”” time between pre-
heating and welding, or between
welding and post-heat treating, is a

cuits shown consist of a welding
transformer equipped with a pre-
cision spot-welding control having
phase-shift heat control. The func-
tion of the auxiliary control is to
cause the welder to be energized
during two independently adjustable
precision-timed intervals having in-
dependent heat settings and separ-
ated by a timed “off” period. Whether
this involves preheat treating and
welding, or welding and post-heat
treating. depends upon the time and
heat settings for the two welding
current applications.

The operation of the control is as
follows. Closing the sequence initi-
ating switch initiates the spot-weld-
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Fig. 7—Auxiliary control circuits for re-initiating spot-welder control for post-
heat treating

factor affecting the quality of the
weld.

By providing different timing in-
tervals for the application of pre-
heat current, welding current, off
time, and post-heat current, and by
providing different heat control set-
tings for each of the current appli-
cations, the work can be caused to
follow various temperature patterns.
A simple auxiliary control circuit in-
cluding additional time and heat ad-
justments can often be used to re-
initiate a spot-welding control with
selective time and heat settings for
the different timing intervals and
thus extend the use of the spot weld-
ing control to preheat treating or
post-heat treating.

There are many variations of such
control circuits but Fig. 7 shows a
typical example. In this case the cir-
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ing control, which operates in ac-
cordance with its time and heat set-
tings. During this current applica-
tion, the control circuit is energized
causing relay CR, to energize relay
CRR, which seals in through the
sequence initiating switch and leaves
CR. sealed in as long as the current
application continues. At the end of
the first current application CR. is
de-energized and will not again be
energized as long as the sequence
initiatirg switch remains closed.
When CR. drops out at the end of
the first current impulse, relay CRS
is energized and remains energized
until the sequence initiating switch
is opened. CRS, operating at the end
of the first current application, initi-
ates the “off”” period timer and trans-
fers the spot-welding control to the
spot length time and heat settings of

WWWw.americanradiohistorv.com

the auxiliary control. CRS also re-
sets the initiating relay on the spot-
welding control so that the next cur-
rent impulse will be initiated at the
correct instant during the supply
voltage wave. The operation of the
“off” period timer then re-initiates
the spot-welding control for the
second current application having
independent timing and heat control.
At the end of the second current ap-
plication nothing further occurs
until the sequence initiating switch
is released. This resets relays CRE
and CRS and allows CR, to be ener-
gized when the next sequence is
initiated.

The application of similar auxili-
ary control circuits may be extended
to provide various welding tempera-
ture patterns. More elaborate con-
trols of special design have been
built in experimental form to pro-
vide gradual variations in welding
current during preheat treating,
welding, and post-heat treating, and
providing variations in timing pat-
terns during each of the current in-
tervals. These timing patterns may
include pulsation welding at certain
heat and cool intervals during pre-
heat treating, spot weld timing for
the weld, an off timing interval, and
then pulsation timing at other heat
and cool intervals during post-heat
treating. Such controls are extremely
flexible for providing various tem-
perature patterns. It is preferable,
however, that standard welding con-
trols be used in conjunction with
small auxiliary control attachments
which also provide a large variety
of temperature patterns for preheat
treating, welding, and post-heat
treating.

In many cases the auxiliary con-
trol can be applied to existing spot-
welding applications and thereby
greatly extend the utility of an ex-
isting installation if special temper-
ature patterns are requirved for
welding. If the spot-welding con-
trol is already equipped with a se-
quence control for pulsation welding,
or if a pulsation welding control
panel is being used., the design of
the auxiliary control circuits is still
further simplified.
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Reactance Tuses

in F-M Applications

The behavior of reactance tubes, particularly with reference to their use in frequency modu-

lation circuits is treated. Emphasis is placed on the physical operation of such tube circuits

EACTANCE tube circuits have

the property of injecting re-
actances into associated networks.
If the associated network is the fre-
quency determining branch of a tube
oscillator whose frequency is not
stabilized, then the injected reactance
may be used to change the frequency
of the generated oscillations. But if
the frequency is stabilized (as in a
piezoelectric oscillator or in a car-
rier frequency amplifier which
causes no appreciable back actions on
the master oscillator) the injected
reactance will cause a phase shift of
the generated oscillations. There-
fore, when the injected reactance

By AUGUST HUND

varies, frequency modulation will be
produced in the former case and
phase modulation in the latter case.

The case of FM is of importance
since some commercial f-m trans-
mitters are based on reactance tube
modulators and considerable fre-
quency deviations can be caused di-
rectly with reactance tubes. Such
tubes then provide convenient means
for translating modulating voltages
into proportional frequency wvaria-
tions. Since such tubes can also be
employed for injecting fixed react-

ances into associated networks they
are also used in some f-m transmit-
ters for the stabilization of the cen-
ter frequency of the master oscil-
lator, whose frequency is being
modulated.

It is the purpose of this article to
bring out basic principles of react-
ance tubes and their actions on asso-
ciated networks, especially with re-
gard to their application in modu-
lated oscillators or amplifiers.

Reactance Conditions in Tube Oscillators

Any oscillator which generates
sustained oscillations of stable ampli-
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Fig. 1—Schematic wiring diagram of reactance tube modulator and associated oscillator tube.
The assigned carrier frequency is F — 2/6.28; the modulating frequency is f— «/6.28
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tude and fixed frequency, F, requires
that the condition of energy balance
as well as the condition of phase bal-
ance is satisfied. The former causes
fixed amplitude of the generated
oscillations, while the latter, which
concerns us in this discussion, de-
termines the frequency constancy.
This can be readily understood from
the actions taking place in customary
tube oscillators, as is indicated in
Fig. 1a for instance.

First let us examine the oscillator
network to the right of terminals 1-2,
where the tank circuit CL denotes
the frequency determining branch
associated with oscillator tube 7',. In
case of sustained oscillations, both
the driving dynamic voltage, E, and
the circulating current, I, must have
fixed amplitudes. Since the tank cir-
cuit CL also represents the plate
load of the oscillator tube, oscilla-
tions remain sustained and of fixed
amplitude only when the energy
losses in this circuit are supplied
through the coupling condenser C..
The dynamic grid potential applied
to the oscillator tube, T, from the
tank CL, over through the coupling
condenser, C., must therefore trigger
off such a dynamic plate supply cur-
rent, I,, that the amplitude of cir-
culating current I remains sustained.
This will satisfy the condition of
energy balance.

Reactance Condition in Case of Current
Resonance

Since the frequency of self oscil-
lations, F, always assumes such a
value that the total reactance around
the 1-2-1 loop becomes zero, the
value of F can remain fixed only
when the original in-phase condition
is preserved. This is readily under-
stood from the following reasoning.
Suppose the tank voltage E produces
a grid potential such that the result-
ing dynamic plate current, I,, leads
the original dynamic supply current
slightly. Then, each successive oscil-
lation must also show a correspond-
ing phase advance. The result is that
the value of the oscillation frequency
will be larger. In the same way when
the I, current lags the original dy-
namic supply current flowing through
condenser C,, each successive oscilla-
tion lags behind the preceding one
slightly and the result is a lowering
of the frequency F. Therefore, abso-
lute frequency constancy requires
that the grid voltage be 180 deg. out
of phase with the dynamic plate volt-
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Fig. 2—Schematic wiring diagram of four types of reactance tube networks, with their
design equations

age which causes the current I, to
flow since for such conditions the fre-
quency F of the circulating current
I is fixed.

Let us now consider the case indi-
cated in Fig. 1b. The tank circuit
CL is the same as in Fig. la except
that the branch to the right of
terminals 1-2 is of no concern in this
discussion and, therefore, not shown.
Looking into terminals 1-2 of Fig. 1b
we have a network as in case of cur-
rent resonance. For pure inductive
and capacitive branches the total re-
actance across terminals 1-2 would be
infinite in case of oscillations of
natural frequency. Since any physi-
cal coil of effective inductance L, has
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an effective resistance R., its im-
pedance is of the form Z = R, +
i © L, where @ = 6.28F. The react-
ance is proportional to the operating
frequency F and L. and may have a
positive or a negative value depend-
ing on the magnitude of F. The re-
sistive and reactive components of Z
at any frequency are given by the
expressions:

T

M
The expression Z = R, + jX, refers

R, = . =,
T CLE+ 2 C R
L(1—oCL) — CRY

4
m

X,=QL.=Q[

m
= 2 2 12
=Q[L C(Z+QL — Qp/m
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transconductance

to the equivalent resistance R, and
series reactance X, when looking into
the 1-2 terminals of the oscillator
tank CL. We are only interested in
the expression X, = pQ/m of Eq. (1)
since for tube oscillations of natural
frequency this reactance must van-
ish. This happens when p becomes
zero, leading to

L=C(R+wL? @
This is the exact expression required
for tank resonance and shows that
the impedance looking into terminals
1-2 of Fig. 1b is not infinite but has a
finite value since

/ R 4 02 L2

Y Gror+@cr -1y
is the expression for the absolute
value of the effective impedance of
the parallel branches across term-
inals 1-2 holding for any fre-
quency F.

Z = (3)

Reactance Modulation

Of engineering interest in this dis-
cussion is, how the frequency, F may
be varied by means of a modulating
current or its corresponding voltage.
Eq. (2) which is the eriterion for
zero reactance, that is, the natural
frequency of oscillations, shows that
we have three means of accomplish-
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of modulator tube

ing this. One is by a change or vari-
ation of the value of C, the second by
a variation of L, and the third by a
variation in E. From a practical
point of view, the latter variation is
not as easy to accomplish as that in
which either capacitance or induc-
tance variations (in synchronism
with a modulating current) may be
injected across the terminals 1-2 of
Fig. 1b.

From the discussion given above
we learned that a leading current
fed back through condenser C; in
order to sustain oscillations (Fig.
la causes an increase of the oscilla-
tion frequency F while a lagging cur-
rent causes a somewhat smaller oscil-
lation frequency. We have in the ar-
rangement of Fig. 1b a means for
changing the natural period of the
CL-tank if we can inject a suitable
current ¢, into the tank circuit CL.
It is to be realized that the current
1, now comes from a separite source
rather than from the plate circuit
of the oscillator tube T,. When the
current ¢, of Fig. 1b is of same fre-
quency as the tank voltage E but
leading E' by 90 time deg., then this
injected current may be assumed as
flowing through the capacitive branch
since the original circulating current
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1 is likewise leading E by 90 deg. in
this branch. This means that the con-
denser branch carries more current
than the inductance branch of the
tank. This has the same effect as
though the capacitance C had been
increased to a value C + AC causing
an oscillation constant (C 4 AC)L
instead of CL. The result is that the
tank in the oscillator branch of Fig.
la will produce a current of fre-
quency of F' — AF rather than of F,
where AF is the corresponding de-
crease in frequency produced by the
injected current. On the other hund
it is also possible to imagine that the
90 deg. leading i, current flows en-
tirely in the L branch of Fig. 1b
which means that it is in antiphase
with the original I-current in the L
branch and, therefore, causes a
smaller current in this branch than
in the condenser branch. This is
equivalent to saying that the effec-
tive inductance of this branch must
have increased to a value L 4 AL
causing an oscillation constant
C(L + AL) which must be identical
with the value of (C + AC)L in order
to account for the same frequency
change AF as above. Inasmuch as
the first way is the more direct, the
circuit may be considered to be
changed by an amount AC and we
may assume that a capacitance re-
actance X, is injected across the ca-
pacitive branch of the tank.

In exactly the same way it is evi-
dent when we inject a current i,
which lags the tank voltage E by 90
deg. the result is equivalent to an in-
ductive reactance injected across the
inductive branch. If AL denotes the
corresponding inductance variation
which acts in parallel with a constant
inductance L, the resultant induc-
tance is L, = LAL/(L + AL) and
the oscillation constant CL. indicates
that the oscillation frequency is in-
creased to some value F+AF. Hence,
injection of a positive inductance
AL across the 1-2 terminals causes
an increase of oscillation frequency
while injection of a negative in-
ductance—AL causes a decrease in
F. Hence, if AL sin (6.28 ft) is in-
jected by means of a corresponding
1, current we have to deal with a cor-
responding reactance injection AX
sin ot which modulates the oscilla-
tion frequency sinusoidally. In a
similar way, if AC sin ot is in-
jected across the terminals 1-2 of
Fig. 1b we have likewise a reactance
modulation.

Hence, in either case, whether
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sinusoidal capacitive or inductive in-
jections occur, we obtain sinusoidal
frequency variations. When both
.sinusoidal capacitive and sinusoidal
inductive injections of same respec-
tive maximum amplitudes are im-
pressed across the 1-2 terminals
simultaneously, the respective fre-
quency excursions from the center
frequency will be twice as large as
that for either one alone. We have
then the case of push-pull reactance
injections.

From this discussion we note that
for sinusoidal currents ¢, of carrier
frequency F which lead or lag behind
the tank voltage E, by 90 deg. we
have fixed frequency shifts of == AF,
respectively, from the natural fre-
quency, F, of the oscillator tank.
Since the 7, current which is injected
can have a phase difference other
than == 90 time degrees with respect
to the tank voltage E, such currents
will inject equivalent impedances
across the terminals 1-2,

Reactance Tube Modulators

Since it is good engineering prac-
tice to inject the ¢, variations by
means of a separate tube, such as the
modulator tube T, of Fig. 1a, the
circuit performance is expluained for
a network as used in practice. In
Fig. 1a it will be noted that the fre-
quency determining network is part
of the oscillator. Across the ter-
minals 1-2 is connected a network
which takes a comparatively small

current I; from the tank circuit. The
purpose of this current is to build up
a suitable voltage K, = Z.I, across
the shunt element Z, of a phase
shifter Z,, Z,. This voltage is es-
sentially applied across the con-
trol grid and cathode of the modu-
lator or reactance tube T',,.. The dyna-
mic plate current ¢, of the reactance
tube is then equal to ¢,E. and in
phase with E, if ¢, is the grid to
plate transconductance of the re-
actance tube.

Suppose we desire to inject a fixed
capacitanee C, across the condenser
C. For such a requirement terminals
3-4 are shorted and only the varying
voltage F, acts in the grid circuit of
tube T,. Since for a C, injection, i,
has to lead EF by 90 deg. the series
element Z, of the phase shifter is an
ohmic resistance R, which is at least
five times the value of the reactance
Q L, formed by an inductance L, for
the shunt arm Z, of the phase shifter.
The voltage E, across this inductance
is then 90 times degrees ahead with
respect to the tank voltage E since
for such relative dimensions of R,
and Q L, the small phase shifter cur-
rent I, is essentially in phase with
the driving voltage E. Since 7, —
ynE,, the injected current 7, leads E
also by 90 deg.

It is an easy matter to derive the
formula for computing the injected
fixed capacitance C, in terms ol
known factors. Since E is the driving
voltage for any currents flowing in

the capacitance branch it must be
also the voltage which drives the cur-
rent i, through the injected capaci-
tance C.. Hence, E/i, = 1/(QC,) and

E E E R,

G T g B gaU LD ga9L ®
because E/I, is essentially equal to
R, for R, = 50 L,. We have then for

the injected capacitance reactance
A B
Q C;‘ B gm Q Ll

and the design formula
C:= gn In farads 4)

if the grid-plate transconductance
¢.. of the reactance tube is in mhos,
R, in ohms and L, in henries. In a
similar way the other formulas given
in Fig. 2 in connection with the re-
actance modulators are derived.

Any other types of phase shifters
can be used in order to inject out-of-
phase currents into the frequency
determining network. It is not neces-
sary at all that an electrical connec-
tion exist between the tube oscil-
lator and the reactance tube modu-
lator since out-of-phase currents can
just as well be injected through mag-
netic coupling. In each case it is es-
sential that the amplitude of the in-
jected current be fixed so that no ad-
ditional amplitude modulation occurs
also.®

Fixed reactance injections have
many applications. They are em-
ployed, for instance, for the stabiliz-
ation of the assigned frequency in

(Continued on page 143)

;;, InjsectsCy

I<_ ---------------- Balanced modulator---——— ——————— S D 5 Mc oscillator—-——— -~ —- a-{
ip ) W l 1, and 1 '
I r_»lnjecfs L A = ﬂ 6J5
1 1 < i b i |
00014 l ¥ | \L F’P) ll T v p 3
Tm .
| FIZT'_' 6SAT 113 50x~%, ' =¥
L { === l
====] r I i [, 9K
7 v |
& - & Il.':,‘r':u 500K € 3 F o
Modulating 180 ohms = - . 9k | A
voltage { . . fl I —WW—
0 * T 0.005
0.005uf & LSK=R, uf
- 1 +B
| é‘:::l yF —3 =
ettt , » ac, R,
f=628F o e/ 6SAT M Balancing. condition requires R =nT
Cy is: the grid fo m C2=0-2 w41 i’P !
ground capacrtance uuf L T« ) 1
of tube Tm Phase shifter of tube Tmis L=< and L=R,

ac,

Phase shifter of tube Tr;'\ 5 Zy=Ryand 2, =f—1|c—z

Fig. 4—Diagram of balanced modulator and oscillator tube to illustrate
the current and voltage conditions which occur for a balanced modulator
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Q)

Z resuftant =Zy+ Zy+ Z3
T Network

“T'to Pi

20 zn zw
zizi ¢z 2z zze

T Network

(2)

Z resultont =

Fig. 1-—The two networks with their equivalent impedances

TGl

&)

Y resultornt = -
Yy Yo+ Yy Yyt Yy vy

T Network

Yresultont=Y'+Y"+Y"

@)

T Network

Fig. 2—The two networks and their equivalent admittances

B y H . s T 0 c K M A N Cruft Laboratory, Hurvard University, Cambridge, Mass.

N communication work, as well as

m power work, the transformation
of a T network into a = network and
vice versa is of great importance.
The two networks are shown in Fig.
1 and the problem is simply to con-
struct the equivalent T when the =
is given or vice versa. The quickest
way to perform the calculation is to
use ready-made formulas. Usually
students and engineers do not keep
these formulas in mind, so there are
two ways open; to derive the for-
mulas or to look them up in a hand-
book. The latter way out usually
means a considerable saving of time.

The formulas can be derived by
the comparison of input impedances
between specified terminals with the
third terminal left free or connected
to one of the input terminals. Three
independent equations are needed for
the determination of impedance
relations.

Below the formulas are given as
they usually appear in textbooks and
handbooks.

Transformation = to T:

VARA

Zy+ 2, + Zy

‘ %%
"Lt 2+ 7,
A

7

72

Transformation T to =:

VA ,Z_],'ﬁ VAR Al + VA Al + z Zn’)
Zs Zlf (Z/ 7" + VAN A oI VA A2
Zs — 71” (Z/ 7 + 7 7 + 7 ZNI)

If one formula is remembered for
each direction of transformation, the
remaining four formulas may be
obtained by cyclic permutation, but
there is still much to keep in mind.

A somewhat improved way of writ-
ing the relations is sometimes used.
This involves working with admit-
tances rather than impedances in
the T circuit, using the notations
Y’, Y, and Y instead of Z’, Z”, and
Z'”. The T to = formulas will then be
of the same general form as the =
to T formulas. Thus

lin vy
AR
1 Y// Y/N
1 Y’// Y/

In cases where mixed impedance and
admittance expressions are not de-
sirable, this way of writing is of in-
terest only as a help in memorizing
the formulas,

The author has found a form of
writing the relations which is fairly

WWw.americanradiohistorv.com

simple to remember and works in the
n to T direction as well as in the T
to = direction. The student or engi-
neer must know the simple equations
in Fig. 1 for the resultant impedance
of three impedances in series and for
three impedances in parallel. (The
parallel combination of the three
impedances in the T network is not
complete, but it is evident that Eq.
(2) belongs to the T network and
Eq. (1) to the = network.) The only
formula to be remembered then is
Ziost X Zrigne

Zvmntiens @
where Z is any one of the three im-
pedances to be determined, Z,,,; and
Z.ion: are the impedances on the left
hand and on the right hand in the
known network, and Z,...ir..: i8S the
resulting impedance in the known
network. A few examples will show
the simplicity of the transformation
when the new formula is used.

Example. Transformation = to T.
Find Z”:

Z

7 — Ziost X Zovigns a7
Zresuitant Zn+ 2o + Ly

Example. Transformation T to =.
Find Z,:

7 &_ﬂ Z(_Zn'g;n

-
Lirssultant

— Zl Z/” —

. R
VA A A S A 7
Zy= o, (Z’ Z0+ 7 T z"f).

A check of the available handbook
formulas shows that the expressions
obtained are identical with these for-
mulas.

The transformation can be per-
formed with admittances as easily as

with impedances. Equation (3) is
then written
Y X Yiiga:
=2 ol 4
Y Yieeuttant ) )

and all impedance notations in Fig. 1
are replaced by admittance notations
(see Fig. 2).

If the impedance Eq. (3) is used
for = to T and the admittance Eq.
(4) for T to = transformation, the
“resultant” expression will be of
simple form.

One advantage of using indexes
“left”, “right” and “resultant” is
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Transformations Simplified

that the transformation will be in-
dependent of notations. Thus any
system of notations of the type Z,
may be used in combination with
any system of notations of the type
Z’—if, now, notations are needed.

Equations (8) and (4) are so
simple that any student or engineer,
who has once used them, finds it
almost impossible to forget. The
formulas have proven to be very
efficient in practice. Once used to, the
engineer will find that it is quite
unnecessary to draw T and = sym-
bols and to write down expressions
for resulting impedances or admit-
tances since the answers can be
written directly. In fact the trans-
formation is so easy that the engi-
neer does not have the feeling of
using a formula at all.

To show the importance of T to =
transformations in radio engineer-
ing and demonstrate the use of the
left-right rule, two problems are
given below.

Problem 1. In the high-frequency
amplifier shown in Fig. 8 critical
coupling is obtained in the band
filter for a certain value of the
coupling condenser C. Determine this
value of C for an input frequency
f =75 ke. (At this frequency stray
admittance may be neglected.) Given
are L. = L,=2000 ph, R = R. =65
ohms and R 100,000 ohms. The
loading effect of the amplifying tube
may be neglected.

Solution:
= 27 75 X 10 = 471 X 108
w 22.2 X 10"
X, = wlL = 942
X.* =887 X 108

=Cy = 1/w* L = 2250 puf
R X.2/R, = 887 (a useful rule if &, »
X
If we redraw the diagram as shown
in Fig. 3B and replace the = C.C.C by
the T' C’C”C"”, we obtain the circuit
shown in Fig. 3C. Following the left-
right rule in impedance form, Eg.
(8) we obtain
72 1

L Ao A A
where Z, = 1/joC,, Z.= 1/jwC, and
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Z =1/joC. For C.=C. the expres-
sion reduces to

2
C" =20+ C;l,

At critical coupling the optimal
value of the coupling reactance is

%

th (R: + R')) 10 ohms 1 -
JwC

C is then obtained from the expres-
sion for C”” above and comes -out
approximately C = 24 pupf. The
equivalent circuits and the coupling
network are shown in Fig. 3.
Problem 2. Draw the equivalent
circuit of the video amplifier shown
in Fig. 4 and replace the network so
obtained by a 7T network, treating
(Continued on page 160)

Fig. 3—Schematic diagram of high frequency amplifier.

The problem is to deter-

mine C for critical coupling

Fig. 4—Diagram of video amplifier. The equivalent T network of the amplifier,
shown at (d) is o be determined

www americanradiohistorv com
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ELECTRONIC COUNTER
For Rapid Impulses

1—Original  circuit  requiring

a bias battery

Fig.

N a biological study of the spon-

taneous activity of nerves, it wus
necessary to obtain a continuous
count of action potential spikes at
rates of several hundred per second
over periods of many hours. These
action potential spikes are electri-
cal discharges at the surface of
single nerve fibers during activity.
Their magnitude is typically ‘a few
millivolts, with a duration of less
than a thousandth of a second. An
electronic counter was constructed
which employed two thyratrons to
scale down the counting rate so that
ordinary mechanical counters and
recorders could be used. This elec-
tronic counter may find other ap-
plications where a relatively inex-
pensive means of obtaining a con-
tinuous count of rapid impulses over
long periods is desired. In this study,
a counting ratio of 300 to 1 proved
convenient. Thus when pulses occur
at a rate of 600 per second, the appa-
ratus actuates a relay or counter
twice a second. Other counting
ratios may be obtained by varving
the circuit constants.

A schematic diagram of the cir-
cuit is shown in Fig. 1. The small
condenser, C,, is charged from the
power supply through R,. The im-
pulses to be counted are amplified
and impressed on the grid of the
thyratron T, with positive polarity.
Thus C, partially discharges through
T, at each impulse. The thyratron
is usually considered to be a tube in
which a negative grid potential can

74

By BERTRAM WELLMAN and KENNETH ROEDER

Tufte College, Massachusetts

prevent the plate current from start-
ing, but cannot stop the flow of cur-
rent once it has started. While this
is true for large currents, the grid
is actually able to interrupt very
low values of current. We have found
that a value of 200,000 ohms for R,
is high enough to insure that dis-
charge current will become small
enough to be stopped by the nega-
tive grid. K. is inserted to limit the
discharge current to the safe rating
of T.. Each time that C, discharges
the charge flows into C. which is a
much larger condenser. As successive
charges accumulate on C., its po-
tential increases until the breakdown
voltage of the second thyratron, T

is reached. The breakdown voitage
of 7. is determined by its grid bias,
which may be varied to determine
the counting ratio, or number of in-
put impulses for each output im-
pulse. The cathode voltage of T. may
be applied to the grid of a vacuum
triode which will operate a relay,
mechanical counter, or other record-
ing device.

The circuit in Fig. 1 was used in
the first counters constructed, but it
is open to one objection. The grid
bias of T, had to be obtained from a
battery connected to its cathode,

g?.Sv'.T,
EZ.S [ 1 £

Type 80 Ty | -

while a transformer was used to
produce the signal on the grid. The
modified circuit, shown in Fig. 2,
requires no bias battery, and is com-
pletely a-c operated. In this circuit
C. is charged from the power supply
through T. and loses a small part of
its charge to C, each time an impulse
reaches the grid of T,. When C. has
discharged to a certain point, it is
recharged by the firing of T.. The
firing point of 7. is determined as be-
fore by controlling its grid potential.
The variable resistance, R, is used
to set the counting ratio at a desired
value. The switch, S, in the plate
supply is turned on only when the
cathodes have reached their oper-
ating temperature. In the circuit of
Fig. 2, closure of this switch is fol-
lowed by a single output impulse as
C. is initially charged through T..
When the heaters of T, and T.
were operated from the same fila-
ment winding on the power trans-
former, it was found that there was
a current flow from cathode to heater
which resulted in a continuous loss
of charge from C. so that T. behaved
as a relaxation oscillator, thus giv-
ing spurious output pulses when no
input pulses were present. This cur-
(Continued on page 140)

3 Mfcro!um'd:cz

100,000 Ok
2 iy Toplare of

' amplifiér
003 output tube
Micro-

forods,

Fig. 2—Improved circuit which is completely a.c operated

wWwWw americanradiohistorv com

October 1942 — ELECTRONICS



Simplified Copper Wire Calculations

HE usefulness of standard cop-
Tpel' wire tables cannot be over-
looked yet there are numerous occa-
sions which arise when such tables
are not readily available. In such
cases much time and trouble can be
saved if the engineer can determine
resistance, diameter and area or
cross-section as the need may be
with any means on hand. This
article will review three methods of
deriving copper wire table data, all
based on the fact that the American
Wire Gauge 1is approximately a
logarithmic function. These three
methods are as follows:

1. Tabular.

2. Mechanieal (Slide-rule).

3. Graphical.

The tabular method requires memo-
rizing several simple facts. Thev are:

A—Increasing or decreasing the
AWG number by ten increases or
decreases the resistance ten times
and decreases or increases the area
(cire. mils) 10 times.

B—Increasing or decreasing the
AWG number by three increases or
decreases the resistance two times
and decreases or increases the area
(cire. mils) 2 times.

C—The resistance of No. 10 AWG
copper wire is one ohm per thousand
feet and the diameter is 100 mils.
(This is very easy to remember if
it is stated as “1 ohm of No. 10 is
100 mils diameter and 1000 feet
long” as each quantity is ten times
the preceding amount and the first
figure is 1.)

With the information given above.
a complete copper wire table mayv be
readily constructed by calculation.
Opposite AWG No. 10 and under the
“ohms/1000 ft.”” put 1.00 and in the
same row put 100 in the “diam. mils”
column and 10,000 in the “circ. mils”
column. By making use of the in-
formation in paragraph A above, the
resistance and circular mils for 0,
10, 20, 30 and 40 may be determined
and of course the diameter in mils
may be found by taking the square
root of the value obtained for circu-
lar mils. By making use of the re-
lationship shown in paragraph B, the
rest of the blanks may be filled in.

Comparison of this table with a
standard copper wire table will show

-

an accuracy of better than 5 percent

By LEONARD TULAUSKAS

at the points of greuatest discrepancy
and an average deviation of only
about 1 percent.

To make use of the mechanical
method of establishing copper wire
characteristics, a ten-inch slide rule
with I and D scales is required.
The L scale is the wire gauge scale
having values of 0-10, 10-20, 20-30,
and 30-40 from start to finish of
scale. The corresponding resistance
per thousand feet may be read on
the D scale and the corresponding
values of the D scale are 0.1-1.0,
1-10, 10-100, and 100-1000 ohms per
thousand feet. Thus, to find the re-
sistance of No. 9 wire the indicator
is moved to 9 on the L scale and the
resistance read on the D scale as
0.794 ohms per thousand feet. Like-
wise. the resistance of No. 16 wire
is found by setting the indicator to
6 on the L. scale and reading the re-
sistance on the D scale as 3.98 ohms
per thousand feet. For No. 23 wire,
the indicator is set to 3 on the L
scale and the resistance observed
on the D scale as 1996 ohms per
thousand feet. For No. 35 wire the
indicator is set to 5 on the L scale
and the answer found on the D scale
as 316 ohms per thousand feet.

Without changing the indicator
setting, the cross-section of the
wire in circular mils may be read
on the CI scale. By extracting the
square root of the cross-section so
obtained, the diameter of the wire
in mils may be obtained. This is
most easily accomplished by trans-
ferring the CI reading to the left-
hand side of the A scale if the wire
size is between 1 and 10 or if the
wire size is greater than 10 and
starts with an even number or to
the right-hand side of the A scale
if the wire size starts with an odd
number. Thus, 21, 24, etc., would
make use of the left-hand portion of
the A scale while 33, 38, ete., would
utilize the right-hand half).

The graphical method requires a
sheet of four-cycle semi-log paper
with a single straight line as the
locus. This graph is made so the
equally spaced divisions represent
wire size and the logarithmically

spaced divisions the resistance. The
locus is drawn by locating two
points; 1 ohm for No. 10 wire and
1000 ohms for No. 40 wire and draw-
ing a straight line through them
across the entire graph. The locus
for the cross-section in circular mils
is similarly located by selecting 10
circular mils for No. 40 wire and
10,000 circular mils for No. 10 wire
and drawing another line through
them. The diameter of the wire in
mils may be calculated readily from
the cross-section.

All the information supplied so
far may be applied to square copper
wire if all gauge numbers are in-
creased by one while other quanti-
ties are left unchanged. Thus, No. 6
round copper wire has approximately
the same characteristics as No. T
square copper wire. Number 14
round copper wire approximates No.
15 square copper wire, ete. It must
be emphasized that the above re-
lationship is not exact; it is quite
approximate but will suffice to serve
48 a guide on some occasions.

In conclusion, the writer wishes to
submit a graph which has proven
to be a time-saver:for many years
past. This is a resistance-tempera-
ture chart which should prove of
value to those engaged in conducting
heat runs of transformers, chokes,
motors, ete. The manner of using
this chart is almost obvious. In gen-
eral, the two quantities determined
by experiment are the cold resist-
ance and hot resistance of the wind-
ing and the desirved quantity is the
temperature. The value for hot re-
cistance is located on the abscissa
and extended vertically until it in-
tersects with a sloping line that cor-
responds to the cold resistance. The
distance to the intersection is the
temperature rise which may be read
on the ordinate. If the room tem-
perature has varied during the run,
the corresponding difference is
added or subtracted to the answer
obtained above. For resistance values
greater 1 or less than 10 and 1 re-
spectively. the abscissa may be mul-
tiplied or divided by an appropriate
multiple of ten respectively and the
same operation performed on the
ordinate to extend or lower the
range.
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Simplified Copper Wire Table 1,000 g 100K
AWG Ohms/1000 #4. Diam. mils Circ. mils 8008
0 0.100 316 100,000 600 g
1 0.125 283 80,000 .
2 0.156 253 64,000 40C o8
3 0.200 224 50,000 ,
4 0.250 200 40,000 3
5 0.313 179 32,000 i
8 0.400 158 25,000 oy -
7 0.500 141 20,000 e/t
8 0.625 126 16,000 100 &8 T 10K
9 0.800 N2 12,500 ~ 80 p—— ;
10 1.000 100 10,000 60
n 1.25 89.4 8000 w
12 1.60 790 6250 T 40
13 2.00 70.7 5000 s | I
14 2.50 63.3 4000 5 , i : 2
15 3.200 55.9 3125 20 e z
16 4.00 50.0 2500 - / =
17 5.00 44.7 2000 3 &
18 6.40 39.5 1563 w10 [— E—K 2
19 8.00 35.4 1250 £ g £
20 10.00 31.6 1000 5 e 4
21 12.50 28.3 800 = s
22 16.00 25.0 625 s 4B g
23 20.00 22.4 500 £
24 25.00 20.0 400 +
25 32,00 17.7 313 e 2
26 40.00 15.8 250 o
27 50.00 140 200
28 64.00 12,5 156 | o - 100
29 80.00 n.2 125 0.5
30 100.00 10.0 100 :
3 128.00 8.9 80 0.6
32 160.00 7.9 63 M-/ - . o NG
33 200.00 7. 50 -
34 250.00 6.3 40
35 320.00 5.7 32 0.2 I :
36 400.00 5.0 25 : ,
37 500.00 4.5 20 |
38 640.00 4.0 16 o - . | I
b o000 33 128 5 10 15 20 25 30 3 40

American Wire Gaoe
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TUBES AT WORK

Reducing Fader Leakage. .

A Phase Meter Calibrator

Low-Frequency Timing Circuits..................

Reducing Fader Leakage
By JamEs H. GREENWOOD

IN A RADIO STATION one common prob-
lem is the elimination of leakage of
unwanted signals into the program
being broadcast. There are numerous
sources of such unwanted signals—
power line hum, electrical apparatus
fields, auditioning circuits, network and
other programs when not being broad-
cast. There are also numerous ways in
which these unwanted signals are com-
bined with the desired signal—inade-
quate shielding, poor ground connec-
tions, presence of a ground connection
at the wrong place. This discussion
deals with one type of unwanted signal:
the case in which an audition, rehearsal,
or network program is present in the
background of the broadecast program;
or, more generally, the case in which
any program which is available for
broadcast manages to get on the air at
low level when it is not desired.

Common Cause of Leukage

If program circuits have one common
grounded side, stray capacities in lines
and terminal blocks may introduce a
signal from one circuit into another.
Fig. 1a illustrates this condition. Two
program circuits are shown, A and B,
and all of the stray capacities existing
between them. The common ground con-
nection shorts out C, Capacities C,
C,, C,, Cs all resolve into shunting ca-
pacities on one circuit or the other. But
C,, taken with the common ground con-
nection, forms a complete path between
circuits A and B as in Fig. 1b. It will

Ci
e
< i L
Cire.A C2=C :’:C4 S5Cs CireB
W = GC =
- 3
C,
* “”' g
Circ. A # # Cire.B
i 4
(8 "0

Fig. 1-—{(A) Stray capacities between two

program circuits using common ground.

(B) Leakage path formed by C., shunt ca-
pacities and common ground

ELECTRONICS — October 1942

be noted that the condition is the sane
when circuits A and B have one com-
mon side, regardless of whether this is
ground. The amount of signal flowing
through this path is, of course, depend-
ent on the size of C,. It may be possible
to reduce leakage sufficiently in this
case by careful attention to installation,
so that C, is kept at a minimum. Never-
theless, however small.C, may be made,
there is still a theovetical leakage. This
leakage may be further reduced by re-
moving all grounds from low-level pro-
gram circuits. The condition then is
shown in Fig. 2a. Stray capacities
and C,, taken together, form a leakage
path between circuits A and B. But
C, and C, also form a leakage path in
the opposite direction. If the conduc-
tances of the two paths are equal, the
resulting leakage will be zero.

The conductances of the two paths
will be equal if C, = C, and C, — C..
In practice, this means merely that

Cy

=—=moer|b=m—
= 1
Cz'i Cs :ﬁfC/ TG
1N ?/ ]

Circ.A Sl

(AY Ce

Fig. 2—(A) Balanced stray capacities be-
tween two program circuits with all grounds
removed. (B) Leakage-reducing symmetry
of circuit A is not disturbed by center-
tapped resistor or transformer

each of the two circuits is completely
symmetrical. There must be, of course,
no grounds on either side of either cir-
cuit. Furthermore, there must be no
more equipment connected to one side
of either circuit than to the other side
of the same circuit for in that case the
capacity of one wire of the circuit to
anything else would be greater than the
capacity of the other wire to the same
external object. However, the conduc-
tances of these two paths will also be
equal if only one circuit is symmetrical.
Let us suppose that circuit A is sym-
metrical, and B unsymmetrical. Then
the capacities of each wire of A to any-

JUMPING THE TIMER

| pra

The device at the left of this picture starts the clock to time the race at Belmont

Park., N. Y.

The race is not timed from the moment the horses break, but
from the time they pass before the phototube in this instrument.

Thus the

horses are allowed to get under way or jump the clock, before the official
timing starts

www americanradiohistorv com
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REMEMBER THESE 1 JOBS FOR

WITH THIS BASIC CIRCUIT YOU CAN DESIGN MANY CONTROL DEVICES

Thyratron Tube

Supply Control

Thyratron Tube

From this circuit can be built devices fundamentally the same,
but which have myriad applications — such as controlling the
speed of motors, maintaining the proper speed relations between
two conveyors, and controlling and varying the intensity and
color of light.

HE electronic circuit is entering more and more into

industrial work as an automatic hand, an automatic
eye, a new means of generating heat—control methods
are being revolutionized. Results are showing that
electronic-tube control is more accurate, more depend-
able, and often less expensive than ordinary electrical
or mechanical methods. Electronic tubes are producing
results heretofore unattainable.

The thyratron fits into the electronic picture as the
industrial workhorse. Applications range all the way
from amplifiers of minute currents passed by a photo-
tube, to the control of large spot welders. Thyratrons
have inherent characteristics that make them ideal for
the task of converting electric power from one form to
another. In many applications the thyratron is the power
teammate of the phototube, with the phototube giving
the orders in the form of grid voltage. Sensitivity, quiet-
ness, high-speed operation, durability as rapid-duty
contactors, and general adaptability to automatic oper-

Supply

N\ e
Emgc Filament

A thyratron is a hot-
cathode, gas-dis-
charge tube in which
one or moie elec-
trodes are employed
to control electro-
statically the starting
of the unidirectionai
current flow.

ation give thyratrons an extremely wide range of use-
fulness.

General Electric offers you a complete line of thy-
ratrons, as well as of all other classes of industrial tubes.
We are glad to give application engineering assistance
whenever it is requested. Refer to our nearest office.

Gauerol Electric and its employees
\ . are proud of the Naovy aword of
\ Encallence mode to its Erie Works for

the. manufacture of novel ordnonce.
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@:s controuen Rectiviegs,
to supply variable direct volt-
age or current from an a-c
source of supply. This combina- -
tion is used to control d-c
motors, field excitation of

generators, and various electro-
magnetic devices.

gAS INVERTERS, to supply
either constant or variable-fre-
quency a-¢ power {up to a
limit of a few hundred cycles)
from a d-c supply.

PLATE

Grid
Volt-
age for

Temp Range
Condensed
Mercury

Start- : N
i (Centigrade)
i
Neg
Neg
Neg

Type No. Technical

Data

Peak
Volts

eAS FREQUENCY CHANGERS;
to change a-c at one frequency
to a-c¢ at another frequency,
such as 60 cycles to 25 cycles,

or vice versa.

GET-984
GET-984
GET-618
GET-465
GET-743
GET-743

700
1300
| 500

GL-2051
GL-2050
FG-178-A

FG-81-A |
FG-98-A |
FG-97

FG-17
FG-154
FG-27-A

FG-33
FG-57
FG-67

oo
LOO)@

Bl

oot
O~
[=1=14]
o0

[t
oDt
S3E|

—920— +50*

—20--+50*
—20— +-50*
+0—80

500
500
1000

2500
500
1000

1000
1000
1000

1000
1000

1000
1000

Neg
Neg
Var

N oo

— - —
S
‘SL‘IO

[=1=}
[SlRergel]
wLiao
S00

GET-428
GET-743
GET-428

40—80
—20—4-50*
40--80

Neg
Neg
Neg

Crn N
noo

oo oo wio oo oow
7,

Pos
Neg
Var

GET-45
GET-138
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OAS CONTACTORS—a circuit
element that ads as a contact-
or is made by connecting a
pair of tubes “‘back to back”
so that in combination they
pass alternating. current—an
arrangement used in - many
welding-control circuits.

Var
Var

Var
‘ Var

1000 Var
92.00 | I 10000 Neg .
92.00 | 0 | 2000 - | Neg 9

* These tubes are inert-gas-filled, and the temperature ratiigs are expressed in terms of the ambient
temperature range over which the tubes will operate. - )
t These ratings apply only when the tube is used for ignito- firing.
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IN MOTOR CONTROL—the new
answer to the long-felt need for a
single, wide-range, stepless speed
control for the operation of d-c
motors from s-¢ lines.

Use These Other G-E Products in Your Electronic Devices

4

LIGHT-SENSITIVE CELLS
Ask for GEA-2467C

FORMEX MAGNET WIRE
Ask for GES-2675

IN LIGHTING CONTROL —
thousands of combinations of colors
and intensities are possible with
thyratron control, Hete used in
Radio City Music Hall,

SMALL INSTRUMENTS I
Ask for GEA-2645A

IN WELDING CONTROL — the
simplicity, sensitivity, and high-
speed response of thyratron control
results in fast, uniform welds; main-
tenance costs are cut.

There’s a G-E Tube for Every Electronic Device

I Schenectady, N. Y.
i Please send me........

wwWwW americanradiohistory com

| —AQuick-selection Chart of G-E Elec-
tronic Tubes for Industrial Use

I General Electric, Section 162-2

IN HEATING CONTROL —thy-
ratrons make possible exact, quick-
acting, noiseless temperature control
of furnaces and other electrically
heated apparatus.

copies of your quick-selection chart con-
taining condensed technical data and prices on your complete
line of industrial electronic tubes.

162-2-8850
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Fig. 3--(A) Common L-pad fader in “off”
position. (B] Equivalent circuit showing
stray capacities

thing else are equal. C, = C, and C. =
C.. The conductance of the path through
C, and C, will equal the conductance of
the path through C, and C.. Further-
more, the symmetry of circuit 4 will
not be disturbed by any connection to
its electrical center. For example, the
center of a symmetrical resistor or
transformer connected across the cir-
cuit as in Iig. 2b will not disturb
symmetry.

While these methods of analysis and
correction may be, and have often been,
applied to numerous cases of leakage,
there is one common, special case which
deserves mention here. One of the com-
mon types of faders used in speech-
input equipment is the variable L pad.
When it is turned off—to the position
of maximum (or so-called “infinite”
attenuation—the circuit is that shown
in Fig. 3a. Rearranging elements
slightly and showing stray capacities
gives us Fig. 3b. It will be seen that this
is essentially the same as Fig. 1b. In
practice, the effects are also the same.
Turning such a fader off does not com-
pletely eliminate the program. It con-
tinues in the background, sometimes
objectionably. It is customary to pro-
vide additional switching means for
eliminating the unwanted program, but
this necessitates additional equipment
and additional operations. Balanced
faders of the variable H pad type are
available and for some applications are
necessary. But they are more expensive
and, having more sliding contacts, re-
quire more maintenance. The common

300

YO

(+RIZIS0 [ 900
00 In R
Dﬁgﬁ w;’; ! m.élso oot
(B) ()

.

Fig. 4—(A) Common L-pad fader, shown in

detail. (B) Equivalent circuit of fader for

600-ohm line in “off”” position. (C) Modifica-
tion of fader for symmeirical input

80

vaviable 1. pad is, actually, perfectly
suited to many jobs except in the off
position as mentioned above.

Simple . Pad Modification

One common variable L pad is shown
in detail in Fig. 4a. Fig. 4b shows the
simplified circuit in the off position.
Fig. 4¢ shows a modification of Fig. 4b
which will be seen to possess a sym-
metrical input. From its similarity to
Fig. 2b and the above discussion of
that cireuit it is evident that stray
capacities will not provide a leakage
path from input to output. Fig. ba
shows how the fader of Fig. 1a is al-
tered to accomplish this condition. In-
spection will show that the normal
operation of the fader is in no way
impaired. Fig. 5b shows how to make
this modification with the least disturb-

the cirveuit connected to the input of
the modified fader be completely sym-
metrical. Modification of the fader
makes the fader symmetrical, but
cannot eliminate the effects of lack of
symmetry in the source.) However,
there is a varitable L pad type of fader
of different design, shown at Fig. 6,
to which this treatinent may not be
applied.

A Phase Meter Calibrator
By DAWKINS ESPY*

WHEN A DIRECTIONAL ANTENNA is used
by a broadecast station the engineer in
charge must see to it that the proper
phase relationship is maintained be-
tween radiating towers. Instruments
for measuring phase angle are avail-

"300

R

n MMWMM b
3 =

Fig. 5~ (A) Common L-pad fader moditied

to provide balanced input in the “oft” posi-

tion. (B) Method of moditying with minimum
disturbance to fader parts

ance of the parts of the fader. A ve-
sistor, R,, equal in value to R, and
essentially non-inductive at audio fre-
quencies, is connected in parallel with
R.. Another resistor, R, of half the
resistance of R, is externally connected
in series with the proper side of the
input circuit.

(z%) | able but it is often desirabie to check
150 I their calibration. The writer has had
A ccecasion to design and build a suitable
) ] “phase standard” for such work at
l L 3 : 3 KECA.
(2R
o/ Aoy}
150 (A)

ar one fower

- Phase 5 Phase
N shifter —<:é;a= rmeter

G

70 sampling loop ’1

\
< - L
~-Co-axial lines~* |

Fig. 1-—Block diagram showing method of
calibrating phase meter

Figure 1 shows the overall setup. It
secemed logical to check the phase meter
at approximately zero deg., 45 deg.,
90 deg. and 135 deg. The problem re-
solved itself into one of securing such
phase shifts and sufficient voltages of
equal magnitude to operate the phase
meter, without introducing too much
mismatch.

The 0 deg. shift, utilizing the circuit
of Fig. 2a, introduced little difficulty.
However, due to the fact that the in-
put line and the two output lines all
had impedances of 70 ohms, paralleling
the two output lines gave an effective
impedance of 35 ohms. When this out-
put impedance is connected to the 70
ohm input line it causes a two-to-one
mismatch, or a loss of 3.4 db in voltage.
This gives a 67 percent voltage transfer

Fig. 6--L-pad tfader type which cannot
readily be modified to reduce leakage by
the method outlined

Results in practice have been very
egratifying. When a transcription is
taded out before its completion and
the announcer begins to introduce the
next program, the listener no longer
hears inappropriate musical back-
ground. This t{reatment may be ap-
plied to most faders, regardless of
their impedance. The values of the
added resistances would be propor-
tional. (Tt is, of course. essential that

WWWw.americanradiohistorv.com

Input %"1 %‘2 Input %#l :}:’) TI *2
@ 1
—12 ~ o

Input I " T *2
bey 1 ! ]
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L., N,

|
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Fig. 2—0, 45, 90 and 135 deg. phase shift
circuits, with vector diagrams
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A COMMAND. . . perfectly received...
will be the signal for VICTORY. Our part is in the
perfection of the transmission of the message.
No one can foretell how much may depend
upon so litle —the perfection of the minutest
detail. But it is comparatively easy to safeguard
dependability —and to insure constant alert
performance — in the choosing of parts to go
into service. For sockets, terminal strips, lugs,

Photo by
U.S. Army
Signal Corps

connectors . . . it's CINCH for satisfaction.

Making our little parts
important...forVictory—

““Serves You. and US".

a-:’
<

1

MANUFAGTURING CORPORATION - 2335 WEST VAN BUREN STREET - GHIGAGO, ILL.

SUBSIDIARY: UNITED-CARR FASTENER CORP., CAMBRIDGE, MASS.
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and equal voltage on the output lines.
Several unsuccessful methods involv-
ing the use of resonant circuits were
tried to obtain the 45 deg. shift before
it was decided to use a 7 network as
shown in Fig. 2b. The constants were
determined from the formulas’.

_ 70sin p
Neo= 1 —cosp O
X1 = —70sin p (2)

where p in the phase angle

For 45 deg. phase shift the formulas
gave C = 0.0011 #f and L = 10 #h. The
coil used consisted of 28 turns of No.

28 enameled wire on a form one inch

WZ.W” WMW/M,/W! in diameter, spaced over a length of one
inch. ircuit values given here are

~BY WIRE OR RADIO — A ey LIS EirE

To obtain a 90 deg. shift the parallel

m“ ’a? m“/?f cireuit shown in Fig. 2¢ was used. The
current through the resistance in the

inductive branch lags the impressed
g voltage by 45 deg. and the current
through the resistance in the capacitive
branch leads the impressed voltage by

45 deg. where R, = R, as in Fig. 3.
ﬁ-_ — —————————=
| II r }

R, - 2
| " %9
:l © Ry Rs

|
% (com'vmoéjnj

Fig. 3—90 deq. phase shift circuit in greater
detail

The condition required to obtain a Y0
deg. shift between the current and R,

and R, is
Callite quality.is an old st.ory 19 industry. Bgt it.took modern, all-out war, Re Ry = L( IE) 3
where success hinges on lightning communications, to gauge the actual but Rs = Rs 50 @
measure of Callite quality and dependability. 1
Rz = Ra =wl =

Callite materials and formed parts have improved the performance of
countless electrical and electronic devices in use on world-wide battle-
fronts. Typical applications of Callite products are found in the Gam-

w C (4)
For this condition the capacity is ap-

matron tube and Connecticut Telephone field handset shown above. " M
Callite’s extensive experience in research, development and precision RADIO EQUIPMENT FOR
production is a match for wartime’s exacting conditions. Whether you’re THE NAVY

seeking higher product quality — or technical assistance with unusual
problems—it will pay to call in Callite.

SPECIALISTS in the manufacture of electrical contacts of refrac-
tory and precious metals, bi-metals, lead-in wires, filaments and
grids—formed parts and raw materials for all electronic applications.

All our materials are subject to priorities. You will facilitate production and expedite
deliveries by supplying with your orders properly executed Preference Rating Exten-
stons and End Use data. ’ 1

the Navy. Many ships have not one but

a number of transmitters and receivers of

various frequencies and power, as well as

portable radio equipment and equipment
for detecting ships and planes

‘ These rows of radio transmitters are for

544 39th STREET @I untoN ciTY, N. I

CABLE: “CALLITES” + BRANCH OFFICES: CHICAGO - CLEVELAND I
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RESISTORS

*“In vour opinion, is any particular line of

resistors superior 1o the others?”

This question was put by an independent research
organization to a country-wide list of Engincers and
Toxecutives in the electronies field. No brand of resis-

tors whatever was mentioned in the questionnaire.

> Result: IRC was voted “superior” by more than

IRC flies the flag of the twice as many as named any other single brand.

Army-Nagy Production Areard

‘\\
INTERNATIONAL RESISTANCE COMPANY

403 N. BROAD STREET ¢ PHILADELPHIA

it oSt
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GQURARDIAN

Is your problem the
transmission of power

for control of aircraft
armaments? Aircraft
navigation? Aircraft
accessory circuits? If
8-4 Selenoid Contactor so, we have the answer.

Units range from a midget relay weighing less than one
ounce and capable of controlling 150 watts . . . up to a Sole-
noid Contactor weighing less than two pounds and handling
200 amperes continuously {at 32 V., D.C.) and 1000 amperes
on surges.

We've built single switches. We've built complex electrical
assemblies that control machine gun turrets. And the aircraft
industry and associate parts manufacturers know from these
and hundreds of other units that they can count on Guardian
for approved controls —that Guardian has the equipment and
the "know how" to do their jobs right. And, above all, they
know Guardian's reputation for quality delivery.

Write for our new brochure describing the B-4 Solenoid Contactor

and Relays by Guardian.

GUARDIAN\¢/ELECTRIC

1625 WEST WALNUT STREET CHICAGO, ILLINOIS

LARGEST LINE OF RELAYS SERYING AMERICAN WAR INOUSTRY

L T L

84

www.americanradiohistorv.com

|

This gives a 67 percent voltage transfer
proximately 0.003 u#f and the coil 14 xh
when R, and R, equal 70 ohms. The
coil used consisted of 15 turns of No. 18
wire on a two inch diameter form, close-
spaced.

To get 135 deg. phase shift the 45
deg. and 90 deg. units were hooked in
tandem, with the 90 deg. unit on the
input side.

LOPO’Q:'J . I 1 ‘%ﬂuf‘
o Y 10ph~ r ]
000’]1} .L\

haA

l

Input

* our o —==—0
ooon *2 out
uf
O
= Gnd
(commion)

Fig. 4-—Circuit diagram of the complete
phase meter calibrator

The finished calibrator, shown in
Fig. 4, gave 0 deg., 49 deg., 87 deg. and
129 deg. phase shifts. This was deter-
mined by “calibrating the calibrator”
by means of the phase meter at a time
when the phase meter calibration was
known to be correct. It was, therefore,
unnecessary to adjust the calibrator to
obtain the precise angles originally
planned as the device serves its purpose
so long as the phase shift values are
known. Once calibrated, the calibrator
constitutes a standard with which the
phase meter may be periodically
checked.

The writer wishes to acknowledge the
helpful suggestions of George Curran
of the Research Department of KFI-
KECA. =

* Research Engineer, Columbia Univerxity
Div, of War Research. On leave froin KII-
KECA Research Department.

1 Brown, G. H.: Directional Antenna, Proc.
I.RE., 25, pp. 131, Jan., 1937.

Low-Frequeney
Timing Cireuits
By CrLirrorp E. BERRY

IN RECENT YEARS numerous electronic
devices have been developed for gener-
ating timing impulses having periods
irom a fraction of a second to several
minutes, Such devices find use in in-
dustrial process timing, intermittent
life tests, welding control, and many
other applications. This paper de-
scribes three simple circuits which the
author has found to be extremely use-
ful and reliable. A few applications
are suggested; doubtless many others
will oceur to the reader.

Basie Circuits

In the circuits considered here, the
periods which may be obtained ave
multiples of the period of the supply
frequency; with a 60 c¢ps supply,

October 1942 — FLECTRONICS
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Depsndubilitv?
D eli very?

+ Slide Operated
« Rotary Operated
* Toggle Operated

* Variable
* Fixed

* Fixed Inductance
* Variable Inductance
*. Station Tuning

?
Periormance:

* and when you
order, won't you
please specify less
critical materials
wherever possible?

There is a Stackpole Switch ready ro meet
every small circuit requirement.  Available in
a full range of sizes from a single pole, single
throw model—to 2 four pole, double throw
switch, and all in-between combinations. Tested
1009 through cvery step of construction to

assure 1009, cfficiency.

For every type of volume, tone and scnsitivity
control, as well as special applications for other
uses,  All

satisfactory to the various government branches

controls arc made with materials
and thoroughly tested to assure proper func-

tioning of the unit in the circuit.

Iron Cores for every nced and purpose in a
variety of grades and sizes for use at any
frequency up to 100 meg.  All are superior in
mechanical strength and uniform throughout

in  construction—with, or without adjusting

screws.  In requesting samples, please send test

coils and complete data.

STACKPOLE PRODUCTS SOLD TO MANUFACTURERS ONLY!
PRICES AND SAMPLES SENT ON REQUEST

ST. MARYS, PENNA. U.S. A.
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> WM
=
ac R,
é R
FIG. 1

Three elemental timing circuits. They difier
only in the method employed to block the
tube grid

periods of /60 seconds are obtainable.
In this respect these circuits may be
considered as frequency dividers. Fur-
thermore, all of the circuits operate
dirvectly from an a-c source without
requiring d-c¢ power supplies, which
greatly contributes to their simplicity.

Consider first Fig. 1. A condenser
C is connected in the cathode circuit of
a thyratron, and is shunted by a leak
resistance K. The grid is returned to
the lower end of the cathode condenser
through a protective resistor E,. When
the supply voltage is initially applied,
there is no charge on the condenser,
and thus no bias on the tube. There-
fore the tube conducts during the first
positive half cycle, and the condenser
is charged to the peak of the supply
voltage less the tube drop. The con-
denser voltage is of such polarity as
to make the grid negative with respect
to the cathode, and conduction during
subsequent positive half-cycles of the
plate voltage cannot occur until the
charge on the condenser has been suffi-
ciently reduced by the action of the
leak resistance.

By suitable choice of the time con-
stant BC the period may be adjusted
over a wide range. Impulses may be
obtained across a load resistor in the
plate circuit, or a blocking voltage for
other tubes may be obtained across the
condenser. In using this cireuit, it
should be remembered that the peak
inverse voltage to which the tube is
subjected is nearly twice the peak of
the supply voltage.
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AN IMPORTANT STATEMENT TO THE PLASTICS INDUSTRY
BY THE PIONEER PRODUCER OF POLYSTYRENE

NEW REDUCED PRICE EXTENDS APPLICATIONS

In a move of far-reaching significance to the entire
plastics industry, Dow announces a 14 reduction in
the base price of Styron (Dow Polystyrene)—ircm 45¢
to 30c per pound. The new low price, at which you
may now obtain this strategic plastic from its source,
is made possible by improved and vastly increased
production.

Current rubber needs for styrene—chemical ante-
cedent of polystyrene—are, of course, of major im-

portance today. Bul, Dow's ability to lower the price
of polystyrene places this plastic in a price range
{avorable to greatly extended uses for which this out-
standing thermoplastic material has proved peculiarly
adaptable. It will undoubtedly affect the design and
manufacture of literally thousands of products now
and when Peace returns.

Complete price lists and new literature on Styron are
available on request.

THE DOW CHEMICAL COMPANY, MIDLAND, MICH.

New York, Chicago, St. Louis, San Francisco, Los Angeles
Seattle, Houston

STYRON —SARAN —ETHOCEL—ETHOCEL SHEETING

-PRODUCTS OF CHEMICAL PROGRESS
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BRASS - COPPER TIN
ALUMINUM . IRON . STEEL
LEAD -+ NICKEL - ZINC
AND ALL OLD SCRAP METAL

N

MELRIOQLOY,

TUNGSTEN LEAD-IN WIRES - TUNGSTEN WELOS - TUNGSTEN & MOLYBOENUM SUPPORTS
FOR ELECTRONIC APPLICATIONS - TUNGSTEN CONTACTS FOR:ELECTRICAL APPLICATIONS

www americanradiohistorv com

A second type of circuit is shown in
Fig. 2. The grid rectifies its own block-
ing voltage, which is obtained from a
transformer in the plate circuit. In
some applications this method has an
advantage over the first circuit, since
heavy plate current can be handled
without requiring that it flow through
the condenser. The timing action oc-
curs in the same manner as in the first
circuit.

The third type of circuit is shown in
Fig. 3. This circuit, like circuit 2, uses
grid rectification, but the mode of
operation is not so obvious. The cir-
cuit requires an inductive load, such
as a relay or highly reactive transform-
er. The operation is as follows: Sup-
pose the tube is conducting—as long as
the current in the load is increasing
the voltage drop across the load main-
tains the grid negative with respect
to the cathode. When the current be-
gins to decrease, however, this voltage
reverses in polarity and a grid cur-
rent flows, charging the condenser so
as to block the grid for subsequent
cycles. When the charge has leaked
away sufficiently another firing cycle
takes place.

Accuracy of Timing

In all of these circuits, only certain
discrete periods of operation may be
obtained; however, since the time con-
stant RC may be continuously vari-
able, it is apparent that at cegtain
values of KRC there will be an indeter-
minacy of one cycle in the period. This
is illustrated in Fig. 4, which shows
the grid firing characteristics of a
typical thyratron, together with three
curves showing the blocking voltage
variation. For curves 1 and 3 the
timing is accurate, but for curve 2,
slight random variations in operating
conditions may cause shifting from one
period to another. The same effect is
produced by a changing supply volt-
age; hence it is important where pre-
cise timing is required to set the time
constant carefully and to maintain the
constancy of the line voltage.

A further source of inaccuracy arises

Grid firing characteristics of typical thy-
ratron, with curves showing blocking volt-
age variation, and a circuit utilizing a
neon lamp N to reduce timing inaccuracies
caused by variations in the plate* load
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Down to the Burning

Rate of evicuation on stard-
ard equipraznt:

Altitade Time
10,00 feet .. . . mir.ute
20,000 feet .. minutes
20,000 feet .. minutes
40,00) feet .. . 5 minutes
50,00) feet .. .  minttes

Sands of the Desert!

® In Egypt, that's the daily
stint of these giant Flying
Fortresses. And delicate in-
struments on their panels
hkave to stand the gaff—from
biting cold to scorching heat!

The “TENNEYZPHERE”
Chamber is built for exacting
tests of instruments that have
to undergo just such punish-
ment. These units meet the
test requirements of all U. S.
Government Agencies: Army
Signal Corps, Navy Bureau of
Aeronautics, and the National

Advisory Committee for Aero-
nautics.

Standard range of tempera-
tures run from -40° to 150°
Fahrenheit—a range that can
be widened or narrowed to
meet special requirements.
Observation parts, permitting
full visibility, are sealed to
prevent interior condensation.
The interior of the “TENNEY-
ZPHERE” Chamber is scien-
tifically air-conditioned to
meet the engineer’s strictest
requirements as to pressure,
temperature and humidity.

For complete information concerning the many important jobs the
“TENNEYZPHERE"™ Chamber is geared to do to help the great war
effort, write Dept. E

TENNEY ENGINEERING, INCORPORATED

8-a Elm St., Montclair, N. J.
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WHERE SPACE IS IMPORTANT
USE
! .
TYPE Q" CANNON CONNECTORS

Cannon Type "O” Connectors are compact ﬁt{jngs,
having been designed originally for microphone cir-
cuits where their oval shape has the distinct advan-
tages of saving space and making the complete unit
easy to handle. A variety of fittings, including cord
connectors, panel mountings and wall units, are in- -
cluded in the Type “O” Series. Three-pole inserts

only are available in this series.

praee

CANNON SERVES MANY INDUSTRIES

Cannon precision-built electrical connectors are made

in numerous types with many variations in each type. :
The variety runs into the thousands and includes the
right fitting for nearly every application the elec- .fr
tronics engineer may need, whether the equipment is |
!

to be used on land, Below is the Type "O"” Cord Pluz’j ' 1

with socket insert. Note thumb

at sea or in the air.
& latch, a feature of this serig

At left is the Type "O”
Wall Unit with flush
door and plate which
fits single gang outlet box. Ideal
for radio station application.Con-
nected fitting is cord plug with
pininsert. Notelatch on wall unit.

CANNON
ELECTRIC

CANNON ELECTRIC DEVELOPMENT COMPANY
LOS ANGELES, CALIFORNIA

Canadian factory and engineering office: Cannon Electric Company, Limited, Toronto, Canada
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in the exponential variation of the
blocking voltage. As the periods ob-
tained become longer, the blocking
voltage curve approaches the grid char-
acteristic less steeply, thus render-
ing the timing more susceptible to small
changes in operating conditions. This
objection is not serious in most appli-
cations when considered on a percen-
tage ervror basis.

If a varying plate load is imposed
upon any of the circuits thus far con-
sidered, then the voltage to which the
condenser is charged during any firing
evele is in part dependent upon the
load and the timing is affected. This
difficulty can be eliminated by connect-
ing a small neon lamp across the con-
denser, so that under all conditions the
blocking voltage has the same initial
value. A protective resistor connected
in series with the neon lamp prevents
damaging surges from passing through
it. IFig. 5 shows this arrangement
applied to the circuit of Fig. 1.

Applications

All of the circuits described can be
used divectly for supplying control im-
pulses to other apparatus. Further-
more, by modifications and additions
many other useful circuits can be de-
veloped. For example, suppose it is
desired to control a relay so that it is
periodically on for a given number of
seconds and off for a given number of
seconds. This can be accomplished
by the circuit shown in Fig. 6. In this
circuit the part to the left of the dotted
line is the simple timer of Fig. 1. A
variable amount of the blocking volt-
age on C is taken from R. and used to
block 7. R controls the period and R.
the length of time during which

T. fires each period.

A circuit suitable for operating a relay
intermittently and a circuit adaptable as
an electric fence controller

Figuve 7 shows a circuit which has
been used successfully in electric tence
controllers. T provides the timing and
T provides half-cycle impulses to the
fence transformer at one-second inter-
vals. For protection, in case T, fails to
operate and provide a blocking voltage
for T,, a fuse f is included in the plate
civeuit of 7.. This fuse blows immedi-
ately if T, fails; failure of 7T, results in
no danger.

As mentioned earlier, all of these
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MINOR ASSEMBLY OPERATIONS
YOUR BOTTLENECK?

On parts that require steatite
Isolantite furnishes complete assemblies

N THE manufacture of war equipment, nothing

is so annoying, or costly, as having to perform
the minor assembly operations. On parts in which
steatite is combined with metal in various forms,
this burden can be avoided. When such assemblies
are furnished by Isolantite Inc., it enables you to
reserve your production facilities and trained per-
sonnel for major assembly tasks.

Among the insulators illustrated are several de-
veloped for aircraft. These offer convincing evi-
dence of Isolantite’s ability to supply assemblies
that meet the most exacting demands. And point up
a fact second in importance only to speed of pro-
duction—the combination of advantages found in
Isolantite™.

Uniformity of product, high mechanical strength,
electrical efficiency, non-absorption of moisture—all

contribute to dependable insulation performance,

ELECTRONICS — October 1942
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and make Isolantite’s adaptability to the production
of intricate shapes to accurate dimensions unusu-
ally significant.

Equipment manufacturers who can attribute their
difficulties in meeting war production schedules
to the necessity of performing a number of minor
assembly operations may find welcome relief in
Isolantite’s service, and enjoy, in addition, all the

advantages resulting from the use of high-grade

insulation in their products.

= = # 2 Naa ‘:t._ _,"
CERAMIC INSULATORS

*Registeved trade-name for the products of Isolantite Inc.
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"Thank you, PAN AMERICAN

We are always pleased when informed that our
products are favorably regarded by valued
clients.

Especially when, like Pan American Airways,
these concerns are engaged in keeping open the
vital lines of commurication and transport be-
tween hemispheres . . .

CARDWELL@CONDENSERS

THE ALLEN D. CARDWELL MANUFACTURING CORPORATION BROCOKLYN, NEW YORK
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One method of obtaining sub-harmonic

voltages of approximately  sinusoidal

waveform and very low frequency from
an a-c supply source

circuits are basically frequency di-
viders, and thus offer a means of ob-
taining sub-harmonic voltages of ap-
proximately sinusoidal waveform and
very low frequency, which are useful
for many purposes. All that is neces-
sary is to provide suitable filters for
the exponential voltage across RC. A
circuit which does this is shown in Fig.
8, in which the circuit of Fig. 1 is fol-
lowed by an RC filter and a cathode-
degenerated buffer stage. Since a peak
voltage of 100 volts or more is easily
obtained at the input of the filter, high
time-constant filter sections can be
used without reducing the output volt-
age below a reasonable working value.

The Radio School for U. S. Navy Appli-

cants, operated by WFIL, Philadelphia
offers a pre-enlistment training course in
code work, which turns over to the Navy
Recruiting Service technically trained per-
sonnel. Before they are admitted to the
class, candidates must pass the requlation
physical examination at the Navy Recruit.
ing Office. Navy enlistment is completed
when the student graduates from the
course with a speed in code of 20 to 25
words a minute, The graduates are then
given preferential consideration by the
Navy for a V-3 rating. The school oper-
ates three hours a night, five nights a
week. The boys shown here are receiv-
ing code messages through the earphones
and transcribing them on the typewriter.
On the instructor’s desk (not visible here)
is a mechanism permitting the instructor
to send to individual students at different
speeds. In this way slow students may re-
ceive special attention; fast ones may ad.
vance more rapidly
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Utah Plugs for You

(SIZES AND TYPES TO MEET YOUR NEEDS)

Utah Plugs—two and three conductor types—
meet practically every type of application.
They’re everything a plug should be—compact,
sturdy, and dependable—fit standard type Phone
Jacks. They are available for a wide variety of

uses—for headphones, microphones, speakers,
musical instruments, medical and test equipment, and many miscel-
laneous applications. Available with molded bakelite handles or
metal shield handles.

Utah standard plugs are being used on many products for the
Armed Forces of our nation. In addition, Utah is manufacturing the
Signal Corps Type PL-55 Plug and the Type JK-26 Jack.

Write today for complete details

about Utah Plugs. There is no obli-

gation.

UTAH VITREQUS ENAMELED RESISTORS —From five to 200-watts are

available, either as fixed —tapped or adjustable. Also non-inductive types.

UTAH JACK SWITCHES—Long and Short Frame and Imp type switches to

meet the circuit and space requirements you need.

UTAH PHONE JACKS —1imp, Short and Long Frame types to fit standard
Phone Plugs. Special Jacks to meet Navy and Signal Corps specifications.

UTAH TRANSFORMERS —Are fully guaranteed. Able to meet your require-

ments in chokes, inputs, outputs and smaller capacity power transformers.

G'en.erml ,O[fic.es_\_t':'nd- Fac¢tory
837 ORLEANS STREET
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UTAH RADIO PRODUCTS COMPANY

CHICAGO, ILLINOIS
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Temperature
Measurement
and Control

(Continued from page 61)

voltage depending upon the direc-
tion and amplitude of unbalance.
This causes a larger or smaller cur-
rent to flow through the tube and
also through the standard resistor
to rebalance the circuit. The mil-
liammeter in the plate circuit
measures the current required to
balance the input voltage and it is
calibrated in terms of the input
voltage. This instrument may be
connected to an external indicating
or recording milliammeter cali-
brated in degrees of temperature,

| or relayvs mav be used with it for

temperature control.

Resistance Thermometer Circuit

The resistance thermometer is
used in a temperature controller
capable of very precise control at
about 240 degrees F developed by
the Shell Development Co. When
the temperature shifts from the
desired value an unbalance voltage
appears across the Wheatstone
bridge across which 60-cps voltage
is applied. This voltage is passed
through a phase shifting network
and a two-stage amplifier. The

Fig. 14—This G. E. phototube unit of a

radiation pyrometer is located where the

radiation from the hot body can impinge

on the cathode of the phototube and the

amplifier unit is located at any convenient
point
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In a Change-over ?o%‘%‘c‘v/

—YOU CAN SOLVE YOUR FASTENING There’s a P-K Self-tapping Screw for
PROBLEMS SIMPLY AND QUICKLY! Every Type of Plastic Assembly

0 = Whether your particular job requires a thread-cutting or

CCI" ina quker-quon Assembly Englneer ! thread-forming screw, there’s a P-K Self-tapping Screw that
will speed up your assembly by eliminating tapping opera-

When you start “ironing out” the assembly problems in your  (jons or the use of tapped inserts. And, the correct type of
change-over to plastics, Parker-Kalon can help you! Parker- P-K Serew will give you a BETTER as well as cheaper

Kalon Assembly Engineers have shown you how to save time  means of assembly. Remember, too, that the Parker-Kalon

and labor on all types of metal assembly with Self-tapping Quality-Control Laboratory - without counterpart in the
screw-making industry — assures consistently reliable per-

crews — D, their k led xperi ith plasti .
Scre AND, their knowle ge and e perience with pras @G formanee. “Doubtful screws”— scerews that look all right

will be just as valuable to you. but some of which fail to work right - are eliminated.
They can show you how the right type of Parker-Kalon Sell-

tapping Screw can make fastenings to plastics quicker and easier |

than by any other fastening method. They can help you put PARK[ R. KAI_ON
P-K Screws 10 work on your assembly line without costly delays ‘ N

— for, no skilled hands or special tools are required. Get the -

most out of your switch to plastics — call in a Parker-Kalon § W'W .
Assembly Engineer, now! Write Parker-Kalon Corporation, '

192-200 Yarc Sreet, New\r Y ork . . ‘, S[lF'TAppl Nﬁ S(R[ws

»
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amplified out-of-phase voltage is
then applied to the grids of the
| two thyratrons as shown in Fig. 12.
A voltage 180 degrees out of phase

Ever See a Picture of a
with line voltage is applied to the

SH“B I CIRCI Il I 6) anodes. Whenever the tempera-
L ture changes by a very small

amount, this circuit is sensitive
enough to cause the application of
heat to return the temperature to
the desired value. The anode cur-
rent is passed through a saturable
reactor, one winding of which is
in series with the power line and an
electric heater. To avoid overload
in this circuit an automatic gain
control operated by the output volt-
age is used. For a more complete
) discussion of this instrument see

-——-—-—sv/ “Electron Tubes in Petroleum Re-
CURRENT search,” page 20, April 1941 issue

i of ELECTRONICS.

The resistance thermometer is
used in the Foxboro electronic re-
corder as part of a bridge circuit
composed of another resistance, a
| fixed condenser and a variable con-
denser. A 1000-cps oscillator feeds
the bridge circuit and also the

TIME ‘IN: MILLI- SECONDS

ARCING. VOLTAGE

Oscillogram taken on a 5¢ ampere breaker showing short circuit with 6450 amperes

rms flowing through the breaker which interrupted within 1% cyvele on 120V AC

with a power factor of approximately 60¢,. This was the third operation on a
circuit having a capacity of approximately 8000 amperes rms.

HEINEMANN
MAGNETIC CIRCUIT BREAKERS
Employ High Speed Blowout

Fig. 15—The photoeleciric radiation pyrom-
eter manufaciured by the General Elec-
tric Company

The stationary contact is coiled around an insuluted iron core

which conneets the steel plates forming a U-.shaped magnet. On phase recognition and power am-

overloads and short circuits the ecurrent flowing through the
contact creates magnetic lines which force the arc into the
arcing chamber and blow it out. As the value of the current to
be interrupted increases the quenching effect becomes greater
due to the intensified muagnetic blowout field.

Send for Catalog 40 showing full line

HEINEMANN CIRCUIT BREAKER CO.

97 PLUM ST. - - - - TRENTON, N. J.

www americanradiohistorv com

plifier as shown in Fig. 13. The
amplifier supplies power for a push-
pull reciprocating solenoid motor.
The motor windings are two sole-
noid coils mounted coaxially and
the core is suspended between the
coils. This core is connected by a
link to the recording pen and the
rotor of the balancing condenser.
Both driving coils of the motor are
continuously energized and any un-
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BECOMING
A

RADIOMAN

IN THE

UNITED STATES
NAVY!

In 1853 Commander Calbraith Perry,
with four United States warships, opened
trading with Japan . . . then there were
no radio communications . . . today the
U. S. Navy will give you FREE passage to
the Island of Nippon with the added con-
veniences of radio communications and
Jensen Speech Reproducers!

ensen
SPEECH REPRODUCERS
6601 SOUTH. LARAMIE AVE., CHICAGO

SPECIALISTS 'IN ACOUSTIC: RESEARCK AND -PRODUCTION FOR VITAL MILITARY ADAPTATIGNS

- - - -_ e Sa— - o = o —— - E— _— .
L — . - . =S -

i:{:‘.
'
§

i L A &

vl 4
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balance voltage from the bridge is
amplified and the currents through
the coils are unbalanced. This
causes the motor core to drive the
»»»»»»»» variable condenser rotor back to

s I M p L I F Y B u Y I " G balance condition, when the motor

coil currents become equal and the
core stops moving. The action of
the motor is fully reversible as the
direction of core movement depends
only on the relative coil currents
and is not affected by core position.

I N s U LA I l N G son, T. R.. “Pyrometric Practice,” Burean
ot Standards Technical Paper No. 170. Gov-
. [ ernment Printing Office, price 66c.
‘lrcrmm Behar, M. F..,” “Temperature Measurement
. NSUtating and Control,” Instruments Pub. Co., Pitts-
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|
Send for your FREE personal copy'of s B B
our new, complete 44 page pocket size
Guide Book—containing complete
data, specifications and prices on all M-R A PARTIAL LIST OF
products. This valuable book is a MUST M-R PRODUCTS:

for every engineer, purchasing agent and

manufacturing executive Fiberglas Varnished Tape and Cloth

. Fiberglas Braided Sleevin
Operating on a national scope, Mitchell- 1oerg 9

Rand has much to offer manufacturers of Fiberglas Saturated Sleeving and
radio, communication, electrical, aircraft and Yarnished Tubing
other equipment and products: — electrical Insulating Papers and Twines

insulation experience of every conceivable
nature — 53 years of service to American in-
dustry — complete manufacturing and ware-
housing facilities with ample stocks on hand Asbestos Sleeving and Tape
at all times to render prompt delivery —
at present, having definite understanding of A ]
war equipment specifications and require- Impregnated Varnished Tubing
ments — in excellent position to help our cus- Extruded Plastic Tubing

tomers working on Army,. Nav_y and Signal Varnished Cambric Cloth and Tape
Corps orders; skilled engineering staff and o .
seasoned sales specialists to serve you— Friction Tape and Splice
promptly, intelligently and courteously. Transformer Compounds
Mitchell-Rand is one of the country’s oldest
electrical insulation manufacturers and dis-
tributors — with the COMPLETE ELEC- Mica Plate, Tape, Paper, Cloth and
TRICAL INSULATION LINE. Tubing

Send for FREE copy
of Guide Book

Cotton Tapes, Webbings and
Sleevings

Cable Filling and Pothead Compounds

Insulating Yarnishes of all types

Inquiries invited on your electrical insulation requirements.

. A battery of high powered radio trans-
= oy nc. mitting tubes for Naval signal communi-

cations is checked out for shipment to the
51-A MURRAY STREET, NEW YORK, N.Y. \ Navy. Tubes operate in compact trans-
mitters carried aboard ships and installed

EST. 1889 COrtlandt 7-9264 in land stations
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ince the curtailment of civilian radio
production, RAYTHEON engineers and
scientists are devoting all their energies to
designing and building special tubes for to-
day’s important electronic developments.
It has long been the opinion of our research
engineers that special electronic services
required tubes designed for their individual
application. RAYTHEON’'S new development
work is going forward with amazing speed.
This new challenge for spccial tubes of
intricate design to meet the rapidly expand-
ing use of electronic devices is being met
by our engineers in the same manner with
which we, in the past, produced tubes for
civilian use.
Our laboratories will, when this conflict
is past, produce the latest design in tubes,
incorporating many new principles in elec-

tronic engineering.

For military reasons, the tube shown is not a new development
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n Manufacturin
Company

Waltham and Newton, Massachusetts

DEVOTED TO RESEARCH AND THE MANUFACTURING
OF TUBES FOR THE NEW ERA OF ELECTRONICS

ELECTRONICS — October 1942

wwWwW americanradiohistorv com

99



THE ELECTRON ART

Secondary Emission Trigger Tube..................
Transient Peak Voltmeter. .
Recording Low Intensity Flashes............. .....
Radio Standards Revised. .
Phototube Controls Dynamometer Load. ... ..... ...
Voltage Surges in Rectifiers
Dielectric Constant Measurements. .. .............
Bibliography on Submarine Communication. .......

The Vacuum Type Trigger
Tube Using Secondary
Emission

TO THE EVER-INCREASING number of
electronic devices which have been
originated since deForest first made use
of a grid interposed between cathode
and anode, A. M. Skellett of the Bell
Telephone Laboratories makes an ad-
ditional contribution in the August
issue of the Journal of Applied Physics.
Mr. Skellett’s article, “The Use of Sec-
ondary Electron Emission to Obtain
Trigger or Relay Action,” describes a
vacuum type of tube whose trigger
operation is comparable to that of the
thyratron. The new tube, which is
presumably not yet in the stage of

commercial availability, provides the
features of the triode with a relay or
on and off feature, resulting in an am-
plifier, oscillator, modulator, or other
vacuum tube device which may be
turned on or off abruptly at high or
low frequency. In addition, it can be
used to replace thyratrons in many of
their circuits where very low plate im-
pedance is not necessary and the sec-
ondary emission trigger tube is capable
of much greater speeds of operation
than the thyratron in such applica-
tions.

Following the trend of tube design
in the last half dozen years, the new
tube makes use of an electrode whose
purpose is to control and direct the
stream of electrons in certain specified

and desired trajectories. A diagram-
matic sketch of the electrodes for the
new type of tube is shown in Fig. 1,
in which the cathode, grid, and first
anode bear a striking resemblance to
the equivalent electrodes in the beam
power tube. The electrons emitted by
the cathode are accelerated toward the
first anode by a positive potential
applied to it. Their control is carried
out in the usual manner by voltage
variations on the grid. While many of
the emitted electrodes are collected
at the first anode, a slot in this strue-
ture enables about 10 percent of the
electrons to come under the influence
of the deflector electrode. In most of

Def‘/sfcfar

Collecror

congary
node

bl

STEREOSCOPIC

Fig. 1—Diagrammatic sketch of the ele-
ments of the secondary emission irigger
tube

PICTURES FORM THE ELECTRON MICROSCOPE

v TP RE

(780 ¢« ya

TE C@ W ssritIEe

These three-dimensional photographs of a particle of butterfly scale (upper) and a section of
the windpipe of a mosquito larva made on the fluorescent screen of the RCA eleciron microscope

are published for the benefit of those readers having access to stereoscopes.

The pictures

should be placed in the viewing position of the stereoscope to obiain the three-dimensional effect
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ODAY our only customers are Uncle Sam
T and his partners, the United Nations. We
are heartily glad of it, because we feel all other
matters are of pale importance compared with
the winning of this war. Every Perkin-Elmer
employee is proud of the fact that his skill can
make a vital contribution to fighting efficiency.

The Perkin-Elmer Corporation has two impor-
tant contributions to make to America in war or
peace: First, engineering skill equal to the most
exacting task, if it involves optical computations.
Second, manufacturing facilities capable of ac-
curacy which in many instances have never

e - n—

///////

Basker Marters/»

\\\\\\

before been achieved in production.

Prior to last year The Perkin-Elmer Corpora-
tion’s customers included leading Universities,
Institutions and Industrial concerns by the score.
Today all its eggs are in one basket . . .
deadly precision to be used for pelting the Axis
off the stage. Tomorrow, in an age where pre-
cision will be paramount, the contributions of

eggs of

the finest optical instruments will be vital. We
are already consulting with leading organiza-
tions whose future plans involve skills which
we possess. We invite the inquiries of others
who are thinking in terms of tomorrow.

The Perkin-Elmer Corporation
GLENBROOK, CONNECTICUT

Manutacturers of Precision Lenses, Prisms, and Mirrors. Optical Design and Consultation
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Dependable Men

Dependable Equipment

Dependable Transformers

Ofh~ a} Photographs L 3. A my Sgrm
When seconds are the determining factor in success or fail-
ure of an attack .. . When lives depend upon the perfect
operation of communications equipment . . . then engineers |
insist upon dependable transformers. Thordarson transformers

orps ‘

are engineered to give high guality performance under every
operating condition.

THORDARSON l

ELECTRIC MFG. s
500 WEST HURON STREET, CHICAGO. ILLINOIS I
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the applications indicated by Mr. Skel-
lett, the deflector elgctrode is main-
tained at zero potential as is the sup-
pressor grid in pentode. The electrons
which emerge from the first anode
follow the trajectories indicated by the
dotted lines, ultimately reaching the
secondary anode which has a high
positive potential applied to it. On
striking the secondary anode, second-
ary clectrons are emitted which are
collected by a grid having a high posi-
tive potential and indicated in the
diagram as the collector grid.

The voltage-current characteristics
of the secondary anode are shown in
Fig. 2.
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Fig. 2—Characteristics of secondary emis-
sion trigger tube, showing region of nega-
tive resistance

As the voltage of the secondary anode
is increased from zero in the positive
direction, the current is increased due
to the collection of primary electrons.
When the voltage reaches approxi-
mately 20 volts, energy of the primary
electrons is sufficient to release second-
ary electrons so that the net secondary
anode current decreases and is nega-
tive beyond about 23 volts. The ecur-
rent has a negative slope until the
secondary anode potential has a value
about 20 volts lower than the grid col-

Fig. 3—Basic trigger circuit using new
trigger tube, When voltage on sgcond
anode is momentarily raised, tube triggers
and can then be utilized as an amplifier
through the use of transformers shown

lector voltage. The current then rises
with a positive slope, reaching satura-
tion for high values of secondary anode
voltage. The characteristics of Fig. 2
are similar to the dynatron character-
istics first described by A. W. Hull in
1918. In the region of negative slope,
the tube is unstable. If the voltage
conditions are such as to make use of
the negative slope, then the tube acts
so as to bring the device back to a
position of equilibrium in which the
slope of the curve is positive.

Several circuit applications are given
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TAUT MOMENT amid the thunder of
battle. A fearful moment that de-
mands above all . . . quier! The “quiet”
noise-free operation of the ship’s radio
receiver to assure crystal-clear recep-
tion of short wave radio commands.
Yet Man Made Static stalks that tor-
pedo boat! Its own generators, motors
and ignilion create electrical interfer-
ence that could blur and distort radio
signals Deyond recognition. And not
only could, but would, were it nol for
methods of noise suppression pioneered

by Tobe.

Man Made Static Beaten On All Fronts

Tobe Filterettes actually throtile inter-
ference at its source. Today, on torpedo
hoats and other proud vessels of the
Coast Guard and the U. S. Navy, Tobe

ELECTRONICS — October 1942

Filterettes are helping to beat the
enemy, by first beating noise.

Radio-equipped units of the Army—
Tanks, Jeeps, Command Cars, Weapons
Carriers, Half Tracks—are Tobe pro-
tected, too! Many of the nation’s lead-
ing manufacturers rely on Tobe’s fif-
teen vears experience in freeing radio
communication from electric interfer-
ence caused by Man Made Static.

Enjoy Radio On Your Own Boat

Civilian craft can’t get Tobe Filterettes
until our War has the new name of Vic-
tory. Then, on shipboard as well as in
your car and at home, you can banish
radio noise. As you lislen to long and
short wave radio — clear and sharp —
yau can say, “No Noise Please! Thanks
to Tobe Filterettes!”

wwWwW americanradiohistorv com

An tntegral part of the Tobe
Filterette design is the depend-
able Tobe Capucitor, manufac-
tured 1with all the care that New
England craftsmanship and
modern engineering can give.
It is the capacitor of the juture!
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UNIFORMITY,
DEPENDABILITY
AND ACCURACY

ASSURED!

-hp- instruments are as
revolutionary as the one dial radio.
Dependability of -hp- measuring
devices is assured by the rigid
standards maintained in produc-
tion. Prior to shipment, each instru-

Here a Model 200B is being checked for dis-
tortion with a 325A Distortion Analyzer.
Model 325A is a new instrument designed
for measuring harmonic distortion, fre-
quency response, hum and noise level on
audio equipment.

ment is carefully adjusted and its
performance checked against accu-
rate standards. Even before the
instrument is assembled, compo-
nent parts are measured and tested
to insure precise performance in
the finished instrument.

Needless to say that -hp- instru-
ments themselves are used in the
production line to check the
accuracy of other -hp- instruments
being manufactured.

HEWLETT PACKARD COMPANY

30X 135—I, STATION A, PALO ALTO, CALIFORNIA
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Fig. 4—Basic trigger circuit similar to
that of Fig 3 but requiring smaller voltage
to fire tube

by Mr. Skellett. Simple trigger circuits
are shown in Figs. 8 and 4 in which the
triggering impulse is shown applied
to the control grid through a trans-
former. These circuits are identical ex-
cept for the connections of the collector
grid, and secondary anode. Fundament-
ally the circuit operation in the two
cases is identical except that the circuit
of Fig. 4 triggers on a smaller voltage
variation than that of Fig. 3 and
therefore may be regarded as being
more sensitive.

In Figs. 5 and 6 are shown, respec-
tively, the fundamental connections for
a relaxation oscillator and a single tube
multivibrator.

f
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Fig. 5—Trigger tube as relaxation
oscillator
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Fig. 6—Connections for using trigger tube
as a one-tube multlivibrator

In conclusion it is shown that
although the tube described has been
made up with triode structures, the
application of the principle given in
this article is possible for more com-
plicated types of tube structures. It is
also pointed out that if the deflector
electrode is provided with a separate
lead rather than being connected in-
ternally to the cathode, it may be used
as an independent control of the trig-
gering action.

Transient Peak Voltmeter

THE JUNE ISSUE of the General Elec-
tric Review contains an article “Tran-
sient Peak Voltmeter,” by J. C. Han-

October 1942 — ELECTRONICS



VIBRATION CONTROL is only ONE REASON

ﬁf/ ® Z‘ //10 o
ORD MOUNTINGS in Electronic Assemblies

BONDED RUBBER

SEPRRITING MENAED

1 End Extensions— Provide clearance between the metal mem-
bers for free movement in shear.

2 End Shape— Throws flexing action away from the metal parts
into the rubber body, preventing stress concentration at the
edge of the bond.

3 Rubber-to-Metal Bond — Lord Methods produce a high ratio of
bond strength to working stress, resulting in a large factor of safety.

4 Rubber Compounds— Developed particularly for shear type
mountings and may be changed in stilfness to suit a wide range
of conditions.

5 Center Sleeve —Dimensions may be changed to meet any
unique mounting condition.

6 Sound— Transference through Solid Conduction is cut off by
Lord Mountings.

7 Safety— Metal washers, installed as shown, limit movement
under ordinary overload or shock. lf excessive overloads cause
the rubber to fail, the suspended member will not be released
without breaking one of the metal parts.

ORD Bonded Rubber Mountings offer many advan-
tages for the simplification of design, reduction of
weight, speedier and more economical construction, and
greater operating efficiency of mechanical equipment.

The primary function of these compact, easy-to-
install units is to isolate vibration. In addition, Lord
Mountings eliminate fatigue in the component parts of
the mounted assembly, and consequently, prolong oper-
ating life. The use of Lord Mountings eliminates the
necessity of close machining, allows for slight misalign-
ment and in some cases they can be used in place of
metal bearings, thereby reducing the number of points
requiring lubrication.

Lord Mountings are made in a wide range of
standard sizes; in Plate Form for loads ranging from a
few ounces up to 300 pounds each and in Tube Form
from a few pounds up to 1500 pounds each. Typical
methods of installation and design features of these
mountings are shown above. The wide selection of load
ratings makes possible the correct choice of mountings
where unequal load distribution exists.

Experienced Lord vibration engineers will be glad
to show you how Lord Mountings can help in the design
of products essential to our war effort. Bulletins 103 and
104 describe standard Lord Mountings and contain
helpful engineering information on vibration control.
Write for your copy.
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End Extensions-— Provide clearance between center metal
member and rubber Snubbing Shoulders for free movement
in shear.

Snubbing Shoulders — Arrest shock movement and supply a
cushioned stop on contact with metal washers.

End Shape — Throws tlexing actlon away from metal parts into
the rubber body, preventing stress concentration at the bond.

Rubber-to-Metal Bond — Lord Methods produce a high ratio
of bond strength to working stress, resulting in an ample factor
of safety.

Rubber Compounds— Developed particularly for shear type
mountings, may be changed in thickness of cross section and
in shifness to suit a wide range of conditions.

Sound — Transference through Solid Conduction is cut off by
Lord Mountings.

Satety — Metal washers, installed as shown, make up an inter-
locking system of metal parts, which limit and cushion excessive
movement under conditions of overload or shock.

LORD MOUNTINGS

E‘.’M,NA TE V,BRA T’on—through adequate flexibility

in direction of vibratory thrusts and stability in other directions.

E‘.’M’NA TE FA T’GUE—through reduction of repeated

stresses.

SPEED PRODUCT’ON——thxough elimination of close

machining of the mounting base or mounting points.

REDUCE WE’GHT—by eliminating the necessity of inertia

masses of heavy metal bases.

LORD MANUFACTURING COMPANY ... ERIE, PA.

245 E. OLIVE AVE., BURBANK, CAL. 280 MADISON AVE., NEwW YORK 844 N. RUSH ST., CHICAGO

IT TAKES RUBBER 1IN SHEAR
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Standard units: 600,
1000 and 1500 v.
DCW. in I, 2 and 4
mid. Also 2000, 2500
and 3000 v. D.C.W., in
1 and 2 mid.

IN FIGHTING TOGS
Type - 05
Oil Filled Capacitors

Can sizes: 2, 215 and
3" dia. by 2% to 514"
tall.

Adjustable mounting
ring for upright or in-
verted mounting any
height above or be-
low chassis, with ter-
minals above or below.

@ This popular type oilfilled transmitting capacitor has donned
fighting clothes. Gone is the shiny aluminum can, for aluminum

Immersion-proof double
rubber bakelite wash-
ers for screw-stud ter-
minals.

is @ premium war metal that must be conserved. In its place
is the fighting touch of battleship gray paint protecting the
ribbed and reinforced steel can.

Ceramic insulator pil-
lars slip over screw-

stud terminal assem-
bly.

It's a still tougher capacitor, this wartime Type ‘05. The high-
voliage ceramic insulators slip over screw-stud assemblies
which include rubber bakelite washers and lock nuts for per-
fect electrical and mechanical construction—to meet all gov-
ernmental immersion requirements. The three-point support of
the adjustable mounting ring means rigid upright or inverted
mounting, with terminals at top or bottom, at any height above
or below chassis. In its fighting togs, the Type ‘05 is a tough
capacitor for the tough wartime applications. And it is typical
of other Aerovox wartime types.

Now in ribbed and re-
inforced steel can fin-
ished in  battleship
gray paint,

One of several types
of Hyvol or high-volt-
age oil-filled capaci-
tors in round and
rectangular containers,
and in working volt-
ages up to 7500 v.
D.C.W.

® Write for DATA . . .

" NEW BEDFORD, MASS.

In Canaa
o ‘ AEROVOX.CRNR&I‘\‘ LD, |
e : Pok“ysrﬁcu st Y- |
Principal Cities . L |
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cock and B. R. Shepard, describing an
instrument which will indicate the peak
values of volt transient and recurrent
voltage, with the use of a recurrent
voltage indicator and without the nec-
essity of recording and developing
film traces.

The equipment consists of a direct-
coupled amplitier with three input con-
nections to accommodate the standard,

sensitive, and super-sensitive zalva-
nometer used with muagnetic oscillo-
graph. A block diagram of the essen-

tial elements of the transient peak
voltmeter is shown in Fig. 1. Two
capacitors are charged by the positive
and the negative values encountered,
and the charges are read through the

— e - - -
Plus Plus
Charging| lMamu. i
chofineut Arpiifier] ifier Amplifier
Gzo|Atten Inverter| - —_—
65 ol vartor Stage || Minus { Minus
O and Charging l J Measur
3 Zero Amplifier L |Amplifier )
c40|Shifter — T )
Fig. 1—Block diagram of essential ele-

menis of transient peak voltmeter

speeial block amplifiers on two panel
instruments. The indication is main-
tained on the instrument for approxi-
mately 30 seconds after the occurrence
of the peak, and accurate indications
arve obtained for peaks lasting 1 milli-
second or longer. After each test the
two instruments are set back to zero by
means of push-buttons on the panel
and the instrument is then ready for
another operation.

Fundamentally, the method of meas-
uring the peak voltage is to charge a
condenser to the peak of the transient
voltage and then measure the charge
or voltage on the condenser after the
passage of the peak. In the measure-
ment of transients, the condenser must
hold its charge for an appreciable
length of time and accordingly the leak-
age of the condenser and associated
circuits is extremely important since it
determines the length of time that
the peak voltage can be read after the
transient has passed. This time can
be made 10 to 15 seconds or longer by
means of the circuit shown in Fig. 2.

The leakage is reduced to a very
low value by isolating the condenser
with the vucuum tube V. and V, The

Fig. 2-—Schematic diagram of the circuit
connections of the transient peak voltmeter
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Selected
for Dependability

The lives of America’s fighting men—
the winning of America’s battles
depend on swift, sure radio com-
munications.

Army radio equipment must be com-
pletely dependable. Exacting Army
specifications make sure it will be.

The Air Corps and Signal Corps test,
cpprove, and use Murdock Radio

. RADIO Phones.
t PHONES

MU
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RDOCK MANUFACTURING COMPANY— Chelsea, Mass.
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Y-axis or vertical deflec-

tion response uniform

from 20 ¢.p.s. to 2 mega-

cycles. Distortionless in-
put attenuator and gain
control.

Widest variety of signal
input connections. Sig-
nals can be connected
at the front panel di-
rectly to deflection plates
of 3" cathode-ray tube
when frequencies are
above useful limits of
amplifiers.

Y-amplifier has input
connection for test probe
with shielded cable, re-
ducing input capacitance
and eliminating usual
stray pickup.

All high-voltage electro-
lytic capacitors are elim-
inated from circuit.

145" h.; 83" w.; 151"
d.; 49 lbs.

- 2

(744

FREQUENCY RESPONSE
TO TWO MILLION CYCLES!

Y Out of the flaming crucible of war which tries
equipment as well as men’s souls, comes this new
DuMont Type 224 Oscillograph.

First and foremost, its wide band Y-axis amplifier
permits study of signals of frequencies far beyond
the range of standard oscillographs. It has a
comparably faithful square  and sinusoidal wave
response., Second, it is a more versatile oscillo-
graph, providing extreme variety in the application
of signal to the cathode-ray tube. Third, it is
housed for severe service out in the field as well
as in plant or laboratory. Protective, removable
cover safeguards panel and controls when not
in use, especially in transit.

These and other attractive ieatures make this
war baby outsianding among oscillographs.

Write for Literature . ..

ALLEN B. DU MONT
LABORATORIES, Inc.

Passaic « New Jersey
Cable Address: Wespexlin, New York

www.americanradiohistorv.com

condenser C, is charged by the plate
current which flows through the tube
Vs When the tube is not charging it
is biased to plate-current cut-off so
that there will be no leakage. The
charge or voltage on the condenser is
measured by the plate current in the
tube V.. The condenser voltage is like-
wise the grid voltage of this tube, and
therefore, the plate current of V. will
be an indication of the voltage on the
condenser. Tube 1. is operated at a
point of very low grid current so that
the charge on C will not leak off.

Recording Low
Intensity Flashes

IN THE APRIL ISSUE of the Review of
Scientific Instruments, Charles Butt
and Robert F. Alexander, in an article
“A Method of Recording Low Intensity
Flashes of Light,” deseribe a circuit
for recording low intensity flashes of
light of luminous animals such as the
livefly. Between an alternating cur-
rent source and a high gain a-¢ ampli-
fier, a phototube bridge circuit is in-
serted eapable of blocking the a-c signal
when the phototubes are dark. Light
falling on the phototube allows the a-c
signal to pass the bridge, the output
of the bridge being amplified and re-
corded photographically by the use of
cathode-ray oscilloscopes.
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Bridge circuit for the determination of
low intensities

The input bridge cireuit is perhaps
the most interesting feature of the
entire method and is shown diagram-
matically in Fig. 1. The source of
power is fed to the two terminals at
the left to the transformer which
impresses an alternate voltage across
the resistors R, and R.. These re-
sistors form one pair of arms of the
bridge, while the phototube and the
resistor K. in the condenser C forms
the remaining two arms. The bridge
indicator is formed by the resistor R:
in conjunction with a high gain a-c
amplifier,

Even when completely in the davk,
the phototube has a certain resistance
in shunt with its equivalent capaci-
tance. These are balanced in one of
the four bridge arms by means of the
resistor B, and the condenser C. The
bridge is balanced by adjustment of the
voltage divider so that B. is equal to
R: and adjustment of the capacity,
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FRANKLIN ELECTRONIC COMPONENTS

® lllustrated are & few of the parts whizh we a-e now making in large quantities for
many leading manufacturers of radio, electrica, circraft and eledtronic equipment and in-
struments. Our complete tocl room and manufactusing facilities asssre you prompt service on
deliveries, Our skilled emgireers —who undersiand Army, Navy and Signal Corps specifica-
tions —are available to discuss your design problems Quotations made promptly from your

“blueprints. Check your reqtiremen-s with us. ‘e mav be already tooled up to make the
components you need.

A. W. FRANKLIN MFG. CORP.

175 VARICK STREET . . . . NEW YORK, N.Y.

Sockets ¢ Terminal Strips © Plogs * Switches  Plasfics Fabrication * Metal Stampings ® Assemblies
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No. 33 in the series of ALLIED AIRCRAFT RELAYS

LATCHING RELAY

Model BJU

The BJU Latching Relay locks mechanically in either
position so that only momentary current needs o

be applied to the coils.

Its precision built characteristics and its specialized
design and engineering give the BJU Relay the
dependability so necessary in Aircraft Relays.

Four Pole double throw.

Maximum five amps per con-
tact—non-inductive.

Available in standard AC or
DC ranges.

Built to Army, Navy or CAA

specifications.
Weight seven ounces.

Dimensions: | 13/16ths by |
5/16ths by 2 inches.

ALLIED
CONTROL COMPANY. Inc., 227 Fulton Street, N. Y.

Factories
New York City . . . Long Island City . . . Chicago . . . Plantsville, Conn.
e — e = S e e N
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| C. When propetly balanced no voltage

appears across the resistance R; when
the phototubes are dark. However,
when light falls on the phototube, the
bridge becomes unbalanced and pro-
duces a voltage across R; which
is amplified by a suitable amplifier.
| This amplifier consists of a four-stuge
[ capacity coupled amplificr employing a

type 1851 tube in the first stace to
| obtain the desired high gain.

New Radio Standards

THREE NEW STANDARDS on radio have
recently been issued by the Institute of
Radio Engineers and forwarded to all
members of the L.R.E. as a supplement
to the Proceedings of the I.R.E. for

July 1942. These standards are en-

titled “Standards on Radio Wave Prop-
agation — Definitions of  Terms,”
“Standards on Radio Wave Propaga-
tion—Measuring Methods,” and “Stand-
ards on Facsimile—Definitions of
Terms.”

The definitions of terms on radio
wave propagation are divided into three
sections covering general definitions,
definitions on noise, and definitions re-
lating to the ionosphere and the propa-
gation of waves through it. A com-
plete index is provided.

The standard on measuring methods
of radio wave propagation is divided
into sections on “Methods of Measuring
Radio Field Intensity,” “Methods of
Measuring Power Radiated from an
Antenna,” and “Methods of Measuring
Noise Field Intensity.” This standard
contains g chart for the graphical de-
termination of inverse-distance radio
field intensity at 1 kilometer, using the
equivalent radiat<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>