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HEAMETIC SEALING

a type for every requirement

May we cooperate with you on design savings for your application . . . war or postwar?
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Sandy Hook
Lighthouse,
built in 1764.

oN THE BEAM

for nearly two centuries

Tobe Capacitors, too, are “on the beam”—giving years
of dependable service . . . for, at Tobe, long life is as
integral a specification. as the dimensions themselves.
That is why, with millions of Tobe Capacitors oper-
ating under all conditions, “‘returns” are practically
negligible. Continuation of this enviable record rests
on long, specialized manufacturing experience—inten-
sive inspections — and constant research. Illustrated
below is the Tobe OM-Capacitor. This capacitor is a
mineral oil impregnated unit in a streamlined drawn
container, hermetically sealed. The hold-down bracket
permits the use of either inverted or upright terminals,
with wiring underneath or on top of chassis. You will
find Tobe engineers ready to cooperate on your own
capacitor problems. Why not inquire now?

SPECIFICATIONS

2

OM-CAPACITORS MIDGET OM-CAPACITORS
TYPE OM-* TYPE OMM-*
RATINES : : .05 to 2.0 mfd. 600 V.D. C. RATINGS . . . .05, .1 and

.05 mfd. to 1.0 mfd. 1,000 V.D.C.

STANDARD CAPACITY TOLERANCE . . . . . 209 **
TESUVOLTAGE . . . .. Twice D. C. rating
GROUND TEST. . . . ... 2,500 Volts D. C.

OPERATING TEMPERATURE . .-55°Fto 185°F
SHUNT RESISTANCE

.05 to 0.1 mfd. 20,000 megohms

.25 to 0.5 mfd. 12,000 megohms

1.0 to 2.0 mfd. 12,000 megohms
POWER FACTOR

At 1,000 cycles—.002 to .005

CONTAINER SIZE

Width %", length 154", height 2%4"

MOUNTING HOLE CENTERS . . . ... ... 1"

2x.05 600 V.D.C.

-05x.1 1000 V.D.C.

STANDARD CAPACITY TOLERANCE . . . . . 209%**

GROUND TEST . . . ..... 2,500 V. D.C.

OPERATING TEMPERATURES . . -55° F to 185° F

SHUNT RESISTANCE . . . . 20,000 megohms

POWER FACTOR . . At 1,000 cycles—.0075
CONTAINER SIZE

Width %, length 154¢’, height 114"

MOUNTING HOLE CENTERS . . . . ... .. 1%"

*Data sheets showing complete code ﬁi}ber for units having a specific capaci-
tance value and voltage rating available $iErequest. **Qther tolerances available.

A SMALL PART IN VICTORY TODAY...A BIG PART IN INDUSTRY TOMORROW
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Your originals belong :

ENCIL originals are precious, but even
when they are new they often give un-
satisfactory shop prints. When they are
handled, they wear and blur. Prints made

from them get cloudier still.

So use your pencil originals only once—
to make PHOTACT Prints with /nk-intense
lines on PHOTACT Tracing Paper or Cloth.
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Then make all the blueprints, blue or’
blackline prints or brownprint negatives you
need from your PHOTACT Prints. They
will be more legible than any made from

the average pencil original.

For full information, write on your letter-
head to PHOTACT Department, Keuffel
& Esser Co., Hoboken, N. J.

Reg. U. S. Pat. Of.,

PHOTACT =

REPRODUCTION PAPERS AND CLOTHS TRADE MARK

ESTABLISHED 1867

Drafting, Reproduction, Surveying

Slide Rules. Measuring Tapes.

\ . >  KEUFFE L & E SSER CO. Equipment and Materials.

CHICAGO . DETROIT « ST. LOUIS « NEW YORK « HOBOKEN . SANFRANCISCO . LOS ANGELES . MONTREAL
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WESTINGHOUSE ELECTRONIC TUBES .

e P ESE WESTINGHOUSE TUBES NOW

. . DOING A JOB ON

AVAILABLE IN LIMITED QUANTITIES

WL-195
WL-196
WL-463
KU-610
KU-627
KU-628
KU-629

Pliotron
Pliotron
Pliotron

. Thyratron
. Thyratron
. Thyratron
. Thyratron

WL-632A .

WL-651/656

WL-652/657

WL-655/658

WL-672
KU-676
WL-677

Thyratron
Tgnitron
Ignitron
Ignitron

. Thyratron
. Thyratron
. Thyratron

WL-681/686

WL-710
WL-788
WL-857B
WL-892
WL-895
WL-896

. Ignitron
Ballast Tube
Ballast Tube

Phanotron
Pliotron
Pliotron

Ballast Tube

July 1944 — ELECTRONICS
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EVERY FRONT, IN EVERY BATTLE. IN EVERY WAR INDUSTRY

2l a7l A,

A certain tvpe of Westinghouse Electronic Tube was urgently needed in
England. Every night, as the last lot came off the test rack at our Bloomfield

Plant, we had a cab waiting

g, ready to rush it to the airport for bomber

ferry across the Atlantic. Today, things are different. Engincering ingenuity
and a vast program of plant expansion have n.lultiplied Westinghouse
Electronic Tube production 30 times. We've trained 28 new .workers for
each one formerly eilll)IO)cd, cxpanded floor space 20 times. And now we’re
not only meeting time and quality musts on all Government contracts—
we're also continuing to supply the heavy demands of war industry.

Y our nearest W estinghouse Office or Distributor will be glad to receive your
inquiries for W estinghouse Tubes. Westinghouse Electric & Manufacturing

Company, Bloomfield, N. J.

Westinghouse

PLANTS IN 25 CITIES. .. OFFICES EVERYWHERE

Quality Controlled ELECTRONIC TUBES

WESTINGHUUSE PRESENTS JOHN CHARLES THOMAS * SUNDAY 2:30 EWT., N.B.C. % TOPOF THE EVENING « MON.WED, FRI. 10:15 EWT.,BLUE NET.
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MPEREX

WATER AND AIR COOLED

TRANSMITTING and RECTIFYING TUBES

Singular care and precision are demanded in

Amperex small glass lathe operations.Ever cautious,
our engineers designed ingenious holders and fires
which were developed in the Amperex Tool Shop.
In the hands of finely trained technicians, these
holders and fires are utilized to assure the high
degree of satisfaction well known to Amperex tube
users. In broadcasting and transmission applications,
in industrial, electro-medical and military assign-
ments such “Amperextras’’ substantially influence

efficiency and economy of operation.

¢ docan’t hint . - - & docan't affect your healtk.
Pk the man who's donated Ulsod ta the Red (roca.

AMPEREX ELECTRONIC PRODUCTS |

79 WASHINGTON STREET BROOKLYN 1, N. Y.
EXPORT DIVISION: 13 EAST 40m STREET, NEW YORK 16, N. Y., CABLES: “ARLAB"

ELECTRONICS — July 1944 7



5 NYM'TE

SMALLEST PAPER

CAPACITOR

TYPE yet 100%

»sN_ MOISTUREPROOF

FEATURES

. Bakelite Resinoid Ends. Lead wire cannot
pull out, even under hot conditions.

. Non-Inductive.

. Excellent Temperature Coefficient.
. Very high leakage Resistance.

. Fine Power-Factor.

. Range from 20 MMFD to .25 MFD.
From 150 volts to 600 volis.

. Types P4N, PSN for 100% humidity opera:
tion.
. Types P4, P5 for 95% humidity operation.

Samples and price list on Request

BUY EXTRA WAR BONDS . . .
. 'Til THE WAR S OVER.

DUMONT

ELECTRIC CO.

MEFR'S OF
CAPACITORS FOR EVERY REQUIREMENT

34 HUBERT STREET NEW YORK, N. Y.
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Cemented
construction

G-E glass-fused
construction

OF G-E CATHODE-RAY TUBES
KEEPS THE ELECTRON GUN
SHOOTING STRAIGHT

GENERAL ELECTRIC originated the umique type of
“skyscraper” construction which today is used in
all G-E cathode-ray tubes. Here the electron gun,
which is the heart of the tube, is mounted rigidly
so it will position the electron bcam accurately
throughout the life of the tube.

In this G-E “skyscraper” construction, support-
ing arms are welded to the gun assembly, then
solidly fused into uprights of strong, clear glass.
No cemented construction! No rough, porous or
soluble insulating materials to pick up, during
assembly, particles of metal that contribute to leak-
age; or to retain gases that detract from the per-
formance and life of the tube! No cemented parts
- to become loose in the process of cleaning or under

Type GL-5CPl A
£ %

vibration in service! . . . Instead, hard mirror-
smooth glass that can be thoroughly cleaned of
all contamination before the tube is sealed!

W RITE for descriptive literature on G-E cath-
ode-ray tubes. We will be glad to help you in
solving your application problems. Electronics
Department, General Electric, Schenectady, N. Y.

G-E TUBES ARE FIRST IN-INDUSTRY, T00! The G-E phototube,
or “electric eye,” for instance, performs amazing tasks of
counting, sorting, grading, maintaining precise register in
printing, detecting flaws in sheet metal, actuating safety
devices, and many other functions.

® Tune in “The World Today” every evening except Sundoy at
6:45 EW.T. over CBS. On Sunday listen to the G-E “All Girl
Orchestra” at 10 P. M. E-W.T. vver NRC.

G. E.
DEVELOPM

GENERAL@ ELECTRIC

t81.c%
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Locate your transmitter for
maximum coverage

Locate your studio for maximum

convenience

- Bridge the gap without wires
SA

FM Broadcas?
Antenna

® Tune in General Electric’s “*The

World Today” and hear the news from

the men who see it happen, every

cvening except Sunday at 6:45 EW.T.

over CBS network. On Sunday evening .
listen to the G-E “All Girl Orchestra”

at 10 EW.T. over NBC. S-T Relay Transm'tter (25-watt) Station foartor end Corverter




THROUGH proved performance in the
six already established relay systems;
G-E S-T {studio-to-transmitter) relay"
equipment offers a practical method
by which you can reliably and eco-
nomically relay your FM programs
from studio to transmitter.

Extremely high fidelity, low mnoise
level and a virtual zbsence of distor-
tion are additional advantages of this
exclusive G-E equipment. Completely
dependable, too! Rain, sleet, floods
or windstorms have no effect on this
unique system “without wires.” Dis-
tance is nmot a problem, for G-E S-T
equipment is now reliably functioning
up to airline distances of as much as

110 miles.

The G-E S.T relar transmitter is
of the econemical low-power rating of
25 watts. The G-E directional S-T re-
lay antenna beams the signals to a
receiving antenna of the same type
at your G-E broadcast transmitter lo-
cation. The total power gain of this
system is 100, Thence, with full fidelity
and further power gain, the programs
go out over your service area through
the easily tuned G-E circular broad-
cast antenna. . .. G-E S-T equipment
is low in initial cost and economical
to operate. Write for details, and in-
formation. Our engineers will be glad
to discuss your problems with you.
Section 3-D, Electronics Department,
General Electric, Schenectady, N. Y.

S-T Receiver

FM Broadcast Transmitier (1000-watt. Others 250-watt fo 50-kw)

DEVELOPMENT

The G-E disk-seal tube, an ultra-
modern transmitting. type, Smakes
possible radio relaying of FM and
television programs at very high
frequencies. It will be used in
post-war studio-to-transmitter and
network relays,
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A Constellation co
CGW“Z{WSW ,

HERE’S a new constellation in the skies, a

~ star of stars...a new master of the heavens.
v This great ship, conceived by TWA....built by
Lockheed, holds a mighty promise, a promise
of tremendous developments in peacetime air
transport. We are proud to share in its record-
breaking glory and in its promise... proud that
AAC Hydraulic Controls are among the many
stars which make up this Constellation. These
precision units are another mark of AAC
leadership in Engineered Power Controls...in

the air, on land, and on the sea.

(P-74)

PUWER CONTROLS DIVISION

BURBANK, CALIFORNIA

e
2

i ttees .l
i PR
e S ,-,S:n*

‘.T,- ‘ " RO

&

fs i R SR
i ‘“MQA--L&MC..;N&F .,w-._.m{k‘:%h 2 §§, . o

i

ACCESSORIES &0RP0RA TION

CONTROLS « PRECISION RADIO and ELECTRONICS

Kansas City, Kans. Cable Address: AACPRQO




MODEL J31A

{for high ambient temperatures)
400 Cycles, 115 Volts.
1/100 H.P. Weight 15
oz. Diameter 113¢".
Length 2235,

L]

S,
e

MODEL J318B

400 to 1200 Cycles
variable frequency 115
Volts. 15 oz. Diameter
113¢s”. Length 225",

MODEL J61

28 Volts D.C. Torque
unit. Developes 5 oz. in.
throughout 90° swing.
Diameter 134”. Length
214",

EASTE
An Affiliate of The
585 DEAN STREET,

MODELS J36
AND J36A

Voltage Generator,
Weight 20 oz. Length
3”.Diameter 214”. Out-
put voltage is linear
with speed to within
+1% and voltages are
equal with +1% of
rotation.

J36—FromZeroto S000 R.P.M.
J36A—under 200 R.P.M.

RN AIR DEVICES, INC.

Fred Goat Co., Inc.,
BROOKLYN 17,

Est. 1893
N. Y.

MODEL J31

{for general applications)

400 Cycles, 115 Volts,
1/50 H.P. Weight 15 oz.
Diometer 1134”. Length
2295” .

MODELS J49
AND JA9A

115 Volts, 1/250 H.P.
Weight 16 oz. Diameter
134”. Length 21145".

349—60 Cycles
J49A—400 Cycles

July 1944 — ELECTRONICS




Since National Union established new produc-
tion records on cathode-ray tubes—the dream
of low-cost television for the average post-war
home has taken a long step toward fulfillment.

Consider the fact that National Union has suc-
ceeded in raising its cathode-ray tube pro-
duction to a volume many times greater than
the combined pre-war C-R tube output of
the entire industry! To achieve such a produc-
tion miracle required, of course, completely
new techniques, new mechanical aids to opera-
tors, new quality control measures. But above
all, it required imagination and technical
capacity to cut loose from the long prevalent
conception that the manufacture of cathode-

W G000 NEWS FOR

TELEVISION/

ray tubes was strictly a laboratory project.
N. U. engineers proved that these laboratory
techniques coxld be adapted to high speed
streamline mass production. And, it is signifi-
cant that N. U. C-R tubes have acquired at the
same time an international quality reputation,
with special distinction for their superior
fluorescent screens.

In the post-war expansion of television, as in
other applications of electronic tubes for home
and industry, National Union achievements in
engineering and production have set new hori-
zons. Remember to coxnt on National Union.

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

ELECTRONICS — July 1944



e Inend ¢ To
CERAMIC-METAL SUB ASSEMBLIES

"FOR GREAT
ACHIEVEMENT™

y - |

Condenser Courtesy of
General Instrument Corporation

ILILUS;RATED is a “precision condenser” equipped with
Stupakoff insulators and metallized ceramic sub-assembly.
This metallized ceramic rotor shaft is only one of many

STAINLESS STEEL BALL RACE - Toleronce + 0005

rer ETAL a5 extremely accurate sub-assemblies produced by Stupakoff.

| 1 Cor-ectly engineered, laboratory perfected and con-

im - | l—v' . '—-.-D] versed to large scale production, such parts offer optimum
- - - o =2 electrical and mechanical characteristics.

‘ Use our experience to solve your special problems.

e = CpRamiC SHAFT 2= | Write, wire or phone—our engineering and production

facilities are ready to serve you promptly

BUY MORE THAN BEFORE IN THE FIFTH WAR LOAN

—
‘L S LN jCIHE B89 7
L

L %551 LJ1 IyA &@F ‘fj

o STUPAKOFF CERAM|C AND MANUFACTURING Co., LATROBE, PA. |

o
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—Air

v Only imagination now limits the extent to
which new electronic communication develop-
ments will serve to smooth the path of future
flight. Amazing applications-of electronics to
air communications have already brought new
methods of aircraft control to aid our gallant
airmen in war. Advancements to come will
bring the greatest safety, convenience and
economy in aviation the world has ever known!
Air Communications,Inc. is proud to be a rec-
ognized member of the industry that is con-
stantly working toward that goal.

LOMMUNICATIONS, IV g

KAKNSAS CITY 8, MISSOURI

_-_Q-LH_-. i vy -

Today many precision-built Air Commun-
ications products are serving a fighting America.
Equipment that calls for almost unbelievable
accuracy, some parts of which must be perfect
to 1/10,000th of an inch, is continually rolling
off our assembly lines. Our engineers are busy
designing other important devices to aid avi-
ation now and in the future.

After victory, our complete facilities will be
utilized to further the advancement of air com-
munications. In the meantime, our cooperative
engineering is available to help you solve your
engineering problems of the future.

'Ds






- NEW!
MYCALEX 400

THE ONLY HIGH FREQUENCY
_ INSULATION FOR ELECTRONICS
COMBINING THESE LONG-SOUGHT ADVANTAGES:

MACHINABILITY TO
TOLERANCES AS
CLOSE AS = 0.001 IN.

L-4
CHARACTERISTICS

i e - i LE = S =

TODAY'S news about low-loss insulation is that MYCALEX 400 is
making other glass-and-mica insulation old-fashioned. It is no longer
true that “all glass-bonded mica is pretty much the same.”

Before the advent of MYCALEX 400, it was impossible to obtain L-4
characteristics plus precise machinability in one and the same insulation. R
Amblent Temperature 70' F.

But now MYCALEX 400 combines these long-sought dual advantages. Yet o ond Mumldiy 0%)
this vastly improved ALL-PURPOSE MYCALEX costs no more. '

MYCALEX 400 hos o loss factor considerably lower than

any other insulation in its class. Its surface resistivity is higher than that of

.,
LOSS FACTOR

other comparable insulators. This is an important advancement where the
application involves high temperature and high humidity, as in the tropics.

Unlike other low-loss ceramic insulators, MYCALEX 400 can be machined
with precision . . drilled, tapped, milled, sawed, turned on a lathe and
threaded. It has exceedingly low vapor pressure. It makes a pertect seal
with metal.

M YCALEX Is not a generic term designating a class of materials,
but is the registered trade name for the low loss insulation manutactured
in the Western Hemisphere by the Mycalex Corporation of America

Write for samples. Order any quantities, in sheets or rods - or have us
fabricate your component products 1n Mycalex.

INSULATING BLOCK

N e s o e

MYCALEX CORPORATION
OF AMERICA

Exclusive Licensee under all patents of MYCALEX (RARENT) CO. LTD.

60 CLIFTON BOULEVARD CLIFTON, NEW JERSEY
EXECUTIVE OFFICES: 30 ROCKEFELLER PLAZA, NEW YOBK 20, N. Y

THE INSULATOR




That is the plus element you get at no extra cost.* Many manufacturers are producing
plugs and jacks, some are very clever copies and some are not so clever. Some of these
manufacturers are experienced in making electrical parts and many are not.

In Johnson you get the benefit of a quarter of a century of experience in manufacturing
radio transmitter components and assemblies—a manufacturer who knows transmitter parts
requirements and in fact, to assist the war effort, is actually building transmitters for the
armed forces. Johnson engineers are therefore thoroughly familiar with the applications and
functional requirements of all transmitter parts and these parts become more than mere
mechanical assemblies. Many products are original Johnson designs and considered standard
for comparison by the industry.

Whether the new "miniature' plugs featured above, the "standard” plugs manufactured
by Johnson for years, or ‘specials” for particular applications, Johnson plugs and jacks are
designed by the same engineers, produced by the same skilled hands, and carry the same
Johnson guarantee of quality.

If you have a plug or jack problem, write or call for Johnson's recommendations and
quotation. Johnson is especially well equipped to furnish complete assemblies of plugs and
jacks, using any insulating materials, and in combination with other metal parts.

*[n most cases Johnson plugs and jacks are actually less because of quantity production.

Do you have the new catalog 968D?

a 5amoa.4 name in /-

Ye s A
B w

TRREaNE 35 e s bt 4

{
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Electronic Wizardry
Phicteo Engimeens Greatea Waster Mind

that THINKS...
READS...CALCULATES
...CALIBRATES

AMONG PHILCO’S many contributions
to the war effort was the creation of the
electronic “master mind” pictured here.
Last year alone, it saved 144,000 man-
hours of labor and, with other econo-
mies, reduced the cost of one type
of radio equipment to the Government
by $1,170,000.

Perfected only after many months of
exhaustive research and development by
Philco engineering ingenuity, this device
replaced a tedious and intricate hand cali-
brating operation, which was slow and
subject to human error. Employing 126
tubes, the Philco “Master Mind” can
“think,” calibrate, calculate, and record

dial readings many times faster than any
human being —at a great saving of time
and without danger of error.

Another example of Philco research and
engineering “know-how” which, while
fulfilling emergency war needs, prom-
ises important peacetime applications
in industry after Victory !

PHILCO

CORPORATION
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AMPERES
D.C

READY TO TRANSMIT

~ ~yet standby current is zerol

To reduce drain on batteries specify
KAAR Jnstant- Heating RADIOTELEPHONES

One of the special features of
Kaar mobile transmitters is their
instant heating tubes. When the
“push-to-talk” button on the mi-
crophoneis pressed, the transmit-
ter immediately goes on the air...
but between transmissions stand-
by current is zero. By eliminating
battery drain during standby per-
iods, this 22-watt transmitter can
be operated from a vehicle’s 6-
volt ignition battery without re-
quiring frequent re-charging.

The PTS-22X shown above op-
erates on frequencies between 30

and 40 megacycles. (Available up
to 62-MC on special order.) Two
other Kaar transmitters, the PTL-
10X and PTL-22X, for operation
in the 1600-2900 KC band, are
likewise equipped throughout
with instant heating tubes.
Notice also how the dust cover
can be removed by releasing two
luggage type catches. Likewise
the entire chassis can be removed
for checking or servicing by re-
leasing four additional catches.
These arebuttwo of the features
which make Kaar Radiotele-

phones so popular for military,
civil and commercial communi-
cation between mobile units and
a central station.

KAAR

ENGINEERING CO.

PALO ALTO, CALIFORNIA
::/ KAARt:
U

ENGINEERING
e co.

Export Agents: FRAZAR & HANSEN
301 Clay St., San Francisco 11, Calif.,U.S. A.

MOBILE RECEIVERS —Crystal

controlled superheterodynes

for medium ond high frequen-
cies. Easy to service,

CRYSTALS—low-drift quartz

plotes.Fundamentaland

harmonic types availoble in
various holders.

CONDENSERS—Many types
of small variable aircon-
densers available for tank
circuit ond antenna tuning.

MICROPHONES —Type 4-C

single button carbon. Superb

voice quality, high output,
moisture proof.

POWER PACKS —Heavy
duty vibrators and power
supplies for transmitters,
receivers. 6,12,32,voltDC.
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ni
s
BTETNE S -

e
S
- -

20

July 1944 — ELECTRONICS




" Capacities from
6 to 2000 MMF

Less than one half inch in diameter. .. capacities from
6 MMF to 2000 MMF . . . ideal for numerous UHF
and VHF applications.

Mica discs of the highest grade. individually silvered
for maximum stability and stacked to eliminate any
book effect. The assembly is vacuum impregnated.
Available in a variety of terminals. All units are
color coded.

Form 586 is available for additional information on
these CENTRALAB Silver Mica Capacitors.

Cenab

Division of GLOBE-UNION INC., Milwaukee
PRODUCERS OF VARIABLE RESISTORS - SELECTOR SWITCHES - CERAMIC CAPACITORS, FIXED AND VARIABLE - STEATITE. INSULATORS

ELECTRONICS — July 1944 2|
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Standard aluminum fastening devices, manu-
factured by Alcoa in various alloys of Alcoa
Aluminum, meet the rigid requirements of the
many industries assembling aluminum prod-
ucts. A high degree of precision is maintained.
They contribute security, light weight, ease
of handling, fine appearance and corrosion
resistance.

Strong aluminum alloy serews, bolts, nuts
and rivets make dependable fastening devices;
witness the aircraft using millions of them
daily. Include these items in your designs and

gain the security which comes from fastening

aluminum with aluminum, and the economies
obtained by standardization.

Alcoa standard screw products are now
available in all needed types, sizes and
finishes. “Stock” items are carried in ware-
house stocks, strategically located through-
out the country, by all authorized Alcoa
distributors. Where special parts are required,
manufacturing facilities are available for
producing them.

For a copy of this new catalog, write
ALuMINUM COMPANY OF AMERICA, 2136 Gulf

Building, Pittsburgh 19, Pennsylvania.

July 1944 — ELECTRONICS
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The basic Micro Switch is a thumb-size,
feather-light, plastic enclosed, precision,
snap-acting switch, Underwriters’ listed
and rated at 1200 V.A. at 125 to 460 volts
a-c. Capacity on d-c depends on load
characteristics. Accurate repeat perform-
ance isexperienced over million¥ of oper-
ations. ‘A wide variety of basic switches
and actuators meets requirements varying

-from high vibration resistance to sensi-

tivity in response to operating force and
motion as low as 2/1000 Oz. In. Many
types of metal housings are available,

P> Let’s All Back the Attack—
Buy EXTRA War Bonds 11 Park PL, New York City (7) » 1709 W. 8th St., Los Angeles (14)

HAMILTON
STANDARD
PROPELLERS

Rely on

14 MICRO
SWITCHES

to Check

602 DIMENSIONS
PER MINUTE

H

Hamilton Standard Propellers of East Hartford, Conn., division of United
Aircraft Corporation, rely on 14 Micro Switches to accurately check the seven
dimensions of their tiny blade retainers to tolerances as close as .0005”.

Hand inspection with conventional gauges took from one to three minutes
for each of the small U-shaped parts. In conjunction with General Control
Company, of Cambridge, Mass., Hamilton engingers devised the “Gage-O-
Matic” machine shown here which accurately and automatically checks all
seven dimensions at the rate of 86 pieces per minute.. . . 602 precise checkings
each minute,

The Micro Switch equipped “Gage-O-Matic” machine uses two Micro
Switches at each of seven stations through which the parts are passed auto-
matically. The Micro Switches energize solenoids to either discard the piece
or pass it for the next measurement. Pieces which pass all séven tests arrive
in the "OK" drawer. Those which have been 'discarded, 8o to their respective
drawers, depending upon the defect.

This use of Micro Switch by Hamilton Standard Propellers is just one example
of the way in which this tiny, accurate, dependable, snap-acting electric
switch is enabling all industry to do old jobs better . . . often to accomplish
results not possible with earlier types of switches.

New products now being designed will make use of the wide range of charac-
teristics which can be built into basic Micro Switches and the thousands of
combinations of switches with special housings and actuators. Send for the
Micro Switch Catalog No. 60 today.

Send for Catalog No. 70 if you are interested in Micro Switches for Aircraft.

Micro Switch Corporation, Freeport, Ill.
Branches: 43 E. Ohio St., Chicago (11) s 4900 Euclid Ave., Cleveland (3)

Sales & Engmeenng Offices: Boston  Hartford » Poxﬂand Oze. ¢ Dallas, Tex.

The trademark MICRO SWITCH is our properfy and identifies switchas made by Micro Switch Corporation © 1044

MICRO M& SWITCH

MARK

Made Only By Micro Switch Corporation . . . Freeport, Illinois, U. S. A.



~ ANNOUNCING

The new Holtzer-Cabot insulation resist-
ance tester is a precision-built unit specifi-
cally designed for insulation resistance test-
ing of all types of electrical equipment. A
self-contained testing package, it is ready
to use anywhere.

Because it generates its own power through
the hand crank generator, users are always
assured of 500 Volts D. C. ... there are no

weak batteries to contend with. Simple and
easy to use by practically any engineer or
maintenance man.

Protect your equipment from insulation
failures and avoid possible production de-
lays, shut-downs, and costly repairs. Use a
Holtzer-Cabot insulation resistance tester
for periodic tests on «// equipment. Write
for bulletin, today.

The HOLTZER-CABOT ELECTRIC COMPANY

400 Stuart Street, Boston 17, Massachusetts
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lAPP-DESIGNED, LAPP-BUILT—TO DO A SPECIFIC JOB

This is an antenna base insulator for use on a communi-
cations center transmitter. It is one of several Lapp de-
signs for transmitter and receiver mast bases for military
vehicular radio—on jeeps, halftracks, tanks and other
rolling equipment.

Whether or not this special-purpose gadget has appli-
cation to anything you build or propose to build, there’s
a moral in it for you. In this case, as in hundreds of
others, an original and impractical design was modified
by Lapp engineers—to provide a part that meets all elec-
trical and mechanical requirements, and that Lapp can
build economically and efficiently.

Lapp engineering talent and Lapp production methods
are such that we can say, “If it’s an assembly that can be
made of porcelain or steatite and metal parts, tell us what

ELECTRONICS — July 1944

the requirements are and how you think it might be made;
Lapp will tell you how it can best be made—and will
make it.” Our right to that claim has been proved over
and over in military electronic production; it’s going to
be a competitive advantage to smart post-war electronic
progducers. Lapp Instdator Co., Inc., LeRoy, N. Y.




This enthusiastic comment by an expediter for one
of the largest electronic equipment manufacturers,
is typical. Engineers and purchasing agents every-
where .are automatically associating Hytron with the
OD3/VR-150. Since the tube was not originated by
Hytron (Hytron was called upon to manufacture the
tube to help satisfy a mushrooming demand), the rea-
son must lle in Hytron's ability to do a better job.

WHY THE HYTRON OD3/VR-150 IS PREFERRED

 Hytron re-design, among other improvements, resulted in the addi-
tion of a new starting electrode which permits a uniformly lower

starting voltage.

'*ﬁcAn:FuL
ENGINEERING DESIGN

Handling and dimensioning of internal parts during pre-processing

' RIGID
and assembly are extremely painstaking.

PRODUGTION CONTR%I.

For example, the minimum required starting voltage is 180 volts.
Average starting voltage of the Hytron OD3/VR-150 is less than
160 volts.

TIGHTER FACTORY
SPECIFICATIONS

CONTINUOUS ENGI-

In over 15 months, there have been no Government rejections of lots
NEERING CONTROL OF ‘

submitted for inspection.

QUALITY
This apparently simple tube is in fact difficult to produce. Yet
MASS : oy .
e o] Hytron is manufacturing it at a rate sufficient to meet on schedule

the growing demands of both new and old customers.

I ——————————

©OD3/VR-150 AND VR-150-30 COMPARED

Frequently engineers ask how the OD3 and VR-150-30
differ. The maximum regulation limit for the VR-
150-30 was 5.5 volts from 5 ma. to 30 ma. The OD3 has
a maximum regulation limit of 4 volts from 5 ma. to
30 ma. Viewed another way, the current. range is
expanded to 40 ma., with the original maximum voltage
regulation limit of 5.5 volts. The OD3/VR-150 is in
short an improved replacement which supersedes the
VR-150-30; it has the advantages of the increased
40 ma. max. rating.*

* The OC3/VR-105 also has ratings up to 40 ma. maz.;
it supersedes and is a replacement for the VR-105-30.

FACTUR
OLDESY EXCLUS\VE MANU

26
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OD3/VR-150 CHARACTERISTICS

Type. ..o, Glow Discharge Voltage Regulator
Maximum Overall Length. . .. ................. 4-1/8"
Maximum Diameter......................... 1-9/16"
Bulb. ... ..
Base............... ... Small Shell Octal 6- Pm

Average Operating Conditions
Starting Supply Voltage . .180 min. d.e. v.

Operating Voltage (applox )- ............... 150 d.c. v.
Operating Current. .. .............. { 5 min. d.c. ma.
40 max. d.c. ma.

Regulation = (Egp—Es) .. ... .. ... ... .. 3.5d.c. v.

ECEIVING TUBES

ORT, MASS‘

wsUBRYP
BUY ANOTHER WAR BOND
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Such precision plating —m
ing — is demanded by #fie perform@ce specification
for this tiny beryllium-g@pper part. Sl fine thread, to
assure free-running op€ration, requifls uniform plating
to a thickness of Q€002 inches, Bls“or-minus 0.00005
inches; and the thift layer of silwe especially on the
threads — mush‘hof chip of I under the wear of
repeated usaggf

Daily, the electronic i ry calls upon <uize- for
special seryiées like this ing what seems impossible,
and findjdg that it can¥B@”accomplished.

Hdve you a goldier silver plating job that "can't
be ddne"? Just givellis the performance requirements
andfwe will workB@Bt the details of the specification.
‘fhether the pi€ees are small or large, regular or ir-
teqular, solidgli®lfow, or tubular, their plating with pre-

4 cious metalsli§¥within the scope of <ufZr- engineering
ienceM@nd production facilities — and the skills
fved others' problems

<</ IN />

NGIAEERIN DESIGNIN D I A M 0 " D
miperl INSTRUMENT CO.

MACHINING  SILVER SOLDERING
PLATING o ASSEMBLING NORTH AVENUE « WAKEFIELD, MASSACHUSETTS

ELECTRONICS — July 1944 27
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THE G-E INVERTER TRANSFORMER

Custom-designed for individual applications, G:E
inverter transformers are compact and light in weight.
They are specially designed for low internal heating, are
quiet and efficient in operation, and readily interchange-
able with correspondingly rated dynamotors. They can
be designed for operation on a 6-, 12-, or 24-volt battery
source, to supply wide range of output voltages—either
a-c or d-c. Where conditions require, these units can be
made dust-tight and can be shockmounted on rubber
cushions.
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THE G-E DYNAMOTOR

Designed to deliver high output from small
frame size, G-E dynamotors have earned a
reputation for thoroughly dependable serv-
ice under adverse conditions. Compactly
constructed and light in weight, these units
are available in outputs of 15 to 350 watts
intermittent (15 to 200 continuous) and with
output voltages ranging up to 1500 volts d-c
when operated on a 12- or 24-volt battery
source. Weights range from 3 to 31 Ib. These
dynamotors are specially designed to mini-
mize objectionable a-c ripple and consequent
need for radio filtering.

July 1944 — ELECTRONICS



to choose from...

Another example of how the variety of G-E

components enables you to choose your own

method of accomplishing a desired result.

@ If you have a problem involving a
portable power supply for radio or
allied electronic equipment, it will pay
you to look into the merits of the dyna-
motor and inverter shown at the left.
Similarly, if you have need for any of
the many other components in the
diversified G-E line, you can profit
by discussing those needs with our

engineers.

For every one of these G-E products
has been worked out in close co-opera-
tion with designers in the electronic
industries. All have been thoroughly
tested—in our laboratories, in our cus-
tomers’ laboratories, and in labora-

tories operated by the Armed Services.
More impressive still, many have been
tested on the field of combat, where
their dependability has proved a con-
tributing factor in the success of a vari-
ety of radio and allied equipment.

Whether you are designing new elec-
tronic equipment or improving old de-
signs, take advantage of the extensive
line of G-E components and G-E elec-

b

tronic ‘“‘know-how.”” Whatever your
objectives, find out how G.E. can
help you achieve them more simply
or more economically. The G-E office
near you will gladly furnish detalils.

General Electric, Schenectady 5, N. Y.

Buy all the Bonds you can—and KEEP AlLL YOU BUY

ELECTRONICS — July 1944
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The engineer may fill both his electrical and
mechanical requirements with National Fabri-
cated Products Terminal Strips and Assemblies
. » « Secure mountings, plating that affords ease

g oo

of soldering and umniformity of assembly are
features which distinguish these componeits by

o VT O g

aryi s

- 1 FABRICATED PRODUCTS

: ] 2650 WEST BELDEN AVENUE, CHICAGO 47, ILL. ’

Manufacturers of SOCKETS, TERMINAL ASSEMBLIES,
JACKS AND CONNECTORS for use in every field of‘

electronics.
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NEW!
ELECTRONI

FOR HIGH-SPEED, UNIFORM HEATING
OF NON-METALLIC MATERIALS.....

ERE’S a big advance in electronic heating—the new RCA

2-kw generator that automatically times the heating cycle,

and automatically maintains maximum heating rate by compen-

sating for changes in electrical properties of the heated sub-
stance as they occur.

Simple to operate! All you do to operate the RCA “2-B,” once
it is set up, is set the object to be heated on a plate (at top of
unit), close the cover, and press the start-button. When the pre-
set time interval expires, the power goes off and the cover pops
open. It's actually “as automatic as your toaster.”

Appllcuﬁon: The RCA 2-B will deliver up to 6,800 BTU per
hour. It is ideal for heating all manner of non-metallic substances
—wood, plastics, rubber, chemicals, glass, ceramics—so long as
composition is uniform. Where the material to be heated is in
such form or so dimensioned that it does not fit the built-in
applicator arrangement of the standard model 2-B, a modified
type for operation with an external applicator system can be
supplied.

The 2-B is ideal for heating plastic “preforms” before molding,
and for quick curing of plastic-bonded wood parts. One pound
of plastic material can be brought from room temperature to
275°F. in about 60 seconds.

Uniformity of Heating: This method of applying heat to non-
metallic substances results in an even temperature rise all the
way through the material; the center heats as quickly as the
outside because the heat is “born” where it is needed. This result
is achieved by passing high-frequency electricity “through” the
material. The uniformity of heating makes it possible to heat at
a high rate without developing “hot spots” within the material,

Power Demand: The power demand of the RCA 2-B is approxi-

mately 4 kw at 85% power factor when delivering full rated out-
put. Standard 220-volt, single-phase 60-cycle power is required.

" RCATELECTRONIC HEAT

RADIO CORPORATION
0F AMERICA "

ELECTRONICS — July 1944
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AUTOMATIC AS YOUR TOASTER...

Write Today for further details, or for specific information
about the application of electronic heat to your processes. RCA
can supply standard electronic heating equipment in ratings up
to 100 kw (340,000 BTU per hour). Send the coupon for free
bulletins. Radio Corporation of America, Electronic Apparatus
Section (70-47TH). Camden N. J.

BUY MORE WAR BONDS

(Please Check)
[J Bulletin on “RCA Electronic Gener-
ator Model 2-B”

[J “Heating Wood with High-frequency
Power” — 12-page semi-technical
article.

RCA, Electronic Apparatus Section, Camden, N. J.
Gentlemen: Please send the items checked to:

70-47H

w



BE SURE YOU HAVE
THE RIGHT RELAY

The right relay, of course, is the one
which will exactly fit your needs, and
give you the longest, most depend-
able service at lowest cost. Here’s

how you can get it:

1. Write for the Automatic Electric
catalog. It lists over forty basic types
of relays, providing every combina-
tion needed for modern electrical
control. All technical facts are clearly

tabulated for your guidance.

2. If you want help in applying this
information to your problem, call in
our field engineer. He will be glad

to put his experience to work for you.

Send today for your copy of the
catalog—or simply ask our field engi-

neer to bring one over.

AND OTHER CONTROL DEVICES AUTOMATIC ELECTRIC SALES CORPORATION

A u '|' o M A T I C 1033 West Van Buren St., Chicago 7, .
ELECTRIC In Canoda:

Avt tic Electric (C da) Limited, Toronte
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HEA‘/_Y DUTY oscillator tubes are a very desirable

nucleus “or every elecfronic RF heating generator.
The tubes shauld be specially designed to withstand the
widely véryirg conditions c¢f load and frequency which
are enccuniered in the many specific applications of

this ecuipment.

UNITED has been the leading producar of such tubes
for the most widespread field of RF heating—namely,
Diaiherny. The fluctuating load condit'ons in this field
are extreme, and have necessitated endless study of
tube desigr. This company therefore is a front line

pioneer in tskes for High Frequency electronic heating.

UNITEC mercury rectifiers for the pcwer supply are
also wel” known for their rugged design and depend-

able service life.

The UnNITep tubes illustrated are all popular among
users of flich Frecuency heating equipment. Write for
technical data and interchange information where it is

desired ‘o replace other makes of tubes.

UNITED ELECTRONICS COMPANY

NEWARK 2 g%”i;:“’; NEW JERSEY

TRANSMITTING TUBES EXCLUSIVELY SINCE 1934
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ASSURES ONE SYANDARD OF EXCELLENCE
REGARDLESS OF QUANTITY

Unique production systems work side by
side with a versatile engineering organiza-
tion to build the utmost in efficiency into
every TEMCO iransmitter. Regardless of
quantity, be it one, ten or a thousand units

. . every TEMCO-built fransmitter receives
the benefit of superb constuction and engi-
neering design.

Your expert eye will easily recognize the
marks of finer craftsmanship evident in these
TEMCO-built products, although only one

spec.J3. Power tube Life test mack was built
in coat-ast to hundreds of these 150GS trans-
mittees

Defivered from th2 same producticn lines,
all were endowed with every advantcge of
TEMCO'S advancec engineering ski’l.

Whbether you need but one or many units
of a particular design put TEMCO produc-
tion —exibility to work for you. Write for a
copy of our newest illustrated cataleg.

TRANSMITTER EQUIPMENT MFG. CO., INC.

345 Hudson Street, New Yorx 14, N. Y.

/

RADIO COMMUNICATION
EQUIPMENT

>

4
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eye fto the future

'l‘he electronic engineer is an impor-

tant part of the war effort, and his day
has too few hours for him. His highly
vital, specialized training and knowl-
edge are ultilized to the utmost in de-
vising new electronic equipment to
keep up with and anticipate the many

demands of the modern warfare.

Despite those many work-filled
hours, the electronic engineer still
finds tinte, here and there, to dream
of the future and plan for the day when

his skill will be turned to peacetime

y CAERRY

pursuits. He has wonderful plans for
tomorrow: Ideas for a better and more
comfortable life. Today, however, he

is working lo guarantee tomorrow.

Raytheon is proud of its engineers
and the job they are doing . . . and
Raytheon is proud to have a part in the
vitally important role that advanced
electronic tubes and equipment are
playing in the Allied Nations® drive
for Victory. In the peace to come,
Raytheon’s advanced research and
technique will assure Raytheon’s con-

tinued leadership in the electronic era.

— —— AV THEON

ARM%r\.NA\‘/Y “E" WITH STARS RAYTHEON MANUFACTURING COMPANY

Awarded All Four Divisions of Raytheor. for Continuecd Excelleace in Production > Waltham and Newton, Massachusetts

DEVOTED TO RESEARCH AND THE MANUFACTURE OF TUBES AND EQUIPMENT FOR THE NEW ERA OF ELECTRONICS

% w3
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@ Functionally fitted to given applica-
fion—that's the keynote of the exten-
sive Aerovox oil-filled capacitor line. A
plentiful selection of containers, mount-
ings, terminals, sizes and impregnants,
assures virtually custom-built capaci-
tors with guaranteed performance.

Aerovox offers both Hyvol and
Hyvol-M (mineral oil) liquid impreg-
nants. For applications subjected to
wide temperature variations, and where
weight and size are important, Hyvol is
recommended. Hyvol capacitors are
considerably more constant with tem-
perature variations than are those with
other impregnating materials of the
same specific inductive capacity, show-
ing no capacitance drop until tempera-
tures of —20° F. (—29° C.) are reached.
At —40° F. (—40° C.) the maximum ca-
pacitance drop that may be expected is
of the order of 5 to 10%.

Hyvol-M (mineral oil) capacitors have
an exceptionally flat temperature co-
efficient of capacitance curve but ap-
proximately 35% greater bulk and cor-
responding weight which usually rules
them out in favor of Hyvol.

At any rate, Aerovox offers both
Hyvol and mineral oil capacitors, as
well as wax-impregnated units for lim-
ited service —along with that wide
choice of containers, mountings, termi-
nals—io meet your exact needs.

© NEW CATALOG lists the exceptionally wide selection of Aerovox
oil capacitors, as well as other types. Write on business letterhead
for registered copy available only to engineers, designers, electronic
maintenance men, manufacturers of equipment, and executives.

| INDIVIDUALLY TESTED

AEROYOX CORPORATION, NEW BEDFORD, MASS., U.§.A. SALES. OFFICES IN ALL PRINCIPAL CITIES

Export: 13 E. 40 ST.. NEw Yorx 16, N. Y. *

Cable: “ARLAB' * ‘In Canada: AEROVOX CANADA LTD., HAMILTON, ONT.

July 1944 — ELECTRONICS
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DEATH AT 20 METERS

... 0r another reason for the long life of Gammatrons

NE out of every thousand Gammatron tubes

is sacrificed in the Heintz and Kaufman lab-
oratory so that the operating life of similar Gam-
matrons may be periodically checked and assured.
This thousandth tube oscillates at 20 meters,
pouring its power into light bulbs unul it finally
fails. The length of its operating life is carefully
recorded, and compared with the previous per-
formance of tubes of the same type. This is but
one of 17 checks made in the Heintz and Kaufman
laboratory to guarantee the efficiency and reliabil-

ity of every rube bearing the Gammartron label.

ELECTRONICS — July 1944

Basically correct design, plus continuous
mechanical and electrical tests, have led to wide-
spread recognition of Gammatrons as ‘‘the tubes

that can take it.”

FOR VICTORY AND SECURITY BUY WAR BONDS

HEINTZ anvp KAUFMAN L71D.

SOUTH SAN FRANCISCO e CALIFORNIA, U. 5. A.

| e

Tebes
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T MICROPHONES

L 4

The extent of our line is but partially illustrated in this ad-
vertisement. Our current production is now being utilized
in essential services. Soon, however, there will be Electro-
Voice Microphones available for civilian use...and these
will ‘be described fully in subsequent advertisements.

In our South Bend laboratory. we have complete facilities
for accurate frequency checking, harmonic wave analysis,
measurement of ambient noise, etc. Electro-Voice Micro-
phones reflect painstaking care in design and construc-
tion by superior performance in the field. They serve you

better . . . for longer periods of time.

If your present limited quantity needs can be filled
by any of our Standard Model Microphones, with
or without minor modifications, we suggest that
you contact your nearest radio parts distributor.

4

Paper Packs a . .../

ELECTRO-VOICE MANUFACTURING CO., INC. - 1239 SOUTH BEND AVENUE - SOUTH BEND, INDIANA
Expor,f ,Div.isipn,: 13 Eost 40th Street, New quk 16, N. Y. — U.S. A. Cabl:es: ARLAQ
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NEW STRING-A BIGGER BOW

L . Waugh l.aboratories presents a new Waueh-Johnson vibration
IWrite for details of S ‘ P augh-J

Vibration machine UM |4 VF. machine. for high frequency vibration of loads up to 500 1bs.
Amplitude o to 1.5 inches with fi equencies of 6oo to 6,000
C.P.M. Auwomatic electric control of amplitude, frequency and
acceleration over entirve range while in operation. Table dimen-
ston {'x'{". This is one of a series of Waugh-Johnson high
frequency vibration machines designed 1o 1est cquipment of all

tvpes which must meet Avmv and Nay y specihcations,

Send for
descriptive Gl sThon TheTERG MAcHIN S
literature.

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




IN THIS dye-color control system, Telechron and control problems is as wide as industry

synchronous motors are helping the textile itself. Motors of from 12 to 250 volts and from
dyeing industry to turn out uniformly high 1 to 1800 rpm are available for all commercial
quality at top speed. frequencies. Their uses include:

Behind each of the dual units on this control . )
panel are two Telechron motors. One records ~ 1ming cy;""g " Neasuning
and the other controls temperatures in the s‘onfr?llmg . pe.a . Gagmq'

i . : efering Signaling Regulation
dyeing vats. Thls- constant and dependable Recording Fired Process ~ Communications
control of dy(.e mixture temperatures allows  guitching Controliing
exact duplication of known processes to pro-
duce the same color results in batch after batch For 25 years we have been supplying industry
of cloth. ' with self-starting synchronous motors for all

Fixed process controlling is only one job that kinds of timing, recording and control jobs.
Telechron self-starting synchronous motors are Our experience is at your service. Just write

doing. Their applicatien to timing, recording  to the Motor Advisory Service, Department C.

] REG. U. S. PAT. OFF.

WARREN TELECHRON COMPANY, ASHLAND, MASSACHUSETTS
MAKERS OF TELECHRON ELECTRIC CLOCKS AND SYNCHRONOUS MOTORS
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Y)u remember him, the xid rext
_door who tinkered with shart wave
radio. Well, he's ir uaifaem mow,
callmg his CQ :Zrom foxholes in Italy cnd stearrng
Pacific juajles. Maybe, he's a radio operator on a bombsr
..perhaps, he’s an instructor. Whatever it is, you car be sure
that his knowledge :nd experience cre serving to help bHuild «
wartme commmunications system. Yes, from the hams came ready
trained instractors, sperators and eng.neers at o time when skilled
tecknicians were itally needed.

The radioc amateur will be back one cf thzse days,
back to his much-loved tinkering. He'll want new equipment to add to his
short wave rig. . . . He'll be looking for a JENSEN speaker because he wants highest
fidelity in music, code and voice reproduction. There is no finer
acoustic equipment than JENSEN reproducers.

g 4 .
l//‘/f(i? ////e'l(‘/;//'(’i’d it (/ @ed l/f/ﬁ ers

(Z( brvre « CAearslee QD?W/ mecind

RADIC MANUFACTURING COMFPANY
6601 5. LARAMIE AVE., CHICAGO 34, U. S, A,
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for repairs. One of the instruments, found
to be definitely beyond repair, is pictured
herewith. The main chassis was bent in
two directions. The main bank was torn
from its fittings, every lead wrenched
free from its soldered connection. The
panel was badly dented and twisted.
Several tubes were jolted from their
sockets. The instrument was only good
for salvaged components. Yet . . .

The DuMont Type 5LP1l cathode-ray
tube in that oscillograph was still in per-
fect operating condition, despite the sur-
rounding wreckage.

ALLEN B. DUMONT LABORATORIES, INC.,

' Several badly damaged DuMont Type (G Y
208 oscillographs were recently returned — e

Such is typically DuMont tube experi-
ence. For these tubes are extra-sturdy
mechanically as well as electrically in
order to withstand the most trying use
and abuse. It is this exira factor of safety,
along with dependable operating charac-
teristics, that has made DuMont cathode-
ray tubes the popular choice in much of
the oscillographic equipment now in
daily use.

_ A 2
CATHODE.RAY
MANUAL ...

'I:he DuMonr'combina-
.hon manual and catalog
is a\:ailable to engineers

dengners. elecrronié
equlp‘menr maintenance
men, Instrument-makers
ma‘nufaclurers, erc‘
Write on business sra:

tionery for
Your regis.
tered copy. gis

© ALLEN B. DUMONT LABORATORIES, INC

PASSAIC, NEW JERSEY « CABLE ADDRESS: WESPEXLIN, NEW YORK

. %

July 1944 — ELECTRONICS



TaE BHARDEST PART of an E« L Power Supply’s
life is being born. Because then it must survive tests
that make its actual service-life a bed of roses by
comparison.

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

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

ILABORATORIES. INC.

’ INDIANAPOLLS
E:L ELECTRICAL PRODUCTS — Vibrator Power
Supplies for C ications . . . Lighting . . . Electric
Motor Operation . . . FElectric, Electronic and other
Equipment . . . on Land, Sea or in the Air.

ELECTRONICS — July 1944

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

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

Your problem may be radio . . . motors . . . lighting.
E«L engineers are familiar with them all . . . and many
other applications as well! They are at your service for
consultation!

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

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

2. CAPACITIES —Up to 1,500
Watts,

3. VARIABLE FREQUENCIES —A
power supply may be designed to
furnish any frequency from 20 to
280 cycles, or a controlled variable
output within @ 593 range of the
output frequency.

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

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

6. WAVE FORMS—A vibrator
power supply can be designed to

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

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

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

10. MINIMUM MAINTENANCE—
There are no brushes, armatures
or bearings requiring lubrication or
repl nt because of wear. The

provide any wave form needed for
the equipment to be operated.

entire unit may be sealed against
dust or moisture.
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LOT OF INSULATION 7
IN SMALL SPACE &

Space is at a premium in most of the war-
time uses for insulated wire. Meeting this
requirement, LEXEL insulation tape provides
maximum protection with minimum bulk.

This cellulose acetate butyrate product has
high dielectric strength, and low moisture
absorption. It is flame retardant.

LEXEL is heat-sealed into a continuous tube
by the heat used to drive off lacquer solvents.
The wire is automatically and perfectly
centered in this tube. Insulation is uniformly
effective at all points.

Sizes for all gauges of wire and cable. We’'ll
be glad to send you information and furnish
names of manufacturers supplying LEXEL
insulated wire.

CUSTOM-MADE INSULATION

As a regular service, Dobeckmun engineers also develo
laminated insulation products, custom-made to s ecieﬁ
purpose specifications, such as slot ¢ell and phase insulation
for motors, insulation for shipboard cables and other uses.
If your requirements are unusual, call on us.

“LEXEL’' is a registered trade.mark of The Dobeckmun Company.
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F or important assignments

s I TAE I
The accuracy of Delur precision meters on the 3
“Testing Grounds’” of many important manufacturers

has resulted in their preference for

standard or special projects.

For instance, the bracket construcﬁon,
>
housing the moving coil system, is”

especially designed to withstand extremes

MODEL $-210

of vibration, shock and humidity.
These brackets are standard in all DeJur
aircraft instruments and have been

~"incorporated into small panel meters to

N
X
%,

assure permanently satisfactory

performance.

grsabaned [)e JurAmsco (orporation

Ay N

B T

"

<

avy )

G z

h
©
Q

MANUFACTURERS OF OeJUR METERS, RHEOSTATS, POTENTIOMETERS AND OTHER PRECISION ELECTRONIC COMPONENTS

SHELTON, CONNECTICUT
NEW YORK PI.ANT: 99 Hudson Street, New York 13, N. Y. CANA DIAN SAI.ES OFH(E: 560 King Street West, Toronto
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Now industry can benefit by the unique properties found in a totally
new group of products derived from silicon. For the first time, successful commercial pro-
duction of such products has been attained. It has been reached by uniting, in Dow
Corning Corporation, the technological resources of two great organizations —The Dow
Chemical Company and Corning Glass Works.

Dow Corning Silicones are now available to industry in the forms of resins, fluids, and
greases. Many other products are under development for high temperature or low tem-
perature use. Detailed information and technical assistance are available on request.

Heat curing, high temperature stable insulating varnish for use with Fiberglas,
mica and asbestos insulating materials to make possible higher operating temperatures
for electrical equipment.

@ Dow Corning Fluids—

Inert liquids, with viscosity little affected by temperature changes; excellent
dielectrics; chemically resistant, high temperature stable, operate down to very low
temperatures.

® Dow Corning Greases—

Plug cock grease for lubricating industrial plug cocks and valves—Stopcock
grease for glass, ceramic and plastic fittings.

first cammercial
® Dow Corning Insulating Resins—



HERMETICA‘LLY See ec Transformers, approved under fhe Signal

Corps Aircraft Radio Lab. specification A.F.L.—102 constitute the entire outp:t of our
Tiznsiormer Department.

Wtether your coil or transformer problems involve power, audio frequercy. inter-

mediate lrequency or radio frecquency, AZTOMATIC can supply your needs in rroducticn

quanrities, as well as build them dato complete assemblies or sub-assemblies.

Whether the extreme is rigid adbe-erze to difficult specifications for war time use,
of tramerdous quantities for cirilian use, AJTOMATIC has had the necessary experience

tc meet your requirements.

KEEP ZAEKING
\ THE- ATTACK!

TTUTOMATIC v e
 WINDING L0, INVC.
: COMPLETE 'ELECTRONLG AS§E}MBLIES & CDMPONENP?ARIS

950 PASSAIC AVE, " EAST NEWAREK, N J =

LI (e
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Thousands of American war planes, their vital
electrical systems dependant on Formica insu-
lating parts, have stood up to the humidity and
heat of the jungle. They stood equally well the
dry substratosphere cold on the way.

For Formica is available in insulating grades
that do not change dimensions with changes
in temperature, whose efficiency is not reduced
by moisture absorption. Some of them permit
very slight losses at high frequencies — and

FORMICA MET THE TEST

they will do most of the work of ceramics.

Yet they are easily and readily machined —
adapted for fast mass production methods.

War time experience has provided better insu-
lating grades of Formica than were ever avail-
able before. Let us tell you about them now.

"The Formica Story” is a moving picture in
color showing the qualities of Formica, how it
is made and how it is used. Avdailable for
meetings of engineers and business groups.

\

THE FORMICA INSULATION COMPANY, 4661 SPRING GROVE AVENUE, CINCINNATI, O
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w ANY users of electronic heaters are not getting the right com-
bination of high frequency and low cost . . . hecause their
heater units were not designed for their particular applications.

The secret of economy and efficiency in high frequency heating
is to be sure your unit gives you the correct power-and-frequency
selections for the operation involved. Very often one of our machines

costing only a few hundred dollars — will prove more efficient and
cconomical in operation than a larger unit costing thousands.

IS YOUR HEATER A POWER-WASTER?

Whether your heating operations require large or small units, we
can give you the RIGHT unit for your applications. You need not
usc a “misfit” that gives you an incorrect power and frequency
selection. Scientific Electronic units usually pay for themselves many
times over in savings.

Note the wide range of power-and-frequency combinations our
equipment offers. Before you buy an Electronic heater, investigate
the advantages our units afford. Write today for detailed information.

DIVISION

OF “S” CORRUGATED QUENCHED GAP COMPANY

119 Monroe Stireet Garfield, New Jersey

Manufacturers of Vacuum Tube and Spark Gap Converters since 1921.

ELECTRONICS — July 1944

Our -éqpipfngn' of-
fers you a selection b

. of frequencies up to

.

y |3m':'mg_o'cyjc|§ -
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aluminum base

master
audiodiscs

By authority of WPB, we are again able to fill orders
for aluminum bese Audiodiscs for professional use in
all grades, 12 inch and larger. This is particularly
good news for these who process Master Audiodiscs.
Sizes for this use are 12, 13% and 17% inches.

Also available in aluminum in 12 and 16 inch size are
the first_quality Red Label Audiadiscs (double and sin-
gle face), the high quality Yellow Label Audiodiscs,
and Reference utilily discs for test cuts, fling, etc.

Your request for our current price list for alumirfum
and glass base Audiodiscs will receive prompt attention;
and orders will be filled in the sequence received. Audio
Devices. Inc., 344 Madison Ave.. New York 22, N. Y.

audiodiscs

N\a
&/ﬁey J/wa[ /m themselves
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Night and Day —Round

RADIO MESSAGES

Whether it i1s a military mission or a sched-
uled flight of a commercial air liner...there
can be no failures in radio communications.
Now, both military and commercial aircrafi
all over the world communicate via Wilcox.
For many years Wilcox dependability has

bheen proved under all operating conditions.

ELECTRONICS — July 1944

the Clock

via WILCOX !

V.

WILCOX ELECTRIC
COMPANY

Meanufacturers of Radio Equipment

Fourteenth & Chestnut

Kansas City, Mo.
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E. M, MARTIN
Secretary and
Counsel

E. H
FARNSWORTH

Originator of
Electromnic Television

Sales

. VOGEL
Vice President

FARNSWORTH EXECUTIVE MANAGEMENT COMMITTEE

B.RAY CUMMINGS

Vice President
Engineering

J. P. ROGERS

Vice President
Treasurer

E. A, NICHOLAS
President

Look 1o the Future-

J. €. FERGUSON
Chief Enginecer
Fort Wayne

MADISON CAWEIN
Research

W.J. AVERY
Export

E. M. HOEY
Order Service

PAUL H. HARTMANN
Assistant Treasurer

E.J. HENDRICKSON
Sales

REESE KENNAUGH
Superintendent
Marion

H. J. MYERS
Controller

E. S. NEEDLER
Pyrchasing

WITH THESE

JOHN S. GARCEAU
Advertising

1. C. HUNTER R. C. JENKINS GLENN KELSO
Sales General Superintendent
Superintendent Fort Wayne

J. H. PRESSLEY
Chief Engineer
{arion

F. B. OSTMAN
Service

A. E. SIBLEY
Credit

They were veterans when they joined

Farnsworth 5 years ago! These 21 men in the Farnsworth -

headquarters organization today are all in the same im-
portant positions they took in 1939 when Farnsworth
expanded its research and entered into radio production.

This intact staff is a true indication of the sound plan-
ning and development within the Farnsworth organization.

These men are planning post-war products and services
and policies now — natural developments of our 19 years

of research in the electronics field . . . in television, radio
and phonographic reproduction.

After the war, Farnsworth will be in a strong position
to work with you in all phases of radio and television
transmission and reception. Farnsworth accomplishments
have received high recognition. Farnsworth possibilities
in the future are unlimited.

% FIRST POPULAR INTERPRETATION OF TELEVISION %
Write for copies of “The Story of Electronic Television.”" Prepared for
the public, it should be useful to you.

Farnsworth Television & Radio Corporation, Fort Wayne 1,

I'ARNSWORTH

Indiana Farnsworth Radio and Television Transmitiers and

Receivers ¢ Alrcraft Radio Equipment ¢ Farnsworth Television Tubes ¢ The Farnsworth Phonograph-Radio ¢ The Capehart

52
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RADIO TRANSMITTER
SENDING CONTINUOUS

DOTS AND DASHES

AUTOMATIC ELECTRONIC a0
SWITCH TIMED TO ‘
SEND A" AND 'N*

SIGNALS TO £
D/RECTIONAL

LOOPS

THE BEAM 9

OVERLAPPING A"
AND N"SIGNALS
PRODUCE STEADY
. TONE.DIVERGANCE
FROM COURSE
BRINGS OUT ONE LETTER
. OVER THE OTHER

- “N"sector

PAN AMERICAN AIRWAYS PHOTO

COMMERCIAL AIRLINES keep the beam _j
“on the beam’ with built-in CONSTANT VOLTAGE

Miles above familiar landmarks,with
vision obliterated by fog, sleet or
storm clouds, the steady, fused tone
of the ““dot dash—dash dot” in the
head phones is like a soothing sym-
phony to the ears of the airplane
pilot. A fading, disrupted signal
spells danger.

Thus you will find SoLa Constant
Voltage Transformers operating the
directional beams of most commer-
cial air lines, and the instrument
landing equipment of the C.A.A.
Without this constancy of operating
voltage, a steady projection of radio
beams is impossible.

Radio range stations must neces-
sarily be in constant operation and
fully automatic. In most instances

Transformers for: ConstantVoltage - Cold Cathode Lighting « Mercury Lamps «
Oil Burner Ignition + Radio « Power « Controls * Signal Systems « Door Bells and Chimes « efc.

ELECTRONICS — July 1944

they are located at great distances
from the airports. Anything short of
instantaneous adjustment of the
voltage fluctuations would be unac-
ceptable to these instruments, too
sensitive to tolerate variations ex-
ceeding + 1%.

SoLa Constant Voltage Transform-
ers were selected for this important
assignment because of their depend-
able automatic operation. They have
no tubes or net-works to get out of
order—they require no manual su-
pervision—they are self-protecting
against short circuit—they instantly
reduce voltage fluctuations as great
as 30% to safe operating limits.

In designing any device depend-
ent on precise input voltage, the de-

sign engineer’s responsibility does
not end with specifying the oper-
ating voltage on the label.

It is the designer’s responsibility
to the user to assure the availability
of rated voltage at all times, by
building automatic voltage control
into the unit—or to instruct the
user as to how constant voltage
might be obtained for those devices
not so equipped.

SoLa Constant Voltage Transform-
ers are available in standard units
with capacities ranging from 10VA
to 16KVA. As a built-in part of
electrically operated instruments or
devices, special units can be custom
built to exact product design speci-
fications.
¢

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

Ask for Bulletin DCV-74

Series Lighting « Fluorescent Lighting - X-Ray Equipment « Luminous Tube Signs
SOLA ELECTRIC €CO., 2525 Clybourn Ave., Chicago 14, I,
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MOLDED PAPER VERSUS MICA CAPACITORS

—wartime equipment has definitely proven the ability of Micamold Molded
Paper Capacitors to function satisfactorily in by-pass, coupling and filter applica-
tions above .001 mfd. As strategic mica is scarce, Micamold Molded Paper
Capacitors not only fill the breach but materially assist in maintaining the flow
of equipment to the Armed Services.

MOLDED VERSUS METAL HOUSED PAPER CAPACITORS

— here again Micamold Molded Paper Capacitors serve as adequate alternates for
capacities of .25 mfd. or less. As compared to metal encased paper capacitor the
plastic molded types save space, weight and cost.

IN BOTH CASES

—_considerable economies in time, labor and materials have resulted. Manufac-
turers who utilize Micamold Molded Paper Capacitors instead of mica and metal
housed paper types can effect substantial savings in their own production.

Manufacturing facilities have been further increased . ..
prompt deliveries of large production quantities.

{F YOU HAVE A CONDENSER DESIGN PROBLEM, CALL ON MICAMOLD . . .

we design and build molded paper and mica, oil and electrolytic capacitors for all
radionic and electrical applications. We will be glad to cooperate with you on
any project . . . for war or postwar assignments.

NO LET-UP AND

MICAMOLD RADIO CORPORATION

NO LET-DOWN...
KEEP BUYING MORE R T.Y-y XV TT TN 2 T BRGOKLYN 6, N. Y.
WAR BONDS S
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CALLITE THORIATED TUNGSTEN FILAMENTS con-

tain the right proportions of tungsten and tho-
rium to give the required electronic emission
plus the rugged strength to withstand severe
vibration and shock. @ That's why the Hytron
Corporation of Salem, Mass., chose Callite
filaments for instant-heating tubes used
not only in police radio cars but also in

many radio-equipped vehicles of the

Armed Forces as well. Cadllite thoriated
tungsten filaments make it possible to con-
serve battery power during stand-by periods

when the transmitter is turned off.  Manufac-
turers of heavy duty tubes appreciate Callite’s

. d

fune

108
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comporren’s

careful processing of tube components, backed
by C-T's long experience in tungsten metal-
lurgy. You, too, can rely on us as a depend-
able source of supply. Callite
Tungsten Corporation, 544
Thirty-ninth Street, Union
City, N. ]. Branch Offices:
Chicago, Cleveland.

*Out of this wrecked Sacra-
mento police squad car
which collided with a truck,
a mobile tromsmitter, equipped

with Hytror Tubes, emerged
intact although mounied near the

point of impact! Hytron Tubes types HYE5 and HY31Z
employ Callite 20 milligram thoriated tungsten filaments.

\ SPECIALISTS IN hard glass leads, tungsten and molybdenum wire, rod and sheet,
\ (P formed parts and other components for eléctronic tubes and incandescent lamps.
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STRUTHERSDUNN

INC.

5,288
TYPES OF

Each available in
countless coil combinations

1321 ARCH STREET, PHILADELPHIA 7, PA.

DISTRICT ENGINEERING OFFICES: ATLANTA « BALTIMORE . BOSTON « BUFFALO « |[CHICAGO « CINCINNATI « CLEVELAND
DALLAS - DENVER « DETROIT « HARTFORD - INDIANAPOLIS - LOS ANGELES « MINNEAPOLIS « MONTREAL
NEW YORK « PITTSBURGH - ST. LOUIS « SAN FRANCISCO -« SEATTLE . SYRACUSE . TORONTO - WASHINGTON
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The fabled princes of Hindustan or the wealthy
Nizam of Hyderabad never owned a gem more
valuable.

The quartz crystal is doing more than rubies
or emeralds to protect our way of life against
the aggressor.

Cut into tiny wafers the quartz crystal is per.
forming with merit wherever fixed radio fre-
queungies are a “must”.

Federal is mass producing

frequency control crystals P

for military use. How many f coo |

difficult jobs they are doing | .'*‘ 1
. by

is a war secret. But their ver- i
satility is unlimited.

Even now—in the great FTR

research lalioratories — men [
are finding new uses for -

evy Toba

WHAT WILL THE QUARTZ CRYSTAL DO TOMORROW ?

guartz crystals — pointing the way to wide-
spread industrial and civilian use after the war
is won.

Not alone in communications — but in such
widespread applications as precision timing
and measuring devices, television, supersonics,
pressure gauges, filters, generators, induction
heating devices and automatic econtrol equip-
ment, crystals will find new uses . .. a war gem
will become a peacetime servant.

To achieve mass production
Federal has instafled new
machinery and new methods

Megatherm, Fed.
eral®s pioneering
induction and
dielectric  heating

equigpment, is giv-
ing outstanding
prodac:ion line per-
formance in the
metals, plastics,
Jood. textile and

other industries.
LN

to speed crystals on their way
to war—and will continue to
be a leader in crystal produc-
tion. Now is the time to get
to know Federal.

 Lederal Telephone and Kadio (orporation

Newark 1, N. J.
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TRIGNITRO L

f\k\\\ COMPLETE, READY FOR USE

NO MECHANICAL PARTS
LOW INITIAL COST
HIGH EFFICIENCY

Electronically transfers maximulﬁ energy th thewelders!

Superseding the usual switching

mechanism for discharging the
condenser through the welding trans-
former, the TRIGNITRON discharges the
condenser electronically. In this way,
all energy is transferred from the con-
denser to the welder.

The TRIGNITRON operates on the prin-

ciple of a mercury pool conduction tube
fired capacitively by a small, compact
low-power trigger circuit. When the ex-

This device and the TRIGNITRON used therein are licensed for ex-
clusive use in welding equipment under the U.S. Pat. 2,287,541,

Other patents pending.

ternal relay circvit is closed, a pulse is
applied to the tube which fires once,

discharging the condenser bank through
the load.

Regardless of the time interval that the
external contactor is held closed, the
tube will not fire again until the con-
tactor is opened and reclosed. The de-
vice can be fired as fast as the condenser
bank can be recharged. Deliveries are
prompt on rated orders.
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REPRESENTATIVES BRANCH OFFICES

R. W. Forris 5. J. Hutchinson, Jr
2600 Grand Avenue 401 North Brood Street
Kansas City 8, Missouri Philadelphia 8, Pennsylvania

Phone: Victory 3070 Phone: Walnut 5349

Behind Chicago Telephone Supply Company are many years of
intensive research and the development of a scientific manufac-
, turing organization devoted to high standards in the mass pro-
duction of variable resistors, both wire wound and carbon types.
VARIABLE RESISTORS, PLUGS, JACKS, SWITCHES, TELEPHONE GENERATORS, RINGERS

IN CANADA

C. C. Meredith & Co.
Streetsville, Ontario

Frank A. Emmet Co.
2837 West Pico Boultevard
Los Angeles 6, California

ELKHART = INDIANA
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A New Design That Puts
More Instrument into Less Space

These new, internal-pivot instruments were developed to fill a vital
need—particularly in the radio and aircraft fields—the need for com-
pactness. They are fhin—in most ratings, less than 1 inch deep.

More important is the way their thinness was achieved. In the
sketch below, see how the pivots are solidly anchored to the inside
of the armature shell so they cannot work loose. The moving parts
are permanently aligned with stationary parts by bolting the core
assembly to a one-piece cast-comol magnet.

Other features are: 1arge-radius pivots, high torque and good damp-
ing, l1ghtwe1ght moving element, and ample clearances. Added up,
they give you an instrument well able to withstand vibration and
hold its rated accuracy, one that is fast on response and easy to read
accurately—a design that packs all-round fine performance in a small
space.

For ratings, price, and dimensions, ask our nearest office for Bulletin
GEA-4064, which covers instruments for radio and other communica-
tions equlpment or Bulletin GEA-4117, which describes those suitable
for naval aircraft. General Electric Company, Schenectady, N. Y.

: CONVENTIONAL
Invest in & X
your future — : N \
URED | 3
BUY WAR BONDS | P aeme, | T.:r- \
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For radio and other communica-
tions service: Type DW-51 d-c
voltmeters, ammeters, milliam-
meters, and microammeters; Type
DW.-5¢2 radio-frequen 2y ammeters
(a-c thermocouple-type). Cases
are brass or molded Textolite,

Type DW-53 d-c¢ voltmeters, am~
meters, and volt-ammaters that are
speciaily designed to measure
voltage anc current in battery and
battery-charging circuits on naval
aircraft. They meet applicable
Navy specifications.
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GENERAL ‘ ELECTIQQ

July 1944 — ELECTRONICS



ELECTRONICS — July 1944 61



62

o S

HIS is an actual photograph

of the centrifugal air drier,
or “spinner,” used in Bliley pro-
duction to facilitate clean han-
dling of crystals during finishing
and testing operations. Quartz
blanks are dried in 5 seconds in
this device which is powered
with an air motor and spins at
15,000 r.p.m.

Little things like lint or mi-
croscopic amounts of foreign
material can have a serious
effect on crystal performance.
The “spinner’” eliminates the
hazards encountered when
crystals are dried with towels

...to CRYSTAL CLEANING

and makes certain that the fin-
ished product has the long
range reliability required and
expected in Bliley crystals.

This technique is only one
small example of the methods
and tests devised by Bliley En-
gineers over a long period of
years. Our experience in every
phase of quartz piezoelectric ap-
plication is your
assurance of de
pendable and
accurate crystals
that meet the test
of time.
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SHERRON TELEVISION TEST EQUIPMENT

Key to Quality Control at All 3 Points

areonror | MANUFACTURE
areontor | TRANSMISSION
areontor | FIELD SERVIGE

Sherron Test Equipment qualifies as indispensable
to manufacturers of television transmitting and re-
ceiving apparatus . . . and operators of television
stations. With this equipment on the job, no error
can creep in undetected. No flaw can slip by un-
noticed. Every characteristic of quality is accounted
for—all along the line . . . In their automatic, all-
seeing, all-knowing alertness, Sherron Test Units
are invaluable in forestalling operational break-
downs in television efficiency . . . at point of manu-
facture . . . at point of transmission . . . at point of
field service.

LABORATORY * DESIGN - DEVELOPMENT
MANUFACTURING

Sherron
Electronics

SHERRON METALLIC CORP.

1201 FLUSHING AVENUE BROOKLYN 6, N. Y.
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ERIE BUTTON SILVER MICA CONDENSERS'

for V.H.F.—U.H.F. APPLICATIONS

RIE Type 370 Silver Button Mica Condensers
have proven to be ideal components for V.H.F.
and U.H.F. applications where short ribbon-type
leads, low series inductance, and compactness
are requisite factors. Their efficiency and quality
have been thoroughly established through prac-
tical service, in large qudntities since 1941.

These small condensers consist essentially of
a stack of silvered mica sheets encased in a silver
plated housing. The housing forms one terminal,
the other terminal being connected to the center
of the stack, thus providing the shortest possible
electrical path to and from the capacitor.

A wide selection of terminal and mounting
designs is available to provide both feed-through
and by-pass connections. Capacity ranges and
electrical characteristics are given above.

Complete technical information will be sent
to interested engineers on request.

FOR HIGH ACMIEVEMENT
IN WAR PRODUCTION

CHARACTERISTICS

CAPACITY RANGE:
15 to 500 MMF at 1 mec.
POWER FACTORS:

.08% max. for capacity tolerance + 5% or
closer (for resonant circuit applications).

.12% max. for capacity tolerance over + 5%
(for by-pass and blocking use).

MAX. WORKING VOLTAGE:
350 Volts A.C., 500 Volts D.C.

Flash Test (2 seconds) 1,000 Volts D.C.
Leakage Resistance, Over 10,000 megohms.

*PATENTED

ga / . D. 2y
ERIE RESISTOR CORP., ERIE, PA.

LONDON, ENGLAND * ¢ TORONTO, CANADA
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YESTERDAY

and

TODAY!

Before Pearl Harbor, the leading line of
sectional and telescopic antennas used
by manufacturers of automobiles, radios
and portable radios carried the warp
trademark.

Of course, today, all production is going
to further the war effort, and men in tanks,
planes, command cars—in communication
units of all kinds—are becoming familiar
with the name of waro. It appears on an-
tennas used on communication equipment
all over the fighting front.

The expertness of design and manufac-
ture that made warp the leader in the
pre-war period and during wartime, is
being supplemented by knowledge gained
from the war effort. After the armistice is
signed, there will be new and improved
products. If the use or specifying of aeri-
als is included in your post-war planning,

_ or if you. are a distributor, look to wARD!

THE WARD PRODUCTS CORPORATION & ™

1523 E. 45TH STREET, CLEVELAND, OHIO

&5



"WHY THAT’S JOCK!”

Right on the field of batile is the CBC truck
with its Presto recorder taking down the
sounds of battle, the words of Canadian men
doing the hghting . . .

Yes! It actually happens. Canadian families are now hearing
the voices of their own loved ones on the battlefronts, thanks
to a program service originated by the Overseas News Service
of CBC. This enterprising and much appreciated service con-
sists of recordings made right on the scene of battle, the actual
sounds of battle forming a terrible background. The record-
ings are rushed to Algiers, short-waved either via London or
direct to Ottawa, where they arc re-recorded, and sent out over
the CBC leased lines. All this is made possible by the use of

PRESTO Recording Equipment, which is used throughout the . Transmitted by short wave to BBC in
. . . London, the broadcast is re-recorded on one
Canadian Broadcastmg Corporatlon‘ of the fifty complete Presto recordmg instal-

lations in the British Isles .

H i . .. Short. waved agajn, this time to CBC in
Presto Recording Corporation, New York 19, N. Y., U.S. A. (pEShon maved ewia. thi i to CBC i
World's Largest Manufacturers of Insianta- then sent over wire lines to the stations on

neous Sound Recording Equipment and Discs the CBC networks across the Dominion.
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GORNELL-DUBILIER

pioneers its

designs on the drafting hoard of experience

Ftrcegth blhe years, Cornell-Dubilier has
keyed its design to the needs and require-
ments of the radio and electronic industries.

When the accelerated demands of war
came, C-D was prepared with the ex-
perience, the skills and the equipment
needed. For 34 years C-D research
engineers have been active partners
with equipment manufacturers. To
supply their requirements, C-D has
expanded from one plant in 1940 to
six plants today.

The tremendous increase in produe-
tion has not affected the high quality
of C-D Capacitors. Their inherent
stamina has been battle-tested in
countless war applications. The finest
materials, the same care thru every
step of construction, produces the
dependability which makes C-D’s the

choice of 4 out of 5 engineers. Con-
sult us in the design stages -
of your product, we
will gladly eontrib-

ute our knowledge
and experience.
Cornell-Dubilier
Electric Corporation,
South Plainfield, N.J.

C-D HIGH POWER
TRANSMITTER TYPE 59

For use as grid, plate blocking, coupling, tank
and by-pass applications in high power traris-
mitters. Low-loss, glazed ceramic cylindrical
case. Can be mounted in any position. Series
or parallel combinations obtained by bolting
terminal ends together. Send for details.

Cornell-Dubilier Capacitors

MICA « DYKANOL -
WORLD’S
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PAPER « WET AND DRY ELECTROLYTICS
LARGEST

MANUFACTURER OF CAPACITORS
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< MINIATURE RADIO
RECEIVING TUBES

SYLVANIA “LOCK-IN"
< RECEIVING TUBES

i D

A STANDARD TYPE

TRANSMITTING TUBES |
RECEIVING TUBES .

|
!

i
i
i
Ve

One Heandere —
Ttee We&/ olre ymﬁew Hnooen

That working principle in radio tubes and related
fluorescent and incandescent lamps won Sylvania many

important wartime assignments in electronic develop-

!

POWER MEASUREME
many different types of electron tubes other than radio ‘ TUBEgRE it 1

ment and manufacture. Now Sylvania manufactures

CATHODE RAY TUBES j

4 to the same high standard. A few of them are shown

here. There are many more, some of which are still on
the restricted list. For information, write to Sylvania,
500 Fifth Avenue, New York 18, N.Y.

SYLVANIA

ELECTRIC PRODUCTS INC. FACSIMILE
500 FIFTH AVENUE, NEW YORK 18, N. Y. RECORDING TUBES

< RADIO

<4 GAS VOLTAGE TUBE PARTS

REGULATOR TUBES
MINIATURE AND

STANDARD SIZE WELDS AND LEADS »

encamat]
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Small and Medieerns
TRANSFORMERS

Consolidated Radio Prodwects Company specializes in 400 cycle tsansfosmers to

meet Army and Navy specifications on airborne communications equipmet, and

also, supplies prime contsactors of the Signal Corps and Maritime Zomm ssion.

Greatly expanded production facilities on a wide range of smal and medium
transformers include Pulse Transformers, Solenoid Coils, Search
Coils. Other products include Range Filters and feadsets.

Consolidated Engineers will also design transfermers
for special applications or will build ta your
specifications.




Small things are often of major impor-
tance—and mean the difference between
success and failure. Utah Parts, for in-
stance, must be accurate to the most
minute detail. Even an error so small as
one ten-thousandth of an inch could re-
sult in faulty operation.

This marvelous instrument, the meas-
uring microscope, makes it possible for
Utah engineers to spot errors in work-
manship—no matter how slight. They
are able to make infallible measurements
to the ten-thousandths of an inch —just
one reason for the split-hair accuracy

6 Products Company, 857 Orleans Street, Chicago 10, IiL

'-_--f

ever see

“—aaga-of an inch?

of Utah Parts wherever they are used.

Utah’s outstanding name for depend-
ability and long life is due to the pains-
taking inspection, ever watchful surveil-
lanceand complete testing. These *'traits”’
in Utah’s character have been of prime
importance in adapting the many war-
born miracles of radio and electronics to
today’s military needs. They will be just
as important in transforming them to
commercial uses tomorrow.

* % %

Every Product Made for the Trade, by
Utah,IsThoroughlyTested and Approved

July 1944 — ELECTRONICS



_ DEVELOPED
FROGEN PURIFIER

ent fically controlled atmos-
- phere of automatically mixed ni-
" trogen and hydrogen.

Here is another reason why you
get higher operating efficiency
and still longer life when you use
FTR tubes. Another evidence of
the ability, brains and technical
understanding which have earned
the reputation that ‘/Federal al-
ways has made better tubes.’’

| . ew FTR tube
Intelin Ultra Migh Fre. putomatic nitrogen

quency Coaxval Cable, -
developed and manafac- uring the PEaCESS of

twred by Federal, bay ing the anode to the stem,

extreme ruggednesy and
ardpes VSIT 3pePif Rl elements of every FTR tube

."'"';’ P"’_"""""-d"‘;’_‘p”“‘r- are now protected from oxidation,
uniformity and ‘depeng : . . s . .
ability, .- contamination and moisture in @ Now is the time to know Federal.

ederal Jelephone and Radio (Orporation

Newark 1, N. J.
INVEST IN THE FUTURE—BUY WAR BONDS
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HIGH FREQUENCY INDUCTION HEATING UNITS

Lepel Units are

Instantly Ready for Peacetime Jobs

Industries using Lepel Induction Heating
for war production will enjoy this important
advantage when the time comes for con-
version to peace-time operation:

Regardless of whether their Lepel Units
have been used for hardening, annealing,
stress relieving, soldering, brazing or melt-
ing, they can instantly be swung over to any
of these operations on post-war products. No
conversion whatever will be required other
than a simple change of load coils which may
be required to accommodate the new product.

Furthermore, Lepel users will continue to
enjoy the many advantages of Lepel High
Frequency Induction Heating in

® phenomenal savings of time and cost

® jocalized heating for hardening with prac-
tically no distortion and no change in the

39 WEST 60th STREET

metal structure outside the treated areas
simplification of the most intricate solder-
ing and brazing operations into quick,
simple jobs, producing cleaner, neater and
stronger joints

accurate control of temperature and
time cycles — either manually or auto-
matically — assuring quality and uniform-
ity rarely attained by other practices.
absolute cleanliness — freedom from dirt,
smoke, fumes and heat

safety and dependability

Keep these facts in mind in your post-war
planning — and in your quest for better
methods of handling current work. A Lepel
field engineer will be pleased to call to dis-
cuss the advantages and details of Lepel
Heating applied to your specific jobs.

LEPEL HIGH FREQUENCY LABORATORIES, INC.

PIONEERS IN INDUCTION MEATING

NEW YORK 23, N. Y.
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For many years, it has been Raytheon’s

privilege to provide electronic and indus-
trial concerns with the finest equipment
and tubes that loyal craftsmen could design
and build. * x * Since December 7th, 1941,
we have accepted a major responsibility ...
supplying our armed forces with electronic
and electrical apparatus in quantities to
bring victory sooner. *x x x Even before
Pearl Harbor, close cooperation with the
Armed Services of the United States had
resulted in new production techniques

By

and the design of new, superior products.
These new devices have been credited with
helping to turn the tide of barttle. x x x We
find double satisfaction in the task per-
formed today. Developing and producing
advanced equipment assures us that our
boys are adequately equipped with superior
military devices. It also means these respon-
sibilities have greatly added to our abilities
to serve industry as designers and builders
of electronic equipment and tubes when
¥ peace comes.

RAYTHEON MANUFACTURING

Waltham and Newton, Massachusetts

ELECTRONICS — July 1944
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AUTO-LITE
Electrical

®
e uanié
|

VERY foot of electrical wire and cable

used in your product has its special
function to perform. Its efficiency depends
on how well the particular size, shape, ma-
terial and insulation of the wire has been
selected, how carefully it has been engi-
neered. That’s why it’s important to you
to know of the wide manufacturing facil-

ities and the expert engineering assistance
available to you at Auto-Lite. The reputa-
tion for dependability that has been earned
by Auto-Lite products is your best guide
when you are searching for a solution to a
wire or cable problem. For complete in-
formation address your inquires to

THE ELECTRIC AUTO-LITE COMPANY

SARNIA, ONTARIO

Wire Division

PORT HURON, MICH.
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WE INVITE AN

RADIO RECEPTOR CO., INC.

Engineers and Manufacturers of Airway and Airport Radio Equipment « Radio Navigation Aids =« Airport Traffic Controls

SINCE 1922 |IN

YOUR AIRPORT

. . . whether it be o way-station or a terminal on the HIGHWAYS OF THE AIR,
requires radio facilities especially designed for the services you offer, Without adequate
radio equipment your airport cannot perform its proper function.

DESIGN: Fortified by years of experience
in designing airway and airport radio equip-
ment, RADIO RECEPTOR engineers offer you

a vast store of specialized knowledge.

MANUFACTURE: Civilian radio equip-
ment manufactured by RADIO RECEPTOR
meets the same high standards as set for
CAA and the Armed Forces, and will be pro-

duced by the same personnel.

INSTALLATION: RADIO RECEPTOR has
complete facilities for the installation, if de-
sired, of equipment in any part of the world.
Tropical installations receive special attention.

SERVICE: RADIO RECEPTOR equipment
does not become an "orphan' when once it
is installed. Periodic inspections and emer-
gency service are provided for in all sections
of the United States.

PLAN: Send for your Airport Radio Questionnaire, and let us help

you plan adequate radio equipment for your airport . . . NOW!

Non-technical booklet, ""HIGHWAYS QF THE AIR" available on request, Address Desk E.

ELECTRONICS — July 1944

OPPORTUNITY TO COOPERATE WITH ENGINEERS, CONSULTANTS AND [OCAL CONTRACTORS

R ADIO

A ND

ELECTRONICS

251 WEST 19th STREET
NEW YORK 11, N. Y.
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MANUFACTURERS OF

MECHANICAL-ELECTRICAL COMPONENTS
FOR RADIONICS

Although Mec-Rad is a new name in the field, our organization has
a wide background of experience in designing and producing intri-
cate mechanical-electrical components for radionics. Today we are

100% on war production, manufacturing high-frequency precision

parts for the radionic equipment of our armed forces. After the war
our specialized engineering “know-how” and plant facilities will
be available for the development and manufacture of similar peace-

time products for the electronic industries.

DIVISION-BLACK INDUSTRIES

1400 EAST 222ND STREET ST CLEVELAND 17, OHIO
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Lumarith insulation...

guardsagainst

gLACK HAND

LUMARITH (cellulose acetate) insulation is especially
effective in resisting electro-chemical oxidation wher-
ever electrical equipment must operate in a highly
humidified atmosphere. A textile mill spinning-room
provides an excellent example. Here humidity must
be adequate to keep down static electricity, and con-
tactor coils especially have been known to burn out
prematurely due to moisture-induced corrosion. The
use of Lumarith insulation guards against this trouble.

Lumarith films for moisture-resisting wrappers and
layer insulation, and Lumarith dip coats have excellent
dielectric and physical strength and are low in mois-
ture absorption. The films are furnished plain or with

ELECTRONICS — July 1944

of cORROSION

a special mat finish which is easy to see and prevents
slipping of wires—important winding advantages.
“Lumarith for the Electrical Industry” is a booklet
worth studying. Send for your copy. Celanese Cellu-
loid Corporation, a division of Celanese Corporation
of America, 180 Madison Avenue, New York 16, N. Y.

“Tc U. 8. Pat. Off.

wAnH
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MODEL 300
ELECTRONIC
VOLTMETER

MODEL 220
DECADE
AMPLIFIER

MODEL 402 0.00002 TO 10,000 VOLTS

MULTIPLIER

This enormous range of voltages—five hundred
million to one—is accurately covered by our
Model 300 Electronic Voltmeter and some of the
accessories shown above. Frequency range 10 to
150,000 cycles. Accuracy 2% over most of the
range. AC operation. Five decade ranges with
logarithmic scale make readings especiallv ecasy.
Uniform decibel scale also provided. May also

} Le used as a highly stable amplifier, 70 DB
gain, flat to 150,000 cyeles.

BALLANTINE LABORATORIES, INC.

BOONTON, NEW JERSEY, U.S:A.
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Never Undere

WHEN THE WHISTLES OF VICTORY BLOW

.. .and the Axis starts spinning, a
mite of the credit will go to springs
on Allied equipment. Some of these
springs were designed from the
Hunter Data Book, a copy of which
should be at your fingertips. Your
signature on your Company let-
terhead brings a free copy to you
promptly. You’'ll find it useful.

st

HOUGH a spring may be small, its

mportance can be out of all ]';ropor-
tion to its size and cost. Design and manu-
facture are not necessarily difficult. Usually
the tough job is to find the right spring for
a specific application, considering the cost
and tolerances allowable. This sometimes
means boiling down clusive ideas of what
the spring should do to concrete purposes
from which specifications can be con-
structed. Clarifving the problem in these
cases is not a jobh for amatcurs, but for a

fimate a Spring

scientific spring maker. Research and cal-
culation, mathematics and metallurgy. sta-
tistical control of quality, and unusual and
original testing and inspection methods in
all have to be recruited in the development
of the right spring for vour application.
But on such springs vou can confidently
rest the performuance and reputation of
your products . . . without a cloud of un-
certainty over vour head or a lump in vour
throat. Remember . .. now, and in the
future, springs made right, make good!

THE GARTER SPRING—one of o number of basic spring designs, is essentially an extension spring. It is sometimes

used as a belt to drive light machines, more often to produce a radial force as in the case of packing ring segments.

HUNTER PRESSED STEEL COMF."ANY, LANSDALE, PENNA.




precision, versatility and
speed in chemical and
physical determination by
X=-RAY DIFFRACTION

G B e R e

In X-Ray Diffraction, Industry has at hand
an indispensable means for quick, accu-
rate, chemical and physical determinations,
by graphic demonstration of the actual
microscopic structure of materials.

The Picker Diffraction X-Ray Unit offers to
the scientific and engineering professions
an apparatus of the utmost precision, con-
venience and versatility. Four types of
Diffraction Cameras are shown, mounted
on ways with perfect reference edges to
insure consistently accurate alignment. The
Unit is also readily adaptable for use with
any special cameras such as the Weissen-
berg for single crystal analysis. Transformer
and tube are water cooled, permitting
continuous operation.

PICKER X-RAY
DIFFRACTION APPARATUS

Two portal low filtration beryllium window

Continuous operation — tube and transformer
water cooled

Operation fully automatic—control 5 KV to 50 KV
in 20 steps

X-Ray tubes with targets of different elements
are available and interchangeable

Concealed insulated water lines to minimize
condensation

Concealed storage compartment for X-Ray tubes,
cameras, and accessories

Picker X-Ray Corporation manufactures industrial
X-Ray equipment covering every phase of appli-
cation . . . radiography, fluoroscopy, diffraction.

sets the pace in x=ray
=

PICKER X-RAY corporation
300 Fourth Avenue, New York 10, N. Y.
WAITE MFG. DIVISION « CLEVELAND 12, OHIO

BRANCHES AND SERVICE DEPOTS IN PRINCIPAL CITIES OF U.S5. A. AND CANADA
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- tion of distortion in crystals and the deter-

The Lave Camera is used for the observation
of preferred orientation of grains or fiber
textures and the study of cold work and
recrystallization.

Typical Lave Camera Diffraction
Pattern; shows preferred orientation.

The Back Reflection Camera is used for
precise measurement of lattice constants,
measurement of surface stresses, observa-

mination of composition of solid solution
alloys. Sample and film may be rotated
by motor.

Typical Back Reflection Camera
Diffraction Pattern

For routine identification of substances or
unknowns the 70 mm. Powder Camera is
used. Specimen can be rotated by motor.

Typical 70 mm. Powder Camera
Diffraction Pattern,

For more precise measurement of [attice
constants and the determination of alloy
constitution diagrams, and for studies where
the highest resolution is required, the 200
mm. Powder Camera is used. Specimen can
be oscillated or rotated by motor.

£
oRt T
3 o £O n Lo .
Typical 200 mm. Powder Camera Diffraction Pattern. ’ COR® 30 e ge‘.c\(e‘ oieot - P
) e
Note the greafer resolution of lines as compared (CXER LRE Jour yoco aé"‘"bmg o =
with the 70 mm. pattern of the same area above. ° oo “: e il | e
. Q et /’ - / &)
: P\e"“‘e — - “e(\\eo
) O St ATE ompon‘i el
. ME ovt <
YOUR LOCAL PICKER ENGINEER IS AS NEAR nA oo™ o
AS YOUR PHONE — OR USE THIS COUPON (ME 1
. cON‘PF o
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Strips of
binding posts
mounted in
bakelite can be
had in any num-
ber of pairs
specified.

Lef-—Type K Dis-
tribsting Strip com-
bined with insulated
metal fanning strip
—a movlded bake-
lite strip of high in-
sulating value and
great strength.
Studs of non-.corro.
sive, high tensile
strength metal. Can
be furnished in ex-
act number of pairs
required,

Right —~Type KS
Terminal Stripis
similar to the K
Strip except
that it is fur.
nished with a
row of solder
clips under the
nuts. Fanning
strip isoptional.

Left—Furnished for 6, 11, 16, 26
pairs or multiples thereof,
Distributing Panels are furnished
wit .. or without fanning strips.
Single piece moirided bakelite
faceplate and fanning strip is
feature of latter. Non-corrosive
studs,

Below—~Cable Distributing Strip
and Housing fer low voltage
circuits, Special type housing
will accommoda-e various types
of strips.

Below—~Type 55 Ter-
minal Strip for in-
terior low voltage
circuits. For mount.
ing in instrument
boxes and test cab.

Below—Type 65 Terminal Strip—
Bakelite base, tinned brass connec-
tors, furnished in various lengths.

82

Supplementing the line of Cook Relays, “Spring-
life”” Bellows and Pressure Detector Switches, is a
line of accessories, a representative group of which
are shown here.

These are some of the items for which engineers in
the aviation, communications, electrical and elec-
tronic manufacturing industries “Look to Cook”
when planning their requirements..

Here are some facts about these line terminating and
switching items that are of interest to you.

* Carefully designed to the high standards of Cook
engineers.

* Tooled and fabricated completely under one roof.
* Precision manufactured with modern equipment.

* Assembled and tested with exacting care by skilled
workers.

* Highest grades of all materials are used in all
parts.

* Manufactured in a model plant with efficiency that
provides capacity to produce in quantity.

* You can buy direct from manufacturer—if quan-
tities warrant, we will tool for special require-
ments.

Left —Type 53 Interior Junction Box
showing Type 53 Terminal Strip.
Terminals providing solder clips on
cable side and screw connections
-on drop side are mounted in spe-
cially selected kiln dried maple
terminal strip. Furnished in 13 and
24 pair capacity.

rodptpte

Left—Type 52 Interior
Junction Box showing
Type 52 Terminal Strip.
Furnished in 10, 20 and
26 pair sizes. Special
sizes up to 52 pairs to
order. Solder connec-
tions for permanently
low resistance. Terminal

?J?;tgﬁ:if;f'{f;:‘:ﬁ; Above—Type 54 Interior Junction Box

H insu- showing Type 54 Terminal Strip. Simifar

i::?o,.ha'd GRber iy to Type 53-except that heads are smaller,

: unit is more compact and has lighter
weight studs.
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Left—Push Key Switch—
sturdy type switch built to
_requirements.

Right — JK-24 Telephone
Jack, precision built for
perfect contact. JK.47 also
manufactured.

Left —JK-26 and 46A
Jacks—two voltage con-
nectors for radio head-
sets. JK-26 has bakelite
housing and JK-46A has
aluminum housing.

Left —Turn Key Switch —various
combinations of make and

Right — Lever
Key Switch—
heavy duty key,
built in various .
make and break
combinations.

Above —(ndividual®
Lamp Jack for signal
lights. Designed to
accommodate stand-
ard lamp and caps.

Below—Lamp Jack Strip—strips of the lamp jack
illustrated above can be had in any combination.

A SERVICE SINCE

Cook Electric Company has been manufaciuring this
type of equipment since before the turn of the cen-
tury. Experience and “know how” go into the manu-

facture of every item manufactured at Cook.

2700 SOUTHPORT AVENUE

ELECTROMICS — July 1944

Specnally
Designed
Precision Built
Aeronauhical
Accessones

Above — Terminal
Clip — various
metals and types

1
Right —UX Cable
Terminal—6, |l or °
16 pair cable termi-
nal in patented wa-
ter- tight chamber.
Heavy studs set in
bakelite. Outlet of
box may be pro-
vided with patented
compression coup-
lings.

Right—Line Termina
Block is made of heavily
tinned formed metal
clips set into hard rubber
insulation. Various types
of terminal blocks are
manufactured to accom.
modate the various types
of terminal punchings

Below—Porcelain connectors
with non-corrosive studs.

Below —Terminal Punchings —
plated, accurately tapped,
have tinned solder connec-

.

Below—Showing an additional variety
of terminal punchings.

CHICAGO 14, 1LLINOIS
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WITH AMERTRAN 400 CYCLE TRANSFORMERS

V¥ thin the small area of a testing laboratory, AnerTrar puts its 400
cycle t-ansfcrmers throwah 1 round-tte-world -rip Every possible
service cordt on encoun-erad in war or Jeace is duplcated ty pres-
suie, temperature and moisture extremes gs well & bv impact and

vikraticr .

Among the precasions AmeiTran takes to assure taaf the
400 cycle transfo-mers wil pass the:e tests are High
vacuum impregnct on of cods with funcus proof variish,
followed by slow baking; rfra-red se-heating of co-es
and coils to insure complete adheren:e of insulating ccm-

pound; torgue gauging of screwed terminals; Neoprene

Pioneer Mcnufacturers
of Transformers, Reactors
and Rectifiers for Elect-onics
and Power Transmission

84

gatkets for cerzmic insulators; pressure testing of im.

me-sed cases zefcre final sealant is applied.

Because of ther minimum weight and dimensians, as well
as absolyte dimensional conformaonce, Ame~Tran 400
cyde transicrmers are the ideal components for airborne
inssallations. Conservatively rated, they bear t1e juaran-
tee of AmerTras, pioneers in transformer progress for more

than forty yeatrs.

THE AMERICAN TRANSFORMIR CO., 178 Emmet St., Newank 5, N.J.

I

MANUFALZTJRING ZINCE 19D) b NEWARR N, J.
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FROM EXACT PROPERTIES TO FINISHED PARTS

“—“PROPERTIES

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

HIGH DIELECTRIC STRENGTH

Volts/Mil. Short Time Test, 1" Thickness—up to 700 volts.

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

Power Factor, at Radio Frequency (1 megacycle from 6.5% to
2.57% for electrical grades)

UNUSUAL STRUCTURAL STRENGTH

Izod Impact Strength (ft. lbs. per inch of notch)—-0D.5 to 20.
Compressive Strength (psi)--20,000 to 55,000.

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

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

EASY MACHINABILITY

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

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

LOW WATER ABSORPTION

As low as 0.79%, in 24 hrs. immersion.

CORROSION RESISTANT

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

LOW COEFFICIENT OF FRICTION
LOW THERMAL CONDUCTIVITY

GOOD DIMENSIONAL STABILITY

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

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

* CAN BE MADE
TO YOUR ORDER

i

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

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

Write for Data Sheets and samples.

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

St. Louis, St. Paul, San Francisco, Seattle, Syracuse, Toronto, Trenton, Vancouver

X
MASS PRODUCTION OF SHEETS, RODS, TUBES, MOLDED FORMS, FABRICATED PARTS
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INADOAMIP fr | ]
; 1L RECEPTION
SI' LTANEQUS VISUAL OBSERVATION JF SIGNALS OVER A BROAD BAND UF FREQUENCIES

Panoramic Reception is the technique of viewing simultaneously

a multiplicity of signals received over any given portion of the

radio frequency spectrum. lts uses include the measurement and

comparison of frequency, inductance, capacitance, and resistance.

The Panoramic Radio Corporation has conceived and pioneered the

major developments in this field, yet we feel that we have but scratched

the surface of the tremendous sphere encompassed by Panoramic Recep-

tion. l&s successful use in ccmmunications, direction finding, navigation,

production, and the laboratory presents only an incomplete picture of its

possibilities. Why not let our engineers demonstrate how much of your work
can be expedited by Panoramic equipment?

ik

B o R

| G

RADIO CORPORATION

242-250 WEST 55™ ST../I{“,?W{./&./Z/?/
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FREE ENTERPRISE

The Obligation of Management and Labor
to Cooperate...in War...in Peace

The Invasion is on! We have unleashed our full might
for military victory. We have confidence that our great
strength will bring success. We are strong because we
have achieved unity in mobilization and in combat.

Though victory appears assured, we cannot rest until
we have done everything in our power to speed the day
when death and destruction are halted.

The home front is an important factor in this time
element, for the fighting power of our Armed Forces
depends upon their weapons. Napoleon’s army fought
“on its stomach”—man against man. Eisenhower’s men
fight on their tonnage—tanks, artillery, machine guns,
heavy bombers.

As never before in the long succession of wars, the
legends of heroic deeds on the battlefronts in this world
conflict will be paralleled in history by the great accom-
plishments on the production fronts. Along with these
heroic achievements of our Armed Forces, the world will
long remember the record of our production accomplish-
ments which have made us the stongest military power
in the world, as well as the arsenal of democracy.

As the conflict reaches its climax, as battles grow
fiercer and more destructive, our responsibility becomes
greater and more critical. We must coordinate our pro-
ductive efforts with the same ingenuity and the same
precision with which our Armed Forces have coordi-
nated theirs. We dare not waste the productivity of a
single man or machine in these critical days.

As our landing craft are discharging our fighting men
on the beaches of Europe and the Pacific, they must not
want for equipment. No interference with war produc-
tion for any reason can be justified. There must be no
picket lines in America!

The landing of American troops in France virtually
has stopped all strikes in the United States. This is im-
portant and encouraging news because the prelude to
Invasion, unfortunately, has been an epidemic of strikes.
Time lost through strikes, during the first four months
of 1944, was double that lost during the same period
last year. April saw more strikes than any other month
since Pearl Harbor, and in May the record again was
broken. Here is what happened within two weeks in May:

Nine thousand men in six Chrysler plants in Detroit were
out when a jurisdictional dispute in a “soda pop” war be-
tween the American Federation of Labor teamsters and the

Congress of Industrial Organizations fired their discontent.

A three-day sit-down strike occurred among 950 employces
in the B. H. Aircraft plant over the refusal of the company
to discharge a superintendent unsatisfactory to the union.

Thirteen hundred men in the Chevrolet transmission and
axle plant at Saginaw struck over a no-smoking rule and a
change in shift-starting time.

Two thousand employees at the Browne and Sharpe Manu-
facturing Company walked out when a woman was hired to

fill a job long held by a man.

Production of penicillin, blood plasma, and other medical
supplies was halted at two Detroit plants of the Parke Davis
Company as 1900 employces struck for a ten-cent raisc.

Over 25,000 lumber workers in the Pacific Northwest
struck because the War Labor Board denied their demand
for a wage increase.

At the end of the third week of May, 70,000 workers in
26 plants in Detroit were idle because of strikes.

Strikes in Detroit alone reduced production as much
as a moderately successful German air raid would have
done. Iar more important than their effect on output is
the effect of strikes upon national unity and morale. To
our home front and to our Armed Forces, strikes belie
our pledge to back the attack with all the power at our
command. Hence, strikes limit our all-out war effort,

Prompt and decisive action is needed to keep America
free from strikes for the remainder of the war. Stop-
pages of work on the production lines cannot be con-
doned while lives are being lost in fighting the enemy.

Most union leaders realize this nced and are prepar-
ing to impose discipline upon their members who violate
the no-strike pledge. The Warchouse Division of the
International Longshoremen’s and Warehousemen’s
Union (C.I.O.) recently declared: “Strikes in this time
of war are treason against the nation and betrayal of the
interests of labor.” A message sent by William Green to
all heads of American Federation of Labor unions stated:

“D-day is here. From now on until Hitler is finally crushed,
every worker enrolled in the army of production must con-
sider himself a part of the invasion forces of the United
States and conduct himself accordingly. I call on you in the
name of the American boys who are risking their lives un-
der enemy fire to maintain uninterrupted production under
any and all circumstances. Until victory is won every worker
must give the same all-out service that our Armed Forces
are giving on the field of battle.”



Strongest of all was the appeal of R. ]J. Thomas, presi-
dent of the United Automobile Workers, to members
of his union:

A

“Qur union cannot survive if the nation and our soldiers
believe that we are obstructing the war effort . . . there can
be no such thing as legitimate picket lines . . . I appeal to
our membership. If you value your union, if you want to
live and serve after the war, we must restrain ourselves
and our liot-headed brothers today. If we do not, there will
be no union after the war.”

Union officers are entitled to vigorous support from
management and government in their efforts to prevent
strikes. Behind many a strike is an accumulation of un-
settled grievances. Managements are overworked, and
many union shop stewards are new and inexperienced
and do not always do their part in turning down cases
which lack merit. Both of these conditions make it easy
for large backlogs of unsettled grievances to pile up. A
special drive to clean up unsettled cases and to prevent
new accumulations of them is one way by which man-
agements and local union officials can help shorten the
war.

The government too has a contribution to make to
the prevention of strikes—both through the prompt dis-
posal of disputes and through firm action against the
leaders of strikes. The National War Labor Board and
the Regional Boards are disposing of over five thousand
cases a month and have made an excellent record in re-
ducing their backlogs. Nevertheless, the boards still have
many old cases; and about one out of four strikes has
been an effort to get action from one of the labor boards.
The boards are entitled to cooperation from employers
and unions in keeping down their docket. In instance
after instance, cases are dumped in the lap of the board
before the union and employer have made a real effort
to get a meeting of minds and to work out settlements.

In the present emergency, strikes are an expression of
the lack of adequate understanding and team work be-
tween unions and management. Any future great up-
surge in industrial strife likewise will be due to misun-
derstanding. After this war this country must not go
through another “1919” when the time lost from strikes
reached an all-time high. With 13 million workers, or
almost half of the non-salaried employees of the coun-
try, in trade unions, the power and prestige of unions is
greater than ever. The long-run prosperity of the coun-
try requires that business and labor learn how to
cooperate in supporting the policies which produce
the largest possible profits and the largest possible
payrolls.

Although business is primarily interested in the larg-
est possible profits, and labor is primarily interested in
the largest possible payrolls, both objectives call for the
same basic conditions. Payrolls depend upon the pros-
pects for profits. If bad relations between business and
labor or unwise public policies cause employers to take
a pessimistic view of the outlook for profits, both em-
ployment and payrolls will be depressed.

Individual unions and individual employers always
will have differences over wages and hours and the status

of labor in particular plants or in particular occupations.
Some disputes on such issues are inevitable, but resort
to arbitration and calm intelligence can help greatly in
avoiding strikes in the long run. Cooperation between
labor and management is an economic necessity. In our
kind of economy, payrolls and profits both depend
upon the willingness and the ability of business and
labor to work together in creating the conditions un-
der which enterprise flourishes,

The foundation for intelligent and effective coopera-
tion must be accomplished by skillful and imaginative
managers in plants throughout the country who are will-
ing to help unions with their problems, and who are able
to interest union leaders and their members in the
problems of business. Union members and their leaders
are keenly interested as a rule in the efforts of manage-
ment to win new markets. They know that jobs depend
upon the success of managements in improving the
product, adding new items to the line, and, less frequent-
ly, cutting costs and prices. Employees like to be kept
informed about what management is doing, what prob-
lems it is meeting, and what success it is having. Most
of all, they like to have an opportunity to contribute
their ideas and suggestions.

The recent epidemic of strikes should not blind us to
the fact that even today there are more plants where
managements and unions are on good terms than ever
before in the country’s history. Consider, on the one
hand, the extensive and constantly growing efforts of
unions to train and develop shop stewards and, on the
other hand, the efforts of employers to teach foremen
how to carry out the new responsibilities imposed upon
them by union agreements. Unions and managements
together are learning how to operate together such tech-
nical devices as time study and job evaluation. Manage-
ments which, several years ago, opposed the provision of
umpires to interpret union agreements and to settle
deadlocked cases today are taking the lead in suggesting
such arrangements.

The war is reaching a crisis, and all groups in the
country must be aware as never before of their com-
mon interests. This presents an opportunity which
should be seized to lay the permanent foundations for
more effective team work in American industry. Let his-
tory record that the days when Europe was being lib-
erated also were the days when unions and employers
were making unprecedented progress in preparing Amer-
ican industry for the return of the service men by de-
veloping policies of cooperation between business and
unions. Such cooperation will help achieve a peace
worthy of our efforts and our sacrifices.

President, McGraw-Hill Publishing Company, Inc.
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Smaller brothers of the Eimac 35T and 35TG, these
tw.o triodes are filling a need’in high-frequency equip-
ment of relatively low-powered class. They attain a
high order of efhiciency on frequency in the VHF range
and perform equally“well at lower frequencies.

In every way these two are worthy additions to the
Eimac family . . . embodying all the Eimac features in-
clading complete freedom from premature emission
failures due to gas released internally.

Complete data is available without obligation. Write
for it today. Also ask for your complimentary copy of
Electronic Telesis, a sixty-four page booklet which gives
the fundamentals of Electronics and many of its appli-
cations. Written in layman’s language, this booklet
will assist engineers in explaining the art to novices.

EITEL-McCULLOUGH, INC., 893 San Mateo Averue, San Bruno, California

e ;. oand Salt Lake City, Utah
Y
R TR

3 Export Agents: FRAZAR & HANSEN, 301 Clay Street, San Francisco 11, Calif., US. A..



- Mallory
Standardization Program
for Electronic Components

Breaks a Production “Log-Jam”

Cooperation is a reality in wartime. Mallory
engineers have just provided another striking
example of practical cooperation with a re-
search program for standardization that assures
speedier production and .improved construc-
tion of components vital to the war effort . . .

conserves valuable engineering time for you.

For the first time, a manufactirer of electronic
parts has thoroughly studied the effects of various
salt spray conditions on combinations of metals,
alloys and platings. One result has been Mallory’s
development of two standard types of construc-

tion for radio components:

Typ(‘, A— most parts: stainless steel and
nickel-plated brass.

Typ(', B—most parts: cold rolled steel and

brass, cadmium-plated.

Fxtensive Mallory research has proved what
metals do the best job in each part of a switch,
variable resistor or jack assembly —what plating
thickness is required—what combination of ma-
terials will withstand rigorous salt spray tests.
Until now, production of rotary circuit switches
and other components has been delayed by
dozens of specifications—often conflicting—for
materials, plating finishes and special construe-

tions. Mallory’s new standards are helping to
break this “log-jam”, with

@ Specifications and ordering vastly simplified.
@ Production speeded and made much easier.
@ Deliveries to customers made more promptly.

Also, the new Mallory constructions are obvious
improvements because the materials selected for
each part have been proved best.

Mallory cooperation isn’t limited to producing
better switches, jacks and volume controls, faster.
Normally, the salt spray data would be kept
secret and used only by Mallory. But throughout
the war, Mallory’s policy has been to provide
useful information to anyone in American industry
who can put it to work for victory. Now Mallery
offers complete data on the materials and plat-
ings, chosen on the basis of thorough salt spray
tests, for various parts of Mallory switches,
variable resistors and jacks. Valuable data on
fungicidal protection has also been compiled.

Collected in a 20-page booklet, this useful
information is yours for the asking. Writs
us on your business letterhead today.

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

"
Approved Precision Produc

BUY AN EXTRA WAR BOND
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ELECTRONICS....

KEITH HENNEY...

.Editor...JULY, 1944

CROSS

» ALADDIN . . . Years ago everyone got pretty
bored with the constant comparison of the radio tube
with Aladdin’s lamp. And yet, has man ever developed
a new device which required so little raw material, or
so little time to build, or so few man-hours of labor
and which delivered so much good to the world as the
radio tube? What else in man’s experience is worth
so much in relation to its mass, or volume or any other
criterion?

Capable of being held in the palm of the hand, the
electron tube controls the communication channels
which tie the world together, it may decide the man-
ner in which the war will be won, it is the heart of the
world’s greatest forces for education and entertain-
ment—Dbroadcasting and the movies.

Truly it can be said that the electron tube is made
almost entirely out of men’s brains.

» TRANSIENTS ... The post-war technical world of
electronics is going to be different—so different in
fact that engineers who have not had opportunity to
keep themselves up to date by engaging in war-work,
by reading or by going to out-of-hours courses will
have difficulty in recognizing the new electronics as
having much in common with pre-war techniques.

Sending power down a pipe or tube apparently
without a return conductor will no longer impress
communications men. Antennas only a few inches
long, having high directivity, will not be rare. “Mega-
watts’” of power will be closely linked with microsec-
onds of time. The generation and use of pulses, which
got their start in television and welding control, will
become a new art which radio men must study
assiduously. In fact, older methods of analyzing
circuits on the basis that only sine waves are to
go through them are already outmoded. There is now
a whole book on radio principles (published by the
Government and on the restricted list) which barely
mentions sinusoidal waves.

The future engineer must know as much about

TALK

strange wave forms as we now know about sine
waves. He must know what happens when any of
the newer forms of waves are impressed upon com-
binations of L, C and R. He must know the instan-
taneous events that occur and will no longer be solely
interested in the steady-state conditions.

All of this brings us to the subject of transients.
In the old days, transients were annoying occur-
rences, studied by power engineers concerned with
switching problems, but largely ignored by radio
men. Those days are gone.

In our August issue, the first of a series of articles
on the general subject of transients will appear, a
series written by Mr. Dudley, our Western Editor.
No reader of ELECTRONICS who hopes to have a stake in
the days to come can afford to overlook these articles,
or can afford not to study them carefully.

» TREND? . . . During the war, there has been
much talk—and lots of work—on the science of dehy-
drating foods. The purpose is obvious saving of ship-
ping space and weight. Electronic heating has been
considered as one of the means by which excess mois-
ture can be extracted from foods.

It must be remembered, however, that people still
want fresh food, that shipping space will not always be
at a premium. Thus, the future role of electronics in
food dehydration is still anybody’s guess.

»DAMN . . . Some high-powered fellows at MIT
developed an electronic method of measuring the
areas of irregular objects, such as the hide of a cow.
The apparatus was duly devised, patented and con-
structed. It worked swell. Now it seems that the
hide people make their profit on fractions of the unit
area measured. These fractions are rated up to the
next higher whole number and go to the credit of
the house.

Trouble is the electronic system is so accurate that
there are no fractions, therefore no profit, and no
sales for the electronic gear.



Circuit Symbols
STANDARDIZED

Conflict between comunications, power, control and measurement usages in repre-

senting resistors, capacitors, inductors and contactors resolves in a compromise. New

electron tube symbols determined

FTER a great deal of travail,

symbols for certain electrical
components entering widely into
electronic apparatus have been
standardized.

As readers of ELECTRONICS al-
ready know, long-standing conflicts
have existed between the fields of
communications, power, control and
measurement concerning the sym-
bols for capacitors, inductors, re-
sistors and contactors. Lack of co-
ordination and standardization in
the symbolic language employed in
circuit diagrams has interfered
with the reading of these diagrams,
has made it readily possible to
make serious errors in wiring and
maintaining equipment, and has

caused no end of confusion during
the wartime period of intensified
production of electronic gear.

Industry Studied Problem

On January 22, a meeting was
held under the auspices of the
American Standards Association to
iron out the difficulties. Up to that
time, the facts were as follows: A
zigzag symbol represented a resis-
tor to communications engineers
and an inductor to power, control
and measurement engineers. Sim-
ilarly, two short parallel lines in-
dicated a simple contactor to a
power engineer, and a capacitor to
a communications engineer.

At the January meeting certain

compromises were made. In re-
sponse to a letter ballot to all con-
cerned, however, additional objec-
tions and suggestions were offered.
These were considered at another
ASA meeting in March and at this
time coordination was effected.

Solution A Compromise

The situation, now, is simply
this: A resistor is represented by
either the rectangle of the power
group or the zigzag of the commu-
nications group. An inductor may
be shown by a series of closed loops
or by a series of half-loops. Thus,
while we do not have single symbols
for these important circuit ele-
ments, and are forced to put up

CATHODE-RAY

F QY

NEW ELECTRON TUBE SYMBOLS

VELOCITY-MODULATION
(Velocity-variation)

& &

MAGNETRON

Electrostatic Magnetic Resonant (With Transit-time  Single-Cavity
Deflection Deflection electro- Split-plate (With
magnetic loop (With reflecting
coupling) stabilizing electrode)
electrodes)

PHOTOTUBE
(Multiplier)

Double-Cavity
(With
collecting
electrode)
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RESISTOR

(Including Rheostat and
Voltage Divider)

FIXED OR
Detailed: — AN\N\—

p
Simple: —(ﬁ)—

OR

Detailed: %—

Simple:
OoR

LPelailed: /\/t

* This symbol must always be used
with an identifying legend within or
adjacent to the rectangle.

Simple:

VARIABLE

or =<

ADJUSTABLE

CAPACITOR

FIXED

-

VARIABLE OR ADJUSTABLE

NOTE: Where it is necessary to iden-
tify the capacitor electrodes, the curved
element shall represent the outside elec.
trode in fixed paper-dielectric and cera-
mic-dielectric capacitors, the negative
electrode in electrolytic capacitors, ond
the movable element in variable and ad-
justable capacitors. When it is desired
especially to distinguish trimmer copaci-
tors, the letter T should appear adjacent
to the symbol.

COMPONENT PART SYMBOLS

INDUCTOR
o r—

OR
m

FIXED -ﬁ

T

OR
L —or—

NOTE: When it is desired especially
to distinguish magnetic core inductors,
a line or lines parallel to the axis of the
loops should be used.

%

OR
VARIABLE _%_
OR ~<
ADJUSTABLE i

OoR

;

OPERATING COIL
¥e)

T This symbol must always be used
with an identifying legend within or ad-

jacent to the circle.

NOTE: This symbol is customarily used
with sequence contacts.

Simple:

Detailed:

TRANSFORMER

OR

£ 3F
E 2NEiS

OR

3

NOTE: When it is desired especially
to distinguish magnetic core transform-
ers, a line or lines parallel to the axis of
the loops should be used

CONTACT

4
Open .
T

Closed

SIMPLE

NOTE: The line representing contacts
shall be oappraximately equal to 1%
times the width of the gap between the
lines.

L
¥

NOTE: The symbol for sequence con-
tact may also be used for a simple con-
tact in order to maintain uniformity ond
ovoid confusion on drawings.

SIMPLE OR SEQUENCE

with an *‘either or” situation, some
confusing factors have been elim-
inated.

" Two unfortunate situations still
exist, but under the circumstances
all industries using electron tube
apparatus must be thankful that at
least something has been accom-
plished. The present simple con-
tactor symbol will continue to con-
fuse a communications man, since
it looks like the symbol he has long
used for a fixed capacitor. The zig-
zag symbol for a resistor will con-

ELECTRONICS — July 1944

tinue to look like an inductor to a
power man.

Electronics Will Use

As soon as possible the new sym-
bols will be used in ELECTRONICS
and it is hoped that the whole long-
continued difficulty due to the lack
of agreement will soon be forgot-
ten. Instructors in college and tech-
nical schools can help a great deal
by initiating the use of the new
symbols in their classes at once. In
this manner the oncoming gener-

ation will start right and will not
have to change their language as
the oldsters now must do.

Certain other symbols for new
types of electron tubes have been
tentatively standardized and ap-
pear here, together with the new
C,R, L, and contactor symbols. Illus-
trations. of the electrical symbols
will also be found in ASA publica-
tion Z32.11, approved April 18,
1944; the tube symbols are from
ASA 732.10, approved April 11,
1944—XK.H.
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Milwaukee's Radio City

F-M and A-M programs of Milwaukee Journal radio stations now originate in a modern

combination studio and office building having provisions also for television programs.

Architectural and technical features are described here to guide post-war planners
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ITH a distinet eye for future

developments, executives and
engineers of the Milwaukee Journal
have designed and constructed new
studio and transmitter facilities in-
tended to provide a-m, f-m and tele-
vision broadcasting service for resi-
dents of Milwaukee and the nearby
industrial and rural sections of
Wisconsin and and Northern II-
linois.

Studio offices and program facili-
ities for all three types of stations
are centered in the recently con-
structed studios and offices of Mil-
waukee’s Radio City- in the north-
east section of the city, well away
from the noisier industrial section
of the city. These studios now feed
two transmitters—the 5-kw broad-
cast transmitter of WTMJ, located
12 miles west of Milwaukee near
Brookfield, Wisconsin, and the 50-
kw frequency-modulated transmit-
ter of station WMFM located about
20 miles northwest of Milwaukee
at Richfield. A tower and television
transmitter building have been
erected at Radio City and will be
used for the transmission of tele-
vision programs as soon as equip-
ment can be obtained.

Milwaukee's Radio Nerve Center

A two-story T-shaped building at
Radio City houses the studios, exec-
utive, sales and announcer’s offices,
auditorium and control rooms of
the system. The auditorium seats
400 people and contains an organ
specially designed for f-m broad-
casting. The 36 by 32-foot stage is
large enough for dramatic produc-
tions.

A storeroom with individual cab-

July 1944 — ELECTRONICS



A general view of Radio City in the sub-
urban area of Milwaukee. In the back-
ground is the television antenna tower

inets is provided for musical in-
struments. Temperature and hu-
midity are held constant here to
eliminate the detuning and strains
which occur with atmospheric vari-
ations. .

More than one hundred thousand
musical selections in the form of
sheet music, records and transcrip-
tions are housed in modern metal
cabinets in the music library.

A luxuriously furnished observa-
tion lounge on the second floor has
a window facing the auditorium,
and is equipped with complete audio
facilities for listening to programs
on the air, for use as a studio or for
conducting auditions.

Studios and Control Rooms

Separate control rooms are used
for the auditorium and for each of
the two larger studios. Two sub-
master control rooms have observa-
tion windows opening into both the
large and small studios and may be
used for programs originating in
either studio. Each submaster con-
trol room is set up to handle a
third small studio later when
needed ; the shop on the first floor
can be made into one small studio
and the mail room can be converted
into another.

For each of the larger studios,
observation rooms for sponsors are
provided on the second floor. Casual
visitors to the control rooms are
discouraged by placing the win-
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dows at such a height as to be un-
comfortable for those who stand
while giving an unobstructed view
to the operator seated at the con-
trol desk.

Walls and ceilings of all studios
are acoustically treated. The moni-
tor speakers in the various studios
are embedded in the ceiling behind
acoustic material. All observation
windows have three panes of glass,
each set at a different angle and
each having a different thickness to
prevent excessive resonant effects.

Television Studio Planned for
Expansion
One end of the television studio is
provided with a railing for adjust-
ing lights and accessory equipment.
The rear wall of the studio is of
brick construction without steel re-
inforcement. By knocking out this
wall, the size of the television studio

%

louver-..__

can be increased to any desired
depth: Provision has already been
made for a television control room
and for housing projection and re-
wind equipment, reels of film and
test equipment on the second floor
of Radio City.

Equipmeént for the television sta-
tion will be housed in a separate
building at the right of the main
studios of Radio City.

Although all controls terminate
at and are accessible from the 6-
channel master control room, an
operator is rarely in attendance be-
cause the master control panels can
be set up for operation at some re-
mote control point, usually a sub-
master control room.

Studio A-F Equipment

All control room equipment em-
ploys chassis or panel type of con-
struction especially designed to fa-
cilitate maintenance and repair. All
audio amplifiers have practically flat
response out to 15,000 cycles and
are therefore suitable for either
a-m or f-m broadcasting. Pre-am-
plifiers and low-power audio ampli-
fiers are operated in parallel so that
the failure of one will not interrupt
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service. The pre-amplifiers and the
dual channels of line amplifiers are
housed in the side sections of each
control desk. Two wire lines, equal-
ized to 8,000 cps, are available for
connecting the WTMJ a-m trans-
mitter to Radio City. The two wire
lines to the f-m station, WMFM,
are equalized to 15,000 cps.

Play-back equipment for both
lateral and hill-and-dale recording
systems is available in each of the
control rooms. So far as possible,
all switching is accomplished by
panel switches. For normal opera-
tion, pateh cords are almost com-
pletely eliminated although they are
available for unusual circuit ar-
rangements or for emergency oper-
-ation. '

Heating and Wiring

Heating and ventilating equip-
ment to maintain the studios at
comfortable temperature and hu-
midity conditions throughout the
entire year is located in a separate
building that will also house the
television transmitter. An .under-
ground service tunnel carries heat,
hot water, and refrigeration to the
Radio City building about 300 feet
away. Large fans keep the air in
the studios and offices cool and
fresh.

About 5 feet of head room under
the first floor of Radio City provides
for any necessary changes which
may be desired in plumbing, wire
fixtures, power conduits, etec. Since
a considerable amount of power is
expected to be used for illumination
in television productions, provision
has been made to take as much as
150 kw from the local generating
supply system. Power and telephone
cables are brought into the studio
underground to minimize electrical
noise and interference in the com-
munication circuits. Power enters
Radio City from two directions,
each feeder coming from a separate
sub-station providing up to 150
kva at 220 v on a 3-wire system.
Incandescent lighting is used in the
studios and most of the offices but
fluorescent lighting is employed in
all of the corridors.

Transmitters

The 5-kw amplitude-modulated
transmitter of WTMJ is located at
Brookfield, Wisconsin, and operates
on an assigned carrier frequency of
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The music library occupies a large portion of the first flaor

620 ke. A 50-kw frequency-modu-
lated transmitter, WMFM, is oper-
ated at Richfield, Wisconsin, about
23 miles northwest of Milwaukee,
on a carrier frequency of 45.5 Me.
It was placed in operation early in
1939 with the original call letters
WIXAO, later W55M. - It is the first
f-m station to be placed in opera-
tion west of the Allegheny Moun-
tains and has an estimated audi-
ence of approximately 21,000 fan-
ilies. Short-wave truck licenses for
five short-wave transmitters used
in trucks or relay pickups cover the
following stations: WEIN, a 50-
watt station operating at 37,620 kc;
WEIP, a pcertable 1-watt station op-
erating on 89,820 ke; WEIO, a 73-

watt station operating on 35,020
ke; WIER, a 30-watt station oper-
ating on 2,758 kc; WAHB, operat-
ing on 2,830 ke with a power of 50
watts.

In 1942 an order was placed for
a television transmitter, but this
unit was assigned to other services
when the United States entered the
war. However, channel No. 3, from
66 to 72 Mec, has been assigned to
provide commercial television pro-
grams. The antenna tower, trans-
mitter house, and studios are al-
ready constructed. Present plans
call for the installation of a trans-
mitter having a power of 1 kw on
the sound channel and 4 kw on the
video channel as soon as this equip-
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ment can be made available. It is
estimated that the cost of the trans-
mitter will be about $90,000.

50-KW F-M Transmitter

High-fidelity f-m station WMFM
is located on a hill 500 feet above
the elevation of Richfield and pro-
vides effective coverage of Mil-
waukee and its vicinity. A compact
two-story building houses the r-f
system, power transformers -and
rectifiers, water-cooling radiators
and pumps, heating and ventilating
equipment, and shop facilities. Per-
manent living quarters for a care-
taker and temporary quarters for
operators who may remain over-
night are also provided. A balanced
concentric transmission line deliv-
ers power from the final amplifier
to a tuning house located at the
base of the antenna tower. The
antenna is a two-bay turnstile the
center of which is 219 feet above
the ground.

The type 558 DL phase modulator,
manufactured by Radio Engineer-
ing Laboratories and representing
the latest system of phase modula-
tion designed by Major E. H. Arm-
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strong, is one of five similar units
now in commercial service. The
phase modulator uses receiving
tubes entirely, has an output of 10
watts, and establishes the carrier
frequency, produces small phase
modulation, and has frequency and
phase shift multipliers to produce
a signal of the required character
at the assigned channel frequency.

The 10-watt phase modulator
feeds a pair of pentodes in a push-
pull amplifier to provide an output
of 1 kw. The power output is then
increased to 3 kw in a neutralized
push-pull amplifier using 1500T
triodes. The final stage, employing
water-cooled tubes, delivers 36 kw
to the antenna with an input of 60
kw. The room in which the final
amplifier is housed is completely
shielded with solid copper. A large
screened window enables this equip-
ment to be watched at all times
from the operating desk.

In general, the transmitter repre-
sents the most modern design with
meters slightly above eye level and
operating controls inclosed in a
steel cabinet. The class C r-f ampli-
fiers and mercury-vapor rectifiers
are behind metal panels, with suf-
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Basement floor plan of the f-m transmitter at Richfield. A work shop, boiler room,
and tube storage racks are provided. Cooling equipment for the water-cooled tubes
and motor generators are also housed in the basement
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ficient room for personnel to get in
back of the equipment for necessary
servicing, maintenance and repairs.
The 10-watt phase modulator is
completely inclosed in steel cabi-
nets, with the equipment in two
vertical racks. The construction is
such that the rear rack can be
swung out of the way for main-
tenance and cleaning, making the
first rack accessible for similar op-
erations. With this type of con-
struction, service and maintenance
is reduced to a minimum, although
in general f-m transmitters are
much less subject to interruption
than a-m transmitters when both
are properly operated.

The operation of all important
circuits is checked with meters, and
the operating temperatures of var-
ious portions of the transmitter,
particularly in the final amplifier,
at various points on the transmis-
sion line and in the room housing
the final amplifier, are made every
hour or two.

5-KW A-M Transmitier

The two 5-kw Western Electric
a-m broadcast transmitters at
Brookfield are housed in a single-
story structure, along with recti-
fiers and filters for plate supply,
filament  generators, furnished

The Armstrong phase modulator of REL

construction used at the WMFM transmitter

in Richfield. Spun glass filters cover the
air inicke and discharge openings

rooms for the resident operator,
temporary living quarters, repair
room, store room, and shop. Both
transmitters are of standard broad-
cast design. The unit now in use
is a Western Electric type 355-E-1.

A phase-switching unit manu-
factured by the E. F. Johnson Co.
makes possible a change in the
radiation pattern from daytime op-
eration to night-time operation by
merely pushing a button. The oper-
ation of the phase-changing net-
work is sufficiently rapid that the
transmitter can be changed from
one radiation pattern to another
between station announcements. A
type D94992 Western Electric 5-kw
transmitter serves as an auxiliary
and standby unit.

With the recent and growing in-
terest in f-m broadcasting and the
uncertainty as to the status of tele-
vision at the end of the war, Mil-
waukee’s Radio City has become a
focal point of interest for those
with post-war plans. Almost daily,
visitors from various parts of the
country arrive to inspect this three-
service station.

Temperature and humidity-controlled storage room at Radio

City for musical insiruments.
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Cabinets of various sizes house
all types of orchestral instruments

leads.

Final f-m amplifier of WMFM in Richfield. Plates are water-
cooled, and jets of cool air are forced around grid and filament
Shafts in foreground are fer tuning and neutralizing



PORTABLE

Audio-Frequency Standard

Simple unit generating 1,582 cps facilitates adjustment of carrier-current communication

svstem signal-oscillator circuits. Tuning fork maintains frequency with sufficient accu-

racy to permit aural detection of }-cps signal circuit drift

N THE MAINTENANCE of power-

line carrier-telephone equipment
of the single-side-band type, numer-
ous tuned circuits at each terminal
have to be periodically checked to
determine if any frequency drift
has taken place. The circuits deter-
mining the frequency of audio sig-
nal oscillators are frequently the
most critical. The frequency of
the signal oscillators used on the
power line in question is 1582 cps.

For the first few years after the
power-line carrier system in ques-
tion had been installed, the 1582-
cps signal oscillators were checked
periodically by comparing them
against a high-grade laboratory
audio oscillator. This oscillator,
however, was not satisfactory for
the particular type of work in-
volved. It was so heavy that it

By WILLIAM FAYER

Associate Electrical Engineer
Department of Water & Power
City of Los Angeles
Los Angeles, Cal.

took two men to carry it in and out
of a car when going on a trip.
Also, the rough patrol roads over
which it was necessary to travel to
reach some of the power-line car-
rier way stations caused frequent
breakdowns. The frequency stand-
ard described below was designed
and built to overcome these difficul-
ties.

Tuning-Fork Control

The unit is a self-contained, bat-
tery-operated audio oscillator with
one stage of audio amplification. As
may be seen from the diagram, the

rSteel funing fork

frequency of oscillation is controlled
by a tuning fork which acts as a
mechanical link through which en-
ergy is fed back from the oscillator
plate to the grid.

The plate load of the 1D8GT
tube consists of a coil wound on a
U-shaped laminated core. The ends
of the U-core are placed in close
proximity to one tine of the steel
tuning fork. The other tine of the
fork is similarly placed with re-
spect to the ends of another U-
shaped core made of hardened steel
which has been magnetized. The
coil wound around this magnetized-
steel core furnishes the excitation
potential for the oscillator grid.

When the switch is first turned
on, a pulse of plate current flowing
“through the oscillator plate load
coil magnetizes the associated

Circuit diagram of the oscillator-amplifier. Coupling between the plate and grid of
the 1D8GT oscillator is dependent upon mechanical movement of the tuning-fork tines
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Front panel of the portable audio-frequency standard

plate circuit core and produces a
minute deflection of the tuning
fork tine near it. This move-
ment is mechanically transmitted
through the tuning fork and causes
a corresponding deflection of the
other tine. The movement of the
second tine changes the air gap of
the grid-coil magnet and induces a
voltage in the grid coil. By proper
phasing of the grid coil the condi-
tions for self-sustained oscillation
are fulfilled.

The coupling between plate and
grid of the tube is through the
mechanical movement of the tun-
ing-fork tines and not through any
direct magnetic coupling between
plate and grid coils. This may be
proven by holding a finger against
the tuning fork while the tube is in
oscillation. Stopping the mechani-
cal vibration of the fork causes the
tube to cease oscillation.

Amplifier and Beat Indicators

In order to minimize the effects
of changes in loading on the fre-
quency of the oscillator, the output
of the 1D8GT tube is fed into an
audio amplifier, operating into an
output transformer. Output of the
unit may be varied by means of a
volume control placed in the grid
circuit of the 3Q5GT amplifier tube.

The output transformer has four-
ohm and 500-ohm output windings.
The four-ohm winding is used to
energize a two-inch permanent-
magnet speaker for aural compari-
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son of the frequency of the signal
oscillator being tested with that of
the standard. By listening for the
beats when the two frequencies are
close together, a difference of 3 cps
may easily be detected. A recti-
fier-type a-c voltmeter is also fur-
nished to allow visual comparison
of the test and standard fre-
quencies.

As may be seen from the circuit,
the frequency being tested may be
fed through a double patch cord to
the 500-ohm winding of the out-
put transformer. The voltage ap-
pearing across the four-ohm wind-
ing of the output transformer will
then be the vector sum of the volt-
ages induced in the winding by the
standard and test frequencies. If
the two frequencies are not exactly
alike there will be a relative shift
in phase relation of the two volt-
ages. When the two voltages are in
phase, the meter across the out-
put winding will indicate the sum
of the two voltages, while when the
voltages have shifted to 180 deg
out of phase the meter will indi-
cate the difference between the two
voltages. By adjusting the two
voltages to the same scalar magni-
tude, the meter fluctuations will be-
come maximum, going from 0 to
twice the voltage,

By the use of the visual method
in comparing frequencies a differ-
ence of one cycle in 30 seconds be-
tween standard and test frequen-
cies may be detected. '

Inside view of the battery-powered unit

The oscillator frequency has been
found to be little affected by the
condition of tubes or batteries
since the frequency of oscillation
is determined by the natural period
of the tuning fork. Some change
of tuning-fork frequency with tem-
perature has been observed. This,
however, is small when the instru-
ment is used under normal condi-
tions at room temperature.

Power Supply and Performance

The tubes require little power
to operate and standard hearing-
aid batteries are used for power
supply. The weight of the entire
unit, including carrying case and
miscellangous leads, is approxi-
mately 15 pounds.

The portable standard oscillator
has been in use for over two years
and has been extremely satisfac-
tory. Other uses beside the one for
which it was designed have been
found. On frequent occasions it has
been used as a signal generator
when measuring telephone-circuit
attenuation.

The oscillator is also being used
to tune special automobile-radio
receivers which are used by power-
line patrolmen working near the
line, These receivers pick up the
power-line carrier signal which is
radiated by the transmission line.
By talking over the power-line the
dispatcher may issue orders to
patrolmen provided they are within
a mile of the line.
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Surface Hardening of

Plain and alloy steels processed by induction at radio frequencies above 10 ke exhibit

superior wear and fatigue characteristics.

Elimination of external quenching speeds

heat treatment, permits close control of cooling rate and assures uniformity of product.

Distortion, scale formation and decarburization are minimized
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FIG. 1—Penetration depth vs. frequency for steel in the process of being hardened.
A curve for copper is shown for reference
ECHNIQUES of using high- tests and a limited number of wear
frequency power to harden and fatigue tests indicate that sur-

the surfaces of plain and alloy
steels have been developed to the
point where it can be said where
their utility lies and what the re-
quirements of power, time, fre-
quency, and material are. External
quenching media have been elimi-
nated, with the result that cooling
rates can be accurately controlled
and reproduced, thereby insuring
uniformity of product. The speed
of the process is high enough to
make it fit into modern production
methods and to minimize the ill ef-
fects of any heat treatment (dis-
tortion, scale formation and decar-
burization).

Although a full evaluation of the
results has not yet been made,
microscopic examination of the
structure produced, micro-hardness
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faces hardened in the manner to
be described may be expected to
have superior qualities, while cost-

ing less than surfaces hardened by
more tedious and complicated
processes.

Importance of Heat Treatment

The importance of proper sur-
face treatment of load-bearing ele-
ments is being more fully realized
as the power transmitted through
or past them is continually being
increased. Changes in gas and
Diesel engine design toward higher
compression ratios and horsepower
per pound make increasingly heavy
demands on the strength and abra-
sion resistance qualities of such
parts as crankshafts, connecting
rods, cylinder walls and wrist pins.
It appears to be impossible to ob-
tain all the desired properties in a
homogeneous material; tough, re-
silient cores are needed to prevent
breaking and hardened surfaces are
needed to resist abrasion and start-
ing of fatigue cracks.

Such a composite structure can
be built up of two parts, as in the
lining of cylinder walls with hard-
ened liners, or the insertion of
valve seats. Or it can be produced
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Metals

By H. C. GILLESPIE

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

by differential treatment of the
surface layer with respect to the
rest of the piece. Differentiation
on the basis of temperature has
been impossible until recently, so it
has been the practice to differenti-
ate on the basis of composition.
This has been done by nitriding or
carburizing processes, where the
addition of nitrogen or carbon to
the surface layer (by diffusion in-
ward from the outside) makes that
region hardenable by quenching,
whereas the rest of the piece is un-
affected. However, this is a time-
consuming process, sometimes re-
quiring as much as 96 hours to pro-
duce a case of 10 mils thick. On the
other hand, differentiation on a
temperature basis actually requires
that it be done quickly, i.e., in frac-
tional second times, if it is to be
done at all.

Advantages of Induction Method

Heating by electromagnetic in-
duction meets the first necessary
requirement of fractional-second
heating by making it possible to
deliver large amounts of power in
concentrated form to the surface to
be heated. Without this ability,
heat would flow out of the surface
layer nearly as rapidly as it en-
tered. The rise of surface tempera-
ture would be slow and the gradi-
ents established would be low.
There would be little or no differen-
tiation on a temperature basis. For
some time it has been the practice
to harden the surfaces of various
parts by induction heating, operat-
ing at machine frequencies (up to
9600 cps). Cylinder liners for
Diesel engines and track pins for
tractors' are examples of the suc-
cessful application of differential
heating for surface hardening. The
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FIG. 3—Photo of 3-in. diameter steel tubing being heated.

through coil is from left to right at 1 in. per second, hence length of in-

candescent tail or band indicates about 0.1 second to go from 1500 deg F to
approximately 1000 deg F

surface concentration of power may
be as high as 30 kw per sq in.

A logical next step after estab-
lishing conditions that meet the re-
quirement for sharply delineating
the hardened layer is to increase
the concentration of power to the
point where the temperature grad-
ients in the material are steep
enough to cause a rapid flow of
heat from the surface into the
metal behind it. It then becomes
possible to accomplish the whole
hardening operation of localized
heating and quenching in a single
step. The process is thereby simpli-
fied and made more reliable by the
elimination of the separate quench
and the hardened layer is more
sharply defined.

A process that depends on steep
temperature gradients in the
heated zone necessarily is limited
as to the thickness of the case that

Motion of tube

can be produced. The outside sur-
face should not, of course, be
melted, and the inner edge of the
layer to be hardened must be at
some temperature above the Curie
point. The temperature distribution
reguired in the region between these
two layers is a complicated func-
tion of power, time, frequency and
the temperature it is necessary to
attain. It has been established,
however, that cases from five to
fifty mils thick can be produced on
steels of moderately high harden-
ability, and thicker ones on steels
having qualities approaching those
of air-hardening alloys. It is be-
lieved that this range fills an im-
portant gap between the relatively
thin cases of the carburizing and
nitriding processe$, and the thicker
ones obtained with low-frequency
induaction heating.

As indicated, the factors involved
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FIG. 4--Scanning speed required for

hardening various wall thicknesses by

self-quenching, down to !s-in. Numbers

on curve refer to power requirement rela.
ative to lowest

enter in a complicated manner. An
experimental approach has there-
fore been used almost exclusively
in determining the operating para-
meters. It will be useful, however,
to examine the effect of one of the
parameters, namely frequency, to
determine its importance from
theoretical considerations.

Function of Frequency

Frequency enters the picture
through its effect on the depth to
which the heating energy pene-
trates. The depth of penetration is
determined by the attenuation suf-

fered by alternating magnetic flux’

as it progresses through conduct-
ing materials. This attenuation is
due to the shunting action of the
conducting metal in conjunction
with the inductive reaction of the
medium, as affected by the permea-
bility of the metal”>® For flux
fields without divergence, this at-
tenuation has exactly the form of
the attenuation of a wave progress-
ing down a transmission line.

The complete propagation con-
stant of a line consisting of L
henries per unit length in series
and G mhos conductance per unit
length in shunt is

v = NFeLG=\ValG2 +
iNwLG/2=a+j8 o
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on rationalization of the \/7. Since
we are interested in heating ef-
fects only, the phase shift factor
is not of interest, the attenuation
factor telling us all we need to
know. In terms of the properties
of the material it becomes

a=Vous '2_nepers per meter, or (2)

a=87Vouos 2dh per meter (3)
# and ¢ being in mks units of
permeability and conductivity ve-
spectively. The depth at which the
flux, or current, is attenuated by 1
neper is defined as the penetration
depth and is equal to
d=1/a= V2w 1)
Since we usually want to know
the depth of penetration in thous-
andths of an inch and use cycles
per second rather than radians per
second, and since the handbook
tables list the permeabilities of ma-
terials relative to that of space and
the conductivity in egs units, a com-
posite form of Eq. (4) will be given
where

w1 = relative permeability

ou = conductivity in mhos/em, and

[/ = frequency in megacyles

d = 1.98 V1/fi My o, mils (5)

The values of p, and 4 that
shonld be used require some ex-
amination before inserting them in
the formula. ¢ is a function of
temperature, decreasing about 9
times as the temperature rises
from room to hardening tempera-
ture. The relative permeability of
steel is a function of temperature,
becoming unity above the Curie
point (about 1425 deg. F. for plain
carbon steels). It is also dependent
on the strength of the magnetic
field in which the steel is placed, be-
ing effectively unity if saturation

FIG. 5—Appearance of

the core to the edge.

hardness-testing

values of magnetization are greatly
exceeded.

A chart presented in Fig. 1
shows the penetration depth in
steel as a function of frequency for
room temperature and for tempera-
tures just above the Curie point.
Copper is also shown for compari-
son. With this as a guide, fre-
quencies can be chosen that will,
first, ensure efficient operation, and
secondly, confine the heating to a
zone within that which is to be
hardened. The first requirement
is met by using a frequency that is
high enough so that the penetra-
tion depth is less than about a third
of the thickness of the piece; the
incident energy is then nearly com-
pletely attenuated, i.e., absorbed,
by the metal. The second is met by
use of a frequency high enough so
that most of the power is absorbed
well within the thickness of the
case desired.

Radio Frequency Power Requirements

Power requirements, as indi-
cated, are high. For SAE. 1095
steel (drill rod) the power required
to secure cases of varying thick-
ness by the self-quenching method
is shown in Fig. 2. The power re-
ferred to on the chart is that actu-
ally delivered to the steel.

These data were obtained on 11}-
in. diameter rods, which are con-
sidered to have enough metal be-
hind the heated zone to yield a
maximum quenching rate at the be-
ginning of the cooling cycle. That
is, further increase in diameter
does not affect the slope of this
part of the cooling curve, because
there has been time for no increase

indents at 100 times magnification.
These micrographs show a 20-mil layer with several impressions in a line from

The micrograph at the left is SAE. 1095 steel, while
the one at the right is SAE 4340 alloy steel.

(Courtesy Wilson Mechanical

Instrument Co.)
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in the temperature at the center
of the rod during the short heat-
ing cvele. It is the rate of cooling
above 1000 deg F that is most im-
portant to the hardening process.

On a rod of this diameter the
surface area per inch length is = X
14 = 3.9 sq in. For power outputs
within the range of generating
equipment of a reasonable size (be-
low 100 kv) it is necessary to limit
the leagth of rod treated at one
time. For this reason it becomes
necessary to heat a piece progres-
sively, with only a narrow band be-
ing heated at any one time. This
“scanning” method can only be ap-
plied lengthwise of pieces of regu-
lar section; if it is attempted to
scan around the circumference, or
in any pattern that returns the
heating coil to the starting point, a
softened area will be produced
there.

The appearance of a 3-in. diam-
eter tube as it is drawn through a
single-turn inductor such as is

rdness Number
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FIG. 6—Hardness traverses taken across samples of hardened 1095 steel. The
sample shown by curve A required 50 kw per square inch power input, that of
curve B, 30 kw and that of curve C, 15 kw per square inch of area treated at

3 2265 ot al ok =
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THOUSAHDTHS-OF AN INCH AT 100 DIAMETEFS
0 20 S

one time

commonly used in the scanning
process is shown in Fig. 3. The in-
candescent band immediately under
the inductor tails off in the direc-
tion of the motion of the tube and
indicates roughly how long an in-
terval elapses while the tempera-
ture of the surface falls to “black
heat”. It will be noted that the coil
is of small-diameter tubing (%-in.
0.D.) and closely spaced from the
work (#2-in.). These conditions are
necessary to give the required sur-
face concentration of power.

It is often desired to harden the
surface of a hollow cylindrical
piece, such as the wall of an en-
gine cylinder. Here the thickness
of the material becomes an im-
portant factor in determining the
speed with which the heating must
be accomplished. This is shown in
terms of scanning speed in Fig. 4,
for wall thicknesses down to 3-in.
A considerable increase will be
noted for the smaller thicknesses,

(Continued on page 188)

FIG. 7—Structure of core. transition zone,

and hardened layer of 1095 steel after

treatment lasting 0.1 second at 500 kc. Top

section shows thickness dimensions of

these regions while bottom views show the

micro structure in each of the three zones,
at 1500 times magnification
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Front elevation of the oscilloscope-
deflection amplifier having a voltage
amplification of 5000

Back elevation of the amplifier as con-
structed at the David W. Taylor Model
Basin

Right profile showing the arrangement
of component parts and tubes in rack-
and-panel instrument

Stable Direct-Coupled

HE DESIGN of high-gain, wide-

frequency - range direct - cou-
pled amplifiers always has been
hindered by a number of factors
which are difficult to control. The
term ‘“‘direct-coupled” as used in
this paper embodies any type of
interstage coupling system for
vacuum-tube amplifiers which per-
mits response of the system to sig-
nal potentials of zero frequency. It
is not restricted to the case of zero-
resistance connection between the
output terminal of one vacuum-tube
stage and the input terminal of a
following stage.

The problem of maintenance of
proper electrode potentials in di-
rect-coupled amplifiers usually has
occasioned the necessity for hav-
ing either the output or the input
terminals average the signal com-
ponent of their output about some
potential other than that of ground.
The use of transformers or capaci-
tors as interstage coupling elements
destroys the feature of response to
signals of zero frequency.

Direct-coupled amplifiers of high
gain often are troubled with uncon-
trollable drifts in output potential.
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By G. ROBT. MEZGER

Formerly at David Taylor Model
Basin, Washington, D. C.: noe at
Naval Training School (Pre-Radar),
Bowdoin Colleye, Brunswick, Maine,

The term “drift” is used here to
indicate any change, usually un-
controllable, which will cause an
undesired variation of either the
a-c or the d-c component of the
output of an amplifier. It is used
in contradistinction to the term
“noise” which is reserved for refer-
ence to short-time disturbances.
Drifts in direct-coupled ampli-
fiers have been known to achieve
such magnitude that attempts to
correct them have carried the tubes
in the latter stages of the amplifier

beyond their operating range. Cir-
cuit arrangements which have been
used to maintain proper electrode
potentials usually involve the place-
ment of power supplies or batteries
in such a manner that they are re-
quired to carry signal potentials.
As a result, these large masses,
with their high stray capacitance to
ground, shunt the high-frequency
components of the signal and des-
troy the high-frequency perform-
ance of the amplifier.

Solutions for the Problem

A circuit which has been widely
used of late for direct interstage
coupling is shown in Fig. 1. In
this circuit, a voltage divider is

+ HV.

TF_

A

?:-—o

= HV,

FIG. 1—Hypothetical circuit for direct
coupling between two tubes

Ry Re

= HY.

FIG. 2—Basic circuit in which a tube,
T,. stabilizes the amplifier
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FIG. 3—Complete basic circuit for the
Resistors Ri. R'x
R: and R’s are combined inte a single
resistor; the same is true of R, and R’,

stabilized amplifier.

+ HV.

An aperiodic coupling element per-
mits response to zero frequency
and to high frequencies limited
only by conventional limitations in
RC coupling. Useful in CR-tube de-
flection; has a voltage gain of 5000

Input

4
$
SRe

RS c.-]-
< *’
<
fg 1A
1 .
— .
<
Ry ¢ Ry
3
S ey [__‘%
= O
Ry $Ry ’
3 SR}
Ts g7
iy =

+ HV,

Negative High Voltage Positive High Voltage

AMPLIFIER

placed between the plate of the first
stage and a potential source which
is highly negative with respect to
the grid of the second stage. The
two resistors in the divider, R, and
R.,, are so chosen that the potential
of point a is exactly the operating
potential desired for the grid of
T,. Attenuation of the signal orig-
inating at the plate of T, will ap-
pear at the grid of T, because of
the IR drop across K.

As the negative-potential source
at which R, is terminated is made
more negative, K. must be in-
creased to maintain the same aver-
age potential at point a. The at-
tenuation therefore becomes less.
If the plate of T, were operating at
an average potential of +100 volts,
and if R. were terminated at a
source which was negative by 1000
volts with respect to ground, only
ten percent attenuation of the sig-
nal would occur.

The advantage of the circuit of
Fig. 1 as a d-c coupling element is
apparent. It requires, however, a
high-potential source of low cur-
rent-capacity, and variations in po-
tential of the source will be evident
in high-gain amplifiers.
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By inspection of Fig. 1, it can be
seen that if it were possible to con-
trol the flow of current through R,
and R, so that it is absolutely con-
stant, i.e., so that there would be no
change in potential drop through
R, regardless of signal-potential
variations, the signal originating
at the plate of T, would then ap-
pear unattenuated at point a. This
would be accomplished, for in-
stance, if R, were increased to in-
finity, as is implied in the forego-
ing, so that the current flowing
through the network would be con-
stant at all times. It is also equiva-
lent to saying that if a signal were
applied at point ¢ which was equal
in both magnitude and phase to the
signal at the plate of T,, then re-
gardless of the current flowing
through R, the signal potential at
point @ would be the desired po-
tential.

A Direct-Coupling Circuit

The application of just such a
signal at point a is accomplished
by the ecireuit of Fig. 2. In this
cirecuit, T, operates as the infinite
resistor previously described; the
IR drop through R,, which is pro-

duced by the flow of the plate cur-
rent of T. provides the proper
average potential at point e¢ while
introducing no signal attenuation.

In Fig. 2, the main elements of
the coupling device between T, and
T, are resistor R, which has the
same function as does R, in Fig. 1,
and triode T, which, with its cath-
ode-load resistor, replaces R,. T,
operates to maintain the potential
of point @ exactly equal in magni-
tude and phase to the potential
which originates at the plate of T..

Consider the coupling element
first as a voltage divider made up
of the series combination of R,
7, of T, and R,. Then, neglecting
any effects caused in T, by R, the
signal at point @ wouldibe the plate
signal of T, reduced by the factor
(r, + RY/(R, + r., + R). I,
however, the plate current of T,
is decreased just sufficiently, with
any increase in e, to permit T, to
develop across R, a signal poten-
tial of the proper magnitude to
compensate exactly for the attenu-
ation produced by this voltage di-
vider, the desired condition for
potential at point ¢ will have been
obtained. In this manner, R, will
simulate a resistor which provides
a potential drop but which carries
no current. This is accomplished
by maintaining constant the plate
current of T, regardless of changes
in e

Control of plate current of T,
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to maintain it absolutely constant
is effected by varying the cathode
potential of the tube by an amount
which will vary.r, just sufficiently
to compensate any change in plate
current which would be caused by
variations in e, Resistor R; is
added, therefore, as shown in Fig.
2, to develop the control potential
necessary across the cathode of T..
The value of R; is so chosen that,
when operating in series with R,
as a voltage divider across the in-
put potential e, -the voltage drop
across R;, with constant plate cur-
rent simultaneously flowing through
R,, is just sufficient to alter the
parameters of T, to compensate
any change in plate current. When
this condition prevails, the signal
potential originating at T, will
cause the signal component of the
potential at point a to equal ex-
actly, in both magnitude and phase,
the output signal from T,; and
1, of T will be absolutely constant.
The average potential of point a,
furthermore, can be controlled by
design to be exactly the desired op-
erating potential for the grid of
T..

Analysis of the Circuit

This circuit may be analyzed
rigorously as follows: From the
‘definition of u, constant plate cur-
rent requires that A e, = — A ¢,/u,

where ¢, — ¢, — e;and ¢, = ¢, — €. -

Both ¢, and e, depend upon e,
Therefore, introducing e, as inde-
pendent variable and passing to in-
finitesimals in place of the finite
variations, the condition for con-
stant i, becomes
de, 1 e
P " % o M
The two partial derivatives oc-
curring in Eq. (1) can be readily

evaluated by applying Kirchhoff’s
laws to the circuit of Fig. 2:
é3 = ipRl —‘r €p + ipR4 + i1R4

,l-__eji"ipl‘h
TR+ R
= 3|: RJ+R4:|+
—- B — R
R3+R4 ' ‘]
_b—e_x-)=1— R4 —_— RS (2)
Oes B;+ Ry, Rs+ R,

Similarly,
ey = e — (i1+ip)R4=e6—ipR4—
iRy
Ra +pRA ) B,
For the purpose of this discussion,
¢, can be assumed constant. In the
circuit actually used, this is as-
sured by the adoption of a push-
pull circuit. Then
beg R, -
des  Ri+ R, @)
Substituting Eq. (2) and (3) into
Eq. (1), the condition for constant

1, becomes
By _ 1 Ry _ R
TERAR  aR+RTRTL

The value of R, then, is equal to
pR,, where p = ¢.r, at the condi-
tions under which the tube is op-
erated. The value of R; is not found
to be critical in practice. It may
vary as much as 15 percent with
little change in operation of the
circuit. R, may be determined em-
pirically by measuring the plate
current of T, while varying simul-
taneously the plate-supply for T,
at the common junction of R, and
R..

The proper grid-bias potential for
T, is taken from the cathode-load
registor of T, by adjustment of
R, and R,. The circuit between the
grid of T, and the cathode of T,
is degenerative and operates only
to maintain a constant bias poten-
tial on the grid of T., so that a rise

+ 200 volts
+ 200 Reguloted
25% 10K 2 3
R
+150 AAAA— 80,
Output
T 2meg 2
1/2 125G7, f. J;:.
Input ’
NG
100K 3K _ 400 vobs
—400 Regulated

FIG. 4—Cascaded direct-coupled amplifier, showing voltages with respect to
ground. For reasons stated in text, this circuit proved impractical

io8

in grid potential (rise and fall of
potential are given here with re-
spect to signal ground potential,
which is at a level of —400 volts
with respect to absolute ground in
the amplifier described) of T, in-
creases the plate current of T..

The potential of point a with re-
spect to ground (signal) is thus
reduced, and the grid potential of
T. is reduced an equal amount,
thereby reducing the cathode po-
tential of T. and the grid potential
of T, by an amount just sufficient
to compensate for the original rise.
It is this self-stabilization of the
coupling element, operating to com-
pensate stage by stage for unde-
sired variations of circuit condi-
tions, which permits these stages
to be cascaded without danger from
long-time drifts rendering the am-
plifier unusable.

An inspection of Fig. 2 will show
that the compensating action de-
seribed will occur not only for vari-
ations in the parameters of T.. and
T,, but that it will occur also for
any signal which appears at the
plate of T.. This circuit, then, while
it is extremely stable, will pass no
signal and will not function as an
amplifier.

Elimination of Degeneration

A means for permitting the cir-
cuit to be self-compensating but
nevertheless allowing it to function
as an amplifier is shown in Fig. 8.
In this circuit, an amplifier, identi-
cal in every respect to the ampli-
fier of Fig. 2, has been added to
the original circuit to provide a
push-pull circuit. It will be noted,
however, that, by use of the paral-
lel connection of the cathodes of
each amplifier tube in each stage,
a variation in cathode potential of
one tube in a stage will cause a
change in ¢, of the other tube, and
a signal caused by such a change
will appear in balanced form in
the output circuit. If an unbal-
anced input signal, then, is applied
to the input of the amplifier of
Fig. 3, the common connections of
the cathodes of T, and 7, and T,

- and T, will cause a balanced signal

potential to appear at the output
terminals.

The circuit in this form is suit-
able only for push-pull output po-
tentials, which adapts it ideally to
deflection of a cathode-ray tube.
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This may restrict its usefulness
for some other applications. The
input signal may be either balanced
or unbhalanced with respect to
ground in this circuit.

By the self-compensating action
described in the foregoing, any
variation of cathode temperature,
which changes r, and g,. and which
has been a main cause of drift and
variation of amplification in direct-
coupled amplifiers, has been virtu-
ally eliminated. The part of the
circuit of Fig. 3, therefore, which
consists of all elements following
the plate terminals of T, and T,
may be viewed as a single unit for
a direct-coupled amplifier consist-
ing of a self-compensating coupling
element and an amplifying stage.
The coupling element has the ad-
vantage of introducing no signal
attenuation, and it operates to cor-
rect continuously for any of the
usual circuit variations which
cause drift in the output signal.

Stages may be cascaded to pro-
vide increased gain. It is signifi-
cant that the self-compensating
feature of the coupling element
permits stages to be cascaded with-
out the effects of individual stage
drifts becoming cumulative due to
succeeding amplification. The num-
ber of stages which can be cas-
caded is limited only by the de-
mands for economical power-sup-
ply design and by the noise which
is introduced by the first stage,
which noise is not eliminated by
the circuit. By suitable design of
the circuit, the proper value of R,
generally ‘'may be provided to ob-
tain the requisite frequency re-
sponse, gain, and average output
level which may be desired.

In practice it has been found
that R, is relatively high. Accord-
ingly, the stray circuit-capacitance
and the interelectrode capacitances
of T, and T, operate as a shunt to
ground for the high-frequency
components of the signal at point a.
By the addition of C,, the effect of
these stray capacitances is neutral-
ized. Limitations on high-fre-
quency response of the stage, then,
become the same as those govern-
ing the operation of conventional
resistance-capacitance-coupled am-
plifiers. The value of C, must be
large with respect to the sum of
stray circuit-capacitances and the
interelectrode capacitances of T.
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FIG. 5—Schematic of complete stabilized direct-coupled amplifier. Parts list
is given in the accompanying text

R, Rii— 1 meg, 1w
Ry, R« — 200,000, 1 w

R:s — 300,000*

Re —20,000,1 w
Ri—2meg, 1w
Ry, Ro —25,1w
Rig, R — 100,000%
Ris—2meg, 1 w
Ris — 20,000, 1 w
R« — 300,000%
Ris —2,000,10 w
Ris—1,000,1w
Rir — 50, pot.
Ris— 1,000,1 w
Ris —2,000,10 w
R — 250, pot.t
Ra — 25,000, 1w

Rn — 200,000, 1 w*

Ru—2meg, 1w
R — 10,000, 10 w
Rz — 100,000, 1 w
R — 10,000, 10 w
Ry — 100,000, 1 w
Ry —2meg, 1w
R2s — 200,000%

Rszo, Ryt — 2,500, 10 w

Rz — 10,000, 10 w
R33 — 100,000, 1 w
Ry — 35,000, 1 w

R3; — 10,000, 10 w
R3s — 100,000, 1 w

PARTS LIST FOR FIG.

Ra1 — 35,000,1 w
Ris— 1 meg, 1l w

Rss — 20,000, pot.

R, Ru — 100,000, 1 w
Ra — 5,000, 10 w

R — 75,000, 1 w
Ru—1meg, 1w

R4 — 15,000, pot

R — 75,000, 1 w

Ruz, Rig — 100,000, 1 w
Riyy—1meg, 1w

Rso — 20,000, pot.
Ra— 1lmeg, 1w

R — 75,000, 1 w

Rs; — 15,000, pot.
Ru— 75,000, 1 w
Rss — 150,10 w

Res, Rs1 — 300,10 w
Rss, Res, Reo ~— 100,000, 1 w
Rei— 1 meg, 1 w

Re2 — 100,000, pot.

Res — 15,000, 10 w
Res— lmeg, 1w

Res — 250,000, 1 w

Re; — 75,000, pot.

Rer — 75,000, 1 w

Ci, Cs, Cs, Ct— 0.1 uf, 600 v
Cs, Cs, C7, Ca— 8 uf, 600 v, elec.
Cs, C1o — 2 uf, 1000 v, oil

5

Cu, Cu, Cis — 4 uf, 600 v, oil
Cu, Cis — 8 uf, 600 v, elec.

Cis, Ci7, Cia— 1.0 uf, 600 v, oil
81 — Two-gang rotary, each gang
SP, eleven-position

Sz — SP3T rotary

83 — Two-gang rotary, each gang
SP, three-position

S¢— DPST toggle

Ly, Lz — Power Transformer, 180
va, 400-0-400 v, 200 ma d. c.,
5 v-amp, 6.3 v — 5.14 amp, Thor-
darson T-13R16.

Ly — Power transformer, 590-0-
590 v, 200 ma d.c., 6.3 v-3 amp,
Kenyon T-247.

Ls, Ly, Ls, L1, Ly, Ly— Filter
choke, 12 h at 0 ma, 5 h at 200
ma, d.c., 80 ohms, 1600 v insula-
tion test, Thordarson T-67C49.
F; — 5 amp, Type 3AG

Pi, P; — Ten-terminal flush fe-
male chassis connector, Jones S-
310-FP.

P; — Flush female chassis con-
nector

Py— Three-terminal female chas-
sis connector, Amphenol PC3F.
Ps, Py, P; — Banana jack

Ps, Py — Seven-terminal termi-
nal strip

* Precision-type, (IRC Type WW-4), wire-wound resistors.

t R» consists of ten 25-ohm, 14 w resistors, connected in series across the terminals
of an 11-position rotary switch, and isolated from the remainder of the circuit with a
1000 ohm, 10 watt resistor at either end of the switch.
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and T, In practice, a capacitance
of 0.01 pf or more has been found
satisfactory for circuits of the type
shown here.

Distribution of Potential

The circuit of Fig. 4 illustrates
the type of potential-distribution
problem encountered in the appli-
cation of the direct-coupled ampli-
fying unit to a three-stage cascaded
direct-coupled amplifier.

The first stage, which consists
of T, alone, is a conventional direct-
coupled amplifier. Its output signal
is superimposed upon its average
plate potential of +150 volts. T.
operates as a coupling element to
the grid of T, which is an ampli-
fier. T, and T operate in like man-
ner to T. and T,. The average po-
tential, with no signal applied to
the input circuit, is given for all

significant points in the circuit.
It will be noted that the output level
of each stage, exclusive of the in-
put stage, is at ground potential.

The feedback resistor R,, which
is shown in Fig. 4, has no function
in the distribution of average po-
tential. It is employed, rather, in
the final design of the amplifier
as a gain-control element.

Design for a Typical Amplifier

Figure 5 illustrates schemati-
cally a complete design for a direct-
coupled amplifier. The maximum
voltage-gain of the amplifier is
5000 times. Its input impedance is
100,000 ohms. The high-frequency
response of the unit is given in
Fig. 6. The low-frequency response
of the amplifier is uniform, at the
maximum value shown in Fig. 6,
to zero cps.

8

Voltage Goin
1000

3

\\\ s

]

3

3

Percent of low — frequency response

3

1)

Frequency in cycles per second

108 10*

Fig. 6—High-frequency response characteristic of the amplifier
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FIG. 7—Input attenuator detail. Each resistor is a Y2-watt unit

1o

TABLE 1. Overall Amplifier Gain as a
Function of Attenuator Setting and Actual
Amplifier Gain

Attenuator Amplifier Gain Setting

Setting 1000 2000 5000
0 0 0 0

1 ‘ 1 2 5

2 2 | 4 10

3 5 10 | 2

4 10 | 20 50

5 20 40 100

6 50 w0 | 250

7 100 200 500

8 200 400 1000

9 500 1000 2500

10 1000 2000 5000

The amplifier has been designed
for direct deflection of a Du Mont
Type 5LP5 cathode-ray tube, which
is operated with a second-anode po-
tential of 1000 volts and an inten-
sifier-electrode potential of 2000
volts. Instability of gain and drift
cannot be observed on the screen
of the cathode-ray tube. The am-
plifier is operated entirely from al-
ternating-current power.

Input Circuit

A balanced input attenuator
(Fig. 7) is provided in the ampli-
fier for reduction of the input sig-
nal to an amplitude which is proper
for the grid of the first stage and
for control of the magnitude of the
output potential. The attenuator
gives steps in gain in the ratio of
2 to 1 as closely as could be ob-
tained with available values of
standard commercial resistors.
Eleven fixed positions of the input
attenuators are available which,
with three fixed values of ampli-
fier gain, give a total of 33 gain
positions. The maximum attenu-
ation, exclusive of the “OFF” po-
sition, is 10® The gain settings
available are given in Table 1.

Immediately following the input
attenuator in the circuit is a three-
position switch which will ground
either side of the amplifier input
for use with signals which are un-
balanced with respect to ground.
An ungrounded position is provided
for use of the amplifier in the con-
ventional balanced manner.

Balance of the Amplifier

The term “balance” is used to
refer to the overall adjustment of
any or all of the characteristics of
an amplifier to readjust the output-

(Continued on page 352)
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ABOVE: In one step of the grinding process. the quartz wafers
are placed in pentagonal holes in planetary gears that revolve
and rotate with abrasive between two cross-grooved plates
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Measurement of High Vacuums

Gages used in the development of electronic and other devices employing low pressures

measured in microns of mercury are described. Their application to automatic control of

manufacturing processes is discussed

Ignitron mercury.arc rectifier equipped with an industrial type vacuum gage .
having a handwheel and pinion for operating the mercury plunger. The gage
is at the extreme right :

HE INDUSTRIAL APPLICATION of
Tgaseous and nuclear discharges
is creating a demand for instru-
ments that measure the pressure
in vacuum systems. There is also a
growing demand for instruments
that automatically control pressure,
or control an electrical quantity as
a function of pressure. It is, there-
fore, timely to discuss some of the
various vacuum gages which are
used in the development and appli-
cation of electronic devices.

By far the most extensive ap-
plication for such vacuum gages
is found in the production of dis-
charge tubes and incandescent
lamps. However, many other indus-
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trial processes now require the use
of low pressures measured in mi-
crons of mercury. In this connec-
tion, the barometer-tube diagram
of Fig. 1, comparing pressures, will
be of interest.

Barometer Vacuum Gage

The barometer vacuum or Mec-
Leod vacuum gage operates on the
principle of trapping, by means of
mercury, a definite volume of gas
in the closed end of a glass tube,
and measuring the volume of the
sample after a definite pressure has
been applied. The better the va-
cuum—i.e., the smaller the number
of gas molecules per unit volume—

By H. H. ZIELINSKI

Petrolcum and Chemical Section
Industrial Engineering Division
General Electric Co.
Schenectady, N. Y.

the smaller the volume will be after
compression.
According to Dalton’s law, the

total pressure of a gas mixture is

equal to the sum of the partial
pressures of the component gases.
The gage, however, will not indi-
cate the partial pressures of vapors,
as for instance of mercury and
water, which condense at the pres-
sure applied in the use of the gage.
It will read only the total pressure
of permanent gases present in the
vacuum system.

The form of this gage, which has
found general application, is illus-
trated in Fig. 2. The glass tube (1)
is connected to the vacuum system.
The mercury contained in the gage
can be lifted by means of a plunger
(7), so that it will rise in tubes (5)
and (1), and close off the entrance
to the bulb (4) and tube (3), When
further pressure is exerted on the
plunger, the mercury will enter
bulb (4) and tube (3), the end of
which is sealed, and will compress
the gas volume which has been
trapped in tube (3).

A scale (2), calibrated in mi-
crons, is provided on tube (3) so
that the vacuum can be read di-
rectly on this scale. A marked com-
parison tube (6) is provided on
tube (1) so that the operator is
able to bring the mercury column
up to a definite level. This level
corresponds to a definite pressure
on the volume trapped in tube (3).
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FIG. 1—Columns of mercury (Hg) at various pressures

The scale of the McLeod gage is
usually arranged to read pressures
from 0 to 300 microns. Readings
can be estimated within limits of
about 0.1 micron, which is usually
sufficient for technical purposes.
Another type is available for read-
ing pressures from 0 to 3000 mi-
crons. Special gages are in use for
measuring a range of 0.01 to 10
microns.

The gage is easy to manipulate,
and the only care which has to be
taken concerns the speed of raising
the mercury column. This must be
done slowly in order not to break
the closed end of the gage and to
prevent disrupting into sections the
mercury column in the small tube,
which causes incorrect reading. In-
dustrial type gages are generally
equipped with handwheels and pin-
ions for operating the mercury
plunger, so that slow movement is
assured.

The McLeod gage s’ generally
used to calibrate electrical types of
vacuum gages, and is quite popular
for laboratory work. Pump-evacu-
ated rectifiers are usually equipped
with this type of gage.

Thermocouple Vacuum Gage

The thermocouple vacuum gage
employs the heat conductivity of a
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FIG. 4—~Circuit for thermocouple vacuum
gage

FIG. 2—The barometer vacuum or McLeod gage

gas or vapor as a mean of measur-
ing the pressure in a vacuum sys-
tem,

Heat conductivity depends on
pressure, ie., on the number of
molecules present in the system.
Thus the essential element of this
gage is a thermocouple contained
in a glass envelope in the form of a
vacuum tube, as shown in Fig. 3.
The tube is provided with an ex-
tended neck by means of which it
may be connected to the vacuum
system, either through a rubber
hose or glass tubing.

A typical tube contains a filament
to which a constant current of 0.03
to 0.05 ampere is supplied by a dry
battery, this current being variable
by means of a rheostat as shown in
Fig. 4 to provide suitable full-scale
adjustment. The output voltage of
the thermocouple is indicated by
means of a low-resistance microam-
meter. High output, corresponding
to high temperature at the ther-
mocouple, indicates low pressure or
good vacuum, because under this
condition the heat conductivity of
the gas is low. Vice versa, low ther-
mocouple output indicates a poor
vacuum,

The scale of the microammeter
may be calibrated in arbitrary di-
visions to enable the vacuum to be
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FIG. 5—Characteristic curve for a thermocouple vacuum gage

read by means of suitable curves,
thus allowing the instrument to be
used in connection with any num-
ber of gage tubes. The microam-
meter may also be calibrated di-
rectly in microns, in which case
the instrument is used. with one
gage tube for which it is calibrated.
Obviously, the calibration of the
tube will depend on the nature of
the gas or vapor for which it is to
be used, since the heat conductiv-
ities of various gases and vapors
at a given pressure are different.

A typical complete vacuum gage
is supplied in a metal case contain-
ing filament milliammeter and
thermocouple microammeter, as
well as the rheostat. Mounted in a
suitable socket, the gage tube may
be located at any convenient point
in the vacuum system. The range
of pressures to which this device is
usually applied is from 1 to 100
microns. It has mainly been sup-
plied for use in laboratories. The
characteristic curve of readings is
shown in Fig. 5.

Hot-Filament Resistance-Type

The hot-filament resistance-type
or Pirani-Hale vacuum gage uses
the rate at which heat is conducted
away from an incandescent filament
for indicating the pressure in a
vacuum system. Since the rate of
heat conduction is a function of the
number of gas and vapor molecules
in the vacuum system, it is also a
function of the gas pressure. There-
fore, the higher the pressure in the
vacuum system, the lower will be
the temperature of the filament.

Assuming the use of a filament
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material with a high temperature
coefficient, such as tungsten wire,
any temperature change of the fila-
ment will result in a relatively large
change of resistance. To make the
change of resistance of the filament
available for indicating purposes, it
is connected to one branch of a
Wheatstone bridge as in Fig. 6.
Assuming that the bridge is excited
by constant voltage and also that
the other three branches of the cir-
cuit have constant resistances, then
a galvanometer or microvoltmeter
connected across the bridge circuit
will give different indications for

various pressures in the vacuum
system.

In the practical application of
this vacuum gage, the filament is
incorporated in an indicator or de-
tector tube which is not sealed but
is connected to the vacuum system.
Another branch of the bridge cir-
cuit contains a highly evacuated
compensator tube in comparative
position to the indicator tube. The
bridge circuit is balanced after the
indicator tube has been evacuated
to the lowest obtainable pressure,
so that under this condition all
branches of the bridge circuit have
approximately equal resistances.
This condition corresponds to zero
indication. When the pressure de-
creases and the resistance of the
filament in the indicator tube in-
creases, the unbalance in the bridge
circuit causes a current to flow
through the instrument, the scale
of which may be calibrated di-
rectly in microns.

Uses for Pirani-Hale Gage

This gage may be used both for
local and remote measurement of
vacuum and also for the purpose of
controlling vacuum through a con-
tact-making device, as shown in
the connection diagram of such a
vacuum-regulating equipment (Fig.
6). The instrument of this equip-
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FIG. 6—Hot-filament gage connected in a
bridge circuit of a vacuum regulator

FIG. 7—Circuit for an ionization gage,
using a triode tube
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ment is provided with a set of con-
tacts so arranged that the indicator
needle may clese these contacts if
it reaches a selected point on the
micron scale.

To relieve the needle of any me- .

chanical stress required for exert-
ing a sufficient contact pressure, a
small motor is used im the regu-
lator diagrammed. It presses the
needle in regular short intervals
against the centact bar, through
a reciprocating movement, thereby
closing the circuit to the vacuum
pump. When the needle returns to
the selected pobint, usually low on
the scale, another contact is caused
to open the circuit.

Devices of this type are usually
employed to ring an alarm or trip a
rectifier off the line in case vacuum
fails. They may, however, be used
for automatic comtrol of vacuum
pumps if this is desired.

The particular gage referred to
is calibrated for a range of 1-10
microns. Readings may be esti-
mated to about 0.1 micron.

lonization Gage

The ionization gage is perhaps
the simplest means for quantita-
tively measuring a high vacuum.
This gage, which consists essen-
tially of a three-electrode vacuum
tube, makes use of the fact that an
electron emission current from a
hot cathode will cause ionization of
gas molecules in the tube by bom-
bardment. These ions will flow to
any electrode which is maintained
at a sufficiently high negative po-
tential with respect to the hot
cathode.

The number of ions caused by
the collision of a constant electron
flow with gas molecules is a meas-
ure of the number of gas molecules
present, and therefore of the pres-
sure in the vacuum system. Figure
7 shows the connections of such a
three-electrode tube. Here the grid
of the tube, used as an anode for
attracting electrons, is held at a
constant positive potential with re-
spect to the filament-type cathode.
The electrode which in other appli-
cations of such tubes is used as an
anode in this case serves the pur-
pose of a collector plate for ions.

A direct voltage of, for example,
125 volts, is applied between cath-
ode (—) and grid (+) to obtain a
sufficient flow of electrons. At the
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same time, a constant difference of
potential of, say 25 volts, is applied
between the collector plate (—) and
the cathode (+4), and the electron
emission is maintained constant by
controlling the filament current.

The ion current is a definite funec-
tion of the gas pressure, and, there-
fore, a microammeter may be con-
nected in the plate circuit and can
be calibrated to indicate directly
the vacuum in microns. By shunt-
ing the microammeter, the sensi-
tivity of the gage may be adjusted
to suit the prevailing conditions of
pressure.

One typical ionization gage may
be used for indicating pressures as
low as 0.01 micron, and a useful

=

To vacuurm
systern
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FIG. 8-—An emission gage using a diode
tube

range may be from 0.01 to 10 mi-
crons. The upper limit of pressure
for this type of gage is that at
which ionization takes place
throughout the tube, that is,
throughout the, entire space be-
tween filament and grid. This may
occur—depending on the design of
the tube used—at any pressure be-
tween 100 and 200 microns. In this
case, some of the ions will go to the
cathode and the plate current is
then no longer a function of the
number of gas molecules present in
the vacuum system. Furthermore,
rapid destruction of the filament-
type cathode will occur as a result
of bombardment by ions.

The principal application of the
ionization gage is in laboratories
dealing with electronic research
and in factories producing vacuum
tubes.

In some cases, especially when
the ionization gage is used for con-
trol purposes, it is advantageous to

use an amplifier stage in series with
the gage (Fig. 7). The sensitivity
may then be changed by varying
the resistance in series with the
plate, thereby changing the voltage
drop for a given ion current.

Emission Gage

A more recent means for quali-
tatively indicating the degree of
vacuum, or a leak in a vacuum sys-
tem, is the emission gage, which
uses a diode tube for indicating the
presence of gas in the vacuum sys-
tem.

In this case, the gage tube con-
tains two electrodes, as shown in
Fig. 8, one being the hot cathode
and the other the anode, which is
arranged close to the cathode. The
cathode is heated by a standard
low-voltage battery of perhaps 1
volt, while the applied anode volt-
age may be obtained from a small
45-volt radio battery.

As long as no gas molecules are
present in the tube, an electron
emission current may be read with
a microammeter. If, however, any
gas is allowed to enter the vacuum
system, the emission breaks down,
and the microammeter in the anode
circuit will read zero.

Leak Detection

This system is used for indicat-
ing leaks in a vacuum system, for
instance in an electronic tube being
evacuated. In such a case, oxygen
is blown through a small hose
against the tube connected to the
pump, while the microammeter in-
dicating the emission current of
the gage tube is observed. If the
gas has a chance to enter the va-
cuum system, and through the sys-
tem the gage tube, the emission
current will disappear. The current
will return as soon as the gas flow
is interrupted, i.e., the hose is re-
moved.

This method of leak detection is
so sensitive that the location of a
leak may be determined by direc-
ting the flow of gas against a par-
ticular spot.

The leak detector has until now
mainly been used in the testing of
vacuum tubes for possible leaks,
while such tubes are being ex-
hausted. Its application may, how-
ever, be extended to any other sys-
tem in which a high vacuum has to
be maintained.



PHOTOELECTRIC

An electronic medical instrument for recording the state of fullness of blood vessels. It
measures ear opacity by means of a tiny phototube and lamp clipped to the ear. The
phototube is connected to a unique direct-coupled push-pull amplifier feeding the mov-

ing coil of an inkwriter

B y W . E . G I I.S 0 N y Univ. of Wise. Medical School, Madison, Wisconsin

PLETHYSMOGRAPH is defined as
A “an instrument for record-
ing graphically the size of a part
as determined by the state of full-
ness of its blood vessels”. This is
ordinarily done by placing the part
in a chamber filled with air or wa-
ter, and measuring the displace-
ment of the filling medium with a
tambour or similar means. This
gives quite accurate quantitative
results, but is rather inconvenient
and almost impossible to apply to
some parts. )

An extremely convenient but less
accurately quantitative method is
photoelectric plethysmography, in
which a beam of light is transmit-
ted through the tissues and onto
a phototube, the amount of light
reaching the phototube depending

on the absorption of light in the re-
gion. This depends to a consider-
able extent on the amount of blood
in the tissues at the moment. With
each contraction of the heart, blood
is forced into the peripheral vascu-
lar system, causing a momentary
dilatation and an increased absorp-
tion of light.

A fingertip pulsation as recorded
with a capacitor-coupled amplifier
and cathode-ray tube, simultan-
eously with a record of the ecardiac
action potentials, is shown in Fig.
1. Note the delay between contrac-
tion of the heart (at point B) and
the arrival of the pulse at the finger
(at point A). In addition to this
pulsation there is a slow change
due to variations in arterial tonus,
as well as other factors. This slow

FIG. 1 (Left)—Recording of cardiac action

potential (lower record, with beginning of

cardiac contraction at B), and fingertip pul-

sations (upper record, with onset of pulse
at A) .

FIG. 2 (Below)—Ear opacity is measured

with this arrangement, which is a modifica-

tion of the Hertzman-Dillon plethysmo-

graph. A compact version is being used by

high-altitude fliers to monitor the amount of

oxygen in their blood, as this is also
related to ear opacity

CE22
/phototube

= 1 +90u
} ] grid

1é

change can be recorded only with a
direct-coupled amplifier. An exam-
ple still occasionally seen is blush-
ing of the face and ears as a re-
sponse to certain emotional stimuli.

A similar but more pronounced
effect may be obtained by the Val-
salva experiment, in which an at-
tempt at forced expiration is made
with a closed glottis. This raises
the intrathoracic pressure above
the venous pressure, preventing re-
turn of blood to the heart and pro-
ducing engorgement of the peri-
pheral vessels, especially of the
head. This is the most convenient
method for testing a photoelectric
plethysmograph designed for use
on the ear.

Photoelectric  plethysmography
was first introduced in Germany in
1984, and developed further in this
country™* > *,

Recording Opacity of the Ear

In connection with a research
problem it became necessary to re-
cord with an inkwriter the amount
of blood in the ear simultaneously
with several other inkwritten rec-
ords, these records being made by
a six-channel Grass electroenceph-
alograph. One of the electroen-
cephalograph inkwriters was not
being used for other purposes, so
it seemed desirable to use it for re-
cording the ear opacity.

An inkwriter as used for electro-
encephalography consists of a mov-
ing coil and field magnet assembly,
much like a dynamic speaker, with
the moving coil connected to a lever
system which amplifies the motion
and applies it to a pen. The moving
coil is wound with fine wire, usually
No. 41, to a d-c resistance of about
2,600 ohms. Thus it may be con-
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FIG. 3—Push-pull amplifier circuit used with the plethysmograph to actuate one
pen of a six-channel Grass electroencephalograph

nected directly into the plate cir-
cuit of a vacuum tube, which is
necessary in order to record fre-
quencies down to one or two cycles
per second. Such frequencies are
frequently found in pathological
electroencephalograms. (For fur-
ther information on the Grass elec-
troencephalograph see appendix A,
Atlas of Electroencephalography,
F. A. Gibbs and E. L. Gibbs, Cam-
bridge, Mass., 1941.)

Plethysmograph Design

A modification of the Hertzman-
Dillon plethysmograph was used,
the design being changed to allow
the light transmitted through the
ear to fall directly on the cathode
of the phototube, thus obtaining
congiderably higher output. This
modified instrument, shown in Fig.
2, gives an output of the order of
one volt with a moderate change
in ear density, such as that caused
by a Valsalva experiment. A tube
well adapted to this purpose is the
Continental Electric CE 22 of the
flat end type. (This tube is sup-
plied with either a round or flat
end, and it is necessary to specify
in order to receive the one desired.)
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The electroencephalograph ampli-
fiers are capacitor coupled, and
would work well for recording pul-
sations in the ear, but could not of
course be used for recording sus-
tained changes in car opacity. Thus
it was necessary to develop a di-
rect-coupled amplifier with suffi-
cient power to drive the inkwriter.

Amplifier Circuit

The amplifier circuit is shown in
Fig. 3. The output stage is of a
conventional push-pull type, driven
by a push-pull phase inverter with
a large cathode resistor. The phase
inversion is produced by means of
the large voltage drop in the com-

-amplifier on batteries.

mon 30,000-ohm cathode resistor.
This voltage drop is always larger
than 45 volts, so as to make the
cathode positive with respect to the
grid as required for negative grid
bias. The input grid of tube 1 is
grounded, and the signal is applied
to the input grid of tube 2

When the grid of tube 2 is made
more negative by a change in
phototube resistance, the cathodes
of both input tubes also become
more negative (closer to —45 v),
because of the decreased voltage
drop in the common cathode resis-
tor. The effect is thus to bring the
grid of tube 1 closer to the cathode
in potential; since the grid was or-
iginally negative, it becomes less

. negative with respect to its cathode.

This is just as if the signal had
been applied from grid to grid,
rather than from one grid to
ground. Therefore, given a suffi-
ciently large cathode resistor, the
signals on the two plates of the first
stage will be 180 deg. out of phase
and approximately equal * *°.

The line voltage on which the
photoelectric plethysmograph was
to be operated had frequent large
transients, and it was decided to
eliminate interference from these
by operating the first stage of the
: The drain
is extremely small, so that long
battery life can be expected. The
output stage was operated from a
rectifier power supply in order to
obtain sufficient power. Push-pull
operation makes this stage almost
completely stable even with large
changes in line voltage.

When operating as an electro-

(Continued on page 318)

FIG. 4 —Inkwriter record obtained by a Valsalva experiment with the photoelectric
plethysmograph. The dip between points A and B indicates increased congestion
and corresponding higher ear density
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AIRCRAFT

Aircraft radio mechanic adjusting a 18-frequency
and receiver at United Air Lines’ maintenance base at Cheyenne, Wyoming

Communications laboratory of

18

United Air Lines in Chicago

RADIO

By A. F. TRUMBULL

San Mateo, Calif.

IRCRAFT radio mechanics em-
Aployed by commercial airlines
can be divided into three groups:
line service mechanics, who check
the radio equipment and affiliated
installations in the aircraft itself;
shop mechanics, who are respon-
gible for the overhaul, maintenance,
rebuilding and revision of such
items as transmitters, receivers
and other removable equipment;
project mechanics, who make major
alterations in the equipment and
the installation.

General Requirements of
Maintenance Mechanics

All mechanics assigned to air-
craft radio maintenance must hold
at least a second-class radiotele-
phone license, in addition to tech-
nical and personal qualifications.
Versatility is highly desirable since
a man may be used for all three
types of work. An understanding
of the requirements for each type
of aireraft radio mechanic can be
of value, however, in placing those
new men whose aptitudes make
them best suited for one particular
type of work.

Line Service Mechanic

Generally the airplane radio line
service mechanic must be able to
think and act quickly, be cheerful,
present a good appearance, and be
cooperative to a greater degree
than the shop man. He must be able
to diagnose quickly and accurately
any irregularities in the operation
of every single component of an
aircraft radio installation, to de-
termine whether or not it is operat-
ing properly and if not, how to fix
it. His remedial measure may be
nothing more than replacing a de-
fective unit, but he must know for
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MAINTENANCE

Duties and required qualifications of each type of aircraft radio mechanic, and general

discussion of maintenance procedures used by large commercial airlines to keep both

ground and flying radio equipment in proper condition with minimum plane lay-over

sure that the unit is defective and
that its replacement will cure the
trouble.

Shop Mechanic

The airplane radio shop mechanic
is not required to make the light-
ning decisions so necessary in
“through service” work, but his

technical knowledge and his ability
to handle tools and machine~y are
important. He can assume a more
or less steady gait at his bench
work. The slow-but-sure type of
man is valuable at such work, as it
usually requires a great deal of
patience, consistent and deliberate
thinking, planning ahead and some-

times the development of ideas. An
analytical mind and a creative in-
stinct are definite assets in radio
shop work, especially when com-
pletely rebuilding some unit of
radio equipment.

Project Mechanic

Project work consists of the in-

Test panels in the radio-electric department of United’s base in
Cheyenne. Left to right: Automatic direction-finder test panel:
receiver test panel: interphone and loop test pamel: oscillo-
scope lor visual checking: af signal generator and vacuum-
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tube voltmeter; communications unit test panel: af power
amplifier; loop gear box test panel: all-wave receiver for
checking frequencies; microphone and headset test panel:
autosyn test panel: relay test panel; generator test panel
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Radio rack mock-up of a Mainliner, wired so sets can be
operated as in flight, to study the effects of proposed changes
without holding an airplane out of service

stallation of new units, the altera-
tion of existing installations and
major overhaul and repair jobs.
The airplane radio project me-
chanic requires many of the attri-
butes of both the line service me-
chanic and the shop mechanic. His
work is usually in the airplane it-
self and is accomplished at the time
the plane is in the shop for engine
change and/or plane overhaul. He
must be able to cooperate with
others to a high degree, and must
work fast and accurately so that
the plane will not be out of service
because of his slowness or mistakes.

About 25 percent of an aircraft
radio installation was changed
every year prior to the war, in the
interest of modernization and im-
proved operation. The changes
usually involved the “fixed” equip-
ment in the plane, frequently not
readily accessible, hence the work
had to be of high quality and re-
quire no future attention.

Communications Laboratory

Some of the major airlines main-
tain a communications laboratory
for development work on local prob-
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lems involving too small an equip-
ment market to interest aircraft
radio manufacturers, or for work
requiring flying equipment and
other facilities available only to an
air transport company.

Aircraft radio equipment is
usually designed to meet the aver-
age requirements of all commercial
airlines, and the communications
laboratory may often engineer such
changes as are desirable for its
own airline. Operating service
problems which require laboratory
equipment and technicians are also
handled by the laboratory staff.

Desirable Qualifications for Aircraft
Radio Mechanics

In addition to actual radio train-
ing and experience, it is highly de-
sirable that all aireraft radio me-
chanices have at least a high school
education, including courses in
physics, mathematics through alge-
bra and trigonometry, mechanical
drawing and machine shop prac-
tice. Training in sheet metal work,
welding, brazing and soldering and
experience with internal combus-
tion engines and instruments is

Signal generator used for measuring frequencies and aligning
all aircraft radio receivers carried aboard Mainliners.
buttons select any of 24 crystal-controlled frequencies

Push-

also desirable in radio maintenance
work.

Much or all of this apparently
unrelated training is often lacking
in applicants for positions in air-
craft radio. So often it is not real-
ized that aircraft radio mechanics
must thoroughly understand the
functions and importance of all
airplane controls and the funda-
mentals of airplane design. The
knowledge of controls is necessary
so that he will not damage, throw
out of adjustment or obstruct the
movement of any airplane controls
when doing his particular job. A
knowledge of the fundamentals of
construction makes him realize that
even the smallest rivet, gusset or
brace may be an important struc-
tural member. Accordingly he must
not drill holes, bend parts, or other-
wise alter any structure without
first obtaining proper authority.

Opportunities

Radio maintenance mechanics
usually start as apprentices or help-
ers at 40 to 75 cents per hour.
Raises are usually periodical, and
after the required length of serv-
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ice the apprentice is made a me-
chanic at approximately 75 cents to
$1.00 per hour. Progress from
there to master or lead mechanic
and to supervisory duties is usually
dependent solely on ability.

Aircraft Radio Maintenance Stations

Radio maintenance facilities are
usually established at one or more
stations on the airline, so neces-
sary work can be done during lay-
overs between trips. At other than
terminal stations a plane is avail-
able only from 5 to 30 minutes,
which is insufficient to accomplish
any work other than replacement
of some item of removable equip-
ment.

Maintenance Foreman

The facilities at an aircraft radio
maintenance station are usually in
the charge of a radio maintenance
foreman, who answers directly to
the chief mechanic at the station.
Such a foreman frequently has as
added responsibilities the entire
plane electrical system, emergency
ground radio station repair, and
electrical and communication facili-

Panel for testing microphones and headsets in sound-proof box

ties in airport buildings of the
airline. It has been found that
much better results are obtained if
the entire electrical system of the
plane is made the responsibility of
one department. Any good radio
man can handle the straight elec-
trical work, but the converse is sel-
dom true.

The responsibilities of the main-
tenance foreman, presuming they
are electrical as well as radio, might
be itemized somewhat as follows:

(1) Maintenance of the plane
radio equipment (both removable
and fixed), pilot’s headset and
microphone equipment, and the use
and care of all radio shop equip-
ment.

(2) The instruction of radio me-
chanics, assigned to the various
crews, in the proper maintenance
of the plane radio and electrical
systems.

(8) To act in an advisory ca-
pacity to the crew chief or chief
mechanic in the correction of any
reported irregularities of radio or
electrical systems.

(4) To see that the instructions
issued by the superintendent of

and recording their response curves
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communications are carried out.

(5) To contact and instruct the
flying personnel with respect to the
operation of radio equipment.

(6) To maintain proper spare
equipment and parts at strategic
stations on his division.

(7) To prepare all forms and
records required by division or field
headquarters, and/or the Civil
Aeronautics Bureau.

(8) To be on the alert to sug-
gest improved servicing methods.

(9) To assign radio mechanics
to the various crews, and arrange
for radio mechaniecs to rotate shifts
so that each man spends sufficient
time in the shop to keep fully fa-
miliar with radio maintenance work.

(10) To contact other stations
on his division, at regular intervals
approved by the division superin-
tendent, in order to advise and in-
struct the crew chiefs, chief me-
chanics and radio mechanics at
those stations in the proper in-
spection and servicing of radio and
electrical equipment.

Formal maintenance orders are
issued as bulletins by the superin-
tendent of communications.

Air-operated vibration generator designed especially for testing
aircraft radio equipment
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Computing CIRCUIT

A method is outlined for computing the voltage across a particular element of a network

at any desired cycle after application of a repetitive discontinuous waveform, such as a

rectangular pulse. General equations are given and a numerical example is worked out

F A WAVEFORM consists of a
I number of cycles which cannot
be expressed by a limited number
of harmonically-related sinusoidal
terms, and yet successive cycles are
identical, we have a repetitive dis-
continuous waveform. An example
of such a voltage waveform is a
train of rectangular pulses.

This paper outlines a method for
the computation of circuit re-

sponses to repetitive discontinuous

voltage waveforms. As compared
to alternative methods,” * the math-
ematical developmentis simpler and
a clearer physical picture is ob-
tained. A general description of
the method will be given, illustrated
by working out a specific applica-
tion.

General Statement of Problem

In Fig. 1(a) a source of voltage
e is connected to a load Z. The volt-
age waveform is as shown in Fig.
1(b). During the interval 0 =t =,
the voltage can be expressed by the
function f(t). At < there is a dis-
continuity, and from ¢ to T, the end
of the cycle, the voltage is expressed
by the” function p (f—1), where
t has any value between t and T.
It is required to find a circuit re-
sponse ¢ where ¢ is the voltage
across a particular element of the
network, during the nth cycle. In
the case shown in Fig. 1(b), there
is a single discontinuity in the
voltage waveform at ¢ = . It may
happen that there is more than one
discontinuity, or it may happen
that p (¢ — ) is zero.

With p (¢t — 1) zero, if the inter-
val (T — =) is sufficiently long so
that the response is effectively zero
before the commencement of the
next cycle, the problem reduces to
one which can be solved by con-

122

By
JOHN B. TREVOR, JR.

Contract kKngineer
Naval Research Leberatory
Anecostia, D. C.

ventional methods. This is done by
setting up two equations, one for
the period whem the emf has a
finite value, and the second for zero
applied emf. The first of these equa-
tions will have initial conditions
corresponding to rest conditions for
the circuit, while the initial condi-
tions for the second equation will
be found from the value of the first
equation at the instant ¢ = <.

First Step in Solution

The general case, where at the
end of the cycle the response is not
zero, will now be investigated. The
first step consists in finding the re-
sponse for the first cycle. At the
instant before the start of the first
cycle, there is zero response, hence
the initial conditions will be given
by, in the notation of Fig. 1, the
response to f(t) at t = 0. Now
f(t) expresses the emf until some
time t, where t =7T. If + =T, ¢
for the first cycle has been evalu-
ated. In case © < T, the response
over the interval = = ¢ = T must be
found. The equation for the re-
sponse over the second interval is
obtained by solving for the response
to p (t — ©), with initial conditions
appropriate to the value of the en-
ergy stored in the network at
t = = due to f(t). The first step in
the solution for the response to the
nth cycle of emf is then the solution
for the response to the first cycle.

The steps in the solution will be
illustrated by solving an actual ex-
ample. The network of Fig. 2 is ex-
cited by a source of d-c potential

which is connected to the network
through switch S. This switch is
closed cyclically for an interval <
and opened for an interval (T — 1).
The switch may be-a rotating com-
mutator or some type of relay which
is repetitively energized and deen-
ergized. The resistance of the volt-
age source is lumped with series
circuit resistance in R, It is re-
quired to find V,, the voltage across
C during the nth cycle. The applied
emf will have the following form:
e=f(t)=E where 0<t=<7r 1)
e=p(T—7)=0 where r<t< 7T
The emf is then a pulse of period
T and of length =. The fact that
p (t — <) is zero simplifies the equa-
tions of the example, but does not
result in any loss of generality
since it is assumed that at T the re-
sponse is not virtually zero.
It can be shown® that, for the
first cycle,

Ri+ Rs
. L R~ RRcC ‘]
“‘E[RI+R,][1+R,‘ '
where0 StS+ 2)

Here i, is the current through R,
the subsecript of ¢ referring to the
first cycle.
From Eq. (2), since V =FE — iR,,
where 0 = ¢ = 1,
Ri+ R,

= ——W (3)
R
PRt B @

Now V is given by
Vi=EB(1—e %), where0 <t <+ (5)
The subscript of V again indicates
the first cycle.

Equation (5) gives V, for the
first part of the cycle only. The
value of V, for the second part of
the cycle will now be found. At
t = r, from Eq. (5):

Vi=EB(l — e~%") (6)
With S open, it is evident that C
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RESPONSE to Pulses

discharges through R, alome and
we can write:

M=Ef(l—e ) e ¢n (@)
where 7St T
and o3=1/R\C 8

Equations (5) and (7) give V, for
the entire first cycle from ¢ = 0 to
t = T. This completes the first step
in the solution.

Evaluation of Response for Following
Cycles

At the end of the first cycle the
response has a finite value different
from zero. It is therefore to be ex-
pected that the response to the sec-
ond cycle will not be identical with
the response to the first cycle. The
superposition theorem is an impor-
tant aid in evaluating the response
to the second and following cycles.
In brief,* this theorem states that
the response of a network to a num-
ber of voltages is equal to the sum
of the responses to the individual
voltages, if the network is linear.

The superposition theorem al-
lows the response to the nth cycle
to be expressed as the sum of the
response to the external emf, which
is found for the first cycle, plus the
response to the energy stored in the
circuit at the end of the (n—1)
cycle. Beginning with the start of
the first cycle, when no energy is
stored in the circuit, the response
equation or equations are found for
the applied emf. These equations
are solved for the response at ¢t = T.
Then the response during the sec-
ond cycle is equal to the sum of the
response to the applied emf and the
response due to the energy stored
in the circuit at t = T for the first
cycle. A similar process yields the
response te the third and following
cycles. Thus, a general expression
for the nth cycle can be set up. It
is of advantage to regard ¢ as zero
at the start of the nth cycle, and
(n— 1) cycles to the left of the
zero point.

This step in the solution will also
be illustrated by the example of
Fig. 2. As shown previously,

Vi=E B(l—e¢~%t) where0 <t <r (5)

Vi=EB(1—e=%") e % ¢—N
where 7 (T (7)
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At the end of the first cycle, from
Eq. (7),

Vi"=EB(1—e™®7) ¢~ (T~ 7) (8)
where V,” = V, at the end of the
first cycle.

But

V"1= V’z (8&)
where V’, = V, at the start of the
second cycle. During the interval
0 = t = 1 of the second cycle, ca-
pacitor C discharges through R,
and R, in parallel, giving rise to a
voltage term

V' e oyt
According to the superposition the-
orem, V, the value of V for the

FIG. 1—Block diagram (a) and voltage
waveform (b) for the problem under
consideration

FIG. 2—Network used as actual example
in illustrating the various steps involved
in solution of the problem

second cycle, is given by adding this
term to Eq. (5):
W=E 8 (1—e %) + Vet
where 0<(<r 9
and from Eq. (8) and (8a):
Ve=E 8[(1—¢ %"
Fe TN (1—e %) e %]
where 0Z( <7 (10)
For the remainder of the cycle,
where « = ¢t = T, V, is found by

substituting ¢ = < in Eq. (9), and,

recalling that the discharge is

through R, only over this portien

of the cycle,

Ve=EB[(1—e4") (1+eM] ezt = 7 (11)
where r <t< T

y=arr+taz (T'—7) (11a)

In a similar way V; can be found.

From Eq. (11), letting ¢t = T,
V= V's=E 8 (1— ¢ %)
[14e=7] e (T~ 7
Then, from the same considerations
used in the derivation of Eq. (10):
Vi=E B[(1—e~*)+(1—e™%")
e TN (14e7) e ™Y
where 0 = t = =, and over the rest
of the cycle:
Vi=E B[l—e~*")
(I+e="+e™M)]e ™% ¢~ N
where r <t T.

It is convenient to generalize the
results for the second cycle, found
in Eq. (10) and (11), from the su-
perposition theorem, to similar
equations for the nth cycle:

Va=E B (1—e )4V ne ™%

where 0<t{<7and IEns»
(1—e™7)
F Ve e % T~
wherer<t<Tand1gn<o (13)

Here V", is the initial voltage across
C at the start of the nth cycle.

and

(12)

Expansion and Solution of the
General Equations

Having found a general expres-
sion for the response during the
nth cycle, it is necessary to expand
this equation and solve it in closed
form. This solution takes the form
of a summation. If there is a dis-
continuity in the applied emf dur-
ing the cycle, then there will be two
equations, each covering part of the
cycle.

Returning to the example of Fig.
2, Eq. (12) and (13) can be ex-
panded for the mth cycle. By com-
parison with the equations for the
second and third cycles, the equa-
tions for the nth cycle are:

Vao=E B[l—e ) (1—¢~47)
e~ (T -7 (14T +e
4o e oY) o)

where 0<t<rand ¢ Sn<

Vo=EB(l—e™") [14+¢ "+en?
+ ... e DY) 22 (¢
vherer<t<Tand 1En< .

The terms in the brackets are

123



geometric progressions with the
sums:
e~ Y(n ) — 1
eV —1
Hence V, can be written

Vo= EB(1~e) [2_-7

T — 1
—l:,e—az(t—r)

e —1
e —1

(14)
where r<{< T and 1 Sng .
Vn = Eﬂ (l - 6_al‘)
Y1
FEB(1l—e e (TN l:ee‘Tl—
€Tyt (15)

where 0<{<r and 1Sn< o,
Equations (14) and (15) are a
complete solution of the illustra-
tive problem. There are, however,
a number of other results which
are of some interest.

"Steady-State” Solution

Having found equations which
give the response for all portions
of the nth cycle, it is convenient to
let n—> o and derive equations
equivalent to the steady-state equa-
tions for sine-wave emf’s,

In the case of Eq. (14) and (15),
the steady-state equations, found
by letting n — 0, are:

Vo =EB (l - e—alr) [1_—16:’] e "%

where r <t T
Vo = Eg(1—e*%) +
1

Ea(l—e-ﬁve‘“ﬂrq’[l_

_7]6'“1'(17)
where 0 = ¢ = = and the subscript
o for V indicates n —> co.

Time Constant Formulas

In the example of Fig. 2, the time
constant for charging C may be
defined as the number of cycles,
multiplied by 7, which it takes for
V to rise to (1 — ¢?) of its final
value at t as given by Eq. (16).
Letting N be the particular value
of n which gives this result, from
the ratio of Eq. (16) and (14):

Vo _

Fa=—eh =

-YN — 1
EB(l—e%7) [2-_7~T

From which

T_ _RRC

Y R+ Rir/T
The time constant for decaying

V when excitation is removed is

1/¢, = R.C.

N=1/Yand NT =

Numerical Example

(16) The circuit of Fig. 2 will now be
‘S 0/5meg.
. : 1 ) 3 .
/oo uo.c. ' L& Vv 2 e N
; D }l'f T meg- | )
: -ré#%otsec T=01sec.
0 —t
| switchl L .
———————— L — —t —Switch SRR SRS S
; c/osed’r | w |C opeln i .
6¢ ' : I
o AT n=1/0 fotp Cyclel
50 v T | — b
i 1 N=7  7thcycle
5: '(; : /| n= |6 6f|h cycle
T 40-:/ - —n =|5_‘5f/7 cyc/el
9 |
> /-‘I* n ‘l4 7k cycle
A
‘ l F
S>30 A 3—3rd cycle
; | n=2 2pd cycle
20 4 i i
% |
: / n=/  Istcycle
h |
o1 i [ | A S -
0 001 . 002 003 004 005 006 . 007  GO08 GO 04
i L 'ﬂme in Seconds ’

FIG. 3—Output voltage plotted against time for the first seven cycles. the tenth
cycle and the final steady-state condition in the circuit shown, for the numerical
values and waveform assumed in the example
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solved for the voltage V across
capacitor C for specific values of
R, R, C, and E.., where the open-
closed cycling of switch S is speci-
field. Let R, = 1.8 meg., R, = 0.15
meg., C = 0.5 uf, and F,, = 100
volts,

Switch S opens and closes in a
cyclic manner such that the period
of closure is 0.01 second and the
open period is 0.09 second. In the
notation used previously, this cor-
responds to ©+ = 0.01 sec. and T
= 0.10 sec.

Let it be required to find the volt-
age V of Fig. 2 from the first
closure of switch S until steady-
state conditions are established.

From Eq. (8),

a:=1/R,C=1.11
From Eq. (3),
R+ R,

a = REC - 14.45
From Eq. (4),
B = Bt R 0.925

and from Eq. (11a),
yY=air+a; (T—r1)=0.2444.

Since the time constant of the
circuit of Fig. 2, with a rectangu-
lar pulsed waveform, has been
shown equal to T/y = 0.41 sec., the
fourth cycle will just fail to bring
V up to 0.63 of its final value. By
plotting the first seven cycles, the
tenth cycle, and the steady state,
the value of V from the start of
the first cycle to the steady state
can be shown reasonably well. Sub-
stituting the values of «;, @, 3, and
v just found in Eq. (14) and (15),
the transient state is found:

Va=57.1 (1— ¢ ~0-2444n)  —1.11 @—0.01)
where 0.01 <¢t<0.1 and 1€n<

V9e=92.5—(40.7451.8 02444 ("“))e ~14.45¢
where 0<5t<0.01 and 1 €n<

The steady-state equations, from Eq. (16)
and (17), are:

V =57.1e-111 (¢t~ 0.01)
where 0.01 <¢<0.1

V =92.5—40.7¢ 1445
where 0<1£0.01

Figure 3 shows, in graphical
form, the value of these equations
for the first seven cycles, the tenth
cycle, and the steady state,
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Rich system for detecting smoke by
sight and smell provides for ships
at sea an automatic fire alarm sys-
tem comparable in speed and effec-
tiveness to the finest modern in-
stallations in buildings.

Air samples from each space pro-
tected by the automatic Rich-Audio
system are drawn through indi-
vidual pipe lines to the detecting
cabinet, usually in the wheelhouse,
by an exhaust fan. The pipe outlets
are positioned in concentrated

detection. The air samples are dis-
charged into the wheelhouse, so that
smoke will also be detected by smell
when present.

Each pipe line is provided with
an autcmatically controlled solenoid
valve that momentarily diverts the
air sample to a long tube for photo-
electric observation. A light beam
is directed through this tube to a
photovoltaic cell connected to a
meter-type relay, as shown above.

A motor-driven selector switch

Air samples drawn from each protected

space in a ship are examined by a smoke-

detecting unit containing a self-generating
photoelectric cell and a light source

energizes one valve after another
at four-second intervals, and drives
a number-wheel indicating which
line is being diverted at any in-
stant. If no smoke is present, the
number changes and another line is
diverted for photoelectric inspec-
tion. Smoke causes operation of the
alarm signals and stops the selec-
tor switch so the number remains
on the control panel to indicate the
source of the smoke. Controls can
be adjusted to compensate for dust
on the lens, mirror or photoelectric
cell surface.

Numbered pipe outlets in the smoke-detecting cabinet show

the ship’s officer at a glance which space is atire when the

photoelectric cell sets off the automatic alarm in the Rich-

Audio fire-detecting system made for ship use by Walter
Kidde & Co., Inc., of New York
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Smoke-detecting cabinet with front panel removed to show

pipes going to various paris of a ship. The lamps under the

pipes make faint smoke visible in windows under the numbers

in the pipe outlets, and the large lamp at bottom center pro-
vides light for the photoelectric cell

125



Filament and Heater

Mathematical analysis of volt-ampere characteristics of various filament metals. Resulting
equations are plotted as a reference chart that gives filament current, temperature and
wattage for any electron tube at various operating voltages with good aceuracy

REQUENTLY in the design and
application of electron tubes

it is necessary to predict the value
of filament current and possibly
also the filament temperature when
the applied filament voltage devi-
ates from the normal or rated
value. Such an instance occurs
when two or more filaments having
different volt-ampere characteris-
tics are operated in series and it is
required to predict the voltage
variation across each individual
filament with respect to the supply
voltage variation. The solution of
this problem requires a knowledge
of the volt-ampere characteristic of
each filament., The voltage across
each filament can then be deter-
mined for any arbitrary assumed

current value. If appropriate cur-

rent values are chosen, a curve of
each individual tube voltage versus
the supply voltage can be con-
structed.

A knowledge of the individual
volt-ampere characteristics over the
required range may not be readily
available unless it has previously
been experimentally determined. It
is the purpose of this paper to indi-
cate a method of constructing the
volt-ampere characteristic if the
current is known for at least one
operating voltage. The knowledge

By CECGIL E. HALLER

RCA Victor Divigion
Radio Cerporatien of America
Lancaster, Pa.

of this point enables the current to
be predicted at a new operating
voltage with good accuracy provid-
ing the change in voltage is within
approximately ==25 percent of the
known voltage. The same analysis
will also permit the determination
of the value of watts and tempera-
ture in terms of the known operat-
ing condition.

Basic Filament Equations

In order to illustrate the method
of transposing the operating condi-
tion of a filament, the two basic
equations involved in the design of
filaments and heaters for electron
tubes will be considered.

The first equation is:

W= K T
where

W = power radiated in watts

K, = constant of proportionality, which
includes the area of the emitter

T temperature in degrees Kelvin

ne = an exponent which is reasonably
constant for a given metal over a
limited range of temperature.

The second equation is:
W = E?/R = I’R

VALUES OF EXPONENTS FOR FOUR FILAMENT METALS

TABLE 1.

Material Temp. ne
Tungsten!. ............ 1000°K 5.65
Tungstent......... .... 2000°K 493
Tungstent. ............ 2500°K 4.66
Molybdenum? 000°K 5.32
Molybdenum? 2000°K 4.99
Tantalum?. ... .. 1600°K 4.80
Tantalum®. ... .. 2800°K 4.80
Nickel............... 1000°K 4.65°
* Values by different investigators range from 4.65 to 5.29.
** Estimated from experimental data on nickel.

o 2nv nw — N 2
nol+ nr nw+ ny ne+nr
1.20 1.65 0.650 0.292
1.19 1.61 0.612 0.327
1.20 1.59 0.590 0.341
1.15 1.64 0.645 0.309
1.15 1.63 0.625 0.326
0.785 1.72 0.720 0.358
0.785 1.72 0.720 0.358
0.62°* 1.76 0.764 0.379
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where

E = applied filament voltage

R = resistance ef the filament, which is
in general a function of temperature

I = filament current

In order to solve Eq. (1) and (2)
let

R = K; T
where
K; = a constant of proportionality
n, = an exponent which may be regarded

constant over a limited temperature
range.

Solutions of Eq. (1), (2) and (3)
for W, I, and T in terms of E
yield:'

21, 21,
W=K1( K,K,)hw?r'n}(E)n.[Jrrﬁ

Ny — N 2
K, 1
= — 2 r
r=(x) (wm)™*"
Tyn — Ny

(E) T + 7y (5}

2 2
1
T=(Kl K’)nw+nr(E)n.,+nr ®
Thus, when using W,, I, T., FE,
and W,, 1., T., E. as the known and
unknown conditions respectively,

4

Eq. (4), (6) and (6) may be
written:
We (B —e )
MY 1 7
. (E) e

Ny — 7y
I, E, .
10+(E)nw+n, ®
iy E. 2 )
SE ek 9
T (Eo) T + T

Use of Average Values for Exponents

Values for n, have been deter-
mined for some of the more com-
mon metals, and are given in Table
I. The exponent 7, includes the
change of total emissivity with tem-
perature. Since the total emissivity
of metals increases with tempera-
ture,” the Stefan-Boltzmann law of
radiation requires that =, be
greater than four. For materials
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FIG. 1-—Chart giving wattage, current and temperature of a above or below basic voltage, with sufficient accuracy for
filament or heater at operating voltages up to 25 percent most engineering purposes. Accuracy drops in dotted regions
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having an emissivity independent
of temperature the value will be
four. The value of n, for some met-
tals at different temperatures is
also given in Table I, These limited
data indicate n, ranges from 0.6
to 1.2

If W, and W,, the watts radiated
at temperatures T, and T, are
known, then

_ log (W/W3)
™ = log (T2/T)

In a like manner, if R, and R, are
.the resistances at temperatures T,
and T,, then
ny = 108 (Bi/Ry)

log (Th/T-
These permit an experimental
check of the values of n, and 7, if
two sets of operating conditions
are known.

Table I also gives the value of
(Mo — M.)/ (Mo + n.). It will be
noted that it ranges from 0.59 to
0.76. It is now of interest to see
what error results in using an aver-
age value of this exponent in Eq.
(8). A voltage ratio E./E, of 1.25
will be taken as the maximum volt-
age for which Eq. (8) is to be used.
If the exponents 0.59 and then 0.76
are used, the respective values of
current ratio I,/I, are 1.140 and

1.185 or a deviation of only ==1.9
percent from the mean value.

Plotting the Chart

It is evident therefore that an
average exponent can be chosen
which applies to all the metals in
Table I, and in general

I\ _ (E\°*® E,
(5)-(5)" wee(F)erm
(10)

is true to sufficient accuracy for
most engineering purposes. This
equation has been drawn as the
current curve for the chart in
Fig. 1.

It can further be shown that the
accuracy involved in assuming
2M./ (1w + n,) = 1.61 and 2/ (n, +
n,) = 0.327 is even greater than for
the case just discussed. Then

W, (E.\'%

.= (%) an
T, _ & 04327 .
- E) 12)
These equations are plotted in

Fig. 1.

In order to check Eq. (8) and
Fig. 1, data were taken for a wide
variety of electron tubes. It will be
noted from Fig. 1 and Table II that
the calculated values of current
deviate, in general, by less than ~+4

T, HAS I£=105% OF RATED
T Ta VALUE AT RATED VOLTAGE
1 T- HAS [f= 95 % OF RATED
£ L—Er.—-l-—Evz 2 VALUE AT RATED VOLTAGE
4 14 =FILAMENT CURRENT
ui u
[V )
oF | |
na2t — o — =g
Xe o 22 g < D
~—— le] i —|S
> L > > b} ’
U | lII> M |
108 a X° a w \5
a ~ Q a o /\\)9
2 5 @ élm ¥ <
z . & oz 3P A 1
& .toap ¥ ooz 3F 9 ¥ 2
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0100.7 | e A
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! 3
W
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FIG. 2—Volt-ampere characteristics for series operation
of filaments or heaters having different characteristics
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percent from the measured val-
ues. We can conclude from this
that Fig. 1 is generally applicable
to all types of electron tubes for
the specified range of (E./E.).
Some samples of the use of this
curve will now be given.

Ezample 1. The type RCA-826
has a thoriated-tungsten filament
rated at 7.5 volts and 4 amperes.
What will be the filament current
at 5.62 volts (75 percent of rated
voltage) ? Tracing up from 75 on
the horizontal scale in Fig. 1 to the
current curve, and then across,
gives 83.8 percent. The new fila-
ment curve is then 0.838 x 4 = 3.35
amperes. By actual measurement
the current was found to be 3.34
amperes. While no temperature
measurements were made at this
voltage one would expect the tem-
perature to decrease to 91 percent
of its rated value in degrees Kelvin.

Ezample 2. An oxide-coated cath-
ode has a temperature of 1000 deg.
K when the heater is operated at 5
volts. What voltage will be re-
quired to increase the temperature
to 1060 deg. K? From Fig. 1, when
T,/T, = 1.06 one finds E,/E, =
1.19 or E., = 5 X 1.19 = 5.95 volts.
The heater voltage was found to be
6.0 volts when determined experi-
mentally. If the voltage had been
increased to 7 volts, then E./E, =
1.4 and 7./T, = 1.118 or T, = 1118
deg. K. Actual measurements indi-
cated the temperature to be 1135
deg. K.

Two Filaments in Series

In order to examine the opera-
tion of filaments or heaters in
series, let two tubes T, and T,, hav-
ing the same nominal voltage rat-
ing, be connected in series to a
power supply E, (see Fig. 2). In
general the filaments of tubes T,
and T, may have different volt-
ampere characteristics. Such dif-
ferences may be due to the indi-
vidual variation of filament current
when read at a specified or rated
voltage. These variations of fila-
ment currents, which are expected
and normal, result from the neces-
sary manufacturing tolerances on
both materials and processes.

The usual filament current toler-
ance on receiving and the smaller
transmitting tubes whose filaments
or heaters might be operated in
series is generally of the order of
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TABLE 1.

Filament

Reduced Voltage

MEASURED AND CALCULATED DATA ON TYPICAL TUBE SAMPLES
Rated Voltage

Increased Voltage

Type

Type or of 20 Ob- 121 Ob- 121 Cale. % Differ- Iz2 Ob- I+2 Cale. % Differ-
Number Heater Emitter E:z served En served from Fig. 1 ence E:x served from Fig, 1 ence
203A Filament Th-W 10.0 3.28 1.5 2.72 2.74 +0.7 125 3.70 - 3.76 +1.6
801A Filament Th-w 1.5 1.22 5.62 1.05 1.02 -0.3 9.38 1.42 1.40 —1.4
807 Cathode Oxide 6.3 0.87 4,72 0.74 0.73 —1.4 7.88 0.99 1.00 +1.0
813 Fitament Th-W 10.0 5.00 1.50 412 418 +1.5 12.5 5.80 5.72 ~1.4
815 Cathode Oxide 6.3 1.65 4,72 1.39 1.37 ~1.4 7.88 1.88 1.89. +0.5
826 Filament Th-W 1.5 4.00 5.62 3.35 3,34 -0.3 9.38 455 4,58 +0.7
833A Filament Th-W 10.0 10.10 1.5 8.50 8.44 —0.7 12,50 11.60 11.56 —0.3
836 Cathode Oxide 2.5 5.05 1.88 4.22 4.25 +0.7 3.13 5.75 5.78 +0.5
861 Filament Th-W 1.0 10.05 8.25 . 830 8.40 +0.1 13.75 11.50 11.50 0
866 Filament Onxide 2.5 5.00 1.87 4,03 418 +3.7 313 5.80 572 ~-1.4
913 Cathode Oxide 6.3 0.600 4,72 0.504 0.502 —0.4 7.88 0.685 0.687 +0.3
1616 Filament Onxide 2.5 4.90 1.87 397 4,10 +3.3 3.13 5.73 5.61 —-21
1624 Filament Oxide 2.5 1.83 1.87 1.47 1.53 +4.1 3.13 212 2,09 —1.4
2050 Cathode Oxide 6.3 0.575 472 0.489 0.481 -1.6 1.88 0.657 0.657 0
2051 Cathods Oxide 6.3 0.605 4,72 0.515 0.506 -1.8 7.88 0.688 0.693 +0.6
8025 Filament Th-W 6.3 1.94 4,72 1.65 1.61 —2.4 7.88 2.19 2.22 +1.4
9001 Cathode Oxide 6.3 0.157 4,72 0.135 1.31 -3.0 7.88 0.177 0.179 +1.1
1T4 Filoment Onxide 1.4 0.0525 1.05 0.043 0.044 +2.3 1.75 0.0613 0.0600 —2.2
6SK7 Cathode Onxide 6.3 0.310 4.72 2.61 2.59 —0.8 7.88 0.352 0.355 +0.9
6587 Cathode Oxide 6.3 0.150 4,72 0.129 1.25 -34 7.88 0.170 0.172 +1.2
12A6 Cathode Onxide 12.6 0.156 9.45 0.134 1.30 -3.0 15.75 0.177 0.178 +0.6
2AP1 Cathode Oxide 6.3 0.595 4.72 0.508 0.498 —-2.0 7.88 0.680 +1.7

0.668

5 to 10 percent. In order to insure
satisfactory operation initially and
throughout the expected life of the
tube, the tube manufacturer usu-
ally specifies the percentage the ap-
plied filament voltage may be al-
lowed to deviate from normal. This
voltage deviation is usually of the
order of ==5 percent for the thori-
ated-tungsten type emitters and
=+10 percent for the oxide-coated
filament or heater-cathode types. It
becomes apparent that for series
operation of the filament or heaters
the supply voltage variation needs
careful consideration in order to in-
sure that the individual filament
voltage tolerances are not exceeded
on either T, or T..

If T, and T. are both high or
both low filament-current tubes,
no problem exists since the volt-
ampere characteristics are substan-
tially identical (i.e., they have the
" same currents for the same applied
voltage). Only the combination
needs to be considered, where one
has the higher limit value and the
other has the lower limit value of
filament current.

Determining Permissible Filament
Voltage Variations

As a specific problem, assume the
filament-current tolerance to be
=+5 percent and let it be required
to determine the permissible varia-
tion of supply voltage without ex-
ceeding an individual tube voltage
range of =10 percent. This prob-
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lem frequently arises in the design
of mobile transmitters when the
filament or heaters are operated in
series.

The bogie or normal volt-ampere
characteristic BKE of Fig. 2 may
then be constructed from Eq. (10).
For T, the 5 percent high filament-
current tube, the equation of the
volt-ampere characteristic is

I, E,\ 06
L= 1.05 (E)

Curve AJD can be constructed from
this equation.

Similarly for T,, the low filament-
current tube, the equation is

13

(I./1,) = 0.95 (E./E.,)*# (14)

which is represented by the curve
CLF in Fig, 2.

An arbitrary current may then
be assumed in order to determine
the individual voltage across tubes
T, and T.. The supply voltage is
represented by the sum of the volt-
ages across T, and T,.. If T, (the
high filament-current tube) has
the minimum permissible voltage
0.9 E, represented by point 4, tube
T, (the low filament-current tube)
will have a voltage represented by
point O. The sum of the two volt-
ages at points A and O represents
the minimum permissible supply
voltage consistent with the previous
imposed condition of =5 percent
filament-current tolerance and ==10
percent individual voltage toler-
ance.

In a similar manner the maxi-
mum voltage 1.1 E, that can be ap-
plied to T,, the low filament-current
tube, is represented by point F, and
the voltage on T, the high filament-
current tube, by point G. The sum
of the voltages at points G and F
gives the maximum permissible
supply voltage. The nominal sup-
ply voltage is twice the nominal
tube voltage or 2 E, since it was
assumed the nominal voltage rat-
ings of T, and T. were identical.
The maximum permissible percent-
age of supply voltage deviation may
then be calculated directly from the
graphical analysis. This solution
indicates supply voltage toler-
ance of +1.7 percent and —2.0 per-
cent.

It is interesting to note that the
distance A to P represents the max-
imum permissible range of supply
current. This suggests that if the
supply voltage cannot be main-
tained within the required limits, a
series ballast tube whose current is
maintained within the range A to
P might be used to permit a larger
variation in the supply voltage. The
use of the ballast tube would of
course require an increased supply
voltage in order to supply the re-
quired voltage drop of the ballast
tube.

An alternative solution to per-
mit wider supply voltage tolerances
consists in shunting the low fila-
ment-current tube with a resistor.
This resistor is adjusted until both
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tubes have substantially the same
filament voltage. This method is es-
sentially one of shifting the oper-
ating point on the volt-ampere char-
acteristic of the low filament-cur-
rent tube and resistor until at nor-
mal supply voltage it coincides with
that of the high filament-current
tube. This method does not, how-
ever, make the volt-ampere charac-
teristics identical and therefore
never can permit a percentage sup-
ply-voltage change equal to the per-
mitted percentage of individual
filament voltages. In order to sim-
plify adjustments, adjustable re-
sistors are frequently used across
both filaments.

Generalized Solution for Tubes in
Series

The method of the solution of two
tubes in series may be generalized
for N, tubes having high filament
currents in series with N_. tubes
having low filament currents, as
shown in Fig. 3. Let

m = percentage filament-current

tolerance

p = permissible percentage tol-

erance of individual applied
voltage
The volt-ampere characteristic of
a limit tube is expressed by

£)=Ciw ™) (&)™

(15)

But since E./E, for the limiting
condition of maximum voltage on a
low filament-current tube is equal
to (100 4 p) /100, Eq. (15) may be
re-written for a low filament-cur-
rent tube as

100

() ma. = (F0®) ™
- (16)

where I,/1, is the maximum permis-
sible supply current when at least
one each of limit values of high and
low filament-current tubes are op-
erated in series. Similarly, the min-
imum permissible current is given

Y
({5) _ IOO—p) (100+m
I,/ min.

(17

Equations (14) and (15) form the
basis for calculating the current re-
quirements imposed upon a series
ballast tube should one be used.

The values of current given in
Eq. (16) and (17), when substi-
tuted in the appropriate equations
for the volt-ampere characteristics,
give the voltage at points G and O
respectively as

100 — m

(’fi) (%o ) (05 m) " 0®
an
(%)= lm—p)(iggi-z & 9

T}_le value of (F./E,) given in
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el
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FIG. 3—Generalized solution for any number of tubes in
series, some having high and some low filament current
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Eq. (18) represents the voltage
across a high filament-current tube
at the maximum permissible supply
voltage, while the value given in
Eq. (19) represents the voltage
across a low filament-current tube
at the minimum permissible supply
voltage. The sum of N, voltages
given in Eq. (18) + N, voltages of
the value (100 + p) /100 gives the
maximum supply voltage or

()~ (%)
)+ v (M)

In a like manner the minimum sup-
ply voltage is

g) _ y.[10-»
E,)min. - YtL 7100

100 4 m\ 154 100 — p

100 —m ]+N”( 100) 1)

The percentage of supply voltage
tolerance becomes
9 E, above normal =
" [ 100+p) 100 — m m:l
J0 100 100 +m
S Nu+ Ni
100 + p)

+_N "o S Lioo

J (22)

100 + m )‘*“]
1(_)(_)_— mJ) ]

ZVu+NL

) j&100

% E, below normal =

{NL [ 100 — p
(23)

)|
Equations (22) and (23) were de-
rived on the premise that at least
one tube of the group had a fila-
ment current (100 4 m) /100 times
rated value and at least one other
had (100 — m)/100 times rated
value. This premise imposes the
condition that both N, and N, must
be different from zero in Eq. (22)
and (23). If either N, or N, is
zero, the solution is simple as all
possess the same volt-ampere char-
acteristic. The permissible supply
voltage percentage deviation is p.

100—p
” 100

Application to Universal Receivers

It is common practice in the de-
sign of a-c/d-c sets in which the
filaments or heaters are connected
in series to use tubes that have dif-
ferent values of rated filament volt-
age. The analysis of this condition
can be reduced to an expression
similar to Eq. (22) and (23) ex-
cept that N, and N, must include
the equivalent number of respective
tubes in terms of the lowest nom-

(Continued on page 354)
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for desired current ratio

FIG. 3—Vector diagrams show-
ing that input of . circuit is
always constant and resistive

Antenna POWER DIVIDER

Chart facilitates finding correct values of L and C for any desired division of currents in

a two-element broadcast array, with constant phase shift and constant resistive input

SIMPLE power divider for a two-
A element broadcast antenna ar-
ray can be built from the basic cir-
cuit shown in Fig. 1. Here resis-
tors R represent actual measured
values of characteristic impedance
for the two transmission lines and
must be equal, while L and C are
variable and allow for any power
division desired. As long as the cor-
rect relationships are maintained,
the input impedance will be resis-
tive and of a constant value, and
most important, the phase shift be-
tween lines will remain constant.
This means that the operator can
vary tower current without having
to change phasing adjustments.

The required relationships are
that X,X. always be equal to R’
and that Z,/Z, always be equal to
the current ratio K, which is equal
to the square root of the power
ratio.

By means of the chart in Fig. 2
it is possible to observe these rela-
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By EARLE TRAVIS

Chicf Engineer, Station KVEC
San Luis Obispo, Calif,

tionships automatically and find
quickly the values of X, and X, for
any current ratio desired. The
chart gives the cosine value for each
geries circuit. From this, the angle
and its tangent can be found in a
trig table, and the reactance value
of each branch computed from
X,— R tan A and X, = R tan B.
Knowing the operating frequency,
L and C are computed from L =
X./2zf and C = 1/2=fX,.

Usually it is best to let cosine B
be negative so that branch B is ca-
pacitive. This allows for smaller
units, but the capacitor must with-
stand fairly high voltage. In the
case of high power it might be bet-
ter to let cosine B be positive so
its circuit is inductive. This will
call for larger units, but the capaci-
tor will not have to withstand such
high voltage.

Example: Operating frequency

is 1000 ke, current ratio is 3/1 and
R is 230 ohms. For a current ratio
of 3/1, the chart gives a value of
0.950 for cos A, and a trig table is
then used to find tan A — 0.3284.
Similarly, cos B = 0.312 and tan
B — 3.044. Substituting in X, = K
tan A4, X, = 230 x 0.3284 = 75.51
ohms. Similarly, X, = 230 x 3.044
— 700 ohms. Allowing X, to be ca-
pacitive, C = 1/6.28 x 1,000,000 x
700 = 227.5 ppf. X, is then induc-
tive, and L = 75.51/6.28 x 1,000,-
000 = 12 ph. The alternate solution
with X, capacitive and X, inductive
gives C = 0.0021 pf and L = 1114
wh.
The vector diagrams in Fig. 3
cover three different current ratios.
Note that when the two current vec-
tors are added in each case, their
sum is always the sage and is along
the reference axis. This shows that
the input of this power-dividing
network is always resistive and of
constant value.
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New Enemy Radio

Analysis of German and Japanese aircraft radio sets manufactured in 1943, with details

of new Japanese Model 99 Type 3 aircraft command set. Current enemy production

shows distinct improvements over earlier models, with no apparent shortages of materials

This FuG 16Z German aircraft radio command set is divided into five individual
magnesium alloy castings fitted together by means of dowel pins and elec-
trical plugs and jacks

P to the present time, the gen-
U eral consensus has been that
German and Japanese radio equip-
ments are poor in construction, poor
in performance, heavy in weight
and hard to gervice. While this may
have been true in older and obsolete
radio equipment, it definitely does
not hold true now. Newer, modern
types of enemy radio equipment
have long replaced the obsolete sets.
Also, the latest 1943 sets show dis-
tinet improvement over the same
models manufactured in 1941 and
1942 with no substitution of critical
materials whatsoever.

German Equipment

German aireraft radio equip-
wment is characterized by excellent
mechanical de‘ign, standardization
for mass production and extensive
use of magnesium alloy die cast-
ings, only about 64 percent as heavy
as aluminum. Each tube utilized in
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the construction of a receiver has
been enclosed in a separate com-
partment of the die casting for
shielding purposes. The castings
are fitted together by means of

dowel pins and electrical plugs and

jacks. One receiver may consist of
as many as four separafe castings
fitted together. In the event one
section is faulty, it may be quickly
replaced by a duplicate section.

Of the 31 tubes used in one com-
plete German radio set, only two
different types are used; 25 receiv-
ing tubes Type RV12P2000 and 6
transmitting tubes Type RL12P35.
This standardization may sacrifice
some efficiency by using a pentode
tube for a diode or triode, but it
simplifies servicing and means few-
er replacement part requirements
in the field.

All important units in German
equipment are readily detachable
from their mounting frames for

servicing or replacement, connec-
tions being made through multi-
point plugs and sockets. All air-
craft equipment is supplied with
voltages from 24 to 28-volt dyna-
motors, driven from the main air-
craft battery and generator. All
microphones used are of the throat
type, leaving the wearer’s mouth
free for oxygen equipment.

The characteristics of German
tubes are expressed by their nomen-
clature. Thus in the type RL12P35
tube R stands for the German
word Rohren, or tube; L is an ab-
breviation of the German word
Leistungs, meaning power; 12 is
the filament voltage in volts; P sig-
nifies pentode; and 35 indicates the
overall dissipation of the tube in
watts (plate dissipation here is
30 watts and screen dissipation is
5 watts). For Type RV12P2000
high-frequency pentode receiving
tube, R means Réhren or tube; V
stands for VerStarker or amplifier
type tube; 12 signifies the filament
voltage; P indicates a pentode; and
2000 represents the transconduc-
tance.

Low temperature coefficient in-
ductors and capacitors are used to
insure frequency stability since no
crystals are used. German labora-
tories have done considerable re-
search and probably lead in the
field of temperature-compensating
devices to maintain frequency
stability. Variable capacitors are
especially manufactured for an in-
dividual circuit to permit short con-
nections. Steatite shafts permit
stators to be grounded.

German FuG 16Z Set

The German FuG 16Z aircraft
radio command set, first introduced
in 1941, is now in mass production
and is incorporated in practically
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Equipment

By LT. JOHN J. WILLIG

Research Division

Aircraft Radio Laboraiory
Wright Field, Dayton, Ohio
L]

all types of German aircraft. Al-
though its primary function is for
command purposes (aircraft to air-
craft voice communication), it is
also used for air-to-ground con-
tacts and direction finding. It
operates in the frequency band
from 38 to 42 Mc and has an output
of 5 watts. (The original FuG 16,

designed in 1935 and described in

April 1944 ELECTRONICS, had an
output of 12.9 watts.) The 5-watt
output is ample for command pur-
poses and prevents the signal from
being picked up at great distances
by the enemy.

The effective range of this latest
command set is 125 miles at 10,000
feet and 250 miles at 40,000 feet.
Radiotelephone emission is used.
The transmitter consists of an

Mockup of German
FuG 16Z set being
operated by the au-
thor. This set was
first introduced by
the Germans in
1941, is now in
mass production.
and is used in prac-
tically all types of
aircraft

electron-coupled oscillator with fre-
quency doubling in the plate cir-
cuit, driving a single amplifier tube.
The transmitter amplifier is grid
modulated by a single receiving

tube which is driver by a stage of
speech amplification. The modu-
lator is mounted on a separate cast-
ing setting between the transmitter
(Continued on page 356)

ANTENNA MATCHING ~
UNIT i

MICROPHONE

PRIMARY
VOLTAGE B
REG.

HEADSET

Japanese Model 99 Type 3 aircraft radio command set taken 1943. Design, workmanship and performance are excellent,

from a plane that crashed in Kunming, China in September

ELECTRONICS — July 1944

following American rather than German construetion practice
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Power Efficiency in NONLINEAR

Application of the Chaffee contour-diagram method of analysis to the determination of
power efficiency in nonlinear transmission systems with tubes operating as class B or

class C amplifiers.

Practical examples are given

Zl2

-

|

|

)

f: 2,722

S

| .

| ZL|=RLI*JXLI
N
final
load

(b)

FIG. 1—Power iransfer in a iransmission chain connecied {0 a nonlinear source

HE POWER EFFICIENCY of such

high-power devices as class C
stages in radio transmitters has for
a long time been a factor of great
importance. Lately the power effi-
ciency of such low-power devices as
class C operated ultra-high-fre-
quency converters has been given
considerable thought.

Both the devices mentioned have
one thing in common; an inner im-
pedance that varies within wide
limits. As the inner impedance is
variable, such technical terms as

“conjugate match” and “critical
coupling”, used in the class A
terminology, lose their conven-

tional meaning and must be re-
placed by modified technical terms
or new technical terms.

Fundamental Considerations

The source connected to the
transmission chain in Fig. 1 may
represent an oscillating tube with
its supply. In its symbolic form the
source is showWn to have one d-c
part and one a-c part, the former
delivering the d-c power P to the
latter, and the latter delivering the
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a-c power P, to the transmission
chain.

In the general case the a-c
source is nonlinear. The emf and
inner impedance of such a source
cannot with advantage be expressed
in gsimple mathematical form, and
an analytical treatment of the
power relations is therefore not
practical and may not even be pos-
sible.

In a special case the source is
linear and may then be truly char-
acterized by an emf E in series
with an inner impedance Z, inde-
pendent of amplitude. A simple
analytical treatment can now be
made but is not of much interest,
as linear operation is mostly used
when the output power is compara-
tively small.

As shown in Fig. 1 (a), the dc-ac
generator feeds into a load Z,, via
a number of transmission sections
1, 2, ....n, which are introduced
either to provide matching or to
convey power from one point to
another. A transmission section as
shown may represent a trans-
former, a link coupling, a feeder, or

a radiation coupling to a receiving
device.

The power P, developed in the
load Z,, is the utilized power. (All
power notations refer to active
power.) The ameount of power de-
livered to a particular section 1, 2,
....n of the system, or to the
load Z,., may be calculated if the
proper input impedance Z., Z.,
veo.Zyn, 0r Z,, is known (assuming
steady-state conditions). The total
power at the specified point is the
sum of the component powers, a
component power being the power
developed by a particular frequency
component.

Any specified output power P,,
p, ....P,, or P, is conveniently
expressed as a fraction of any spec-
ified source power. Such a fraction
is known as power efficiency and
may for practical purposes be de-
fined as

specified active output power
= specified active inplﬁ power 1)

Power efficiencies may generally
be classified as ac-ac power efficiency
n.. and dc-ac power efficiency w4,
(and in case of rectifying devices
ac-de power efficiency n..). For de-
termination of the power efficiency
the nature of each one of the two
powers concerned must be known.
It may, for example, be necessary
to know if the output power in-
cludes the fundamental component
only, or if it includes all components
produced. In addition it may be of
interest to know how the power
readings are related to various
parameters.,

If the input power P is measured
at small amplitudes and the output
power P, measured at large am-
plitudes, an error may intentionally
or unintentionally be introduced

July 1944 — ELECTRONICS



TRANSMISSION SYSTEMS

which makes the measurement un-
reliable. In this way boosted power
efficiencies can be obtained, which
even exceed the limiting values
given by mathematical analysis,

based on the assumption that P and
P, refer to the same amplitude
value.

Any power efficiency referring
to the source and a specified load
in a circuit may be termed total
power efficiency. Examples of total
power efficiencies are %u.; and s in
Fig. 1. A total power efficiency may
be broken up into one power effi-
ciency for the source, 7., and one
power efficiency for each following
transmission section, 7, e ... . fine

By HARRY STOCKMAN

Cruft Laboratory
Harvard University
Cambridge, Mass.

The total power efficiencies are then
computed as

Neoz = Maa M M2 ———— 7= (2)
Ndoz = NMda M N2 ———— 7z 3)
For = n the power efficiencies in-
clude the entire system and may be
referred to as overall power effi-
ciencies Te.m and wa.. This proce-
dure is convenient as the power effi-
ciency for each one of the trans-
mission sections can be investi-
gated and improved without the
necessity of taking the circuit com-
ponents of the rest of the transmis-

sion chain into consideration. The
total power efficiency is maximum
when each = figure involved is
maximum.

1t is desirable that =y, M, ... .1
be expressed in network parameters
for the individual section. A trans-
formation of the load impedance on
the output side of a section to the
input side of the same section makes
possible a treatment free from volt-
age and current considerations.
Thus in case of section 1, as re-
drawn in Fig. 1(b) with the load
7., reflected to the input side as Z’..
m = Pu/Pu = I* Re (Z'1)/I* Re (Z 1)
Re (Z'12)/Re (Z11) (€3]
method is of special impor-

m
This
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FIG. 2—Chatfee contour diagram for accurate determination of the operat-
ing characteristics of a UV211 tube when E; is 1000v and E, is — 175v
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tance for matching sections employ-
ing coupled circuits. An applica-
tion follows,

-

Class A Application

In the first case to be considered,
the source in Fig. 1 is a tube oper-
ated in class A with small constant
amplitude. The tube is treated as a
linear device. The emf may be
sinusoidal and have the form e =
E, sin ot, and the constant inner
impedance expressed as Z = R +
jX. A simple derivation shows that
conditions for maximum power
transfer require Z,, to be the con-
jugate quantity of Z. Then

(Pi)mez = E2/4R (3)
where F = E,/\/2. For this con-
dition

Naa = PLI/,Pﬂ = 50%' (6)
P, is here the source of a-c power
(fictitious) in the equivalent plate
circuit for the tube concerned.: An
ac-ac efficiency of 50 percent is the
theoretical limit for the conditions
specified. The maximum dc-ac effi-
ciency may be much below 50 per-
cent,

Treatment of Class C Devices

The concept of “conjugate match?”
loses its significance not only for
class C operated tubes, but as well
for some class B and class A oper-
ated tubes, especially when the ap-
plied amplitude is comparatively
large. The reason for the deviation
from the “conjugate match” prin-
ciple may be the inconstancy of the
plate resistance, or the fact that
matching to a multiple or fraction
of the plate resistance is desirable
rather than a matching to the plate
resistance itself. It is well known
that for some operation of class A
and class B amplifiers the introduc-
tion of an “optimum load imped-
ance” solves the problem as far ag
the technical side is concerned.
Thus the turns ratio and imped-
ances of a transformer, when
matching a loudspeaker to an out-
put tube, may be determined with
the optimum load impedance of the
tube as the only known tube design
data. The plate resistance (or ra-
ther average plate resistance) of
the tube is 6f no interest,

In the more extreme case of class
C operation of radio-frequency am-
plifiers, the introduction of an op-
timum load impedance is not a suf-
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ficiently good solution. Various
methods for dealing with radio-
frequency power tubes have been
developed.

The following treatment is de-
scribed by Chaffee>®**¢ Static
measurements are performed to
give static characteristic curves,
preferably e,e, curves, from which
may be calculated so-called con-
tours, joining points of equal driv-
ing power, plate dissipation, output
power, plate efficiency, etc. An al-
ternative method is to measure the
various operational voltages, cur-
rents, and powers and plot the con-
tours in the e,e, axes system.

An example of an e,e, diagram,

.ncluding several contours, is shown

in Fig. 2. The position of the Q
point in the upper left corner is de-
termined by the applied d-c grid
potential, —175 volts, and the ap-
plied d-c plate potential, 1,000 volts.
For these values the plate current
is zero. When a sufficiently large al-
ternating voltage is applied to the
grid, class C operation with pul-
sating plate current results. The
fundamental component of the plate
voltage may reach an amplitude of
the order of 500 to 1,000 volts, the
actual value being determined by
the impedance in the plate circuit.
Contours are shown for the plate
dissipation P, the output power
P, = P, and the plate efficiency
(Ef)» = M = P/ (P, + P,).

Examples

As an example of the use of the
graph,* assume E,,. = 290 volts, E,.
= 590 volts, and R, = 1,500 ohms.
The path of operation @-b will then
have its end-point b located as
shown, so that P, = 80 watts, P, —
120 watts and (Eff), = 60 percent.

As another example, assume E,..
= 280 volts, E,, = 840 volts and
E. = 3,000 ohms. The path of oper-
ation Q-d will now have its end d
located further down, so that P, =
20 watts, P, = 120 watts and (Ef),
= 85 percent. The position of the
end-point of the path of operation
must be given proper consideration.
The contours a-b and c-d for plate
loads of 1,500 and 3,000 ohms repre-
sent loci for end-points when the
amplitudes are varied.

* In the dlagram ampltude is Indicated
by an eye-brow over the symbol rather than
by the subscript m.

A Practical Application

A transmission system including
a class C amplifier is shown in Fig.
3 (a). (Neutralization and modu-
lation circuits may be added). The
power tube, to which the diagram
in Fig. 2 applies, feeds via an out-
put transformer and a feeder a
center-driven antenna of input im-
pedance Z;; = R, + jX.. It is
assumed that the antenna half-
length % is slightly less than a
quarter wavelength so that X,, — 0.

- It may further be assumed that R,

equals the characteristic impedance
R, of the feeder, so that no stand-
ing waves appear on the feeder and
no reactance is reflected into the
secondary of the transformer.

The main requirement on the cir-
cuit elements L, and C, is that they
provide resonance for the funda-
mental transmission frequency.
The ratio L./C, i3 not critical from
the point of view of matching, as
the mutual impedance M will be
adjusted accordingly so that the
load presented to the tube will be
the one required by the end-point
in the contour diagram. The pri-
mary L,C, is tuned to resonance to
secure a tube load impedance of
zero phase angle and thus secure
efficient operation of the tube.

The tube T with power supply
represents the dc-ac source in Fig.
1. Leaving the grid dissipation and
the grid driving power out of con-
sideration, the power efficiency of
interest will be the one indicated
in Fig. 3(a). The plate efficiency
Nae = 7, i obtained from contour
diagrams of the type shown in Fig.
2. The output transformer efficiency
7. is computed as indicated by Eq.
(4), in accordance with the tuned
equivalent circuits in Fig. 3(b) and
3(c).

m= Re (Z"_z)/Re (Zu) = w? Mz/RLz (R] +

w? M2/R.,), )
(The coil resistance of the second-
ary circuit is assumed to be neg-
ligible compared with R,.) It is
important to realize that the power
efficiency described by Eq. (7) re-
fers to the transformer and its load
only; the tube is in the circuit all
the time, but is disregarded in this
discussion.

With the tube left out of consid-
eration the circuit is linear and the
mutual inductance M and coefficient
of coupling ¥ = M/(L,L,)}? can
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therefore be estimated in terms of
critical coupling. For a trans-
former with both circuits tuned to
resonance, critical coupling may be
defined by one of the two relations:

W M =R Ry 8

or k% = 1/Q; Q.. 9
Here Q, = oL,/R, and Q, = wlL,/R...
As this discussion of critical coup-
ling does not have anything to do
with the tube, @, refers to the pri-
mary circuit above with no resis-
tance component reflected from the
tube into the circuit. At critical
coupling the transformer efficiency
of Eq. (7) becomes

m=1/(1 + (k/k)?) = 50 percent (10)

k=k
Class A Operation

It will now be temporarily as-
sumed that the tube is operated in
class A with limited amplitude, so
that the entire circuit can be con-
sidered linear. The vital question
is now: what coupling in the trans-
former yields maximum power in
the load impedance R.,? The sim-
plest case is at hand when the plate
resistance of the tube is so high
that when reflected into the pri-
mary circuit it becomes almost
negligible compared with R, In
this case maximum power transfer
is obtained when the critical coup-
ling described by Eq. (8) and (9)
is maintained. This follows di-
rectly from Eq. (5), or rather from
the assumed conditions under which
Eq. (5) is derived. Equation (6)
gives the system power efficiency
as 50 percent.

Consider next a class A tube with
somewhat lower plate resistance.
The reflected plate resistance +,
in series with R, must now be taken
into account and it is therefore
necessary to increase the coupling
in the transformer until the con-
dition

w? M2 = (B + v'p) Rip (11)
is obtained. The power developed
in R;, is then maximum and the
power efficiency of the (tube, trans-
former, load) system is 50 percent.

It would be permissible to say
that the conditions for maximum
power transfer are obtained for
critical coupling in the system, but
it is better to continue using the
term “critical coupling” for the
transformer and load only, espe-
cially as the case just discussed is
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of limited practical value. As far
as the transformer is concerned it
is over-coupled and has an efficiency
above 50 percent.

Now consider the general case
when the tube is operating in class
C and the system is nonlinear. It
is tempting to continue to think of
the tube as represented by a re-
flected resistance in the primary
circuit of the transformer, as this
explains why overcoupling yields
increased output power. It is, how-
ever, dangerous to think in terms of
class A in nonlinear circuit appli-
cations. An equation like Eq. (11)
would be misleading if 7/, were
used to represent a nonlinear
quantity, 'and would not be of
much use anyhow as 7/, is then
a notation for something that can

not be given a simple mathematical

form. There is then so much more
reason to restrict the term critical
coupling to the transformer part of
the circuit. This does not mean,
however, that the distance between
the coils is to be adjusted for crit-
ical coupling. As before, consider-
able overcoupling is required, and
the =, figure may in a practical case
be fairly close to 100 percent. Thus
for a high k value, such as k =
10 k.,

m = 1/(1 + (k/)?)
k= 10k

=99 percent.
(12)

If in Fig. 3 the losses in the an-
tenna are neglected and the losses
in the feeder known, the over-all
dc-ac power efficiency is obtainable
as Mawe = N M T, as indicated by
Eq. (3). Here the plate efficiency
flas = T, i1s obtained from the con-
tours as previously described.

Conclusion

The necessity for standard defin-
itions of various power efficiencies:
and their theoretical limits has been
stressed. The simplicity of a sys-
tem, in which the overall efficiency
is broken up into a source efficiency
and a number of section efficiencies,
is brought out in the discussion. In
the treatment of class C devices,.
reference is made to the paramount
possibilities of the Chaffee contour-
method. A transmission system is:
discussed, in which the source effi-
ciency is obtained by this method.
It is suggested that for class C op-
eration the term “critical coupling’”
be restricted to the matching device:
only.
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HE design of the thermometer

to be described is based on an
accidental observation of the ex-
tremely high temperature coeffi-
cient of resistance of some organic
materials. As these materials also
have a high resistivity, the two
properties combine to produce a
thermometric- substance for a re-
gistance thermometer of extra-
ordinary sensitivity. The higher
the resistivity of the organic mate-
rial employed, the greater the volt-
ages which can be applied without
dissipating sufficient power to in-
terfere with the accuracy of the in-
strument.

The electronic thermometer in its
present form utilizes a glass bulb
1 in. long and £ in. in diameter com-
pletely filled with the thermometric
liquid. Two electrodes, entering the
bulb through a conventional stem,
consist of metallic wires about
0.015 in. in diameter and dipping
s in. into the liquid.

Electrical Characteristics of Materials

The conductivity of the bulb in-
volves two factors—the real con-
ductivity of the material, and a
polarization effect dependent on the
surface of the electrodes. The latter
effect appears to be related to the

ELECTRONIC

Complete electronic thermometer.

viscosity of the material, and any
movement of the liquid has a con-
siderable effect on the resistance.

The resistance is a function of
frequency, and the current is pro-
portional to the applied voltage up
to voltages much higher than any
electrode polarization voltage so far
observed.

We are using various voltages up
to about 20 volts per bulb. With an
apparent resistance of some 100,-
000 ohms at room temperature, this
gives a current of 200 microam-
peres and a dissipated power of 4
milliwatts. These are average fig-
ures, and great variations are pos-
sible for special purposes.

Temperature Coefficients

The apparent resistance R,

The dial at the right is
mechanically coupled to the potentiometer used for estab-
lishing the control point, and the meter at the left indicates
temperature deviation in degrees above and below control point

plotted against temperature ¢ on
rectangular coordinates is given in
Fig. 1. The general shape of this
curve is common to a wide variety
of materials, and approaches the
relation

Ri= Re = . 1)
The same data is plotted on semi-
log paper in Fig. 2. The temper-
ature-resistance relation is usually
linear for a substantial part of the
useful temperature range when
plotted in this way.

The temperature coefficients in
the useful ranges are negative in
almost all cases, but some of these
materials change to a positive tem-
perature coefficient at higher tem-
peratures.

While the resistance between two
small immersed electrodes decreases
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1—Typical thermometer bulb characteristic plotted on
rectangular coordinates

FIG. 2—Same data as in Fig. 1, plotted on semi-log paper to
show linear relationship
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THERMOMETER

Description of a new temperature meas-
urement and control system utilizing a

resistance thermometer consisting of a

Typical thermometer bulb designs

FIG. 3—Basic vacuum-tube circuit
employed for the electronic ther.
mometer or heat control system

rapidly with increasing tempera-
ture, the apparent capacitance gen-
erally increases almost as fast. In
some cases the capaitance between
the two electrodes was 1,000 times
the geometric capacitance, in spite
of the fact that the dielectric con-
stant of the liquid was only between
3 and 5. An average value of tem-
perature coefficient of these mate-
rials at room temperature is 2.5
percent per deg F.

The apparent resistance of a bulb
may range from 100,000 ohms to 1
megohm at room temperature, de-
pending on the material, size of
bulb and other factors. To utilize
the extraordinary properties of or-
ganic materials for temperature in-
dication or control an electronic
method is indicated because of the
high resistance of the bulbs.

Vacuum-Tube Circuit

The basic circuit employed in the
electronic thermometer and control
system is shown in Fig. 3. Section
A is the bridge element in which a
change in temperature of the bulb
results in an a-¢ signal being pro-
duced across the output terminals
of the bridge. Section B (omitted
when the device is used as a ther-
mometer rather than for automatic
control) is merely a conventional
amplifier. Section C is the discrim-
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small glass bulb filled with an organic
material having a high temperature co-

efficient of resistance. Sensitivity can
be adjusted for a ==0.01 deg F control

range

Section A

Section C

|
|
|
|
1
|
|

inator element which receives the
a-c signal and produces a pulsating
direct current flow between the
plates of the two triodes to actuate
either an indicating meter or a
sensitive relay. This section is es-
sentially an a-c Wheatstone bridge
with one triode section serving as
the variable resistance element.
The plates of the double triode
are fed with a.c. to provide a sim-
ple and convenient phase discrim-
ination feature in the bridge. If the
a-c signal voltage from the bulb
circuit is in phase with the plate
voltage of the vacuum-tube bridge,
the triede plates will be positive
when the grid of the left-hand tube
is positive. Consequently, the im-
pedance of the left-hand tube will
be lower than that of the right-hand
tube and current will flow in one
direction through the meter or re-
lay. Conversely, if the a-c signal

voltage is 180 deg out of phase with
the vacuum-tube plate supply, the
meter or relay current will flow in
the opposite direction.

If either the two plate resistors
or the grid bias of the left-hand
tube are adjusted so that current
flows between the two plates at all
times, an unbalance in one direc-
tion will cause an increase in cur-
rent, while an wunbalance in the
other direction will cause a de-
crease.

The circuit can be adjusted in
various ways in accordance with
particular requirements of indica-
tion or control. It is substantially
unaffected by normal drift in va-
cuum-tube characteristics in serv-
ice, because both tubes drift in the
same direction. The effect of dif-
ferences in tube characteristics
when the tubes are changed can be

(Continued on page 362)
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Effects of
ELECTRIC SHOCK

An engineering report discussing in detail the three major causes of accidental electro-

cution. Considerations of voltage, current, frequency and duration are taken up. Chances

for survival under various conditions are analyzed. Electrocardiograms are shown

N ELECTRICAL ENGINEER’S knowl-
A edge of the response to an ap-
plied electromotive force should not
be limited to networks of resistance,
capacitance, and inductance. It
should include, also, the response of
a human being. Unfortunately, the
engineer usually knows little more
than the layman about the latter
subject, even though he is much
more exposed to the hazards of elec-
tricity than is the average person.
This article is written to acquaint
the engineer with the basic princi-
ples of the effect of electricity on
the human organism.

The first recorded death due to
electricity was that of a stage car-
penter at Lyon in 1879. He touched
a 250-volt line. This, however, was
not the first use of lethal electric
potentials, for they were used as
early as 1849 in the first perform-

ance of Meyerbeer’s 'II Prophéte”,
and in 1857 in lighthouses in Eng-
land. As early as 1890, the electric
chair was introduced by the state
of New York. Here voltages of
1200 to 1700 volts were used. In
electrocutions currents up to 8 am-
peres were sent through the vic-
tim’s body for 3 to 8 minutes.

The death rate due to accidental
electric shock was low at the be-
ginning of the century, being about
200 a year in countries like Eng-
land, the United States, and Ger-
many. It rose rapidly, until in
1915 the rate was 0.8 per 100,000
annually. Since then it has re-
mained quite constant, and at
present is 1 per 100,000 per year.

Causes of Death by Shock

Death by electricity is due to one
of three fundamental causes: a

cessation of respiration due to a
block in the part of the nervous
system controlling breathing; a
serious reduction of the circulation
of the blood, due to ventricular
fibrillation of the heart; or an over-
heating of the body. Of the three,
the second of these is the most dan-
gerous, for there is no practical
way of bringing a fibrillating heart
into a normal beat. Of course,
death may be the result of a com-
bination of the above causes, or due
to complications, such as a broken

Percent of Shocks
Causing Fibrillation

12
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Potential

Blood/  Blood
enters leaves

“VA A Ur/c,e :
w‘ |

Ventricles

et [ TTIE

Faorentiol

|

Tirne

FIG. 1—Electrocardiogram and dia-

gram of normal heart

FIG. 2—Electrocardiogrom of a sheep’s
heart in ventricular fibrillation
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FIG. 3—Eifect of electric current on sus-

ceptibility of sheep hearts to ventricular

tibrillation. Each shock was applied for

0.03 sec at 60 cps, in the most sensitive
part of the cycle

neck, etc. The mechanisms of death
will now be discussed in more detail.

Yariations in Body Resistance

In the layman’s mind, (as well
as in that of the engineer) a great
deal of confusion exists as to
whether the current or the voltage
of the circuit is the determining
factor in death. This is quite in-
excusable, for as early as 1913' it
was clearly understood that the
current passing through a person’s
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Electronics Engineering Dept.
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body (rather than the voltage ap-
plied) was the determining factor.
The reason for the wide variation
in voltage required to send a lethal
current through a human body is
that the resistance of the body
varies from 1000 ohms when wet
to 500,000 ohms when dry.

The resistance of the body is
made up of the skin resistance and
the internal resistance. The former
is large when the skin is dry (70,-
000 to 100,000 ohms per sq. cm.),
but falls to less than a hundredth of
this value when wet. The internal
resistance is low because the ten-
dons, muscles, and blood are rela-
tively good conductors.

In high-voltage shocks serious
burns are often produced because
the high voltage punctures the
outer skin. The body resistance
then suddenly falls from a high
value to the low value of the in-
ternal resistance.

It is understandable that the ef-
fect a given current will have de-
pends on the current path through
the body. It is found that the heart,
the brain, and the spinal column
are the three most critical regions.

Effect of Current Magnitude

Let us consider the effects pro-
duced when the magnitude of a 60-
cycle current is slowly increased.
Numerous studies® have shown that
the threshold of perception is 1 ma.
In other words, currents less than
1 ma are not even felt, provided
abnormally large current densities,
as result from pin-point contacts,
are not produced.

Currents from 1 to 8 ma are per-
ceptible, but not yet painful. When
the currents reach a value of 8 to
15 ma they are painful, and cause
an involuntary contraction of the
muscles affected. Muscular control,
however, can still be exercised. Cur-
rents of 15 to 20 ma are painful,
cause involuntary contraction, and
muscular control is lost. Currents
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of 20 to 50 ma, passed between
arms, or an arm and a leg, involve
the chest muscles and breath-
ing becomes difficult. Currents
of 100 to 200 ma, when passed
through the body in a path that in-
volves the heart region, produce
ventricular fibrillation (an uncoor-
dinated beating of the various heart
muscles).

Currents in excess of 200 ma
produce burns; if they take a path
involving the heart region, the
heart action is suspended for the
duration of the current passage,
but generally is resumed at the end
of this period.

If the path involves the part of
the nervous system controlling
respiration (such as hand to hand,
hand to foot, head to hand, etc.) a
block in the respiratory system is
produced. If artificial - respiration
is applied, the body may resume
its own breathing after as long as
8 hours; if the damage to the
respiratory - controlling nervous
system is severe, however, breath-
ing may be suspended indefinitely.

Ventricular Fibrillation

The phenomena of ventricular

fibrillation and respiratory block
deserve closer attention. Ventricu-
lar fibrillation is an uncoordinated
contraction of the various heart
muscles, which makes the heart
practically useless as a pump. The
phenomenon can better be under-
stood by reference to the electro-
cardiogram and diagram of a nor-
mal heart in Fig. 1. The stimulus
A corresponds to the contraction
of the auricles, which contract to-
gether. The stimulus B corresponds
to the contraction of the ventricles,
which also contract together.

The electrocardiogram for ven-
tricular fibrillation can easily be
recognized, for it-has the irregular
pattern shown in Fig. 2. Experi-
mental work on human hearts in
regard to fibrillation is of course
impossible. But guinea pigs, rab-
bits, and sheep also are subject to
fibrillation, so considerable work
has been done with them.

The variation of the percentage
of shocks causing fibrillation with
the magnitude of the current passed
through the body of a sheep is
shown in Fig. 3.° Each point repre-
sents about 75 trials. Note that the
susceptibility increases with cur-

therefore, save many lives

UNDERSTANDING PROMOTES SAFETY

ESSENTIALLY medical in character, this paper explains why some psople die
and some don’t after accidental contact with eleciric circuits

CATHODE-RAY and other electronic apparatus employs high voltages and it
is the thought of the editors that the information contained in these pages may,

141



TABLE L
RESULTS OF A BRIEF EXPOSURE TO A-C POTENTIALS

Body resistance

assumed to be 100 volts

1000 volts ’ 10,000 volts

Very low, with good | Cerlain death;
contact

(About 1,000 ohms)

slight burns

Survival; burns and
other sequelae;
very severe

Probable death;
marked burns

Higher
(About 10,000 ohms)

Painful shock;
no injury

Probable death;
severe burns

Certain death;
burns pro-
bably slight

High with bad
contacts
(About 100,000 ohms)

Scarcely felt

Certain death; burns
slight if resist-
ance remains

high

Painful shock,
but no severe
injury

rent up to a maximum, and then de-
creases as the current is increased
further. This is in agreement with
observed data on man, for it has
been observed that as the voltage
increases on high-voltage shocks,
the percent that can be resuscitated
increases.

For shocks short in duration
compared to a heart cycle, the prob-
ability of producing fibrillation
varies with the part of the heart
cycle in which the shock occurs.
This is shown by the dash-dash
curve superimposed on the electro-
cardiogram in Fig. 4. This sensitive
phase "represents the decreasing
contraction of the heart muscles.
At any other time, the heart is
quite insensitive to shock.

Duration of Shock

Finally, the effect of shock length
was studied. The results are plotted
in Fig. 5. Note the sudden increase
in susceptibility to fibrillation as
the shock. length approaches the
length of the heart cycle. What
happens to this curve as the shock
length is decreased to much smaller
values, say one microsecond, is an
interesting question, but no au-

thentic data is available on this
subject.
Resuscitation Principles
Numerous methods have been

tried to bring a fibrillating heart
back to a coordinated beat. Of these
the method of counter shock first
used by Abilgaard in 1775 to arrest
fibrillation in cocks seems the most
promising. It has been used with
success' on guinea pigs and dogs.
It consists of an application of a
shock of high intensity and short
duration through the heart. The

142 -~

obstacles encountered in trying to
apply this to humans are: (1) dif-
ficulty in determining whether a
heart is actually fibrillating; (2)
the availability of proper facilities
for applying the shock; (3) the
counter shock, if improperly ap-
plied, may actually become the
cause of the death. As a result, the
recommended procedure in all cases
of electric shock is to apply re-
suscitation immediately, and not
att<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>