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Multi-Channel Filters lend themselves to remote control apparatus employing frequency selection. The unit
illustrated is a five channel band pass filter of the interstage type with the inputs in parallel and § sep-
arate output channels designed to feed into open grids. This circuit arrangement provides a 2:1 stepup
ratio, with a band pass attenuation of approximately 30 DB per half octave. The dimensions of this unit
in its hermetically sealed case are 2%:" x 3" x 6". Filters of this type can be supplied for any group

of band pass frequencies from 200 to 7000 cycles.

May we cooperate with you on design savings for your application . .. war or postwar?

.

(]
150 VARICK STREET NEW YORK 13, N. Y.

EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N.Y., CABLES: “ARLAB"
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The characteristic you demand in a capacitor is long life. And in this all-
important matter the record of Tobe Capacitors is an enviable one, with
almost complete absence of “returns.” A e

Lasting stamina is built into Tobe Capacitors through every step in their
manufacture and is cross-checked by frequent, rigid inspections. Electrical
ratings are always on the conservative side. Research is continuous in the
search for an even better way, an even higher standard.

1

Type OD Capacitor (illustrated below) is manufactured in the careful Tobe
way. Mineral oil impregnated and filled, in a streamlined drawn container,
hermetically sealed. Designed for operation under a wide temperature range.
Why not place your capacitor problems before Tobe engineers? Inquiries
receive prompt, intelligent service.

SPECIFICATIONS—TYPE OD* CAPACITOR

RATINGS :
Lo N G I' I F E 600 VOC Single Units .05, 0.1,.25 Mfd.
Dual Uni .05, 0. "
A S s U R E D Tr‘::le l‘.;ln‘isrs (())55, 811 "
. . 1,000 VDC Single Units .05, 0.1 Mfd.

Dual Units .05, 0.1
Triple Units .05

STANDARD CAPACITANCE TIJI.ERANCE—plus or minus 20.%**
TEST VOLTAGE—twice DC rating -
GROUND TEST—2,500 Volis DC
OPERATING TEMPERATURE—S S0 F. to 185°F,
SHUNT RESISTANCE -
-05 ¢0 0.1 Mfd.—20,000 Mcgohms
.25 Mfd. ~—12,000 Mc¢gohms
POWER FACTOR—1,000 cycles—.002 to .005
CONTAINER SIZE:

. a small " vi
Width 9/16", length 1-11/16", height 1-17/32 part in victory

MOUNTING HOLE CENTERS—2.1/8 * TODAY
Tllustracion shows capacitor with bottom terminals. Capacitors also availabl.e wich top terminals. a blg /Jart in industry
*Daca sheets showing complete code number for unijts having a specific capacitance value and volt. TOM
age ratings available oa request. **Other tolerances available. o R R ow
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REG. U. S. PAT. OFF,

TRACING CLOTH

T's moisture-proofing that makes PHOENIX Tracing Cloth
I resist damp hands and arms. It will even stand up to ten
minutes immersion in water. That's why it's proof against
moisture ghosts — the ghosts that haunt prints made from
tracing cloths that show perspiration stains.

Besides, PHOENIX is smudge ghost-proof. You can use
harder pencils and still get solid, opaque lines. They'll smudge
less.

And erasure ghost-proof too. Erasing leaves less scars on
PHOENIX. Redrawn pencil lines are smooth. Ink won't feather.

For the full story and a sample, write on your letterhead to
L c Keuffel & Esser Co., Hoboken, N. J.

KEUFFEL & ESSER CO.

EST. 1867

Drafting, Reproduction, Surveying Equipment
\ and Materials. Slide Rules. Measuring Tapes.

*

CHICAGO .« NEW YORK . HOBOKEN ¢« DETROIT
$T. LOUIS « SAN FRANCISCO « LOS ANGELES « MONTREAL
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WESTINGHOUSE ELECTRONIC TUBES .. .DOING A JOB ON

\

QUICK LOCAL SERVICE ¥
ON INDUSTRIAL ELECTRONIC TUBES

Looking ahead to continued development of electronic
equipment in industry, postwar, we now have a plan to
make Westinghouse Electronic Tubes quickly and easily
available. Stocks of the most widely used tubes are now
available through Westinghouse Electronic Tube Dis-
tributors and Westinghouse District Warehouses. As
rapidly as possible additional types will be added to local
stocks to make a complete line of Quality Controlled
Westinghouse Electronic Tubes available to everyone.

September 1944 — ELECTRONICS




EVERY FRONT, IN EVERY BATTLE, IN EVERY WAR INDUSTRY

WOULD GIVE THEIR

EYE-TEETH TO KNOW

/

Secret weapon of American war industry is surely the electronic tube. It has
revolutionized industrial and manufacturing methods, brought about startling new
production techniques . . . many of them well kept secrets that enemy agents would
give their eye teeth to know. As a major supplier of electronic tubes, Westinghouse is

proud to be sharing in this still secrct, but tremendously vital “electronic revolution.”

To meet the enormous demands for Westinghouse Electronic Tubes— from the armed
forces as well as war industry, we’ve increased floor space 20 times, trained 28 new
workers for each one formerly employed, multiplied output 30 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. Your nearest Westinghouse
Office or Distributor will be glad to receive your inquiries for Westinghouse

Tubes. Westinghouse Electric & Manufacturing Company, Bloomfield, N. J.

Westinghouse

PLANTS IN 25 CITIES OFFICES EVERYWHERE

%%fw% 42‘%% I

| WESIINGHBUSE PRESENIS. Joba Charles Thomas- -Sunday 2:30 EWT—NBC. - Ted Maloae—Monday Wednesday, Fridag—

10:15P. M., EWT—Biuc Network,

ELECTRONICS — September 1944
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Through the development of our own highly specialized calibrating

equipment Hammariund engineers have made possible mass production of

variable capacitors with accuracies comparable to laboratory standards.

HAMMARININGD

THE HAMMARLUND MFG. CO., INC., 460 W. 347 ST., N.Y. C.

MANUFACTURERS OF PRECISION COMMUNICATIONS EQUIPMENT

September 1944 — ELECTRONICS Fl
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““ AMPERER

=—— WATER AND
—— AIR COOLED
TRANSMITTING AND
RECTIFYING TUBES

Largesh producer of electronic
induction heating equipment,
the INDUCTION HEATING

CORPORATION utilizes AM-

PEREX tubes for the "heart'

of " its products.
set-ups, designed and devel-
oped by this company, are
giving efficient round-the-
clock service in such appli-

"Thermonic'®

cations as brazing, anneal-
ing, hardening, melting and
forging.

Used ever since the first
"“Thermonic" unit was mar-
keted. AMPEREX tubes have
provided consistently satis-
factory service in all as-
signments. This, then, is
another high endorsement

for the performance of
AMPEREX tubes. Con-
sult an AMPEREX en-
gineer for the soly-
tion to your present
or peacetime
problem.

AMPERENX . .. the high performanee tube)

AMPEREX ELECTRONIC CORPORATION

79 WASHINGTON STREET . . * *  BROOKLYN 1, N.Y

EXPORT DIVISION: 13 EAST wM YORK 16, N.Y., CABLES: “ARLAB"
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SMALLEST PAPER

CAPACITOR - - -

v PE yet 100%

~esn . 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 volts.

. Types P4N, PSN for 100% humidity opera-
tion.

. Types P4, PS for 95% humidity operation.

Samples and price list on Request

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

DUMONT

ELECTRIC CO.

MFR'S OF
CAPACITORS FOR EVERY REQUIREMENT

34 HUBERT STREET NEW YORK, N. Y.

September 1944 — ELECTRONICS |!
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The Use of Cathode Ray
Tubes in Modemn Test
Equipment Offers 5 Defi-

nite Advantages. sf

ﬂ 1. Faster — Surer Testing
" 2. Greater Flexibility

'+" 3. Greater Range
a' 4. Greater Sensitivity
E_:! 5. Reduction of Human Error

This type of equipment is designed, deveioped and manufac-

tured by Sherron to meet the given customer’s specifications.

Sherron
FElectronics

,'. ""Where the Ideal is the Standard,
; Sherron Test Units are Standard Equipment.

SHERRON METALLIC CORP.

1201 Flushing Ave. Brooklyn 6, N. Y.
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E mean it. The services of the world's

largest glass research laboratory are
yours for the asking. In its 75 years,Corning
has developed more than 25,000 different
glass formulae . . . a vast storehouse of glass-
making research and skill ready and able
to help you no marter what your problem.

At Corning, right now, more than 250
planners, researchers, engineers and pro-
duction men are constantly at work to make
better glass for the radio tubes, X-ray bulbs,
cathode ray tubes, resistor tubes and other
glassware you need in your business. As a
result, it is difficult to find any electronic
glassware in use today that did not get its
start at Corning.

Actually, many of Corning’s developments
come properly under the head of “near
miracles”. It was only yesterday, for instance,
that it became practical to solder meral
to glass. But Corning Research did it. And
today the Corning metallized bushing is
performing an important job in the elec-
tronic equipment of the industry’s leading
manufacturers .. .a proven time and money
saver. And we could quote a dozen other
examples just as good.

If you'd like to know more about what
Corning knows about electronic glassware,
we have a suggestion. Write today for a
new booklet, “There Will Be More Glass
Parts in Postwar Electronic Products”.
Please address the Electronic SalesDept., E-9
Bulb and Tubing Division, Corning Glass
Works, Corning, New York.

Lo IR Electronic Glassware g
Research in Glass

——i 4 T — ey
: nes

“PYREX” and "C(jRj\ING” are registered trade-marks of Corning Glass Works
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A NEW COMPACT, SHOCK-PROOF
IMPULSE-INITIATED TIMER

...... 71.8% smaller than previous conventional units used for
similar applications, Struthers-Dunn Type PSEH-1 impulse-initiated
timer has the added advantages of rugged shock-proof construction,
easily-accessible contacts, and dust-proof cover. Made in both AC
and DC types, it operates the contacts at the end of a delay interval

L Py et ot
.
— —NLA

WRITE foo; cloﬁ after power has been applied, or after receipt of a momentary impulse
Struthers-Dunn from a push-button, limit switch, or other source. The adjustab}e tim-
Catalog and Relay- ing range is 20-to-1. The mechanism is immediately recycling. A
Timer Data book. double-pole, double-throw auxiliary relay is built in to provide a

variety of circuit arrangements common to, or isolated from the con-
] trol circuit. It can be supplied for AC operation on 110 V. 60 cycles
For detdlls oW the or 25 cycles; 220 V. 60 cycles or 25 cycles; or for DC operation at
any specified voltage from 6 to 120 volts. Size of a typical PSEH-1
Timer is 315" x 3%" x 334"

STRUTHERS-DUNN, Inc., 1321 Arch St., Philadelphia, Pa.

'STRUTHERS-DUNN

Timer illustrated
above, please specify
Type PSEH-1.

'f 5,288 RELAY TYPES

DISTRICT ENGINEERING OFFICES : ATLANTA o BALTIMORE » BOSTON o BUFFALO ¢ CHICAGO ¢ CINCINNATI o CLEVELAND
DALLAS « DENVER o DETROIT o HARTFORD ¢ INDIANAPOLIS ¢ LOS ANGELES o MINNEAPOLIS o MONTREAL
NEW YORK ¢ PITTSBURGH o ST, LOUIS « SAN FRANCISCO o SEATTLE o SYRACUSE « TORONTO o WASHINGTON
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HERE IS THE REVOLUTIONARY

| application before the |
G-E disk-seal, parallel- |
| plane design. |

Bl PEA R TS L

This new G-E disk-seal, paral-

lel-plane design advances by

MANY TIMES

the power available at vltra- :
high frequencies for use in
coming fields of electronics
such as FM Radio and Tele- 2‘
vision, Relaying, and Mobile o ;

Television. LIGHTHOUSE TUBE |

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

andther G-E eletionic FIRST/
S —

2 September 1944 — ELECTRONICS




-E LIGHTHOUSE TUBE

AN EXAMPLE OF THE NEW DISK-SEAL, PARALLEL-PLANE
JESIGN ORIGINATED BY GENERAL ELECTRIC

__._——___—____A | a— o a——

Area of practical triode applica-

—— ~— ——tion opened up by the G-E

disk-seal, parallel-plane design.

_—__——_——-———————_

HIS new tube is one of the most impor-

nt developments in electronic-tube

Istory — ranking with such other G-E
tectronic firsts as the screen-grid tube,
te high-vacuum tube, the mercury-
ipor rectifier, and the thyratron.

The new G-E disk-secal, parallel-plane
bign*—developed by engineers of the
LE Electronies Laboratory - opens up
* ast new field of radio frequencics for
factical -use. It extends the top fre-
jencics at which electronics engineers
“1work . ., thus reaching into hitherto
itouched segments of the ultra-high
'lquency spectrum,

Che advent of this extraordinary new
ie will make it possible to huild greatly
hroved electronic devices for impor-
it post-war applications,

k.

ISATRON IS THE GENERIC NAME ASSIGNED TO
fis OF THIS DESIGN

’ENERAL @3 ELECTRIC

CTRONICS—Sephmbor 1944

L=

It will, for the first time, enable

engineers to take advantage of high’

frequency channels that could not pre-
viously be used 1o advantage.

It will enable the relay transmitters
of FM and television networks to func-
tion ateven higher frequencies than here-
tofore anticipated and thus provide more
communication channels.

It is quite possible—in fact, probahle
—that ultimately a large “family” of
lighthouse tubes will be available for
dozens of applications in the radio, tele-
vision, and industrial-electronics fields,
Thus is added another G-E “first” to
support the fact that —

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

For information on electronie tubes, write to
Electronics Department, General Electric, Sche.
nectady, New Yorl:.

176-Ca-00%0

CONSTRUCTION AND
CHARACTERISTICS

The disk-seal, parallel-plane de-
sign of the G-E megatron elim-
inates the conventional type of
grid, anode and cathode. In-
stead of components being fitted
around one another, they are
constructed in simple, pvarallel
planes or layers—with glass and
metal fused together to provide
-a shock-proof construction. This
design permits an  extremely
‘compact over-all tube structure.

For the first time, ft makes
‘possible the use of new clreuits
with which vesterday's dreams
‘become today's realities.



“Leap-Frog” Corrosion damages underground
pipes and cables.

Pipes or other metal structures are in places

fiers, “Leap-Frog” corrosion is foiled. On con- 5
stant guard is a direct current charge which .
cancels the harmful electrolytic corrosive ac- e
tion on oil, gas and water pipelines and under-
ground cables.

electro-positive in relation to the soil and due

to natural galvanic action corrosion results.

Metal is taken away from one section of pipe :

and deposited somewhere else along the ex- .;/

posed pipe. -

By using Federal Cathodic Protection Recti- ..;"_t‘-
9
.

These Federal units have no moving parts, s0
they tast indefinitely — with the absolute min- o
imum of attention. In desert heat or torrid r
dampness they keep on the job day and night.

Proper engineering for the corrosion prob-
lem at hand calls for the specialized
consulting engineering service which
is yours — when you look to Federal.
Write today for full details.

Federal Cathodic Protection
Rectifier, Model FTR 5114-S. Ousput 20 am-
peres at 10 f0 40 volts. Other sizes as vequired.

Federal Télephone and Radip (orporation

|

1
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This new type Rotary Relay has achieved
a high military performance record. New
available for commercial use, it offers four
advantages worthy of your investigation.

IMPROVED METHOD OF OPERATION

Contrary to Conventional Relays; it operates on a rotating bal-
anced principle. The basic unit (center of photo) is a compact,
two position driving mechanism providing up to 30 degrees
clockwise or counter clockwise rotation from normal (power off)
position. The shaft rotates one way under power and returns to
normal position by spring action.

WITHSTANDS EXTREME VIBRATION

The rotating balanced mechanism makes it shock and vibration
proof, under adverse conditions.

WIDE RANGE OF APPLICATION

The basic unit is adapted to operate wafer switches, switches in
separate compartments, or special built-up switch application.

COMPACT & RUGGED DESIGN

The basic unit measures 2%2"'x1%2"x1%"”. The relay
structure is made of finest magnetic metal accurate-
ly machined and properly  annealed. The coil is
wound to exacting specifications and treated to
withstand severe humidity and salt spray conditions.
Each part proportioned in size for its specific func-
tion . . . a powerful, rugged, space saving device.

‘Get Catalog E-9

lilustrates *RO-TROL’S” adapta-
bility to unusual and varied relay
applications. €Complete specifica-
tions and detail drawings, Also
illustrates other Price Relays for
Time Delays, Motor Starting, High
Speed Keying, Antenna and Power
Contactors. Write today for this
Catalog.

ELECTRONICS — September 1944
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Yesterday, warp antennas were found on most of the

peacetime automobiles, radios and portable radios.
All of the manufacture of antennas and radar equipment of THE WARD PRODUCTS
CORPORATION is, today, going entirely to the war effort and beipg used on all
hghtipg fronts. 23 - "y '

4

24 "n‘m, improved products .in
' - specifying of an

.

' L7
tHE WARD PRODUCTS CORPORATION Lfg% 1523 E. 45TH STREET, CLEVELAND, OHI0 /ﬁi /

18
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Control of all stages of production is the watch-
word at Consolidated Radio Products Company.
That is why Consolidated’s products can be de-
pended on for quality, high efficiency, consistent
performance and long life. International acceptance
is the result of such high standards of production.

Eloctianis ivpit u/hr selic YDevices

ONSOI.IDATED RADIO

ai’o yv.‘nu s,r, CHICAGO 1o lI.I. Sl

*
X
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A DEJUR ENGINEER IS AVAILABLE FOR A DISCUSSION OF YOUR PRESENT OR POSTWAR APPLICATIONS

De Jur-Amsco (orporation

20

ATTENTION TO DETAIL ADDS UP
TO DEPENDABLE PERFORMANCE

UL

POTENTIOMETERS

TYPES 260, 275, 261, 276, 281, 291, 292, 296
Twenty-five years of experience in the precision electrical in-
strument field assure quality and dependability in DeJur po-
tentiometers. We have created a wide variety of standard
models for practically all applications. Special attention is
paid to individual specifications.

@ Winding strip is wound on a linen bakelite
card which has been carefully sanded before
winding.

@ Windings ore made of either Nichrome or
Advance wire, depending upon the resistance
of the card to be wound.

® The card, wrapped around a moulded phe-
nolic base, is held in position by heavily
plated brass nuls and bolts.

@ The wiper, incorporating five contacts, is
made of plated bronze, carefully buffed where
electrical contact is made with the winding.

@ Types 261, 276, 281, 292 and 296 incorpor-
ate an ‘‘edge’ type wiper for closer toler-
ances.

@ The shaft may be either bakelite, cold rolled
steel suitably plated, or solid brass, depend-
ing on whether the instrument is to have a
live or dead shaft. ;

@ The bushing which supports the shaft is made J :
of precision machined brass.

For ease of wiring installation, the selected
terminal lugs are carefully tinned.

@ In assembly, the cards are treated by dipping
and baking to assure adhesion of the winding
to the card; the entire unit is assembled to
exacting specifications.

MANUFACTURERS OF DeJUR METERS, RHEQSTATS, POTENTIOMETERS AND OTHER PRECISION ELECTRONIC COMPONENTS
GENERAL OFFICE: NORTHERN BLVD. AT 45th ST, LONG ISLAND CITY 1, N. Y,

SNELTON FACTORY: Shotton, Comm. =  (ANADIAW SALES OFFICE: 560 Kimg Streer Wess,

Yorooto

BUY MORE

THAN BEFORE
KEEP "HOARDING"
WAR BONDS

o
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{Measured ot 1 ol

Ambient Temperature 70 F.
and Humidity 70%}

-

|

LOSS FACTOR

FITS PERFECTLY Into il
High Frequency Design il

A’r last designers of tomorrow's high frequency
apparatus have an improved type of glass-bonded I ; FREQUENCY-MEGACYCLES
mica insulation to specily where new advance- l , “HHI l §“ I | % I
ments in low-loss characteristics are desired, as in : '
ultra high frequency applications.

Just as the original MYCALEX was a vast im- ‘
provement over other ceramics, so the new MYCALEX 400 is ‘ o
a comparable advancement over all early forms of glass- )
bonded mica.

MYCALEX 400 meets government specifications for L-4
characteristics, by virtue of its pronounced low-loss factor
of 0.013 at 1 megacycle, and its surface resistivity of 300,000
megohms. Its power factor is 0.0018 at 1 megacycle, in
accordance with American War Standard C-75.1 — 1943 (Jan.

00

0.0

= 1-10). Its dielectric constant is unchanged from 50 kilocycles
N to 10 megacycles. MYCALEX 400 can be machined with
greater precision . . . drilled, tapped, milled, sawed, turned
% and threaded. &
Improved postwar h-{ equipment deserves this newly
refined and perfected electronic insulation. Let us supply
your stock requirements in sheets and rods; or have us fab-
ricate component parts to your specifications. Write for full \
y details and samples.
,!
| 4 . » » . » n .
m . : : ‘
O'W O
THE INSULATOR
l TRADE MARK REG. U. S, PAT. OFF. : = v RC
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Doolittle Engineers are still

designing and producing radio equipment for the Naval
dircraft Factory and the Bureau of Aeronautics. . . . Before
the war began, “Specialized Communications Equipment”
by DOOLITTLE was a consistent aid to aviation, broadcast and police radio
enzineers . . . Come tomorrow, our pre-war and war-born experience
will be translated into many new benefits for a world of peacetime

communications . . . Look Ahead with DOOLITTLE'!

Builders of Precision Radio Communications Equipment

7421 South Loomis Boulevard, Chicago 36, lllinois

BACK
THE ATTACK
Buy More
War Bonds

22 September 1944 — ELECTRONICS
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} HAVE YOU ANY

Qhdtewer

OF THESE

your specifications,

we’re likely to have the answer

E are in an excellent position

to provide you with hermeti-

cally-sealed capacitors for wartime ap-

' plications. Our extensive engineering,

research, and manufacturing facilities
are at your service.

In some cases there will be no need

' to look further than our standard line

of Pyranol* capacitors for built-in
applications.

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

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

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

~ *Pyranol is the G-E trade mark for capacitors and for askarel, the synthetic, noninflammable liquid used in
treating G-E capacitors.

BUY WAR BONDS

.‘.ECTRONICS — September 1944

GENERAL

PYRANOL
CAPACITORS
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GOVERNOR automatically compensates for volt-
A age variations of * 20%.

While the motor normally operates at 450 rpm.,
the governor is adjustable, allowing a change in
speed from 360 to 540 rpm.

The motor shaft drives a gear train which pro-
vides an output shaft speed of 5 rpm. This gear
train can be modified to meet other speed require-
ments.

Interchangeable cams permit the use of any de-
sired timing characteristic for two or more separate
circuits.

Werite for illustrated technical bulletin.

September 1944 — ELECTRONICS




' How to Natch Impedance
U and-Distribute Power

\

-

h RA'IED IMPEDANCE

S L Speaker Systems

:
]

%
2

IMPEDANCE, OHM

= e & oon o
FREOUENCV}CYCIES PER SEC

—

, %
Y
\ \H

J ere is Number 2 in the series of practical, instructive

Mogographs prepared by the Jensen Technical Service Department. The title, “Impedance

Matching and Power Distribution in Loud Speaker Systems,” suggests the scope and

treatment of a subject ih which everyone concerned with loud speakers and the
reproduction of sound, is vitally interested. fl The reading material is supported by
twenty-eight drawings and tables. More than a score of questions are described,

illustrated and solved. One of the problems is that of a comprehensive sound system

for a military installation. | Like Monograph Number 1 —"Loud Speaker
K Frequency-Response Measurements”— Number 2 is offered by JENSEN in the interest of

\ improved sound' reproduction. Get either copy, or BOTH, from your jobber or dealer, or fill out

\ the coupon and mail it with 25¢ for each book, to:
IMPEDANCE MATCHING ‘and POWER DISTRIBUTION in
LQUD SPEAKER SYSTEMS. The second of a valugble and )
important series of treatises on the selection, installation
and operation of loud speakers.
FREE to men in the Armed Sayvices and to Librarie§ and en a e “
Technmical Schools. \
; . __RADIO_MANUFACTURING COMPANY.

St el | ’ -
' Nt %, 6617 SOUTH LARAMIE AVEN -
<\\ - mn""““ \ Yk UE’ - \

oUD SPTAKES

Y ) X
el CHICAGO 38, llllNﬂS‘_—:\‘; “ones \\
: \ - )
: s it ““‘»kc‘ ,
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This is a cross-section of the Machlett
Dynamax X-ray tube. The ball bear-
ings support the anode, which rotates
at 3000 r.p.m., and reaches a temper-
ature of 1000° F. The entire structure
is in a vacuum of about 10— mm. of
mercury, or a billionth of an atmos-
phere.

Conventional lubricants cannot be
used, because they would destroy the
vacuum and the tube. Machlett's scien-
tific studies showed that a very thin
film of certain metals can dct as lubri-
cant. Pure silver was found most advan-
tageous. An almost molecular-thin film
of it is deposited upon the balls in a
vacuum, by a unique method. i

So successful was this technique that
Machlett, five years ago, guaranteed

How
would

you
lubricate
bearings

ina

vacuum?

10,000 exposures. Today it outlasts
conventional stationary anode tubes.
Some amazing records have been
made with it, the best to date being
272,610 exposures, at the Army Ex-
amining ond Induction Station, Pitts-
burgh, Pa.

This tube has a focal spot so small
as to produce exceedingly sharp
pictures, and an X-ray beam so infense
as to make possible exposures as short
as 1/60th sec. It was the solution of the
lubrication problem that added relia-
bility to these advantages. Machlett
employs many other advanced tech-
niques in the manufacture of its various
types of high-vacuum tubes for medical,
scientific and industrial purposes .
Machlett Laboratories, Inc., Springdale,
Connecticut.

e

This is the Machlett Dynamax Rotating Anode
tube, 100 kilovolts, 50 kilowalts, as supplied in an
oil-filled, shockproof housing with air circulafor
and vapor-proof cable terminals.

. ' A
its Dynamax rotating anode tube for '”‘loﬁv THEIR LARGEST MAKER
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RECEIVING TUBE TECHNIQUE

Oldest manufacturer specializing
on radio receiving tubes — the
originator of the now standard
BANTAM GT — Hytron has
been developing skill in high-
speed, soft-glass receiving tube
technique since 1921.

SPECIAL PURPOSE ENGINEERING
Hytron engineers originaled
BANTAM JR. hearing-aid tubes
—popular U-H-F types HY75,
HY114B, HY615—instant-heat-
ing beam letrodes HY65, Y67,
HY69, HY1269—and niimerous
other special tubes.

THE ANSWER

Add A to B, and you have the answer Hytron is able to give the Serv-
ices when they demand special purpose and transmitting tubes in
staggering quantities and at economical prices.

1616 Consider a few examples. Substituting soft 4
for hard glass, a mesh for a ribhon filament. Hytron
heat the promise by months on requirements for the
high-voltage thermionic type 1616 rectilier— through
application of mass production methods. Result,:
The Navy's, “Well done!”

HY65 Typical of Hytron's instant-heating beam
tetrodes for mobile communications, the HY6%
combines high-speed techniques with a thoriated
tungsten filament and special r.f. design features
which gave the Services a ru ged, power-conserving,
all-purpose beam tetrode. (Cf. JAN-L}} spec.)

-
OD3/VR-150  Hytron engineering refinements in- ‘b_: 2€26 H

ytron solved a problem for the Services by
designing a tube capable of performance and high
ratings never before achieved in soft glass. Pro-
high-speed manufacture. Result: **\When we think duced at receiving tube speed and priced at less than
of the OD3/VR-150, we think of

Hytron.”* a fourth of the cost of tubes replaced, the little 2C26
*Quotation from expediter for o

: 1 ne of largest delivers 2 KW of useful r.f. power under intermit-
electronic equipment manufacturers, tent operating conditions.

clude new starting electrode. lower starting voltage,
painstaking processing. Add to these still-increasing

WHAT ABOUT POST-WAR? Hytron design, development, and production

facilities now serving our fighting men, will be yours to command. The A plus B of
Hytron's know-how will supply answers (o your special tube problems.

s
RECEIVING TUBE

SALEM

. BUY ANOTHER WAR BOND
?:CTRONlCS—SepIembeI 1944
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First Completely Informative

Catalog of Crystal Unit

Designs and Specifications

Here, in one sensibly organized book, is the specific information you
need on oscillator crystal units. Here is the first complete assembly of
factual data on crystal unit design, construction, and application. It is d
yours, without obligation and without cost. Keep this new Crystal
Products Company manual in your files. Use it as a workable tool in

planning circuits and assemblies for precise radio frequency control.

A USABLE MANUAL FOR ELECTRONICS ENGINEERS

Profusely illustrated, with concise but com- This is not a treatise on the development of
plete explanatory descriptions, the pages of
this book give:

e Holder Illustrations

e Cut-Away Drawings

e Technical Specifications

@ Functional Data

the Piezo-Electric properties of Quartz Crys-
tals; it is a series of specific descriptions of
approved Crystal Units that are now accepted
and used in all types of practical electronic
equipment, and that are available for present
and future applications.

28 September 1944 — ELECTRONI




TAB-INDEXED FOR READY
REFERENCE

Crystal Units are classified according to their

fields of use. These include:

The latest developments in Crystal Holder
design are described, as well as types of
Crystal Blanks that can be engineered and fin-
ished to your own individual requirements.

%M PRODUCTS COMPANY

1519 McGEE STREET KANSAS CITY, MO.

® Broadcasting e Filter @ Test
» Amateur ® Aircraft @ Police-Marine
® Multiple Units

Producers of Approved Precision Crystals
for Radio Frequency Control

'CTRONICS — September 1944
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achieves variety
Transmitter design

TEMCO is a closely knit organization of versatile engineers,
designers and technicians — working as a team — pro-
ducing in single or volume quantities, transmitters of finer
mechanical construction and electrical design in ever-
broadening fields of applications.

Vision and versatility of TEMCO engineers meet the chal-
lenge of diversified assignments . ., . alertly keeping pace
with rapid advancements in radio research.

That is why entirely different groups of instruments are
constantly emerging from our organization, all possessing
the excellent qualities with which TEMco-built communica-
tion equipment is endowed.

Your problem may be “off the beaten path” — all the
more reason why TEMCO can serve you befter in arriving
at a speedy solution. Let us show you what we have
accomplished for others. Write for a copy of the TEMCO
catalog.

TRANSMITTER EQUIPMENT MFG. CO., INC.

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

« RADIO COMMUNICA Tio,
EQUIPMENT

IECTRONICS September 1944
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/VW ieae/,apecf Silicone Produicts

Dow Corning Fluids possess unique characteristics

that warrant their close study by technicians in
varied industries—especially those engaged in the
current war effort. These water-white permanent
liquids are furnished in two series, covering a wide

range of viscosities.

=TIl

Dow Corning Silicone Summary of Characteristics
Products Include:

_ Remarkably low viscosity change from sub-
RESINS—High temperature insulating var- zero to high temperatures.

nishes for use with heat stable electrical Exceptionally inert to metals, rubber and
insulating materials. plastics. -

GREASES—For lubrication of valves in high Unusually resistant to chemicals and high
temperature or corrosive chemical services. temperatures.

Plugcock Grease—for metal valves. Stop- Effective water repellent.

cock Grease—for glass and ceramic valves. @® Lubricant for glass, ceramics, plastics.

D O W €C O R NI N G C O R P OR AT
BOX 592, MIDLAND, MICHIGAN

DOW CORNING
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HIGHWAYS OF THE AIR

Tmpontant to everyone cnteredted in acrfontes and aviation

YOU SHOULD_KNOW- e

What is the "bottle-neck" in
post-war expansion of civil avi-
ation . . . . . . . Seepage8

Why CAA is installing Ultra High
Frequency radio ranges.
See page 8

What anti-collision devices are
being developed . . See page 9

What electronic aircraft defec-
tors are . . . . Seepage9

What can civil aviation learn
from the A.A.C.S. . . See page 2

What goes into an instrument
landing system . . See page 11

AR s
R ke o

=
b revt

e Al
worwats °F g

o T AT oo 37t What is approach control.
i awertle
e Cad METRvIaTIO e ARMY Brions ST Fa
A ANTON =" a0l L coMMUN W See page 11
A s ARG
At o ou e FUT
R AND OFF og W
" W ‘lwA‘
wat A Al
- - These questions and dozens of others
s of vital import to all those interested

in the development of radio in aviation

- for increased safety of human life and
This issue is No. 1, Volume 1 — others will follow if you property are discussed in the pages of

request them. Contents are avthoritative—but non-technical “HIGHWAYS OF THE AIR"
—designed to inform the layman on a subject which is y

becoming of increasing importance.

Send for your copy on your letterhead—we are glad to
send it as our contribution to q greater Air-America.

RADIO RECEPTOR (..

251 West 19th Street o New York 11,
Engineers ond Manvufacturers of Alrway ond Airport Radio Equipment Communications Equipment Industriol Electronics o Electronic Heating Equipment
ISINCEI922 I N R ADIO A N D ELECTRONICS

s e —

UN\TQ /
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PLASTICS

Cast Resins o

Catalin and Prystal thermoselting cast
phenolics offer two important advantages
to designers and manufacturers . . . a
range and depth of gem-like olors,
equalled only by minerals and semi-pre-
cious stones . . . and casting techniques
which permit the use of inexpensive,
quickly constructed molds with neither
size nor thickness limitations. The praper-
ties of Catalin and Prystal are worth
investigation,

MHolding (Compounds

"Loalin’’ polystyrene thermoplastic injec-
tion molding compounds enjoy .a unique
position among plastics. It possesses out-
standing electrical, chemical and mechan-
ical properties. It has o ‘‘zero’’ water
absorption and is unrivalled in dimen-
sional stability. " Loalin is the lightest
weight of all the plastics and one of the
least costly. It is available in a limitless
range of brilliant colors.

Liguid Reacne
Catabond, Catavar and Loabond identify
a wide variety of liquid resin formula.
tions employed for coating, lgminating,
glueing, impregnating and bonding wood,
plywood, abrasives, paper, cork, brake
linings, brushes, etc. Several of these
formulations now make possible low-cost
techniques for the fabrication of 0‘|U"N-
num sheets. They. can be economically
cast at your own plant and excel as-drill
and saw jigs, router, shaper and hydro-
form blocks; checking fixtures, stretch
press molds and dies.

MR OALIN-Cata

ABALEN-CAVALIN- LALIN - COTALIN

~LBALID-CONBLIR

CCrospoeoat Hoostitbrrce

“Chemical Warfare” is not confined
to the battlefield. Under conditions
imposed by modern industrial appli-
cations, Plastics, along with other
materials, are subjected to constant
chemical ‘‘attack” as they perform
their allotted tasks in military and
essential civilian uses.

“CATALIN” Cast Resin in the “Chem-
ical Resistant” grade is especially
formulated to withstand the effects of
most acids, alkalies and lubricants. In
addition to this desirable quality, it
has a low percentage ¢f water-absorp-
tion and the other physical, mechanical
and machining characteristics usually
associated with all Catalin Cast Resins.

“LoaLin” —Catalin’s polystyrene
molding compound — offers excellent
resistance to all acids, alkalies and
alcohols, being soluble only in esters
and the aromatic hydrocarbons. Its
water-absorption is 0.00% (24 hours
immersion at 25° C.) and its reaction

to mineral, animal or vegetable oils
ranges from excellent to poor, depengd-
ing upon the particular oil.

Our chemists and engineers have
made exhaustive tests of both Catalin
and Loalin under various conditions
and covering chemical, electrical,
thermal, mechanical, physical and
“working” properties. The results of
their inquiries and the experience and
testimony of fabricators, molders and
users in many fields are available to
your own technical staff for immediate
application or for guidance in “blue:
printing” the products of tomorrow.

Cast Resing

Molding Compounds
Liquid Resins

"CATALI

corpomaviON . - - W

ONE PARK AVEHUE o NEW YORK t8, n.u\i
|
|
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The new HK-257B

%MWW provides

235 watts output with

ZERO DRIVING POWER

OPERATING DATA
As an RF Power Amplifier, Class C, Unmodulated

Maximum Typical
Rating Operation

Power Output . . . . . . . . . 235 Watts
Driving Power . . . . . . . . . .0 Watts
DC Plate Volts . . . ,4000 . . . 3000 Voits
DC Plate Current . . . 150 . . . 100 M. A,
DC Suppressor Voltage o+ .« . . .60 Volts
DC Suppressor Current . . . . . . . 3M.A.
DC Screen Voltage . . « « . 750 Volts .
DC Screen Current . . 30 . . . . 8BM. A,
DC Contro! Grid Voltage . ... 200.Volts
DC Control Grid Current 25 . . . . OMA.
Peak RF Control Voltage . . . . . 170 Volts
Plate Dissipation . . . 75 . . . 65 Watfts
WRITE TODAY FOR COMPLETE DATA

HK-257B

yersion & B wes B kg5 7B
O %
Ptod“ces fhic ency i 573 P 1low h h P ] 7 ! P/:re
g sa(h‘ ation- ¢ the Shield ~ +Screen +Suppressor
aeutralt 1al sigh S which e "‘“o\s 1
ct ’ rO19) . . ;
The s?e “olt rat ¥ & cunit ;\‘;nne\ Beca.u_;s gr'xd current is zero in the
s0d P\at b drt wd aroun ¢ g Lasta above circuit, the HK-257B is being
output w cdesi® ambef o bl aeeded: ha operated at zero driving power. Some
A trag : oment ﬁ“,“ sument L chamca“Y’ 4 power is being fed into the circuit de-
:eq“,“esm driver t;‘\’-ﬂaﬁo ad) righ ebardmenf;‘.': g veloping the grid driving voltage in
m.“-“m\'ln as 0O neﬁ _257§ 1S mamem. .0 w'\(ho“‘ 10y order to supply normal loss. Thislossin
p witcht \:%\P d ‘on 28 inst ) ding the resonant grid circuit is on the order
T‘T:'“ to(eC; 5 men(ar)’ of 1.0 watts in most practical circuits.
. maxl dS s efr
g . . n
i HEINT
A Z aAno KAUFMAN .1p.
BUY WAR SOUTH_SAN FRANCISCO o CALIFORNIA

BONDS é'ammaﬂzax eles
IREGULARLY
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STOP waste of time
There’s no fumbling or dropping, with
American Phillips Screws. Andno wob-
bly starts, for the recessed screwhead
fics firmly onto the 4-winged driver,
like a fixed bayonet oato a gun. Power

drivers can be used, increasing assem-
bly-speed often as much as 50%.

LS

L

AMERICAN SCREW CO,

36

give
you

STOP rejections

“Controlled Accuracy” means that Amer-
ican Phillips Screws and driver align
themselves automatically into one
straight-line unit that can’t drive crooked
and spoil work. Nor can the driver ever
twist out and slash across the work-
surface.

Providence 1, R. I,

with Controll

Chicago 11: 589 E. lllinois S1.

b

Il

STOP scrapping of screws

American Phillips Screws can’t be burred
or broken like slotted-screwheads. And
American Phillips Screws don’t have to
be backed out and thrown away. Nor do

they have to be scrapped for defects of ©

head, thread, or point . . . thanks to

American's individual inspection.

Detroit 2: 502 Stephenson Bldg.
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his is a special-purpose electronic part. Itis a plug-
‘Ceptacle assembly for use with rack-panel type of

ounting. Twenty-four silver-plated phospher-

‘onze contacts are provided, each male and female
intact full floating between steatite plates. Heavy
(1ide pins and matching holes in the frame assure
'rfect alignment.

We don't know that your producg has any need for
Ich a part as this. We do know, however, that this
Jirt is most exactly suited to its special requirement,
Ist as are hundreds upon hundreds of other parts

iich have been created through Lapp engineering
#d Lapp production facilities directed to the solu-
&0 of specific problems.

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

% - ENGINEERED TO A SPECIFIC NEED

tronic equipment through engineering and produc-
tion of sub-assemblies that make most efficient use of
porcelain or steatite and associated metal parts.
There may be a way you can improve performance,
cut costs and cut production time through use of
Lapp-designed and Lapp-built sub-assemblies. We'd
like to discuss your specific requirements with you.
Lapp Insulator Co., Inc., LeRoy, N. Y,
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...GET THIS TIMELY, NEW
Dry Electrolytic Capacitor CATALOG

Every day finds dry electrolytic capacitors
establishing new standards of perform-
ance in applications formerly reserved
for other types. Small, light and inex-
pensive, dry electrolytics have been
steadily improved to a point where they
meet the most exacting specifications.
These include salt air, reduced pressure,
low and high temperature extremes, tran-

sients, r-f impedance, sealing, “shelf life,”
and many more. In addition, Sprague Dry
Electrolytics are available in unlimited
combinations of capacity and voltage rat-
ings, with special electrical characteris-
tics,and in containers for every mechanical
requirement. You will find this big new
catalog a handy guide to dozens of stand-
ard and countless special purpose types.

SPRAGUE ELECTRIC COMPANY, North Adams, Mass.

(Formerly Sprague Specialties Co.)

SPRAGUE ™=

CAPACITORS - KOOLOHM RESISTORS
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ANOTHER MILESTONE

IN THE PROGRESS OF

ELEVISION -

HAIN television is here! With the recent

dedication of the new Philco Relay Trans-
mitter at Mt. Rose, N. J., the first Television
Network, linking Philadelphia, New York
and Schenectady, is in actual operation today.
Now Philadelphians enjoy clear reception of
programs from New York through their local
Philco television station. Thus the first step
has been taken through which millions will
eventually witness events that take place thou-
sands of miles away . . . by television.

HOW PHILCO RESEARCH SPEEDS
THE ADVANCE OF TELEVISION

This first television network is an example
of how Philco research is working to
N "

establish transmission principles which
can extend chain television broadcasting from
Coast to coast. At the same time, Philco re-
search is improving the clarity, sharpness and
detail of the television picture . . . so that future
television sets will have the greatest possible
sales appeal. Thus in two ways ... by helping to
broaden the market for television, and by de-
signing a more saleable product for that market
- -« Philco leads toward the goal of television
as tomorrow’s “billion dollar industry.”

Radio Hall of Fame Orchestra and Chorus.
Tune in Sundays, 6 P. M., E. W. T., Blue Network.

*
BACK THE ATTACK —BUY WAR BONDS
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PHILADELPHIA

‘ ' WITH PROGRAMS LIKE THESE,

- g

ATION WPTZ

SION ST
PHILCO TELEVI OADCASTING

R
HAS PIONEERED IN TELEVISION B

Since 1932, Phllcodh'a::
owned and operated 1

own television station, a
rich laboratory of re;
search and expenencs
for television progress.

The Philco station has
televised football, b(l:x;
. ing, wrestling and ot “e,s
\ # \ sports as well as ne

L pds events

1
R0 AN scene of action.

Movies, variety acts, dra(-l
matic sketches, nl!u:nrate
news talks and civic Proé
grams have been televise
from the Philco studios.

THE OVERWHELMING LEADER IN
RADIO FOR 12 STRAIGHT YEARS

€

L

%

{
direct from the %
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Right...the First Lime

Fuse panels like these are in line with our most specialized kind of work. .. the

combining of met

al parts in bakelite assemblies. These are not standard parts, how-

ever. They were all made to the particular specifications of a new customer. From

a small first order these panels have since developed into numerous and larger orders

from the same source.
Many,
production bottlenecks to break and 1

We get a great kick out of being al

perhaps most, of our new jobs at Ucinite come from companies which have

1ot too mueh time to make sure that it is done.

vle to turn emergency customers into regular

customers . . . by getting things right the first time.

The UCINITE CO

Newtonville 60, Mass.

Division of United-Carr Fastener Corp.

Specialists in RADIO & ELECTRONIC
Py I
LAMINATED BAKELITE ASSEMBLIES |

CERAMIC SOCKETS -

BANANA PINS

JACKS - .

PLUGS ET

CONNECTORS
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THERE'S CGOLD HERE'

onotfher new letter iconj!es'l-,

% ‘“‘ k\'k\‘u mr‘-‘ ‘l-l

'1200°° ;, prizes every month Rules for the Contest

Hallicrafters will give $200.00 for the best letters received
during each of the six months of September, October, Novem-
ber, December, 1944, January, and February, 1945. (Dead
line: Your letter must be received by midnight, the last day
of cach month.)

$100.00 first prize, $50.00 second prize, $25.00
third prize, $15.00 fourth prize, $10.00 fifth prize,
plus $1.00 for every letter received.

Here we go again. Another great Hallicrafters letter contest . ]
8o 28 g For every serious letter received, Hallicrafters will send $1.00

so even if you do not win a big prize your time will not be
in vain. Your letter will become the property of Hallicrafters
1and experience with al/ types of radio communications built and they will have the right to reproduce it in a Hallicrafters
y Hallicrafters, including the famous SCR-299. advertisement. Write as many letters as you wish. V-mail
letters will do.

or service men. Wherever you are, whenever you see this

tnnouncement, drop us a line. Write and tell us your first

here is gold here! Write today to get your share, Tell us Open to scrvicemen around the world. Wherever you are,

whenever you see this ad, drop us a line. Monthly winners
will be notified immediately upon judging.

‘'our story in your own way. You can't lose and you can win
s high as $100.00.

" There's gold here ot the end of the rainbow in Hallicrofters
great letter :onteit—ond there's o great and exciting future
ahead for short wave enthusiosis. In peace time Hallicraft-
ers will continue to build *the radio man's radio’ and that
means the best that can be ~made. There will be a set for
you in ovr pQ:&vor fine,

adit 3t '_;,'C'l: (v

HE HALLICRAFTERS COMPANY, MANUV

BUY A WAR BOND r1ODAY!

icrafters Rapio

FACTURERS OF RADIO AND ELECTRONIC EQUIPMENT, CHICAGO 16, U.S.A.
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PERFECTION

quality control ==

assured Qﬁ

et "1

You can be sure your wiring harnesses!

[ ] [}
are okay--if Whitaker produces them
Skilled technicians, utilizing specially de- If your proauction needs include wiring
signed testing equipment, check every as-  harnessess, bonding jumpers, or cable as-
sembly produced by Whitaker. Hundreds of = semblies—it will pay you to get in touch
individual tests are made on some assem-  with us...Whitaker Cable Corporation, 1307
blies—and when passed by our experts, Burlington Ave., Kansas City 16, Mo. . . St.
you can be sure the job is okay. Joseph, Mo. . . Philadelphia . . Oakland.

WHITAKE

Cables, Wiring Harnesses and Assemblies for Automotive, Aircraft, Marine and Radio  Equipmen

42
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O.R SERVICES WELL RENDERED, | THANK
g THE MEN AND WOMEN WORKERS OF THE
| ELECTRO-VOICE MANUFACTURING COMPANY
WHO HAVE BEEN.AWARDED THE “/E BY THE

ARMY AND NAVY ‘OF THE UNITED -STATES.

Cleter ko 0 g

PRESIDENT, ELECTRO-~VOICE MANUFACTURING CO., INC.

&cm%we MICROPHONES

.!JCTRD-VOI(E MANUFA(T'U‘RIN‘G-(O.,LlN(.—»l239 SOUTH BEND AVENUE, SOUTH ‘BEND 24, INDIANA
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RESEARCH...SPEARHEAL

) 4

3n

A Y

-

'

<

The 80 practical specialists who work in this magnificent building at
Bayonne, N. J., have every facility — chemical, physical, metallurgical
—to aid them in bringing nearer their goal —extending to the

utmost the effective means of electrical transmission and distribution.
Built in 1941, the structure has already grown to 60,000 sq. fe. of
floor space — is planned for further expansion as needed.




XV INAMYR OGRESS...

. . . thus «basic research in a particular
industry devolves naturally upon the
leading manufacturer.” General Cable
has been alert to its responsibility.

In this great Laboratory are maturing
the insulation discoveries and

product developments which will lloom

large in days ahead.

GENERAL CABLE
CORPORATION

Manufacturers of Bare and Insulated Wires and Cables
for Every Electrical Purpose




434 MIDDLENECK ROAD =+ GREAT NECK, N.Y. =+ phone: GREAT NECK 4054

4
6 September 1944 — ELECTROJ



‘I T .
) %\‘\'}w\\\\“

WE HAVE AN OBJECTIVE, TOO!

onversion from the frantic pace of wartime production to

e e i

couraged such planning and released materials for the

e tranquil ways of a world at peace will be another gi- development of new products.

antic job. But it's one that must be done and done quickly This future-minded organization . . is still 100% engaged

hen the time comes. For we must be ready for peace.. in war work. But it is already planning and perfecting

2 must have jobs waiting for those boys who have been Electronic control devices which may readily play an im-

ut there doing the biggest job of all for us!

portant part in your conversion plans.

That's one of the reasons why the WPB recently en-

BUY MORE THAN BEFORE.. BONDS

Electronics will add 1o the comlorts
and conveniences of the home of
the luture, in the counlry as well
as the city. Keep your eye on the
Magic Eye. It's going places

M GUIRE INDUSTRIES, INC., GREENWICH o STAMFORD o BRIDGEPORT o NEW MILFORD o NEW YORK

ICTRONICS — September 1944 47




R G O |

JR\YTHEON VOLTAGE STABILIZERS

Regulate Varying Input Voltage

to Constant Output Voltage

BN = 5 e
_ Constant
FL . " N Ovutput Voltage
LS 115 volts = %%
o = == i 1 124
- e g ;
= = s ERNG - Mo,

Varying input Voitage
95 to 130 volts

e Ry, &t~ L SRR - - - e R

Precision operation of a wide variety of factory testing, production and laboratory elec-
trical equipment requires uniform, stabilized AC input voltage. A Raytheon Voltage Stabi-
lizer, incorporated in the product, permanently eliminates fluctuating voltages by assuring
constant output voltage of 115 volts = 1/,%. They are available in three designs fo meet
practically every installation requirement. Bulletin DL48-537 gives the complete story.
Write for your copy.

NOTE THESE PERFORMANCE FEATURES
CONSTANT AC OUTPUT VOLTAGE

Raytheon Voltage Stabilizers control  fluctuating
input voltages and hold constant output voltage to

+15%.
WIDE AC INPUT VOLTAGE LIMITS

AC input and the output to the electrical device
and the unit will take care of itself, stabilizing the
varying voltage to = V6%

NO MOVING PARTS

Raytheon Voltage Stabilizers have no moving

Raytheon Voltage Stabilizers will stabilize input
voltages varying from 95 to 130 volts.
QUICK RESPONSE

Raytheon Voltage Stabilizers stabilize the varying
input voltage within 2 cycles. Variations cannot be
observed on an ordinary volt meter.

ENTIRELY AUTOMATIC

Raytheon Voltage Stabilizers are entirely auto-
matic in operation. They require no adjustments
or maintenance. Simply connect the stabilizer to the

A

RAYTHEON

MANUFACTURING COMPANY

190 WILLOW STREEY, WALTHAM, MASS.

parts .. . Nothing to wear out thus assuring long life.

PARALLEL OPERATION

Standard Raytheon Stabilizers of identical rating
can be connected in parallel for higher output
rating.

THREE DESIGNS

Standard Raytheon Voltage Stabilizers are avail-
able in three designs .
endbell . . . to meet practically every installation
requirement.

. . cased, uncased and

|\

The coveted Army-Navy “E", for
Excellence in the monutacture of
war equipment and tubes, flies
over all four Roytheon Plants
where over 15,000 men and wom-
en are producing for VICTORY.

48

MANUFACTURERS OF VOLTAGE STABILIZERS, RECEIVING AND TRANSMITTING TUBES AND COMPLETE ELECTR

ONIC EQUIPMENTY
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OF A PERFECT
RECORDING
BLANK

PURITY OF COATING: There must be no sur-

face or concealed dirt, grit, mottling, lint,

streaks, whorls, *“orange peel” scratches, oili-
ness, ripples, wrinkles or unpleasant odor.
PROPERTIES OF COATING: It should be abso-
lutely smooth, of uniform density and thickness,
without pits which pop and click; soft enough
to cut; hard enough to retain good tonal values;
and it must-not-deteriorate with age. GROOVES
should be glossy, which means playbacks with-
out surface noise. THREAD must curl in one
piece and be static free. PLAYBACK, whether at
once, next month, or next year, must be 100%.

PROCESSING must give fine results whether

silvered or sputtered.

49
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See the Lepel Unit

in Operation
Booth H-610
National Metal Congress
and War Conference
Display
Public Hall, Cleveland
October 16-20

with High Frequency Induction Heating

Many production metal-joining operations now
performed by welding or brazing can’be done
with remarkable savings of time and cost by
modern Lepel High Frequency Induction Heat-
ing. The most intricate jobs can be so simplified
that they can be accomplished in a matter of
seconds by

1. Assembling pre-fluxed parts (in jigs if neces-
sary) with the brazing alloy pre-formed in the
form of rings, strips or irregular shapes.

2. Heating the joint or seam by means of a
“load coil” for the exact time necessary to in-
sure thorough penetration by the molten alloy.

Brazing alloys of any melting point from the
Jowest to the highest can be used.

<=

o RERRNS

An entire joint of any shape — or several joints
—can be heated at one time. Heating frequently
can be performed on a moving belt in conjunc-
tion with other operations to provide continuous-
flow production.

As the heat is generated within the metal itsclf,
the brazing alloy penetrates throughout the joint,
producing maximum strength and soundness. At
the same time, accurate manual or automatic con-
trol of time and temperature cycles prevents
excessive heating, minimizing discoloration and
practically eliminating scale. Thus litte, if any,
cleaning up or refinishing is necessary.

A Lepel field service engineer will be pleased
to call to give you further information and aid in
working out details of the applications of this
modern method to your joining operations.

LEPEL HIGH FREQUENCY LABORATORIES, INC.

PIONEERS IN INDUCTION HEATING
39 W. 60th STREET

NEW YORK 23, N.Y.
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Pride is something that comes from the heart.
It cannot be seen —except as a symbol, Such as these
service pins worn by our skilled craftsmen.

C-D’s men and women are outstanding technicians in their special
field — capacitors, Many of our men have been working on C.D capacitors
almost as long as modern capacitors have been in existence . . . for C-D pioneered
in capacitors and has manufactured them exclusively for 34 years.

Some of our men designed and made capacitors for wireless equipment used
in World War I. They proudly wear their symbols of long service. Others
wear their 5-year pins, their 10-year pins, their 20-year pins as a mark

of their skill, accumulated knowledge and experience in capacitors.

CORNELL-DUBILIER
dependability into C-D capacitors — that make them top CAPAC'In ns WORLD®
quality always. Cornell-Dubilier Electric Corporation, ‘ 3

South Plainfield, N, J. LARGEST MANUFACTURER OF CAPACIJ’QB_S

Our men and women are constantly striving for
improvements . and out of their inquiring minds
come new developments to meet the changing needs of
capacitor users. These are the people who build

MICA ° DYKANOL *» PAPER * WET AND DRY ELECTROLYTICS

1910- 1944
ELECTRONICS — September 1944
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its tough, flexible insulation enables you
to produce tighter coils in less time

® When you're using Formex* magnet wire, you can
literally *‘go the limit”’ in speed of coil winding and in ten-
sion. Its insulation film is so flexible that it can be wound
around its own diameter without cracking.

It is so tough that it has thirty times the abrasion
resistance of conventional enameled wire; so tough that,
even in the ultrafine sizes, the tension limit is determined
by the strength of the copper conductor, not by the in-
sulation

Formex wire is smoother and more flexible than either
enameled or fabric-covered wire. It puylls into place readily
without forcing or jamming.

Because of this extra strength and flexibility, you can
wind coils tighter and faster—and these same qualities
will insure more coils passing final inspection.

For more information on Formex magnet wirg, get in
touch with the nearest G-E apparatus office. General
Electric Company, Schenectady 5, N. Y.

*Reg. U.S. Pat. Off.

BUY
WAR
BONDS

608-18-1200
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A NEW NAME ON THE ELECTRONICS POST-WAR HORIZON

The period after the war may well become known as the “Electronic Era”,
In the development of the many ingenious post-war products; there will
be a need for specialized engineering of precise and intricate high
frequency components. This is our field. Our organization, with years of
expericnce designing and making such products is at present devoting its
maufacturing facilities 1009 to war work. These unusual facilities will
soon be available for the peacetime rieeds of

our industry, and our enginecring “know-how”

is at your service now to help ycu with your

post-war planning.

g :
w Yoy Py B

DIVISION-BLACK INDUSTRIES

1400 EAST 272ND STREET X CLEVELAND 17, OHIO
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STOP CORROSION

WITH LEXEL INSULATED WIRE

If you are worried about copper wire corrosion, there’s
good news in recent tests made by a well-known lab-
oratory. They placed cellulose acetate butyrate film in
contact with copper wires in electrical use, under
maximum water absorption conditions. No evidence of
corrosion was found on either the wire or the film.
(Copy of report on request.)

Lexel insulating tape is cellulose acetate butyrate.
These tests confirm our own laboratory findings and
the long experience of Lexel users. They prove not only
its noncorrosive qualities, but also its low moisture

absorption characteristics.

Lexel has other advantages, too. Small bulk and
weight save space in tight places. The conductor is
always center-sealed by heat in a continuous helical l
tube. Lexel has high dielectric strength and insulation .
resistance.

Test Lexel insulation tape for instruments, controls
lead-in and hook-up wires and other low-tension appli-
cations. We'll send you samples and names of manu-
facturers that can supply Lexel insulated wire and cable.

CUSTOM-MADE INSULATION

As a regular service, Dobeckmun engineers also develop lami-
nated insulation products, custom-made to special purpose
specifications, such as *slot cell and phase insulation for motors,
insulation for shipboard cables and other uses. If your require-
ments are unusual, call on us.

“LEXEL' is a registered trade-mark of The Dobeckmun Company.

DBECKMUN-

INDUSTRIAL PRODUCTS DIVISION « CLEVELAND 13, OHIO

*pMade by the makers
of DOBAR Insulation WESTERN SALES HEADQUARTERS . SAN PRANCISCO 4, CALIP.
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LUMB TO THE SOURCE

ORE THAN an engineering laboratory develop-  mend an instrument or combination of instru-
\ l g extraordinary new instruments and de. ments that seem most likely to offer a solution, and
ices more than a test service for the armed  no matter how specialized, will endeavor to provide
srcesand many of our largest industries . . | Waugh these instruments on order.
aboratories is a source of test instruments . . . the one In addition to this procurement service, Waugh
lace where an engineer or industrial laboratory  offers laboratory and field service in vibration,
1ay obtain the particular instrument required for  stress and strain determination and analysis, and
oecthic tests or as permanent equipment. also an instrument rental service.

{>iven your problem, Waugh will gladlv recom- Write us concerning your problem.

Our Service
Manua!

Car Db, and Rental
List sent

Free on Request m@@
M . J P

TRUMSNTS
RaNTAL 45T a
i

t

¥ic Coast Branch: 180 East California St, Pasadena 5, California 420 LEXINGTON AVE., NEW YORK 17, M. Y.




Every
MANUFACTURING|
CUSTOMER
Will Benefit

Industrial users of WILCO Prod-
ucts will find the increased facil- |
ities, the new products and tech-
niques developed by WILCO for.
war service of great advantage
to their own postwar products.

As the Hourglass indicates . . . with the
coming of peace. many WILCO products
now making for precision performance in
airplanes. ships, tanks, guns and instru-
ments of the Army and Navy will play an
equally important role in meeting civilian
needs for hundreds of useful and reliable
products.

The demand of all branches of the serv-
ice for Thermostatic Bimetals and Electrical
Contacts has motivated many WILCO de-
velopments of great potential value lo post-
war industry. New products added to an
already extensive line; increased facilities
for refining and fabricating precious melals;
greatly extended rolling mill facilities—
these new additions and improvements,
now devoted principally to the war effort,
will prove equally helpful to manufactur-
ing customers in meeting their peacetime
production and marketing problems.

WILCO PRODUCTS ARE: Contacts—
Silver, Platinum, Tungsten Alloys, Sin-
tered Powder Metal. Thermostatic Metal—
High and Low Temperature with new high
temperature deflection rates. Precious Metal
Collector Rings for rot.ting controls. Silver
Clad Steel. Jacketed Wire—Silver on Steel,
Copper, Invar, or other combinations re-
quested. Rolled Gold Plate. Special ma-
terials.

Tueg H. A. WiLsoN COMPANY
105 Chestnut Street, Newark 5, New ]ersey!

Branches: Detroit ® Chicago

Thermometals—Electrical Contactil
Precious Metal Bimetalllc Productsi

56 ‘.
b September 1944 — ELECTRONICY



-m@w

non-destructive

e

tool of many uses...in many fields

This newly designed Picker Series 50" Low Voltage X-Ray Unit
is a tool of many uses in many fields . . . light metals, plastics,
textiles, fibres, plywood . . . to name only a few. It provides accu-
rate controls on spot welds, routinely and non-destructively,
through periodic radiographic checks of operation pracedures
(es in example “A"). A typical example of its utility in the
field of plastics is evident in the radiograph "“B" above, where
dendity variations would indicate | the need for reyisions in
manufacturing #echnique.

Don’t imagine that such X-Ray check-and - control operations
require large space and cumbersome installations. On the con-
trary; this new Pickef"Series /50" X-Ray-Unit, designed for just
such work, is cleaip-lined, simple, compadct and efficient . . . capable
@f all kinds of low voltage long wavelength radiography from
5 KVP to 50 KVP. There is definitely a place for this machine in
your plant. Your local Picker representative will be glad to dis-
cuss with you its amazing utility and manifold applications.
Or send for Picker Bulletin 1444 which gives complete details.

special line - focus tube, water - cooled, end-
grounded

low absorption beryllivm window
continvous operation throughout entire range

safe electrically; safe against primary as well
as secondary radiation

T S e B Wl AL P SRR is A s e T

sets the pace in X-ray

; PICKER X-RAY CORPORATION o NEW YORK, N, Y.
\ WAITE M'FG DIVISION * CLEVELAND, OHIO

“CTRONICS September 1944
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The performance of a high power transmit-

ting tube depends largely on the purity of
the component metals used. That’s why
Taylor “Custom-Built” heavy duty tubes
rely on Callite for thoriated tungsten fila-
ment wire, tungsten filament springs and
tungsten welds.

Callite Thoriated Tungsten Filaments con-

Ve

‘HARD GLASS LEADS, TUNGSTENWAND MOLYBDENUM WIRE, ROD

58

tain the right proportions of tungsten and
thorium to give the required electronic emis-
sion plus the strength to withstand rough
handling and. higher overloads. Callite’s
careful processing of tube components is
backed by long experience in tungsten metal-
lurgy. You, too, can rely on us as a depend-
able source of supply. Callite Tungsten

Corporation, 544 —39th St., Union Cit

N. J. Branch Offices: Chicago, Clevelan

Taylor Tube Type B 838, manufactur
by Taylor Tubes, Inc. of Chicago, wi
Callite components.

& FOR R-DAY {Reconversion)

Discuss your post-war plans with our
engineers. Our accumulated knowl-
edge and experience is worth having
—Now. We can help you on the
design and selection of malerials.

AND SHEET, FORMED PAR'{

Septembor 1944 — ELECTRONH
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Throughout the world, the name of Chicago
Telephone Supply Company means leadership
in precision mass production of variable
resistors, both wire wound and carbon types.

%&w’ﬂecﬁa‘g;ca( Coriponernts Since 1556

VARIABLE RESISTORS, PLUGS, JACKS, SWITCHES, TELEPHONE GENERATORS, RINGERS

REPRESENTATIVES BRANCH OFFICES
R. W. Farris S. ). Hutchinson, Jr.
2600 Grand Avenue 401 North Broad Street
Kansas City 8, Missourl 4 Philadelphia 8, Pennsylvania
Phone: Victory 3070 A S ‘% Phone: Walnut 5349
Frank A. Emmet Co. \ = IN CANADA

2837 West Pico Boulevard

C. C. Meredith & Co.
Los Angeles 6, California

Strectsvitle, Ontario

ELKHART INDIANA
fTRONICS — September 1944
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Electronic Tubes!

New principles, new methods, startling resuits! Voices and images hurled
across the miles! Pin point navigation, electron-optics, electronic heating
and control—all these and more, speeding and bettering production and
communications! The vacuum tube is a super-bazooka blasting and clear-
ing the path of civilization.

E-E power Rectifiers and Amplifiers are leaders in the vanguard of this ad-
vance. Included in this diversified line are High Yacuum, Mercury Vapor
and Grid Control Rectifiers, Oscillators, Modulators and Amplifiers—all
ruggedly designed for heavy duty applications, and rigidly controlled
throughout production.

Complete technical information is contained in the descriptive E-E Data
Book—why not write today for your copy.

ELECTRONIC ENTERPRISES, INC.

GENERAL OFFICES: 65-67 SEVENTH AVENUE, NEWIRRK, 4, N. J.
EXPORT DIVISION: 25 WARREN STREET, NEW YORK, 7, NEW YORK

CABLE ADDRESS: SIMONTRICE NEWYORK

T

|
'3
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for sealing

ELECTRONIC TUBES
TRANSFORMERS
RESISTORS
CAPACITORS
CONDENSERS

% VIBRATORS
' \%} SWITCHES

RELAYS
N INSTRUMENTS
= GAUGES
| METERS
PRl | RECEIVERS
- TRANSMITTERS

TS

ILLUSTRATED are several examples of metal-  tight seal —effective under the most extreme
glass hermetic seals produced by Stupakoff for  climatic conditions.
various types of equipment. Stupakoff also supplies Kovar as rod, sheet,

The metal, KOVAR,* a cobalt, nickel, iron wire, tubing, eyelets, cups and other forms for
alloy, has made possible a hermetically sealed  those equipped to do their own glass working.
terminal without the use of cements or gaskets. Kovar-glass seals answer most hermetic seal-
The seal between Kovar and glass is \ ing problems. Write today for technical
a chemical bond in which the oxide data Bulletin KA-12 listing currently
of Kovar is dissolved into the glass available Kovar-glass terminals and

during a heating process. - The result L Bulletin KA-11A for standard Kovar
~—a permanently vacuum and pressure [

*FOR GREAT .
ACHIEVEMENT* shapes and si1zes.

DO MORE THAN BEFORE—BUY EXTRA WAR BONDS

I|OK MARK 337062 REGISTERED IN U.58. PATENT OFFICE

STUPAKOFF CERAMIC AND MANUFACTURING C€O., LATROBE, PA.
‘ |
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AT YOUR SERVICE

YOU can call on a wide rang
of experience in the Farnswort;g
engineering stafl. This outstandin
organization includes specialists iiﬁ
television . . . FM and AM receptio ‘
and transmission . . . Radar . .

phonograph reproduction . . . acou
tics . . . record-changers. !

War keeps these men busy todaj
Tomorrow they will be the bac

. .
.0. "rhr's'fl,rfofethfnf T‘:I::s;z: ground for Farnsworth radio, p
< —a new brochure for which you'll nograph and television equipm
°. have many uses. .. . drawing upon a rich experien
. of more than 19 years in electron

® research and development .

guarantee of leadership.

r A R N s w o R T H .. . And they will welcome yo
questions regarding all phases of

-7" 5 . dio and television transmission &
-eéﬂm : M . 7 WW reception. You'll find Farnswo
engineers leading in more and m

Farnsworth Television & Radio C‘orpordtion, Fort Wayne 1, Ind. Farnsworth Radio and fields . . . Famsworth exPeriel

and Farnsworth equipment bel
in your plans for the future.

Television Transmitters and Receivers; Aircraft Radio Equipment; Farnsworth Televi-

sion Tubes; the Farnsworth Phonograph-Radio; the Capchart; the Capehart-Panamuse.
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It is @ well known theorem in geometry that “'a whole is greater than any
of its parts and is equal to the sum of all of them™. This is certainly true
of electronic equipment where overall performance is entirely dependent
on each component part doing faithfully the job expected of it. Mica
capacitors are frequently assigned a tough job—one in which ability to
"stand up and take it", under the most severe operating conditions, is
of paramount importance.

Sangamo Type H capacitors were designed for just this kind of service.
Manufactured in accordance with the strict requirements of the Amer-
ican War Standard Specifications—case sizes CM45 and CM50—these
capacitors are performing faithfully in many types of electronic equip-
ment now in service in all corners of the world.

SANGAMO ELECTRIC COMPANY
SPRINGFIELD, ILLINOIS
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with Molded Insulation

by

ETAINING all of the inherent advan-
tages of the ceramic case Erie Insulated
Ceramicons, this new improved type, with
a one piece molded phenolic case offers
even better protection against humidity. It
also insures more intimate contact between
the silver electrode and the molded dielec-
tric, eliminating the possibility of air gaps.
In all other respects the molded type
Erie Ceramicons are the same as Cerami-
cons with ceramic insulation. Overall di-
mensions are unchanged. They cover the
same standard range of temperature coeffi-

Do More Than Before —Buy EXTRA War Bonds

ERIE RESISTOR

cients, from +100P/M/°C to —750P/M/°C.

At present both types are available, but
all production will be standardized on the
molded type in the near tuture.

Samples have been submitted to the
Army-Navy Electronics Standard Agency
at Redbank, N. ], for approval against
JAN-C-20. Orders are now being accepted
for both the molded insulated and ceramic
insulated styles against JAN-C-20. Write
for cross reference sheet showing styles
of Erie Ceramicons and corresponding
JAN-C-20 designations.

\\ FO0 WIGH ACHIEYEMENT
D 1% wan paoOUCTION

LONDON,

ERIE RESISTOR CORP., ERIE, PA.

ENGLAND

Electronics Division

TORONTO, CANADA

. . « now made *
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Lumaritu+ protects the
finest wiring from the

BLACK HAND OF CORROSION

THE UNUSUAL corrosion-resistance of Lumarith insulating
film is best shown by its application to coils of exiremely
fine copper wires where the tendency to corrode increases
rapidly as the diameter of the wire decreases.

Even when used with wires as fine as #40 AWG, Lumarith
gives protection due to the absence of electro-chemical de-
composition—that built-in hazard of insulations containing
an excess of water-soluble chemical salts. Lumarith is en-
tirely different chemically from paper, cotton and regener-
ated cellulose.

Lumarith also provides an effeciive barrier to high humid-
ity and moisture conditions, particularly important to the
insulation of small relay coils operating at high voltages.
Lumarith has a high soitening point (146°—177°C depend-
ing on formulation).

Corrosion-resisting wrappers of Lumarith film and Luma-
rith molding powders in solutions for dipping, are high in
dielectric and physical strength, low in moisture absorption.
Films come in a special mat finish which increases visibility
and decreases slippage in winding operatons.

Have you a copy of “Lumarith for the Electrical Industry?
It's well worth having on file. Celanese Celluloid Corpora-
tion, a division of the Celanese Corporation
of America, 180 Madison Avenue, New York

L LUMARITH ..o

*Reg. U.&, Pat. Ofr.

IECTRONICS — September 1944 85




These are special nuts, critical items of war production. They
were made originally by milling from round bar stock. Pro-

duction could not come near to meeting the demand.

Send for w{)sy of (hisdhooklel
r . . containing brief, diagram-
collar from a hex bar of smaller diameter. This obviates the matic atories of important aav-
ings on bolts, nuts and special

necessity of milling the hex from the round bar. parte. Ask for the “SAVINGS™

“National” developed the cold header method, upsetting the

On one of these items alone, our process released 500
milling machines and effected a saving in material of about
one-third. A serious production bottleneck was broken.

Have you scen our booklet “Saving Critical Man Power,
Material. Machines”? It may suggest how you can have a

production headache relieved. Write for it today.

THE NATIONAL SCREW & MFG. CO., CLEVELAND 4, O. l
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It was a great day for radio communica-

tion when National Union engineers

developed the technique of gold plating

certain tube parts. For by this ingenious
means they measurably extended the life of
power tubes.

The object, here, was not to make power
tubes structurally stronger—or even more
durable. Already these tubes were sound
enough mechanically to do a bang-up job. What
the N. U. process of gold plating did, was to
maKe the electrons behave. N. U. engineers
demonstrated that by gold-plating the grid wire,
they automatically eliminated a very disturbing
factor in power tube performance, known as

NATIONAL

grid emission. The source of this undesirable
primary emission was imprisoned within the
gold. No longer could it interfere with the
planned and controlled electron flow within the
tube. Result—power tubes of a higher per-
formance level and longer life.

Thanks to the greatly expanded electronic
research program at National Union Labora-
tories, many such improved tubes with wide
application in America’s homes and industries
will be available at the war’s end. Count on
National Union.

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

 RADIO AND ELECTRONIC TUBES

Transmitting, Catbode Ray, Recesving, Special Purpose Tubes o Condensers « Volume Controls « Photo Electric Cells « Panel flamps e Flashlight Bulbs
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¥ The Pan American World Airwal
routes shown below are those in ex}
tence on December 7th, 1941. Presél
routes cannot be shown,

PRECISION RADIO,

Kansas City, Kans.
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']AN AMERICAN WORLD AIRWAYS continues to perform a vital
i wartime service by speeding men and materials to every U.S. front
and outpost ... and AAC Precision Radio Products play an important

part in this service.

As the giant Clippers spread their wings across the world, AAC
Products help to maintain communications along the lifelines of this i
vast system which flies to every continent on the globe. These products
are in use at operations bases, both here and overseas.

This is just one example of how the engineering and production
skill of Aircraft Accessories Corporation serves the world’s great air-

lines—as well as various branches of the armed forces. As one of
America’s largest producers of transmitters and other precision radio l
equipment, AAC offers the services of its Engineering Department in
designing special equipment for you, without obligation.

Eizcrronics Division |

KANsAs CITY, KANSAS

=1 =

—

G In war as in

peace the PAA
Clippers serve hu-
manity. Here 1810
pounds of medical
supplies go aboard
atLaGuardia Field.

(1

{ CCESSORIES (JORPORATION

nd ELECTRONICS * ENGINEERED POWER CONTROLS

New York, N. Y. Burbank, Calif.

#CTRONICS

Cable Address: AAC ]:{e]

September 1944
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THE purpose of the electron tube is simply to
harness electrons to useful work. What shape
the electron tube takes in glass depends upon the
type of work to be done. As the result of fulfilling
many important wartime electronic assignments,
Sylvania now makes a wide variety of electron tubes
and now has the experience to design even more.
A few of them are shown here. There are many
more, some of which are still on the restricted list.
For information, write Sylvania Electric Products Inc,,
500 Fifth Avenue, New York 18, N. Y.

one standard—the bighest anywhere known

SYLVANIA

ELECTRIC PRODUCTS INC.

500 FIFTH AVENUE, NEW VYORK 18, N. V.

S T ap———— e e g T B

e w—l o —
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llrways PACKS

1,100 HOURS INTO A DAY

MHE minute the giant transatlan-
tic Pan American Clippers get
ck to their base, they get an ex-

qustive going over.

s thorough. And it’s fast.

swarm of mechanics, working in
ght-hour shifts, get the job done
60 hours — 2,100 man-hours a

y.

hat helps this swift turn-around
ie Elastic Stop Nuts. These nults
wve been on every Pan American
lipper since 1928. They are on
lotors, mounts, wings and count-
38 structural parts.

articularly timesaving are the
.nchor Nuts which permit smooth
lind mounting. Hundreds of these
-sten the covers for inspection
venings. These Anchor Nuts* are
t Esna development and are used
7 millions in all kinds of airplancs.

lastic Stop Nuts lock tight and fast
ithout any auxiliary devices.
here’s no time wasted in fussing to
't them off and back on again.

hey lock because of the elastic col-
1r in the top. This collar squeczes

. between the bolt threads. It’s
umpressed tight. The nut can’t
'rn. It can’t wiggle. It can’t shake
ose. And you can take it off and

ECTRONICS — September 1944

put it on again many times and it

still locks.

Every fastened product can be bet-
ter because of these nuts — can he
safer, tighter, quieter, and longer
lasting.

So if you have a fastening problem
now, or sce onc ahead, let us show
you how these red-collared Esna
Nuts can help. Our engineers are
ready to consult with you and rec-
ommend the appropriate nut.

LOCKED ON
THE BOLT 8Y
THE ACTION OF
THE GRIPPING
RED COLLAR,

THE COLLAR
IS ELASTIC,
THE NUT CAN BE
USED TIME AND
TIME AGAIN.

MADE IN ALL SIZES AND TYPES — WITH
THREADS TO FIT ANY STANDARD
TYPES OF 8OLYS

TRADE MARK
ELASTIC STOP NUT CORPORATION
OF AMERICA

ELASTIC STOP NUTS

Lock fast to make things last

UNION, NEW JERSEY AND
LINCOLN, NEBRASKA

Il




This NEW Sturdy, Smaller |
Transtat AC Voltage Regulator &

OI-FF.RS INCREASED
| POSSIBILITIES!

[ SRS L

The new TH 2%A Transtat A. C. Voltage Regulator is half
the size and less than half the weight of the smallest pre-
vious TH Transtat. When used as a dual unit, a further
space saving is made possible by base-to-base mounting.
In attaining this extreme compactness, AmerTran also intro-
duced several mechanical innovations: the unique die cast
brush arm with its generous heat dissipating surface;
smooth commutator with soiid insulation between segments;
the operating shaft that can be quickly changed for table,
panel or gang mounting; the Phenolic Thermosetting Plastic

Base with its terminal barriers and other features.

Yet the TH-2'2A Transtat’s conservative rating is a working
rating—output voltages are full load voltages. Exciting
current is only 0.06 amperes. Control throughout working

range never exceeds 0.4 volt increments. And like its

Pioneer Manufacturers
MER of Transformers, Reactors
RN‘ and Redtifiers for Electronics
and Power Transmission

72

larger brothers, it cannot disturb power factor, distort

wave form or interfere with radio reception. Investigate

its possibilities in your apparatus today.

Write for Bulletin 171-01

TYPE TH-2'4, A TRANSTAT FOR SINGLE PHASE OPERATION |

Input Output Ovutput I
VA Frequency Volis Volts Amperes |

50° Centigrade Rise
Nominal 300 50/60 15 0-115 26 |
Maximum | 340 50/60 ns 0-130 26 |
TYPE TH-2X-24 A TRANSTAT DUAL UNIT. OPEN DELTA i
CONNECTED FOR THREE PHASE REGULATION |

50° Centigrode Rise
Nominal 520 50/60 15 0:115 26 |

Maximum 590 50/60 ns 0-130 2.6

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

AMERI
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| TO FIRST-TIME

w USERS . . _ .
DON’T LOOK FOR A

JACK-OF-ALL-TRADES

IN ELECTRONIC
"HEATING MACHINES

EJECTRONIC HEATING is rapidly outmoding many
ndustrial heating processes because of its numerous
1dvantages, recognized and acknowledged by all lead-
ng industries.

It is, however, important to realize that the maximum time- - ez
md-money-saving advantages of the process can only be

ealized by using it correctly in every application. Each heat- :
ng process requires a definite FREQUENCY and POWER
rombination. @ , ——

To use any combination of frequency and power other than
he one ideally adjusted to the process implies a waste of power
ind the use of a "misfit” size machine.

No electronic heater has ever been built that can provide a
arge enough variety of frequency and power combinations
© permit economical application to more than one type of

leating operation. M u[

For 23 years we have pioneered and specialized in electronic :
1eating. As recognized experts we urge all first-time users to |
ronsult our engineers and to investigate the many advantages ; ‘

l
1

f our complete variety of units before buying. Write to us | TET
or detailed information. J\ .
lur equipment offers you « selection of frequencies up to 300 megacycles— M .

nd the following power range, with stepless control from zero o full load:
LSI 7v2,10,12v,, 15, 18, 25, 40 and 100 Kw.

\
\.

.
I
ol Manufacturers of Vacuum Tube
,E DIVISION OF "5 CORRUGATED QUENCHED GAP COMPANY and sP“rlf Gap Converters
119 MONROE STREET GARFIELD, NEW JERSEY Sl”ce 1921
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Meeting the severe operating conditions
encountered in military, aircraft, police,
broadcast, P-A and other equipment...

P

HYVOL HATHTUR"

i

y o
‘%,,- '{';;_-;4-‘1"'
.
@ These drawn-container units are designed for appli-
cations requiring compact, extra-quality capacitors.
Aerovox Type 30 capacitors are specified for equipment
that must undergo severe-service operating conditions,
more particularly in military, aircraft, police, broadcast,
public-address, and other classes of communications
equipment, as well as in electronic assemblies operat-
ing hour after hour. These “bathtubs’ are standard
capacitors in Government radio and electronic equip-
ment.

Type 30 is Hyvol impregnated and filled. Type 30M is
mineral-oil impregnated and filled. One-piece drawn

w > Y

& B SV v &
" 'Jr_r_ TN a4

a & uj“'..:‘ Yy LW Y
A VY

e

AEROVOX CORPORATION, NEW BEDFORD, MASS., U.S.A.
Export: 13 E. 40 ST., NEw York 16, N. Y. -

7/

metal case with soldered bottom plate. Terminals are
constructed with the Aerovox-originated 'double-rub-
ber” bakelite insulators permanently riveted to the
case, making a sturdy, absolutely immersion-proof as-
sembly. Terminals on side, top, bottom or ends to suit
mounting and wiring requirements.

In 400, 600 and 1000 v. D.C.W. Choice of capaci-
tances. Single, dual and triple sections.

o Write for descriptive literature and listings.

5 )

Cable: ‘ARLAB’ - In Canada: AEROVOX CANADA LTD., HAMILTON, ONT.
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Specify Your Own Deﬂection Curves
for Rubber Mountings and Bearings

3000 -
2800 ////
2600 -
2400 J/ —
A
2200 > { A
2000 ,:o /Q)//
a |4 A/
1800 = = 2
00 | io l / o5
<// <
1400 g @*:7
I 1200 —= y’
+
1000 r
/ _ Cha puparior tonfrol of engineered Silent-
800 / blec . Manufacturer, using t with
dafl neadod| greater flexibility
LU / during norm jion with rigidity ot higher
lead jlm_m[y_!i OB with a Silent-
U bloc
200 /r
DEFLECTION
0 1 2 3 4

Shear-type Silentbloc rubber mounting
for damping or isolating vibration. Inde-
structible rubber-to-metal bond.

Silentbloc to give controlled torque ac-
tion, Trouble-free—no lubrication or
service needed.

Silentbloc bushing to correct for mis-
alignment in needle or ball bearings and
in shaft supports.

Rubber ring, left, is elongated and cone
fined between concentric metal sleeves,
right. Elongation and distortion give
controlled performance.

'THE GENERAL TIRE & RUBBER CO.

~— We Can Engineer

THE GENERAL SILENTBLOC
To Conform Exactly To That Curve

You need not put up with “roughly
good” results from vibration-damping
materials. Designing with General Silent-
bloc mountings, bearings and couplings,
you can specify the exact performance you
want—and get it.

Patented Silentbloc construction per-
mits almost infinite variation in perform-
ance characteristics. A rubber ring of pre-
determined size and modulus is inserted
into a metal tube under high pressure. An
inner sleeve or shaft is ‘“shot” with ex-
treme force through the axis of the rubber.
Performance is determined by the varia-
bles—length and diameter of metal sleeves;
type, modulus and elongation of rubber
ring; distortion of inner and outer diame-
ters of rubber; confinement of rubber by
snubbing rings.

The permanent radial compressive force
of the rubber forms an indestructible ad-
hesion with the metal. The tensed rubber
stays *‘alive,”” does not harden.

General designers can engineer Silent-
bloc fittings to conform to your specified

Mechanical Goods Division, Wabash, Indiana

FLECTRONICS — September 1944

rate of deflection for controlling, isolating
or insulating against vibration or noise,
absorbing shock loads. Silentbloc bear-
ings are also used to give trouble-free
torque action and to correct for misalign-
ment of bearings and shaft supports,

Silentbloc can be made of any metal,
any type of rubber, in any size to carry
loads of ounces to tons.

Silentbloc has been used in many fields
—automotive, aviation, electrical, indus-
trial machine, home and farm equipment.
It can give your new products higher
efficiency, longer life, less maintenance.
Write for new booklet giving full informa-
tion. The General Tire & Rubber Com-
pany, Dept. 92. Wabash, Indiana,

=
-

GENERAL

SILENTBLOC

MOUNTINGS ... BEARINGS
COUPLINGS

75




T

Wide Range
of Types

The question faced by every user of electrical
wire and cable is: What is the specific job, what
are the special qualities needed? The answer can
be readily found at Auto-Lite.

Auto-Lite engineers will be glad to help you deter-
mine just what size, type and shape of wire you
need, what material to use and what insulation.

Wide Range of
Shapes and Sizes

Wide Range
of Insulations

et e e e

Auto-Lite research has anticipated the problem,
has engineered the solution. The manufacturing
facilities in the big Auto-Lite plant are diverse
enough to furnish the kind and quantity of elec-
trical wire and cable you need. Address your in-
quiries to

THE ELECTRIC AUTO-LITE COMPANY

SARNIA, ONT. Wire Division PORT HURON, MICH.

TUNE IN “EVERYTHING FOR THE BOYS' STARRING DICK HAYMES—EVERY TUESDAY NIGHT—NBC NETWORK

“ 76
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_ pro®Y
| 00 AmpnENOL
: o 8’5 ,A\‘.i‘.i\°

If in your products you use electrical transmission equip-
ment, there is in these Data Sheets information that you can
use to advantage, if not today then on postwar products.

Amphenol equipment is used where the requirements
are tough. There are Amphenol products for current of low
or high frequency. Wherever you use electricity you need
the best of equipment—Amphenol,

Use the coupon to send for
the information you want

AN and 97 CONNECTORS — = —— — — — —
Where electrical connections must be positive and secure, where they must
be made or broken quickly —as on aircraft, tanks or shipgs—~these connec-
tors are used. Made with from one to forty-eight contacts. On the coupon
check Section A.

SPECIAL CONNECTORS ~— — — — — — — — . -
These are the special service connectors—explosion proof, moisture proof,

thermo.coupling, grounding, instrument, special mounting, etc. Mark the
coupon Section AV,

CONDUIT FITTINGS —— — — — — — ——————— -
Conduit couplings—straight, 45° and 90°, coupling nuts, ferrules, clamps,

etc. Designed lot secure connections. Properly finished to avoid abrasion

ot wire insulation. On coupon check Section B.

AIRCRAFT ELECTRICAL CONDUIT and CABLE ASSEMBLIES — — — — — — e
Flexible metal and plastic conduit, cable assemblies, wiring harnesses,
etc. Ample facilities for quantity production. On coupon check Section B1.

SPECIAL TOOLS — — — — — — — e _ _ -
Conduit ferrule crimping machines, saw vises tor cutting conduit and
cable. Special tools for good work on this type of electrical equipment.
Mark on the coupon Section C.

U. H. F. CABLES AND CONNECTORS - — — — — — o
For ultra high frequency transmission- -Amphenol low-loss cables and
connectors—a complete line. This includes the full list of RG type cables

On coupon check Section D.

BRITISH CONNECTORS — — — — — — —_————— e =
In quality, type, range of size and application these are similar to Am.
phenol AN and 97 —but built to specifications of the British Air Ministry,
Mark the coupon Section E.

RADIO PARTS AND ACCESSORIES == — — —— —— — _ _ _ _ _ -
For Radio, FM, Television, Electronic and Sound equipment-—connectors,

sockets, plugs, etc. Also special tools for wiring. On the coupon check
Section F.

SYNTHETICS FOR ELECTRONICS AND INDUSTRY — — — — — — __ _ _ __ -
The story of Amphenol’s facilities for ma ing plastic parts or products

by compression or injection molding, extrusion or machining On the
coupon check Section G.

AMERICAN PHENOLIC CORPORATION
1830 S. 54th Avenue, Chicago $0, Wlinois

Please send me information and Data Sheets as checked

below-without obligation.
] Section A [C] Section B1 [] Section E
[] Section A1 [] Section C (] Section F
[] Section B [] Section D ] Section G
| Signed
= : Company
i
1 Address
[II City and State .
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TURBO Impregnated Fibrous Glass Tubing
Is the complete solution to insulating
problems when abnormally high temper-
ature dictates the choice of glass. The
natural advantages of fibrous glass as an
insulating material are actually enhanced
by the exclusive TURBO process of Var-
nish Impregnation — a special process
that penetrates all the way through to
insure “perfect Insulating qualities.. .

DIELECTRIC STRENGTH
ATHIGHTEMPERATURE

This unique TURBO process of impregnat-
ing fibrous glass produces a tubing of
increased dielectric strength, absolutely
impervious to moisture. At the same time
the inherent flexibility of the glass fibre
is retained by using flexibly constituted
TURBO Insulating Varnish. - Varnished
Glass Tubing may be cut to any length—

because fraylng is a non-existent factor.

WILLIAM BRAND & COMPANY

276 Fourth Ave. New York, N. Y.

325 West Huron Street Chicago, III.

ELECTRICAL INSULATIHE MATERIALS « TURBO OIL TUBING AND .SATURATED SUEEYING © YARNISHED CAMBRIC o PAPEN AND TAPE o MICA AND MICA PRODUCTS

September 1944 — ELECTRONICS
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creative
engineering

[he electronic engineer has more than a testing and
ssearch job. His is a creative job, too. From his fer-
le mind come the great new ideas for the electronic
juipment which is helping to defeat the enemy and

hich will mean a glorious peacetime era when peace

is playing in winning the war. When peace comes,

assured. Most all industries will benefit from the

. o : . Raytheon’s research and wartime production knowl-

ighly specialized technical and scientific knowledge

[ the electronic engineer and the discoveries he has  ¢(%e Will be used 1o doubly protect the electronic

1ade. equipment requirements of post-war radio and
Raytheon is proud of its part in the immeasurably industrial products manufacturers, and to assure

nportant role that advanced eclectronic equipment Raytheon’scontinued leadership in the electronicer
quip P a.

ARMY-NAVY “"E'" WITH STARS
Awarded All Four Divisions of Raytheon
for Continved Excellence in Production
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. .. and how they are applied

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

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

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

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

i

CONTENTS
OF MANUAL

The Cathode-Ray Oscillo-
graph: iniroduction, gener-.
al description, high-vollage |
power supply. amplifiers,
linear timesbase generator,
intensity modulation, low-
voltage power supply, me- |
chanical considerations,

conclusion.
L]

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

* L] L]
DuMont Cathode-Ray
Equipment: description,
specifications, accessories,
oscillograph type compari-
-son list, specialtly products.

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

L] L3 L]

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

L] L .
Instrument and Tube Appli-
cation Notes: frequency
and phase determination,
photographic measure-
ments, observation of relay
rebounce, efc.

fast-moving cathode-ray technique.

Each manual bears a serial number

so that the name and address of its
recipient may be duly registeted.
Additional pages are mailed from
time to time.

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

ciiin Elochonies & fodbwaiiin

AlllN B. DUMONT LABORATORIES, ING., PASSAIC, NEW JERSEY - CABLE ADDRESS: wrsnxun NIW YORK

80
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| the theaters of war and on the battlefronts,

ery precaution is taken against failure of
-mmunications. The performance of Wilcox
io equipment has proved its reliability
ider all conditions, in all parts of the world.
[ day, Wilcox manufacturing is fulfilling mili-

iy needs and those of the commercial air-
les of the nation.

LTRONICS — September 1944

WILCOX ELECTRIC
COMPANY

Manufacturers of Radio Equipment

Fourteenth & Chestnut o Kansas City, Mo.
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WHEN YOU SELECT A NEW TRANSMITTER

Easy to put on the air, easy to keep on the air . ..
that's what you want in a transmitter, and that's what
Westinghouse equipment assures.

Specifically, here are some of the features that
make for operating simplicity in Westinghouse
Transmitters:

1. One Master Control puts the transmitter on the
air and cuts the power off at the end of the broad-
cast period. It is impossible for power to be
applied in the wrong sequence.

2 Individual Tuning and Adjustment Controls are
mounted on the front panel, easily accessible.

3. Indicator Lights Flash Circuit Conditions to
Operator, indicating instantly which circuit re-
quires attention.

4. Simplified Circuits—require a minimum of tubes
. ..no tricky wiring.

Westinshouse

PLANTS IN 25 CITIES . .. OFFICES EVERY WHERE

A M  E L E € 1

82

RADIO DIVISION

5. “De-ion’’ Breakers Show Outage Location, pros
viding fuseless protection for the low -voltage
power circuits.

Simplicity of Control is only one feature of Westing:
house Transmitters. Others equally important are:
Low Operating Cost, Continuity of Operation, |
High Fidelity Signals, Ease of Maintenance.'

o1

\

By placing your order today for a Westinghousé ‘
transmitter, you assure yourself of the fastest possible
delivery following the lifting of wartime manufactuf:y
ing restrictions. We are scheduling deliveries in th J
sequence in which orders are received. For detail-j,
write Westinghouse Electric & Mig. Company, Depl

INB, P. O, Box 868, Pitisburgh 30, Pa. '
J.osoﬁ:

e M=

O N 1 € § -»
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'u can have the fabricating advan-
‘es of coils for all regular require-
ints when you use Armco Electrical
els.

‘or those grades where cold rolled
) ctice has not yet been developed
‘assure coils of highest magnetic
jality, ArMco has perfected a
lque method of butt-welding hot
ted sheets into coils which can be
 plied as narrow as one inch. This
&5 you the advantage of continuous
jrations for all grades of silicon
#l. Weld thicknesses are guaran-

E:CTRONICS — September 1944

HERE AR;;E:;I%E[ COILS
HOT ROLLED SHEETS !

teed to be within the thickness toler-
ance of the sheets. Magnetic quali-
ties are not affected by the welds.

This way you can save time, labor
and steel by using coils for all stand-
ard operations. There are relatively
no end-of-strip scrap losses. And
besides being easier on dies, coils help
step up production by eliminating all
“hand-feeding” to presses.

Whether you need coils or sheets,
there is a grade of ArMmco Electrical
Steel for every requirement. You will
get stecl of top magnetic quality with

low core loss and exceptional perme-
ability ; steel that is ductile, flat and
clean-surfaced.

Write for data on Armco Electri-
cal Steels for specific jobs. We’ll be
glad to supply you with the infor-
mation you need. Just address The
American Rolling Mill Company,
2601 Curtis Street, Middletown, O,

EXPORT: THE ARMCO INTERNATfONAL CORPORATION




SOCKETS

MINIATURE
OCTAL
DIHEPTAL
BAYONET TUBE
LOCKIN
GLASS TUBE
ACORN
PILOT LIGHT
DIAL LIGHT
CRYSTAL HOLDER
BATTERY
CATHODE RAY

of Laminated, Bakelite
or Ceramic Construction

Write for your

BUYERS
GUIDE

self—bound for
convenience

TERMINAL BOARDS
CONNECTION BLOCKS
PLUGS

of Moulded or
Laminated Construction

BANANA PINS
ROTARY SWITCHES
METAL AND NON-

METALLIC STAMPINGS

Through the courtesy of the
publishers of Electronics we are
able to distribute to purchasing
agents, engineers, etc., bound
copies of the 1944 Buyers Guide
of Electronic and Allied Equip-
ment . . . requests on Company
Letterheads shovld be addressed
to Dept. BG, A. W. Franklin
Manufacturing Corp., 175 Varick

Street, New York City 14, -
If you have not received your copy

of the 1944 FRANKLIN catalog...
NOW is the time to write for one.

A ‘V FRANKL MANUFACTURING CORP.
° ° 175 VARICK STREET « NEW YORK, 14, N. Y.
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PURE, READY-TO-USE 7IRCONIUM METAL POWDER
EXPEDITES TUBE PRODUCTION

Of the many advantages of “@G” grade b. “G” grade has little or no tendency
Foote Zirconium Metal Powder, one to mirror the tube wall or insulating

of timely interest to tube manufac- parts, therefore it eliminates inter-
turers is its purity. element leakage and losses, raises the

maximum load limit of the tube, de-

“G” i ially prepared for _ ;
power a%lr:;(::al:sf[ﬂifilng);ul{)esp It is ex- creases shrinkage and increases tube
. ¢ life.
tremely pure, & typical analysis reveal- -

ing only 0289, acid soluble calciuni, Tt does not easily alloy with the
.005% iron, and ,04.% aluminum. Fur- molybhdenum plate and thus decrease
thermore,“G” grade s not a compound its efficiency as a getter.
a“.d contains no g‘fses “‘\.hi?h must be _ With “G” grade the pumping time
driven Of.f before using. G, grade may for certain tubes with carbonor graph-
he used just as received wn.lh the addi- e anodes is reduced over 50%.
tion of the usual proper binders.

If you are not familiar with the other
advantages of Foote «G” grade, this
brief review may be helpful to you:

_ oG grade is a continuous getter at
temperatures less than 400°C. but is
most active over 600°C.

For additional information about Foote

a. A surface sprayed with “G” grade ; (
7irconium Metal Powder you are urged

Zirconium Metal Powder approaches ]
a perfect black body in heat radiation. to write us.
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FOR EVERY PURPOSE

RRCX"

TEST INSTRUMENTS

Precision apparatus performs with maximum
efficiency when serviced by precision test equip-
ment. The quality testers manufactured by
RCP meet industries’ needs for superior equip-
ment because of their consistently reliable
performance.

Typical of RCP’s advanced design is the Elec-
\ronic Limit Bridge Model 670 for precision
resistance testing.

The scale is uniformly calibrated from 0 to
10% deviation on ‘either side of center; each
division represents 0.5%. Simplified direct read-
ings are in terms of plus/minus deviation from
a built-in standard of predetermined resistance.
The built-in standard can be any value specified
from 8 ohms to 10 megohms. Provision is made
for the use of external standards of specified
values as well as external and internal standards
in combination.

Other RCP electronic and elec-

trical instruments are described in OTHER FEATURES OF THE MODEL I ! 670 ARE:
catalog 128. If you have an unusual

test problem—for production or Component resistors are 0.1% accurate + 4%" Galvanometer has a
laboratory work — our engineers sensitivity of 25 microamperes in either direction * Battery operated *
will cooperate in helping you find Auwtomatic cutout switch disconnects batteries when instrument s
the most efficient solution. not in use » Engraved bakelite case is heavily shielded + Complete

with self-contained battery supply, ready to operate . . .. $150.00

RADIO CITY PRODUCTS COMPANY, INC,

127 WEST 26th STREET NEW YORK CITY 1, N.Y.

MANUFACTURERS OF PRECISION ELECTRONIC LIMIT BRIDGES — VACUUM TUBE VOLTMETERS

— VOLT-OHM- MILLIAMMETERS — SIGNA

GENERATORS — ANALYZER UNITS — TUBE TESTERS — MULTI-.TESTERS — OSCHLOSCOPES — AND SPECIAL INSTRUMENTS BUILT TO SPECIFICATIO
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Lasting the International Meter Rods
# Parts 1874. The degree of accu-
acy attained 1/1 0,000,009 9f a quad-
lant of a terrestrial meridian.
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FOR TRANSMITTING TUBES

S

O
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$ > / A\

IN every art or craft, the work of some acknowledged master
sets the standard.

Since 1934 UNITED has won recognition by specializing
exclusively in the engineering, design and building of trans-
mitting tubes which are unchallenged for excellence. UNITED
tubes excel in every electronic application . . . including radio
communication, physiotherapy, industrial control and electronic
heating. In these and other applications, tubes by UNITED con-
tinue to win top honors for uniformly dependable performance.

In communication equipment for airlines, commercial broad-
casting, police radio stations and other vital civilian services,
UNITED transmitting tubes set the standard. Accept nothing
less than UNITED quality tubes for your requirements.

r RA N S M I T 'I' I N G Order direct or from your electronic parts jobber.

T U B E S \ f‘\; ,:’::IED, ELECTRONICS COMPANY

New Jersey

Transmitting Tubes EXCLUSIVELY Since 1934
I
TRONICS — September 1944




oo AT

'bﬁ

RN\ B

Here’s an Insulation that Handles Easier,

WHEN YOU USE BH
FIBERGLAS SLEEVING!

Cuts Cleaner and Saves Time

IF you're exasperated by ordinary sleeving that
frays on the ends, works stiffly and doesn’t hold
up in use . . . then you’ll certainly want the low-
down on BH Extra Flexible Fiberglas Sleeving!
For this is a really flexible and definitely non-
fraying sleeving—built around the excellent in-
sulating qualities of Fiberglas by an exclusive
BH process.

Fiberglas, you know, is moisture-resistant, |
high in dielectric and tensile strength and is
shunned by fungus growths and unharmed by
most chemicals. “Punishment’’ tests prove that
BH Extra Flexible Fiberglas Sleeving has even
more advantages. It is permanently non-fraying
and non-stiffening. It won’t burn because both
yarns and impregnation are non-inflammable.
And it lasts indefinitely without cracking or
rotting. '

Assembly and repair men say BH Extra Flex-
ible Fiberglas Sleeving is a pleasure to handle
and a sure bet for long life in the most severe
service. So why tolerate a less efficient sleeving l
any longer? BH is available in all standard colors
and all sizes from No. 20 to %", inclusive.Write for
samples today and make your own comparison! '

PRODUCTS

Dept. E Conshohocken, Penna.
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The Stake of the United States
in Expanding World Trade

‘ N T ITH the war in Europe racing to a climax, and

with a sure pattern for the defeat of Japan al-

ready outlined, American business is confronted
with the need for an immediate decision on long-term
economic policy.

What is this country’s foreign trade program to be
after the war:

No intelligent appraisal of all the factors any longer
can allow us to postpone considering the issue merely
because, in the past, foreign trade absorbed barely
eight per cent of our production.

Actually, a whole new set of conditions was injected
into the picture by the first World War; but we per-
sisted in ignoring these new factors.

Almost overnight, the United States was transformed
from the largest debtor nation in the world to the second
largest creditor nation. At the same time, we made faster
technological progress than any other nation. Thus we
created the need for more dollar exchange on the part
of the rest of the world and simultaneously made it
harder for other nations to earn dollars.

Today, as another, far vaster war is approaching its
end, those changed circumstances aré magnified. Amer-
ica has new responsibilities—to itself, and to the world.

Our war-inflated industrial capacity cannot be al-
lowed to drop back to prewar levels without causing a
domestic crisis which we dare not permit.

And, because so much of the world is geared to the
American industrial machine, we can no longer contem-
plate calmly the repercussions of a largely self-sufficient
trade program or of an unplanned foreign trade pro-
gram. Either would inevitably set the stage for the next

world war,

* % *

1f we are going to prepare ourselves intelligently to
cope with this new problem, we must acknowledge

certain basic principles.

World trade cannot be rebuilt simply by attempting
to restore prewar flows of goods. The war has so com-
pletely changed the economic fiber of many countries
that it is necessary to develop new trade relationships.
The East Indies, for example, may find the demand for
their rubber considerably reduced; the United States
may, to a large extent, have to cease exporting cotton;
Japan will need to find new substitutes for much of its
exports of silk; the British will need new markets to
replace the income which they formerly derived from
their large overseas investments.

We cannot expand markets for our goods, at home or
abroad, unless we find ways of buying more supplies

from more people at home or abroad, so that they will
have more dollars to spend.

And we probably cannot create increasing buying
power abroad without first exporting more of our tech-

al skills—our engineers, our production and man-

nic
markets for our owi

agement men—to build new
specialties.

b4 * b4

What is needed to rebuild the world’s economic
system?

1. Most basic of all, of course, are stable governments which
command popular support. In the absence of strong gov-
ernments, currency stability cannot be achieved.

2 Most war-stricken countries, for a year or two, will need
rehabilitation loans, because they will require far more
raw materials, equipment, and live stock than they can
pay for out of current production.

3. Loans, however, are only a stop-gap, though often a
necessary one. Far more important than rehabilitation
loans will be the creation of better opportunities for war-
stricken countries to sell to the rest of the world, partic-
ularly to the United States, South America, South Africa,
and India. The ravages of war do not completely destroy
the ability of a country to sell. Indeed, it is surprising
what large supplies of certain commodities war-torn
countries have on hand even before devastated industries-
have been restored. The invading troops in Normandy—
found shoes almost non-existent, but they found {oocrm
more plentiful than in Britain. pan

Better opportunities for war-stricken countries to se
would create opportunities for them to buy the thing
they will require to restore scattered industries and d
pleted farms, and would help those countries to get ri
of the exchange controls which are now universal.
long as a country is able to expand its exports only slow
and painfully, and is dependent upon foreign loans
prevent the depreciation of ils currency, so long will
carefully preserve exchange controls and other restri\
tions in imports. That is why large advances, eit!
through an International Monetary Fund or an Interrp %y
tional Investment Bank, can make only limited cont
bution to the removal of trade restrictions.

4. Permanent monetary and credit arrangements are nee
to protect nations against temporary pressure upon tlea!
currencies, to permit necessary changes in exchange e 9
to be made in an orderly marner, and to assure that g
ernments never again will repeat the “beggar-my-nei
bor” policies of 1931 and 1932. BRI

5. Finally, the world needs a reversal of the trend tO\;n“l

economic self-sufficiency, which received a strong»
petus from the first World War and an even strongei
from the great depression of the Thirties. This doe
mean that the efforts of many raw-material prod
countries to diversify their industries should be opr
During the late Nineteenth Century and the first pi




this century, the international specialization of produc-
tion was carried too far, with the result that many coun-
tries became dependent for a large part of their standard
of living upon the export of one or two raw materials —
coffee, sugar, rubber, silk, wheat, wool, and meat. Be-
tween the two World Wars, however, the pendulum swung
much too far in the direction of self-sufficiency. Some
densely populated industrial countries of Europe (Italy,
France, and Germany) even attempted to become self-
sufficient in wheat, fats, and sugar. So limited are the
natural resources and technical skills of most countries
that each one finds many things which it can produce
only at prohibitive costs, Between the extreme speciali-
zation of the late Nineteenth Century and the more re-
cent trend toward extreme self-sufficiency, a happy me-
dium should be sought,

o4 ® o4

What role should the United States play in recon-
structing the world's international economic system?

There are those who suggest that the United States
be a more or less permanent Santa Claus. They believe
that an excess of exports could be financed only by
“loans”—loans that would eventually turn into gifts, af-
ter producing bitter controversy over why the “debtor”
country did not meet its obligations. The persons who
assert that full employment can be provided only by an
excess of exports are in effect saying that our economy
cannot become self-supporting. That is a confession of
economic defeatism which a young and vigorous nation
should not be willing to make.

The most immediate contribution which the United
States can make to world reeonstruction is to make it-
self prosperous.

Prosperity here means a large demand by our indus-
tries for imports. The more we import, the easier will it
be for foreign countries to meet their large and urgent
needs for goods. In 1939, with a gross national product
of $100 billion, our imports were $3 billion, After the
war, with 55 million people employed and a gross na-
tional product of $155 billion, our imports would be
about $7 billion or $8 billion.

Not only should the United States make itself pros-
yerous, but it should keep itself prosperous. So impor-
snt is the United States in the world econamy that q
lepression here is bound to produce a disastrous drop
n the price of raw materials throughout the world and
b throw most countries into an economic tailspin.

The United States should support the principle of 2

rge fund to protect the exchanges of the world from
mporary pressure. We should not permit differences

ler the details to prevent its establishment in ample
ne to be available during the critical period when
w-stricken countries will need goods far in excess of
ir immediate ability to pay for them. Some arrange-
nt, even though imperfect in details, will be infinitely
serior to no arrangement.

“inally, the United States should take the lead in
aking down barriers to trade., We are the logical
atry to do this, partly because of our immense do-
‘tic market, and partly because for most of the last
nty-five years this country has been able to sell
T countries more goods than they have been able
ell to us. One of the greatest contributions which
United States could make to a sound and expand-
world economy would be to bring our imports, as
as practicable, up to our exports. In other words,
Jnited States, in the long run, should be herd to

borrow from but easy to sell to. The United States
should implement this policy (1) by continuing the
negotiation of reciprocal reductions in duty, and (2) by
accepting exchange rates which make foreign curren-
cies cheaper in dollars than they were in 1939, So great
will be the world’s need for goods that we can be sure
that any dollar exchange earned by sales to us will be
converted into American-made goods and will lead to
larger exports.

Time was when the United States obtained about
eight per cent of its standard of living by sending goods
abroad and bringing back other goods. Before the war,
however, we were getting less than five per cent of our
living by international trade, If, after the war, we were
gradually to raise the proportion of our standard of liv-
ing obtained by trading with other countries to ten per
cent of domestic production, our imports would be about
$15 billion or $16 billion a year. Our people would be
able to buy many things which they now cannot afford,
and scores of countries which export raw materials and
luxury products would feel the stimulus of rapidly ex-
panding markets. Their expanded demand for road
building machinery, mining machinery, machine tools,
agricultural implements, locomotives, railroad cars,
electrical equipment, trucks, automobiles, and a mul-
titude of products of our factories would create a mil-
lion or more additional jobs in our factories.

Although the United States would raise its standard
of living by increasing its imports and its exports, it
should honestly face the fact that the resulting shifts in
production and employment would temporarily be pain-
ful for some people. The increase in imports would be in
commodities which other countries can produce for less
than the cost at which much of our output is produced—
such as sugar, wool, copper, some fats and oils, wines,
winter vegetables and fruits, The increase in our ex-
ports would come from, those industries in which our
superiority is greatest—particularly the manufacturing
industries. Finally it would be advantageous, to the
country as a whole, to shift a million or two workers
from agriculture, where they earn about 6Q cents an
hour at best, to manufacturing, where they earn better
than 80 cents an hour,

= * *

The very fact that in economic matters the rest of the
world is dependent upon the United States, exposes our
country to great demands and to envy and misunder-
standing. The Unijted States. must be willing to help the
rest of the world, but its help should take the form of
assisting other countries to help themselves. Never in
all history has one country had such an opportunity to
give the world a rising standard of living, to foster con-
ditions under which peace flourishes. What greater
tragedy could there be than to make the sacrifices
which we are now making and fail to seize this chance
to create a world of hope and opportunity in which the.
spirit of goodwill among patjons is able to flourish.

Presidens McGraw- Hil Publishing Company, Inc.




the Pccence.
behind the science
of electronics

The pattern of progress in the science of
clectronics is determined by the achievements
in creating and developing new and more¢
efficient electron vacuum tubes. Therefore,
the whole complex task of vacuum tube de-
velopment = involving the intelligent appli-
cation of many sciences = comprises the real
science behind the science of electronics.

To create and produce the modern vacuum
tube requires experience and skill of the high-
est order 10 these many sciences in addivon o
complc(c facilities for their applica(ion. The
list includes everything from chemistry and
metatlurgy the technology of glass fabrica-
tion and vacuum pumping— 0 physics, © es,
thermo-dynamics and most imporqant 0 all—
Electronics.

The resources and resourcefulness of Eimac
laboratories have accounted for many out-
standing contributions to the science of Elec-
ronics. A fact which 1s attested to by the lead-
ership which Eimac tubes enjoy throughout
the world. These comprchcnsivc facilities are
continuously being utilized to achieve better
and bertter results 'for the users of Fimac wbes.

Fimac Enginccring is devoted solely to the
development and producuon of clectron
vacuum tubes. However, since the electron
vacuum tube 18 the heart of all electronic de
vices 1t 1s advisable for users and prospective
users of electronics tO look first tO the vacuum
tubes requirch A note outlining your prob-
lem will bring advice and assistance without
cost or obligation.

° ° °
Write for yout COpP of Electronic Telesis =2 64 page
booklet fully ilustrated — covering fundamentals O

Electronics and many of its important applications.
Written in laymans language

==

Y~ Making Gas Analysis in the Eimac Laboratory

NOLOGY~— Canstant Actually Viewn

lop Better Vacuum

OPTICS—SMJ)M‘

g bas on the Structure of GLASS TECHNOLOGY—Spcrial

Follow the leaders to

ElT!l-Mc(UllOUGH,IN(.,%b‘) San Mateo Ave., SAN BRI

Plants locoted at: San Bruno, California Q
AR & HANSEN, 301 Clay Straet, San rancisco, Cal

Export Agentst FRAZ

A few of the branches of the Science
bebhind the Science of Electronics

METALLU RGY—$ trographic Analysis of tht
Metals L‘::(d in Vacuum Tubes

Emission of ELECTRONICS-Determ
icroscope about and Recording |

Vacusum Tube Capai

ectrom &
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A Push Button Switches

1
L’Zg Many products on today’s drawing bhoards call for manual make and
nee Mallory Circuit Selector break of the electrical circuit—either momentary or locked for an
of § Switches—Single gang and indefinite period. The answer to that need is provided by Mallory in this
y multi-gang types. Low capac- . .
war itr. low resistance, silver.(o. versatile, dependable Push Button Switch.
tion silver contacts, extreme flexj.
bility in ei it d il . . : . e .
aboi co,:,b’,:n:,.;o,:;cu' ™ The switch is available in two different types: a non-locking model which
)eII‘\IO( Ma;lory.[acka—pon% Boae: operates only when the button is pushed in and releases on removal of
ip Junior, midget, Signal Corps pressure . . . and a locking switch whieh maintains its position when the
Hb und extension types. Spring : . ; -
fepre combinations for practically button is pushed in, and ;s released only when the button is pulied out.
) t}}lu any application. In either case. ei. ht circuit combinations are provided, and the switches
thy » L3 e —p \ : :
’”',‘r'cf‘{‘;gdfc’:;é;’”Pg‘i":’ba“k':f can l?e mounted on panels up to !4 inch thick with a single hole 746
Thelile or shielded nickel shell. inch in dlameter.
oge Tips insulated from sleeves
mpo'o prevent shorting.
Bo ) ; For other Precision electronic parts geared to today’s specifications and
fer t\‘lallory Dial Lights — In backed b .
ne tierew base and bayone: acked by MaHOI'y s wide apphcanon l\now]e(]ge, send for the Ma”ory
w-spase types. Catalog or see your Mallory distributor. A few typical Mallory products
srir ) are mentioned at the Jefy.
nt, e
erio p
s ¥ R. MAI.I..O.RY & CO,, Inc,, INDIANAPOI.IS 6, INDIANA
akin Serving the Aviation, Electrical, Electronics and Industrigl Fields
ntry
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\ . There are Bonds That Tie
\ ». You to Your Fighting Man
"~ —CGovernment War Bonds!
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CROSS

TALK

“An alert Navy must have
research in time of peace.

James Forrestal, Secretary of ‘the Navy,

appropriations from Congress for extensive
Research before a war is the only research
which will do us any good on the day the enemy strikes.”’

Saturday Evening Post, June 24, 1944.

» RESEARCH . . . It is an unfortunate fact that a
very great deal of the research which is now bearing
us such good fruit in the war was started almost too
late. In some branches of the armed services, for-
ward-looking research had practically ceased, either
due to lack of foresight or imagination, or due to
the fact that Congress would not provide the funds
for it. After every war, the people lull themselves to
sleep with the happy hopes that no further war-like
expenditures will be necessary, and, therefore, no
more taxes need be collected for preparation for
future conflicts.

Admiral Mahan, in his well known treatises on naval
history, cites chapter and verse to show that after
every war in which this country is engaged there
arises a clamor to stop all warlike activities, to get
back to “normal” and to stop spending money S0 that
the people can make more of it.

As soon as peace seems close, watch for an outery
to lower taxes, to stop the expense of further research.
Watch for all of the age-old arguments which a people,
tired of war, eternally advance for going back to sleep.
Remember that savings made by stopping research
are only illusory; that money saved before a war is

spent many fold after a war starts; that abundant
research prior to a war may prevent it entirely.

>S'l‘ANl)ARDlZATlON Some people make
fetish of the business of standardization. Certainl
the subject can be worked so hard that the potenti:
benefits are not secured. Yet the recent happy co’
clusion of the conflict in the symbols used for ele
tronic components leads one to hope that additior
benefits could be secured by some standardization
the components themselves.

The vast number of different types of electro
components is a great waste of manufacturing effc
a waste of storage space, a great burden on ra
service agencies and a great trouble to manufactu
and users of radio sets.

Most of the different types of components vary f
each other in minor degree only; a very great m
of them could be eliminated. It is true that the
signer who uses the components would have f
types to choose from—but it is a fair assumption
he, too, would find his problems simplified, not m
fied, by standardization of this kind.

o o s
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» thro HE MOUNTAINS which have made
Bhe TBritish Columbia so attractive
rge fio the tourist and so rich in min-
mporirals, present many difficult prob-
fer thc';ms to engineers. Among these is
ne to.;e very real problem of provid-
tr-stri o satisfactory radio reception
::; ﬁ'r scattered groups of listeners
aexzior siding in remote valleys among
iy veral mountain ranges which dj-
inally, . the province. To the ex-
2 mely rapid attenuation of the
ntry tc . .
tic manund wave associated with rocky
nty-fivfain must be added the adverse
r councts of radio shadows and re-
all to utions from high mountains
Unitedfn as those pictured in Fig. 1
wvorld e 2.
83 Pracie to these conditions, it soon
Inited . o evident that adequate
rage could not be provided
one or two high-powered
‘mitters, regardless of how

FIG. 1—Revelstoke, B. C.,
broadcast service difficult in this Canadian pProvince

showing the nature of the terrain which renders

strategically these might be lo-
cated. While the use of short-
wave transmitters offereq a par-
tial solution, the wide angle of
transmission required and the dijs-
tances involved were deciding fac-
tors in limiting thig means of
transmission to auxiliary service.
The method finally adopted utilizes
numerous low-power transmitters
operating on standard broadecast
channels. Some of the power from
these transmitters is fed into ex-
isting wire lines serving the re-
mote valleys and this is the most
important feature of the system.

Initial Tes¢ Results

Everyone who has made fielqd-
strength measurements knows that
telephone, telegraph ang power
circuits act as carrying conductors
for radio waves. With this jp

By N. R. OLDING

Regional Engineer
Canadian Broadcasting Corp
Vancouver, B. C.

mind, a test unit was set up with
the following objects in view:

(1) To determine the minimum
power required to serve a com-
munity of from 500 to 5000 popu-
lation.

(2) To determine the improve-
ment in coverage obtainable by
utilizing the carrying effect of
nearby copper circuits.

(3) To determine whether or
not it would be possible to feed
limited power into local copper cir-
cuits without creating interference
on telephone and carrier-telegraph
circuits.

North Bend, a small railway
town on the banks of the Fraser
River at a point known as the
“Gateway to the Cariboo”, was
chosen as a test site. In view of
the nature of the tests to be con-
ducted, the site had much to
recommend it. The town is on a
narrow ledge between a mountain
and the river and on the other
side of the river a similar condi-
tion prevails. The nearest center
of population to the south is at
Yale, about twenty-three miles
airline, and the nearest center of
population to the north is at Lyt-
ton, twenty-five miles airline. (A
Canadian Pacific Communications
repeater station, carrying CBC
network service, is located in
North Bend and the strongest day-
time signal on the broadcast band
Wwas somewhat less than 1.0 micro-
volt-per-meter.)

A Marconi TR50P shortwave
transmitter, converted for use on
840 ke and operated under experi-
mental license VE9BC, was in-
stalled in the local telegraph re-
peater station as shown in Fig. 3.
The ground lead from the trans-




Broadcast Relay System

Remote valleys in rugged western Canada
cast methods. The

and telephone offices through which network
into the wire lines.

problem is solved by ins

output of these transmitters back

are difficult
talling 25-watt transmitters in local telegraph

audio flows and feeding part of the r-f

to serve by conventional broad-

which serve as carrier conductors

_ mitter was eonnected to the com-
mon equipment ground. The an-
tenna consisted of an inverted L
with a flat top 120 ft long, run-
ning slightly above, and approxi-
mately parallel with the telegraph
lines.

During field-test periods power
output was maintained at 16.2
watts. Peak program modulation
was held at 60 percent except dur-
ing station breaks, at which times
the transmitter was switched to
jcw and the output raised to 20

graph channels.
It was not possible to

line carrier
cated upproximately

any trace of interference on tele-
phone, telegraph or carrier-tele-

make
many field-strength measurements
at the time, but readings on sig-
nals radiated directly by the an-
tenna and not aided by telegraph
characteristics
100 micro-
volts-per-meter at points five miles
away from the transmitter. On the
other hand, due to the carrying
effect of the telegraph circuits, the

ings of 300 microvolts-per-meter
or more. The signal radiated by
the telegraph lines, which could
be followed up and down the right-
of-way for approximately 40 miles,
transferred to local circuits at
Yale and Lytton, providing a use-
able signal even at these points al-
though both are well outside the
normal ground-wave service area.

indi-

Practical Application

The financial failure and closure
of the privately owned station in

watts. Even during the latter signal at points up to 500 feet Revelstoke, in the late fall of 1940,
periods local and distant repeater from these circuits and 15 miles and subsequent requests from list-
operators were unable to detect from the transmitter gave read- eners in that area for continued

FIG. 3—(below) The expzrimental low-
power relay station. insialled in a tele-
graph repeater oftice at North Bend.

It is now in permanent use

B | corw
.. NORTH BEND

FIG. 2-—(above) Reliet map ot British Columbia.
tlon of low-power relay stations radialing a portion of their r-f output
phone, telegraph and power lines as
other siations of the CBC and
associated with the network.

Ruperi; 3—CBRG, Prince George;
6-—CBRN, North Bend: 7—CBRA.

1—CBR-CBRX, Vancouver:
Revelstoke:

C]OR.CKWX.”Vuncouver: 14—CHWK, Chilliwack: 15—CFjC, Kamloops:
CKOV. Kelowna: 17—CJAT, Trail; 18—CKLN, Nelson

ELECTRONICS — Septeniber 1944

Circles indicate the loca-
into tele-
discussed in this article. Triangles show
squares identily private commercial stations
2—CFPR, Prince
4 CBRQ. Quesnel; 5—CBRL, Williams Lake:
3 8§—CBRM, Cresion: g9—CBRK,
Kimberley: 10—CBRR. Cranbrook; 11-—CBRF, Fernie; 12—CJVI1, Victoria; 13—
16—
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e developed for use at a number of locations in British Columbia.
e { The rf portion of the unit may Le seen at the upper left; the
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ar,
MN3ervice, Presented an immediate
Ou»pportunity for the CBC Engi-
Oleering Division to put the fore-
9Uoing experience to practical test.
? % On October 22nd, 1940, the first
_’he‘Low-Power Relay Transmitter",
hrol€rating under the call CBRA,
#s installed and placed in opera-
_};e m on g sixteen-hour-a-day
;)or, edule. In the beginning the
. th(iverted Marconi unit, with some
' to 'ther refinements sych as tem-
strilature control of the erystal
"imrillator, wag used. Although
» €V€ transmitter was designed for
“OF trmittent service it stood up
ally, However, because many
ing ﬁr points were demanding jm.
XY Wed service, the development of
> Matgiia) transmitter unit which
};;fli::d work into various antennas
o u'pn erratic local power sup-
vited \Was undertaken,
¢ a

rld e¢ réquirements were as fol-
S prac
ited & The power output should be

in 20 and 25 watts.

The tube line-up should be

ple and efficient as possible,

associated monitor

(3) The antenna-tuning unit
should be relatively free from fail-
ure due to static or lightning,

(4) The unit should give long
and reliable service on fluctuating
or poorly regulated power supply.

(5) A minimum of meters con-
sistent with reliable operation
should be uged,

(6) Meters should be provided
to measure the audio input level,
antenna current, bercentage mod-
ulation, fina] amplifier plate volt-
age and fing] amplifier plate cup-
rent,

(7) The unit should incorpor-
ate a monitor, with Provisions to
switch the input to either the
audio line or the rectified r-f car-
rier,

(8) As the unit would in many
cases be operated by relatively in-
experienced personnel, a minimum
of adjustable controls shoulq ap-
Pear on the exposed pane] and the
operation should be limited to
throwing switches on and off and
reading the meters,

(9) As an aid to servicing, jt

and its amplifier appear at the upper

right, with the modulator and speech amplifier diagramed
below the monitor,

Other circuits are power supplies

was proposed to fuse each major
circuit separately and to construct
the unit so that individual chassis
units could be readily removed
when required.

(10) The antenna coupling unit
and final amplifier tank should be
designed to permit efficient coup-
ling with a minimum of harmonice
radiation.

(11) Frequency response should
be equal to, or better than, that of
the network, or -+« 2 db from 100
to 5000 cycles.

(12) The audio input should be
arranged for bridging across a
600-ohm line and the input ampli-
fier should have sufficient gain to
permit 100 percent modulatien
peaks to be attained on line levels
as low as — 10 to — 29 db.

(13) Last, but most important,
all components should be oper-
ated well below their rated ca-
pacity.

As no equipment meeting all
these requirements was available
on the market, arrangements were
made to cooperate with a loecal

Coani. 2



radio manufacturer, Vancouver
Radio Laboratories, Ltd., on the
design of guitable units. (A num-
ber of equipment photos included
here were supplied by the Labora-
tories.) This arrangement proved
very satisfactory as the local plant
already had considerable experi-
ence in the construction of trans-
mitting units to be used in remote
districts where long life with a
minimum of service were essential
factors. The resulting design is
shown schematically in Fig. 4.

Requirements 1 and 2 were met
by the use of two 807’s or RK39’s
operated in parallel with 390 volts
on the plates, as the modulated
r-f amplifier, and two similar
tubes, operating with 400 volts on
the plates, as class-B modulators.

Requirement 3 was met by the
use of inductive tuning in the an-
tenna tuning unit and by the use
of a three-turn lightning choke,
with horn gap to ground on the
antenna side of the choke. This
choke is imstalled outside, at the
point where the lead-in bus enters
the building. A typical antenna in-
stallation is shown in Fig. 5.

Requirement 4 was met by the
use of a Thordarson 350-watt volt-
age-regulating transformer be-
tween the local power outlet and
the 110 volt a-c input to the trans-
mitter.

Ttems 5 and 6 were met by the
use of four meters. Instead of
reading antenna current directly,
a 0 to 1 ma d-c milliameter read-
ing rectified carrier is used to in-
dicate normal antenna current and
at the same time provide a means
of maintaining proper current for
the operation of the percentage-
modulation indicating meter. A0
db at six milliwatt volume-indi-
cating meter provides both input
audio and percentage modulation
readings. The rather novel circuit
used is discussed more fully later.
Final amplifier plate voltage and
current meters provide the other
essential readings.

Item 7 was incorporated with
the input and output V. 1. meter
cireuit.

Item 8 was met by the use of
meter jacks and gscrewdriver-oper-
ated controls which are normally
concealed and protected by a dress
panel.

Item 10 was met by the use of a
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0.001 fixed-mica tank capacitor in
the modulated amplifier stage and
loose link-coupling between the
final amplifier tank coil and the
antenna tuning unit.

Items 11 and 12 were met by the
use of high-quality audio com-
ponents and by the addition of a
single stage of audio amplification
before the class-B driver stage.

Transmitter Design Details

The transmitters are made up
of three units, as pictured in Fig.
6. The top section contains the
speech amplifier, modulator, crys-

tal oscillator, buffer and modu-
lated r-f amplifier, shown in
greater detail in Fig. 7. The oscil-

lator and buffer tank coils are
mounted in a shield can on top of
this chassis, while the final ampli-
fier tank coil and the antenna load-
ing coil are mounted on the in-
side of the top of the cabinet.
Referring again to Fig. 4, the
r-f section of the transmitter con-
sists of a 6V6 crystal oscillator
very loosely coupled to a 6V6 oper-
ating as a high-mu triode buffer.
The buffer is capacitance-coupled
to two 807’s or RK39’s connected
in parallel and operating as a
class-C modulated amplifier. A
0.001-uf fixed-mica capacitor is

connected across the final amplifier
tank coil and the circuit is tuned
to resonance by means of taps and
a rotor in the L, coil form.

The antenna eircuit is reson-
ated by means of a tapped induct-
ance and a rotor in the L. coil
form. The tank circuit and the an-
tenna circuit are coupled by
means of a link which has fixed
coupling at the tank coil end and
an adjustable sliding coupling at
the antenna tuning coil end.

The oscillator and buffer plate
circuits are tuned by means of
variable capacitors. The tuning
knobs are mounted on the front
of the top chassis but are nor-
mally concealed by the dress
panel. Four jacks are provided on
the top chassis for test-metering
the oscillator plate, buffer grid,
puffer plate and final amplifier
grid circuits.

The speech equipment consists
of a 6C5 audio amplifier, 6C5
driver and two 807’s or RK39's in
push-pull as modulators. The in-
put transformer is 10,000 ohms
bridging, and the balanced pri-
mary terminal and center-tap leads
are brought out to the rear.

The center unit contains a 6H6
carrier rectifier and 6V6 amplifier.
Four meters are mounted on the

FIG. 5—The telegraph station at North Bend. in which the broadcast relt

transmitter using the call-letters CBRN is installed.
to the left of the building supporis one end of the antenna, which runs
e telegraph wires which appear bene‘

mediately above and parallel to ‘th

The tall white pole. i
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control panej - carrier meter, vol-
ume indicator, milliammeter and
voltmete). The latter two are used
to read the input to the final ampl;j-
fier. Also on this panel are
mounted the Coarse and fine con-
trols used to set the carrier meter
to read mid-scale, the filament
“off-on” switch, the plate voltage
“off-on” Switeh, g meter switch
and the 6V§g amplifier gajn control.

The meter switch Sw permits
the V. I. meter to be connected to
(1) the calibrating voltage, (2)
the input from the audio network
or (3) to read bercentage moduyla-
tion. With loudspeaker Switech
Sw. “on”, the meter switch also
permits ory] monitoring either off
the network or off the ajy.

When the meter switch is in
“calibrate” Position the V. L
meter-ampliﬁer is Connected across
a fixed a-¢ cah‘brating voltage
which, due to the fact that a pri-
mary voltage—regulating trans-
former ig used, is reasonably con-
stant. Thig reading wijj) indicate
whether o) not there hag been any
change in the origina] adjustment
Or gain of the amplifier, |f the

V. I. reads other than Zero in the
the ampli_ﬁer

calibrate positjop

gain control is reset so that the
meter reads 0 db. When these
readings and adjustments are be-
ing made the loudspeaker switch
must be in the “off” position. This
substitutes a resistive load in
blace of the voice coil. With the
switch set in the “modulation”
position and the transmitter
turned on and modulated 100 per-
cent at 1000 cyeles, the coupling
of the sampling coil in the antenna
tuning inductance is varied unti]
the V. I. meter reads 0 db (100 per-
cent modulation). The coarse and
fine carrier-meter adjustments are
then set so that the carrier meter
reads 0.5 ma (mid-scale). There-
after, if the V. I. reads 0 db when
the meter switch is set on the cali-
brate position, the meter will indj-
cate the approximate input level
in db when the switeh js set to
“Input” and will indicate 100 per-
cent modulation when the switeh
is set in the “modulation” position
and the meter reads “0 dp”.
Three Separate power supplies
are mounted on the bottom unit.
One power unit supplies the heat-
ers on the middle unit and B volt-
ages to the crystal oscillator. buf-
fer and monitor amplifier. The

1i8lie 5
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second power unit furnishes the
heater power for all of the r-f
tubes and B voltage for the class-
C amplifier, The third power unit
supplies the heaters of the audig
tubes and furnishes the B voltage
for the modulator tubes.

A separate transformer, which
remains energized at all times,
supplies the bower for the crystal
heating unit,

Typical Installations

The first of the new units was
installed in Revelstoke in July,
1942, as noted in an earljer para-
graph. This wag followed by installa-
tiond at North Bend in September,
1942, in the East Kootenay area at
Fernje, Cranbrook, Kimberley ang
Creston in December, 1942, and in
the Cariboo area at Williamg
Lake, Quesnel ang Prince George
in August, 1943. 1n addition to
the units installed ip B. C, three
units have been shipped to east-

Station CBRF, oberating on 94¢
ke at Fernie, s installed in the
Canadian Pacifie Railway’s com-
in the Fernie
The antenna is
an inverted I, running NE apg
SW, paralle] with the telegraph
lines ang railway tracks. The flat
top is 112 ft long and 50 ft high.
The lead-in runs NW from the SW
end of the antenna and jg 78 ft
long. The ground system ig buried
In and around the statjopn garden
plot. It consists of 500 £t of No. 10
wire buried under
the antenna in the form of three
barallel wireg Cross-connected at
the center and at both ends. Each
of these wires is Securely fastened
and soldered to the transmitter
ground lead, whijch is a No. 6 rub-
ber-covered flexible stranded cop-
ber cable. The ]ightning ground
lead consists of gz similar cable
Connected to a six-foot ground rod.
As no equipment rack Space is

available at this point the trans-
mitter jg installed on a small table

designed to accommodate the

transmitter and the voltage-regy-
lating transformer.

As a]] transmitters are tuned to

fl‘equency and neutralized before
Shim)ing, the field installation con.
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sts of bringing the antenna,
~ound, audio and power leads to
\e transmitter unit and connecting
{ep to the proper terminals, When
{is has been done the equipment is
{vned on and the antenna circuit is
ined to resonance. The output is
ten adjusted by means of the vari-
t]e-link coupling and, when prop-
/g adjusted, tone from an audio
(cillator is fed to the input at the
;rmal peak program level at that
jint and the balance of the adjust-
snts are made so that all meters
jad correctly. During the installa-
pn a cathode-ray oscilloscope and
andard impedance and distortion-
sasuring sets are used to assure
yrmal operation.
The operators, who are usually
jsmbers of the telegraph repeater
aff, are instrueted in the general
yeration of the equipment and are
jown how to detect defective tubes
d replace fuses. They are re-
ired to check the transmitter at
|wst four times a day and enter all
adings on a log sheet which is
jovided. For the first few weeks
|ese logs sheets are forwarded to
le CBC regional engineer’s office
ce a week, but if the unit operates
rmally during the trial period the
‘erators are requested to submit
Ir sheets every two weeks. On re-
/ipt of these logs the average read-
lgs for each 10th day of operation
e entered on a special sheet and
| this way there is a permanent
jcord which shows the gradual
|ilure of tubes, etc. If no ab-
irmal readings or actual off-air
jriods are noted the units are
recked three to four times a year.
e checking is very thorough and
similar in most respects to the
eck made during the original
stallation,
In order to avoid long rush-trips
| service a aingle unit which has
flled in service, arrangements
Ive been made with a selected
idio serviceman in each locality to
Indle emergency calls. This man
| supplied with a maintenance
linual and up-to-date service data
ieets. The men selected for this
hrk are ex-amateurs, commercial
idiophone and code operators,
jalified radio servicemen or motion
'ture projectionists. Except for
ergency and temporary repairs
| parts are supplied by the CRC
id spare tubes, fuses, ete., form a
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part of each installation. This
method of emergency servicing has
proved quite satisfactory in the
few cases where it has been re-
quired.

Another installation of particular
interest is that at North Bend,
where local 110-volt a-c power is
not available during the day. At
this point the transmitter operates,
for a part of the broadcast period,
on one of the 130-volt repeater stor-
age batteries. The voltage is
dropped to 115 volts by means of a
series resistor and is converted to
115 volts a-c by means of a type
233 Electronic Labs., Inc. vibrator-
converter. As the frequency of the
local power is fairly constant and as
the battery-charging time-cycle is
short, the voltage-regulating trans-
former was eliminated at this point.
When operating on batteries the
direct current drain varies from 3.1
(start) to 2.8 (finish) amperes. The
normal a-c input to other units
averages 248 watts, but the addi-
tion of the voltage-regulating trans-
former naturally increases the
input slightly.

Program Pickup Facilities

As these units were designed for
operation in the smaller communi-
ties and as no associated local stu-
dio facilities have been provided,
the standard practice is to bridge
the transmitter audio input across
the CBC’s Trans-Canada program
circuit. At the termination of a
branch network circuit, or where
the transmitter is fed from a sep-
arate amplifier, a 500-ohm non-
inductive resistor is connected
across the audio input terminals of
the transmitter or this resistor and
a 500-0-500 pad having the required
loss is used to terminate the circuit.
In all cases a 1:1 isolating trans-
former is connected between the
network feed and the audio input
to the transmitter. The use of this
transformer, together with a sep-
arate ground for the r-f output of
the transmitter, effectively prevents
stray r-f fields.

Connected in this manner, these
network satellite transmitters carry
all programs on the CBC’s Trans-
Canada network in the Province in
which they are located. Call letters
are assigned by the addition of a
letter to the call letters of the pre-
dominant station in the Province.

FIG. 7—Front and top views of the r-f

and a4 chassis forming the top deck

of the CBC low-power broadcast relay
transmitter

In British Columbia the predomi-
nant station is CBR, hence the net-
work satellite transmitters are
assigned calls CBRA, CBRG, ete.

Improvements in Future Units

It requires long periods of serv-
ice to show where improvements
can be made and in the case of ex-
isting and new units the following
conversions will be made:

(a) Oil-type filter capacitors will
be installed to replace all high-
voltage electrolytic units.

(b) All toggle switches will be
replaced by switches which will
handle considerably heavier loads.
(The primary power switch some-
times fails in service although oper-
ated within the rated load. The
contact resistance of the loud-
speaker off-on switch increases with
use until it becomes appreciable in
relation to the relatively low im-
pedance of the voice coil or resistive
load).

(¢) The loudspeaker unit will be
fitted with a volume control.

(d) The first audio amplifier
stage will be deleted, as the ampli-
fication provided by this stage is
not normally required.

In addition to these changes,

(Continued on page 304)
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From sforage rank

FPhosphor-
bronze,

spring
Laminated iron

core T
3

Solernoid- - &

Wb Spherical
Joint

1o syphon and flasks

FIG. 1—Electromagnetic valve used to
control the flow of water to the boiling
flasks

OME MATERIALS used in the field
S of electronics, such as phos-
phors, electron-emitting coatings
and photosensitive surfaces, are of
the impurity-sensitive type. The
presence of one part in a million of
a given impurity may alter some
specific property by several orders
of magnitude. It follows that any
chemical research concerned with
such materials will require re-
agents of the highest purity.

Since water is used in large
quantities for almost all chemical
manipulations, it is essential that
a sufficient supply of very pure wa-
ter be available. Three distillations
will serve to produce water suitable
for most uses. Our requirement of
approximately 10 gallons per day of
double-distilled water and five gal-
lons per day of triple-distilled water
makes it desirable that some sort of
continuous system be employed
which will operate with very little
attention.

In the Laboratories, the primary
distillation takes place in a con-
ventional commercial still which
feeds its product into a large glass-
lined storage tank. From there the
water is fed by gravity to the sec-
ond stage of distillation. -The sec-
ond and third distillations are car-
ried out in all-Pyrex stills, com-
pletely protected against airborne
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AUTOMATIC
Of Stills

By R. E. SHRADER and E. J. WOOD ‘

RCA Laboratories
Princeton, N. J.

dust. The two glass stills are con-
nected in series, the first being run
at a rate approximately twice that
of the second. Thus the first glass
still delivers water directly to the
boiling flask of the second, and the
excess beyond that required to
maintain a constant level passes
through an overflow to double-dis-
tilled water storage. The second
glass still delivers to triple-distilled
water storage.

Two such combinations are in use
and a fifth still is available to aug-
ment the double-distilled water pro-
duction whenever it becomes neces-
sary.

The Control Problem

The problem of automatic control
comprises two phases: control of
electric heater current, and control
of the water level in the glass boil-

ing-flasks. As the heater pow|
never exceeds seven kw at 110 v, 2
ordinary electromagnetic switch
capable of controlling the heati
current. Control of the water levt
however, is a more difficult matte
To meet the requirements of an al
glass system well protected again
air-borne contaminants, a speci
type of valve and level indicator
required.

An electromagnetic valve d
signed by Ralph H. Plumlee ar
constructed as shown in Fig.
proved satisfactory. The valve
of the vertical-lift type utilizing
spherical ground-glass joint as sei
and plunger. A soft-iron laminate
core is sealed inside the glass sten
which extends into the center ¢
a surrounding solenoid. Energiz:
tion of the solenoid lifts the plunge
permitting water to flow. When n

‘R, 2000

10w (When T,
and T, are
los connected)

L-/Zﬂv a.c-v peurral

{Points A and B must)
\have opposite polarity

F!G. 2—Circuit of the electronic relay which operates the valve illustrated In
Fig. 1 and an electromagnetic switch controlling currentflow to electric
heaters beneath the boiling flasks
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CONTROL

Current flowing through water between
two electrodes sealed in the system oper-

ates an electronic relay. The
ates an electromagnetic valve

line and a switch through which power is

delivered to the boiling-fla

current is flowing through the sole-
noid the weight of the core and stem
is sufficient to close the valve.

An attempt to use a glass float
and mechanically operated level con-
trol proved unsatisfactory. This
method was unreliable and made it
difficult to provide suitable sealing
of the system. Various electronic
methods of control were considered,
including photoelectric cells, radio-
frequency devices, and conductivity
circuits. The latter seemed to offer
the simplest approach.

The Electronic Solution

Although stills use single-dis-
tilled water having a low con-
ductivity it was felt that a sensi-
tive relay might be employed which
‘would operate under these condi-
tions. A commercially available
electronic relay of the hard-tube

relay oper-
in the feed

sk heaters

Electrically heated
stills designed for
laboratory use,
with insulating
brick removed to
show the flasks.
The electronic con-
trol unit may be
seen on the wall at
the upper left

it
could be made to operate on the low
currents available, it was not suit-
able for reliable, continuous oper-
ation because of the need for con-
stant readjustment. It was felt that

type was tried and, although

,-7208v, 3¢, a.c

£ — = ?%: Electrornagnetic
£ swirch
| | Pushbutton
l L Sratiorn r_ﬂ _‘ L
Vewrral/l ] ' = i
i L L —[ | S o :
| e R e - : e Li’f—-
b | from storage
Solenoid forrk
~ | corractor ¥
E/ecfmmag.
7o electric = : valve —= = ==
heaters Mercury switch s Fig D) :
Electronic Air vent.
Tirme re/ag T o— :_—:—:_:J :: R@Sgrvoir
swirch L. __| (SeeFig.2) T;_ = -E 2 o
T G it Siphon
Controf ceff---~ ¥
Platinum probes-.._|

Connecting fube---- boz?/'n
THN

Glass wool—~ flasks

FIG. 3—Schematic of the complete still-control scheme, showing how platinum
probes immersed in distilled water within the system provide the necessary

conductivity path for operati
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on of the electronic relay

a more positive tvpe making use of
a gas tube could be constructed.

The action of the unit finally put
in use and shown schematically in
Fig. 2 is quite simple. When the
circuit between T, and T, is open
the gas tetrode is maintained non-
conducting during the positive
swing of the plate by applying to
the grid through R, the negative
swing from the filainent-supply
winding of the transformer. The
phase is advanced slightly by the
capacitance coupling to potentiom-
eter R, in order to compensate for
the lag introduced by the trans-
former. The exact amount of phase
advance required is determined by
individual transformer characteris-
tics.

Tripping of the unit is accom-
plished by imposing on the grid a
sufficiently large voltage in phase
with the a-c line (or plate) voltage.
This occurs when T, and T, are con-
nected together. The resistance of
this connection (single-distilled
water conductivity) may be as high
as 60 megohms. Protective resistors
R, and R, may be increased up to

(Continued on page 242)




Secondary Electron Velosity s
Percentage .of frimary Impact Energy

FIG. 1—Energy distribution of sec-

ondary electrons produced by the im

pact of primary electrons having a

kinetic energy of 155 volts. The general

shape of this curve holds between 20 to
10,000 volts

Secondaty electron paths
in-a magnetic freld
-~ 7 v
Secondary :
efectrons Phortographic
™ plate
D/’alahrifgm
Pr/'marjy

T, S ™ Radia ﬁng' surface

FIG. 2—Photographic method of deter-

mining the velocity distribution of sec-

ondary electrons. A magnetic field is

assumed to exist in the space above

the diaphragm, with a direction normal
to the plane of the paper

F Secondary - electron: palh:;:
: in a magnetic. field,
- X T Le
Secondary Ve
electrons )

°

Primar. y/‘
electrons |
Radiating surface.

FIG. 3—Another method of arriving at

the velocity distribution of secondary

electrons. The magnetic field in this
case is variable

Secondary electron path

Faraday

cylinder ==~ : 8
“JN || Retarding ekectrode
4

i ’
=|==’ )
Frimary e Diaghragm

electrons "™
i

% “Sec. electrons

/?a‘dl'af/'ng surface

FIG, 4—The retarding potential method

of arriving at the velocity distribution

of secondary electrons radiated in a
specific direction
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SECONDARY

By J. H. OWEN HARRIES

Kleotronics Department
Rediffusion Limited
London, Bngland

HEN AN ELECTRON current
Wstrikes an electrode surface,
or, indeed, any surface, an emission
of secondary electrons is produced.
There is no known substance in
which this effect does not occur. In
fact, there is no substance which is
known to act as a perfect absorber
of any electrons which may impact
onto it.

In electronic tubes, secondary
radiation is sometimes useful, and
sometimes undesirable. The pheno-
menon is complex, and information
about it is scattered in various
treatises many of which are com-
monly read only by those interested
in pure physics. Most of these pub-
lications deal with the characteris-
tics of secondary radiation, not
from any interest in it for engineer-
ing purposes, but as a part of in-
vestigations into atomic structure.

This paper includes a survey of
the existing information on sec-
ondary radiation and is presented
from the engineering standpoint.
It includes references to the origi-
nal papers.

In most treatises on secondary
radiation the electron energies are
expressed in volts. The veloeity, v,
in centimeters per second of an elec-
tron which has fallen through an
electrostatic potential of V volts is
v = 595 x 10'\/V. The kinetic
energy of the electron is imv°® and
is therefore proportional to the
voltage V.

Energy Distribution of Secondary
Electrons
In many publications on elee-
tronic engineering, as distinct from
treatises on the physies of secon-
ary electrons, it is sometimes stated
that secondaryv electrons are radi-

ated almost entirely at energies
very low compared with the pri-

mary impact energy. This is not so.

A typical curve of energy dis-
tribution of secondary electrons is
shown in Fig. 1. In this graph the
number of secondary electrons radi-
ated is plotted against the velocity
(energy) with which the secondary
electrons are shot out from a ra-
diating surface. These secondary
electron energies are plotted as a
percentage of the primary impact
energy. The primary impact en-
ergy is 155 volts. It will be ob-
served that an appreciable number
of secondaries are radiated at en-
ergies about equal to the primary
impact energy, although there are
a larger number radiated at very
low velocities. Very thorough re-
searches have been made during
the last two decades into this ques-
tion of secondary radiation energy
distribution.™®

Methods of Determining
Energy Distribution Curve

The general kind of energy dis-
tribution of the secondary electrons
shown in Fig. 1 appears to hold over
quite a wide range of primary im-
pact velocities (20 to 10,000
volts).” It has been confirmed very
carefully for most of the pure
metals, and is known to hold in gen-
eral for the other materials em-
ployed in radio tubes.

This kind of secondary electron
energy distribution does not appear
to depend on the angle of incidence
of the primary beam onto the emit-
ting surface,”™ ® nor does it appear
to depend on the angle of emergence
of the seecondary electrons, though
this point does not appear to have
heen quite so conclusively demon-
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ELECTRON RADIATION

.

A thorough survey of existing American, British and other informaftion o ?he subject,

arranged for maximum usefulness to electronic engineers engaged 11-1 demgmng electron

multipliers, dynatrons, beam tetrodes, - pentodes and other tubes in which secondary
electrons resulting from electron bombardment are either utilized or suppressed

itrated by workers in this field.

In Fig. 2 an electron gun is ar-
anged to produce a beam of pri-
nary electrons at a known velocity.
The primary electrons are arranged
o collide with a surface which
hen radiates secondary electrons.
jome of the secondary electrons
an pass through an aperture in a
liaphragm into a space in which
here exists a homogeneous mag-
tetic field in the direction normal
o the plane of the paper. It is a

lvell known property of such a mag-

letic field that electrons traveling

,nto it as shown will tend to de-

cribe circles the radii of which are
‘iven by

r = 337VV,/B n

/here B is the magnetic flux dens-
ty, and V, is the secondary elec-
ron energy in volts.

A photographic plate is posi-
ioned as shown. The number of
lectrons of any given velocity
Iaaching the plate will be indicated
y blackening at the appropriate
;'ace. This method, however, is not
ery practicable, because the sensi-
vity of a photographic plate is
ather low.

A Faraday cylinder, which has
1€ property of trapping electrons
nd the secondaries they produce,
in be substituted for the photo-
raphic plate as in Fig. 8. By vary-
1g the magnetic field, the number
f secondary electrons of each veloe-
Yy may be found.

Another method, shown in Fig. 4,
oes not use a magnetic field, but
\stead, employs a retarding poten-
|al to sort out the secondary elec-
'ons in terms of their energies,
he primary electrons . hit a sec-
idary radiator at a known energy,
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and secondary electrons pass
through a diaphragm into a Fara-
day cylinder. The amount which
are able to enter depends upon the
potential of a retarding electrode
positioned as shown and upon the
initial energies of the secondaries
themselves,

The arrangement of Fig. 5 en-
ables the energies to be obtained
for the secondary electrons at all
angles. The primary electron beam
strikes a radiating surface which is
at the center point of a collecting
sphere. A retarding potential is ap-
plied to this sphere, and the num-
ber of electrons reaching it is meas-
ured as a function of this poten-
tial.

In the arrangements of Fig. 4
and 5, the energy distribution
curve is obtained by differentiation
of the curve of current to the Fara-
day cylinder or collection sphere as
a function of the retarding po-
tential,

Interpretation of Curve

The general results of all these
methods agree. The particular
curve shown in Fig. 1 is given by
Rudberg' and is obtained by the
magnetic method.

It is generally agreed that the
energy distribution curve of Fig. 1
may be interpreted as follows:
Peak A represents that portion of
the emergent electrons which re-
tains the full primary energy. At
secondary electron velocities be-
tween about 98 and 50 percent of
the primary velocity, the number
of secondary electrons radiated does
not change much with the second-
ary electron velocity. Large quan-
tities of secondary electrons are
emitted with low velocities, as indi-

cated by peak B, but the number
emitted drops rapidly as secondary
velocity approaches zero (at secon-
dary energies of the order of tenths
of a volt and less).

Peak A of the curve is produced
by electrons which emerge after
being elastically reflected. They re-
sult from diffraction unaccom-
panied by loss of energy to the
atoms which are being bombarded
by the primary electrons. All other
parts of the curve are produced by
secondary electrons which have
been deflected by repeated collision
accompanied by considerable en-
ergy loss.

Those secondaries contributing
to parts of the curve other than A
are usually referred.to as emitted
or true secondary electrons. Those
contributing to part A of the curve
are usually referred to as reflected
electrons. For this reason the phe-
nomenon as a whole is usually re-
ferred to as secondary radiation,
and the words emitted and reflected
are reserved for the special mean-
ings set out,

Action at Low Impact Velocities

With primary impact velocities
below about 10 volts it has been
found that the energy distribution
of Fig. 1 does not hold. The sec-
ondary radiation consists almost
entirely of reflected electrons which
retain the full primary energy, so
that the whole of the radiation is
contained in a peak like A on Fig. 1.

The percentage of emitted sec-
ondary electrons to reflected sec-
ondary electrons increases steadily
up to primary velocities of the or-
der of 1000 volts, after which it
falls once again. Ag previously men-
tioned, however, the general shape
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FIG. 6—Ratio of secondary electron
current travelling to a collector and the
total secondary radiation, plotted as a
function of the retarding potential be-
tween the radiator and the collector

of Fig. 1 holds between about 20
and 10,000 volts.

Space Potential Considerations

It is important to realize that
under electrostatic conditions the
velocity of each of the secondary
electrons at any point in space will
be determined by the space poten-
tial V of that point. It follows that
an electron emitted at a velocity
which corresponds to a voltage V.
will be brought to rest at any point
in space where a negative space po-
tential —V numerically equals V..
This is the principle by which sec-
ondary electrons are sorted into
their respective velocities (or ener-
gies) by means of the retarding
electrode or collecting sphere of
Fig. 4 and 5 respectively. A poten-
tial which is arranged in this way
to stop secondary electrons is gen-
erally referred to as a retarding
potential.

Figure 6, which is obtained by
integration of Fig. 1, shows the
ratio of secondary electron turrent
to any collector (such as the col-
lector sphere in Fig. 5) to the total
secondary radiation current as a
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function of the retarding potential.
This potential is expressed as a
percentage of the impact energy in
volts.

In pentodes and beam tetrodes,
the prevention of the flow of sec-
ondary electrons is one of the pri-
mary objects of the tube design.
With reference to Fig. 5, it will be
realized that if the collector sphere
is at a potential (with respect to
the cathode) which is 90 percent of
the impact potential of the radi-
ator (also measured in volts with
respect to the cathode), then a re-
tarding potential of 10 percent will
exist between the collector sphere
and the radiator. Figure 6 shows
that under this condition the sec-
ondary radiation current flowing to
the collector electrode will be 54
percent of the total secondary radia-
tion from the radiator.

All this, of course, assumes quasi-
steady-state conditions as regards
voltage, (i.e., that the voltage does
not vary rapidly with time), and
that no appreciable space charge
due to the primary or secondary
electrons exists in the space be-
tween the emitter and the collector
sphere. The physics measurements
quoted in this paper are all made
under static conditions, and care
has been taken to avoid space
charge effects, but these effects
must not be forgotten when apply-
ing the information to practical

TABLE 1. MAXIMUM TOTAL SECONDARY
RADIATION COEFFICIENTS

Max. | Primary impact
value of [velocity (volts)
Secondary emitter sec. at which max.
radiation|of sec. radiation
coeff. | coeff. occurs
1
Caesium (compound
tayer) o | 85 400-600
Rubidium({compound|
layer). casiiin .« « ool | 5.75 700
Beryllium......... 5.4 600
Calcium...........| 495 520
Barium..... 2.72 530
Potassium{compound |
layer) .oooovvnn s | 25 600
Aluminum.........| 2.4 I 400
Silicon............| 1.63 380
Platinum.......... | 152 1000
Silver....... | 1.47 800
Gold. .. .... | 1.45 780
Tungsten o 1.33 695
Nickel.. | 13 500
Tantalum. . 13 625
Copper. .. . | 1.27 600
lron. ... 1.27 400
Molybdenum......| 1.27 375
Niobium....... 117 400
Carbon (lampblack).| 0.6~1 o
|
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FIG. 7—Use of an angularly adjustable
collector to measure the secondary
radiation coefficient of both reflected
and emitted electrons as a function of
the angle of emission to the normal
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FIG. 8—Distribution of secondary elec-
trons as a function of the angle S of
secondary radiation

radio tubes. Such tubes when in
operation are very seldom free from
space charge effects.

Some relationship exists between
the secondary energy distribution
curve and the material of the emit-
ter. This has been found by Shar-
man® to be in agreement with the
atomic properties of the material,
At voltages of the order of 8000
volts, however, Stehberger® failed
to find any such connection. The
answer to this question is rather
vague at present.

Angular Distribution of Secondary
Radiation

The relative amount of secondary
radiation at various angles from a
surface may be determined by ap-
paratus such as that illustrated in
Fig. 7. The Faraday collector is ro-
tatable with respect to the radiat-
ing surface. The angle of incidence
of the primary electrons to the nor-
mal of this surface is indicated by
« and the angle of secondary radia-
tion by 8. The number of secondary
electrons per unit angle may thus
be determined.

Measurements of angular distri-

bution have been carried out by a

number of workers.” = = * = While

there is some experimental evi-
dence® of optical reflection of the
primary electrons (i.e., « = 8), the
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sidence of this effect is by no
nans generally accepted. At pres-
't it seems reasonable to assume
1:0sine distribution of secondary
rliation, as shown in Fig. 8; that
. the intensity of the secondary
'liation varies as cos 8, and this
itribution is virtually independ-
z!t of a. The maximum value of
|: secondary radiation varies, how-
i»r, with «. This effect is discussed
|greater detail later.

‘tal Secondary Radiation Coefficient

The arrangement of Fig. 5§ may
.arly be used for measuring the
al radiation of secondary elec-
ns if the collector sphere is at a
,zhtly higher potential than the
Jiating surface. This measure-
mt is in fact a summation of the
‘ve of Fig. 1, and gives the ratio
ween the total number of sec-
dary electrons and the total num-
 of primary electrons striking
emitter. This ratio is generally
erred to as the total secondary
liation coefficient. It must al-
'ys be remembered, when inter-
iting values of this ratio, that in
cases a velocity distribution
st be assumed. In the case of
ipact energies between about 10
ts up to the order of 10,000 volts,
's distribution would be that of
e 1,
n practical electronic devices the
wal ratio of secondary electron
rent to a given electrode near
« emitter to the primary electron
irent will depend (among other
ngs) upon this velocity distribu-
n. Not all the secondary elec-
ins necessarily contribute to the
“ndary electron current.
lhe total secondary radiation
flicient plotted against the pri-
ry electron impact energy was
1 of the characteristics to be in-
‘.jg-’ated by the earliest work-

Secondary Radiation Coefficient

of Pure Metals and Carbon
Cypical measurements of the to-
- secondary radiation coefficient
shown in Fig. 9A and 9B. These
'ves have been confirmed by
ny investigators. The curves
2 to a maximum and then fall as

primary impact velocity in-
ases still further. The maximum
e of coefficient obtained lies be-
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tween about 1.2 and 5.5 in the case
of pure metals. Its highest value is
of the order of 8 to 11 for compound
surfaces of caesium of the kinds
used in secondary electron multi-
pliers and the like. Not many sub-
stances have coefficients of less
than unity. That for carbon varies
between 0.6 and 1.0.

Provided that the metal surfaces
are clean and are completely de-
gassed, the secondary radiation
coefficient is found to be about the
same by many different investi-
gators.” ™

Table I (from Kollath® ) shows
typical values of the maximum sec-
ondary radiation coefficient, and the
values of primary impact energy at
which it occurs, for a number of
substances.

Secondary Radiation Coefficient
of Evaporated Layers

Copeland® * * has obtained in-
teresting results by evaporating
various substances onto a metal
foundation. Evaporating caesium
onto gold increased the secondary
radiation coefficient of the combina-
tion several times over that of gold
alone. He also investigated other
combinations of layers and founda-
tions. The results appear to be ex-
plainable in terms of the degree of
penetration of the primary electrons

; Molybdenum

through the surface layer, and the
varying absorption of the second-
ary clectrons by the different sub-
stances used.

Secondary Electron Coefficient
of Composite Surfaces

It was found® that composite ma-
terials have a high secondary radi-
ation coefficient. For instance,
evaporated deposits of calcium onto
gold, and lithium onto tantalum,
produce coefficients of the order of

on

Secnndarz Radiati

=3

Coefficient of Total

200 400 600 800 000 1200 w00 1600 800
Primary [mpad Energy in Volts

FIG. 9B—Coefficient of total secondary
radiation as a function of primary im-
pact energy for various substances

i
\Carbon black on nickel

400 600

800

1000 1200 1400 1600 1800

Primary Impact Energy in Volts

FIG. 9A

—Coefficient of total secondary radiation as a function of primary

impact energy in volts for the materials commonly used in vacuum tubes
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4 to 5. It was observed that calcium
and lithium belong to the alkaline-
earth group of metals. They have
low work functions and they have a
high thermionic and photoelectric
emission. An investigation of caes-
ium/caesium-oxide/silver was a
natural step, and high secondary
electron coefficients resulted. It was
discovered, however, that neither a
low work function nor a high photo-
electric sensitivity is the only fac-
tor concerned in producing a high
secondary electron coefficient. Typi-
cal results for composite surfaces on
silver are shown in Fig. 10.

The following table is given by
Weiss™® for various values of the
maximum secondary radiation coef-
ficient for caesium/caesium oxide
deposits on various metal founda-
tions.

The processing of the layer pro-
duced is of great importance. The
deposit used as the composite sur-
face is probably of the order of
monoatomic thickness.

In detail, the production of sec-
ondary electron emissive surfaces
is, like the production of coated
thermionic cathodes, largely an em-
pirical process.

Secondary Radiation Coefhicient

of Insulators

There is comparatively little in-
formation in this matter, but it
seems®™ * that secondary emissjon
from insulators consists largely of
electrons that have a low velocity
compared with the primary electron
velocity. The cosine law of distribu-
tion appears to hold, and the coeffi-
cient can exceed unity. There is,
however, a difference with regard
to the angle of incidence of the pri-
mary electrons impacting the radi-
ator. In the case of conductors, the
secondary radiation coefficient in-
creases continuously with the angle
of incidence, but in insulators this
is not so. The coeflicient increases
up to a critical angle of incidence
in either direction from 0 deg, be-
yond which the coefficient drops
sharply and then again increases, as
shown in Fig. 11.

This critical angle has been
found to be evident only at certain
levels of primary impact velocity in
the range from 1300 to 3000 volts.
The critical angle increases with in-
creasing voltage, and eventually
vanishes. It is also affected by tem-
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perature. For example, a critical
angle which is 35°C at room tem-
perature falls to 15°C at the tem-
perature of liquid air. It vanishes
at 150°C. At this and higher tem-
peratures, the phenomenon is the
same for insulators as for conduc-
tors.®: & 4

Explanations * ** assume that
a surface layer of negative space
charge is produced on the insulator
and affects the emission of second-
ary electrons. An insulating sur-
face does not necessarily have a
negative charge, however. The
charge will depend upon the condi-
tions of the experiment and upon
the secondary radiation coefficient
of the material.

Variation of Secondary Radiation
Coefficient With Primary Angle of
Incidence

In general, at low primary im-
pact energies (up to about 100
volts or so), the secondary radia-
tion coefficient is the same for all
angles of incidence.

TABLE Il. MAXIMUM SECONDARY RADI-
ATION COEFFICIENT FOR CAESIUM
LAYERS ON VARIOUS METAL FOUNDA.

TIONS
Max. Primary impact
value of energy (volts)
Metal sec. at which max.
rediation | of sec. radiation
coeff. | coeff. occurs
Silver........ 8- 11 | 600
Magnesium.....! 6.8- 7.5 700
Tantalum....... 4.1- 5.5 | 600
Zing......... 45- 54 600
Nickel.........| 4.6- 5.2 550
Aluminum......| 4.4~ 4.7 600
Copper....... 3.5- 4.0 600
Tungsten. ......| 3.8~ 3.9 600
Leadi s a5t 2.3- 3.3 650
Molybdenum...| 2.5~ 3.1 500
lton.......... 1.9\, 500
Gold v = waas 2.3 | 600

At higher voltages this is not sd
A typical result due to Miiller* i
for a primary impact energy of 250(
volts, and is shown in Fig. 12, |
is interesting to note (Kollath®)
that if the coefficients for various
metals are plotted in order of in
crease of coefficient with incidenc
they will then be arranged more tﬂ
less in descending order of theil
specific gravities. The secondar)
radiation coefficient, as a functior
of the angle of primary incidence t¢
the normal, rises with decreasing
specific gravity. ** The results
previously described apply to angles
of incidence in the neighborhood of
the normal unless otherwise speci:
fied. }

Secondary Emission at High Primary
Impact Velocities

Primary impact energies have
been investigated which are very
much greater than the few thou:
sand volts to which the previous re:
marks have been confined, but high:
voltage results differ little. The
velocity distribution curve of Fig,
1 is affected only insofar as peall
A increases in relative area (that
is, the reflected electrons increase in
number) *- - # ¢

The secondary radiation coeffi
cient as a whole falls with increas:
ing primary impact energies. Thé
increased penetration of the pri
mary electrons of high velocity intd
the metal results in the secondary
electrons being reabsorbed in the
surface layers of the material. This
fall in secondary radiation coeff:
cient is to some extent counter:
acted by primary electrons which!
emerge in a direction difterent from?
the normal to the surface, and caus’
secondary electrons to be emitted
from the surface layer of the mate:
rial. In fact, this latter efféct pre:
dominates in producing secondary;
radiation at very high values of}
primary impact velocity.” The an:,
gular distribution of the radiation;
follows the cosine law.

Consideration of the depth at
which - emission is produced is of;
considerable importance where radis
ation is obtained from both sides of;
a thin foil through which primary!
electrons are arranged to pass.’ !

Many investigators™ ' ** have:
shown that the structure of the ra:|
diating surface has considerable efs
fect on the coefficient. No effect 0“'.|
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t is noted by Hayakawa® at the
nagnetic transformation points of
erro-magnetic materialg, but sud-
len changes have been shown to
ccur at the points of allotropic
nodification of the surface struc-
ure. An abrupt variation in the
econdary radiation coefficient of
ron at the Curie point has, on the
ther hand, been recorded by an-
ther worker.”

Further Investigation Needed

According to Rao®, a nickel mono-
rystal gives a lower secondary ra-
iation coefficient than an ordinary
olycrystalline nickel surface. An
pposite result is obtained by H. E.
'arnsworth’ with respect to copper.
.is result appears to agree with the
tperimental fact that the second-
ry radiation coefficient of finely
recipitated carbon or platinum
lack has a particularly low coeffi-
ent of secondary radiation.
Further investigation seems to
2 needed. In the meantime it seems
1at either monocrystal surfaces of
fferent materials have different
fects on the coefficient, or that
tere is perhaps some optimum size
! erystal which gives a maximum
efficient.

Effect of Temperature on
Secondary Etectron Coefficient
As far as can be ascertained there
no temperature effect. According
Kollath® this point might, how-
'er, be worth further investiga-
on, particularly with regard to the
mplex surface coatings now com-
only used in commercial practice.

Effect of Gas on
Secomilcr_y,zkcgri)cylfion Cpefﬁcignf
'All materials contain' a certain
nount of gas before they have
en heat treated by the usual valve
ube) manufacturing processes
hich are necessary to produce a
gh vacuum. Occluded gas has a
nsiderable effect on the second-
¥y radiation coefficient, and until
e radiator is completely degassed
peatable results are not obtained.
easurements on the effect of gas
.ve been made by Farnsworth,’
arnecke,” and Ahearn. In gen-
al, the presence of gas increases
e secondary radiation coefficient.
ten several times,
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Mechanism of Secondary Electron
Radiation

The quantitative analysis of the
atomic mechanism of the phenom-
enon is in a very rudimentary state.
In fact, a survey of the subject
reduces itself largely to an unsatis-
factory recital of disjointed experi-
mental facts rather than to a
coherent statement of theory. Kol-
lath’s paper* gives an excellent out-
line of the situation up to 1937.
The relationship between secondary
radiation phenomenon and the
atomic structures of various metals
gives no very conclusive result, nor
has the work function any very use-
ful relationship, though there has
been shown to be some proportional-
ity between the secondary radiation
coefficient and this quantity. The
depth of penetration of the primary
electrons has been estimated, and
Becker" arrives at a calculated
depth of penetration of about 30
Angstrom units (about 15 to 20
atomic layers) at primary impact
velocities of the order of 500 volts.

Emission Time of Secondary Electrons

As far as the author is aware, no
measurements or computations of
this quantity have yet been made.
It may prove, however, to be very
important in view of the increas-
ing use of extremely high fre-
quencies in electronics. So far, the
only conclusion appears to be—and
this is a unanimous one*—that
the time of emission is less than
10* second. This is as much as sev-
eral times the periodic time at the
highest radio frequencies now be-
ing brought into use. Modern ultra-
high-frequency technique might en-
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FIG. 11—Coetficient of total secondary
radiation from an insulator as a func.
tion of the angle of incidence of the
primary electrons. A critical angle of
incidence will be ¢bserved

able the time to be measured. A
suggestion due to Kollath® involves
comparing the times of arrival of
electrically reflected primary elec-
trons with those of secondary elec-
trons. Experimental difficulties, ap-
pear, however, to be considerable,

Secondary Emission Transit Times

In view of the initial velocity
spectrum (Fig. 1) common to all
secondary radiation (the fact that
secondary electrons are not all emit-
ted at the same velocity), second-
ary electrons traveling from the
emitter to another electrode do so
with differing transit times. This
effect is of substantial importance
to the operation of vacuum tubes at
very high frequencies, and is dealt
with later in this paper.

SECONDARY RADIATION IN

ELECTRONIC ENGINEERING
In electronic engineering, sec-
ondary radiation is sometimes found
to interfere with the desired opera-
tion of the radio tube in which it
occurs. Sometimes, on the other
hand, it is utilized as an essential
part of the mechanism of operation

The Dynatron Valve

In a tetrode valve, when the
screen grid is at a higher potential
than the anode, secondary radiation
from the anode may travel to the
screen grid and produce a negative
resistance characteristic in the
anode circuit over a range of anode
voltages. Hence the valve can be
made to generate oscillations. This
effect was first described by Hull.®
In considering these results with
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FIG. 12—Coefficient of total secondary

radiation from various conductors as a

function of the angle of incidence & of

the primary electrons. The primary im-
pact energy is 2500 volts
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respect to modern radio techniques
due regard must be paic to second-
ary radiation transit angle effects.

Secondary Electron Multipliers

Secondary electron multipliers™
of both the magnetic and electro-
static types are so well known that
it is unnecessary to describe them
in detail. In multipliers, the pri-
mary electrons strike an emissive
surface which is of such a kind as
to produce a high ratio (usually be-
tween 8 and 11) of total secondary
radiation coefficient. Secondary
electrons thus radiated are caught
by another plate from which fur-
ther secondaries are again radi-
ated. This process is repeated sev-
eral times in order to produce a
very high total magnification of the
original primary electron beam cur-
rent. .

The primary electron beam can
be controlled by either photoelectric
effects® or by voltage control
Greater importance appears to at-
tach to the amplification of photo-
electric currents than to voltage
control, as the limitations of the
latter type cause it to be rather spe-
cialized in application.” An inter-
esting and comparatively recent ex-
ample -of voltage control has been
described by Wagner and Ferris.”
Control of the primary electrons in
secondary multipliers by deflecting
them instead of using a control
grid appears to have been first de-
scribed by Hopkins.™ The composite
caesium/caesium-oxide/silver curve
in Fig. 10 shows the ratio of second-
ary emission current to primary
current obtained from one of the
radiating surfaces in a multiplier.

Since secondary electrons are not
emitted with a single velocity, but
with a spectrum of velocities, the
transit angle between the radiators
in the multiplier also has no single
value.

In Fig. 13, the ordinates repre-
sent the relative number of second-
ary electrons emitted at each of
various relative overall transit
angles of the secondary electrons
in a 3-stage electron multiplier. The
relative overall transit angle is ex-
pressed as a fraction of the transit
angle which would exist if the sec-
ondary electrons were emitted with
zero velocity. It will be observed
that the transit angles of the indi-
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FIG. 13—Variation of transit angle of

gecondary electrons in «a secondary

eleciron multiplier. This variation is

due to the distribution of secondary

eleciron energies illustrated in Fig. 1.
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Fig. 1
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FIG. 14—Frequency response of an

electron multiplier, showing {all-off at

very high frequencies due to the transit
angle effect illusirated in Fig. 13

vidual secondary electrons vary
over a wide range. Furthermore,
secondary electrons are radiated
from different parts of the radi-
ator, and have to travel along paths
of different lengths to reach the
next electrode.

The result of these combined ef-
fects has been shown by Malter” to
produce a high-frequency cut-off
in the response of the multiplier as
a whole. The resulting frequency
cut-off of a typical multiplier is
shown in Fig. 14.

Farnsworth Multipactor

Another application of second-
ary electron multiplication involves
the utilization of transit time to
produce high-frequency oscillations.
This idea was first put forward by
Philo T. Farnsworth.”

Reduction of Screen Grid Current

In many screen-grid radio tubes
the anode is maintained during op-
eration at a potential higher than
that of the screen grid. Secondary
radiation of quite a consgiderable
amount is produced at the points of
impact upon the screen grid of the

primary electrons which constitute
the space current. The secondary
electrons travel from the screen
grid to the anode and so decrease
the screen grid current, and in-
crease the anode current, very con-
siderably. This results in an in-
crease in the static transconduc-
tance of the tube. It must not be
forgotten that due to the varying
transit angles of the secondary elec-
trons, this increase will not hold at
very high frequencies. The phe-
nomena produced will be somewhat
similar to that exemplified above
with respect to secondary electron
multipliers. There seems to be no
published information in this mat-
ter.

Secondary Radiation from Cathodes ]

In certain tubes—notably the
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magnetron—the cathode may be '
bombarded by primary electrons |
which return to it at considerable '

velocities. By adding to the emis-

sion, the resulting secondary radi- |
ation may have an appreciable ef- '
fect on the operating character-

istics of the valve.

The Pentode’

In the great majority of elec-
tronic tubes, secondary radiation is
a nuisance and elaborate steps have
to be taken to prevent it from inter-
fering with the operation of the
tubes. It will be clear from Fig. 5
and the associated text, however,
that attempts to prevent the radia-
tion of secondary electrons from the
electrodes of radio tubes are fore-
doomed to failure. In fact, quite
early engineering experiments con-
firmed this.”

Since secondary radiation itself
cannot be prevented, the only re-
maining thing to do is to prevent
the secondary electrons traveling

l
t

i_
s
5
:

from one electrode to another. This |

is the idea behind the pentode.

It is almost unnecessary to de-
scribe this well-known tube in de-
tail.® The traverse of secondary
electrons from the anode to the
screen grid when the anode is at a
lower potential than the screen grid
during operation is prevented
partly by the use of a retarding
potential. A grid (called the sup-
pressor grid) is interposed between
the screen grid and the anode and
is maintained at a low potential.

t
?
]
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Primary electrons pass through
'» spaces between the suppressor
sid wires. A retarding potential
iists between these spaces and
uds to reduce the secondary radi-
yon current from the anode to the
reen grid to a fraction of the pri-
ry electron current (see Fig. 4
] 6). At the same time, due to
I» cosine law of distribution
‘ig. 8), only a small number of
i secondary electrons are di-
ited towards the gaps in the sup-
ussor grid. This results in a still
fther reduction of the total sec-
lary electron current.
A further effect which tends to
uce the adverse flow of second-
» electrons is the addition to the
warding potential caused by space
|rge effects. Both primary and
iondary electrons contribute to
| space charge potential. The
ibination of all these effects (and
i8ibly others) operates in a very
(1iplex manner, and the author is
aware of a satisfactory quanti-
live theory, but pentode valves
ly readily be designed by empiri-
means.
lemembering that the potential
the spaces between the wires of
. suppressor grid cannot be zero
¢ the primary electrons them-
7es would be prevented from ar-
ing at the anode), it is untrue to
t that the operation of a pentode
explained merely by the inter-
ition of a retarding potential
ween the anode and screen grid.
‘etarding potential which did not
uce the potential between the
‘es of the suppressor grid to zero
ald still leave a considerable
punt of secondaries flowing. This
lear from Fig. 6. Curve A in
[~ 15 shows the familiar dynatron
racteristic which is produced in
absence of a suppressor grid.
‘ve B shows the characteristic
nd in a pentode, and curve C
ws the type of characteristic
t might perhaps be expected if
Suppressor grid retarding po-
tial alone were the only opera-
* factor in preventing the flow
secondary electrons.

Secondary Electron Traps

Jue to the cosine distribution of
»ndary radiation (Fig. 8), if a
m of primary electrons enters
2nclosed metal cavity (at a posi-
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tive potential) through a small
aperture as in Fig. 16, only a very
small part of the resulting second-
ary radiation will succeed in leaving
the cavity. This is the principle of
the Faraday cylinder previously re-
ferred to (Fig. 8, 4, and 7). At-
tempts have been made and sug-
gested® to utilize such cylinders as
the anodes or collector electrodes of
practical radio tubes. Since in such
radio tubes the effective anode area
for the collection of primary elec-
trons must usually be considerably
greater than the small aperture il-
lustrated in Fig. 16, these attempts
have not been very successful as
far as the author is aware.

Critical-Distance Beam Tetrodes

In 1931 the author, working on
the production of the then novel
idea of producing beams of elec-
trons of appreciable fractions of
an ampere at a few hundred volts,
found that if the space current in a
dynatron type of tetrode is confined
into a beam, an optimum value ex-
ists for the distance of the anode
from the screen grid (accelerating

Suppressor gr!'a'

|
i:,_'r&_. ~Anode |

,“ t‘-b’cr&an 5,-;'6' |
BN Control grid |

_Screen grid
" wolfage

Anode Current

Anode \f‘alh:ge

FIG. 15—Curve A is the anode charac-
teristic of a dynatron valve. Curve B
is that of a pentode. Curve C is the
approximation to the kind of curve that
might be expected if a suppressor grid
is assumed to operate solely by pro-
ducing a retarding potential

Primary
electrons

.
|

Apcrfwfe

I
.S‘ecana’ary electrons
radiafed in accordance
with the cosine law

Collector-’

FIG. 16—A Faraday cylinder or elec.
tron trap

grid; he named this distance the
critical distance) at which the pas-
sage of secondary electrons from
the anode to the accelerating grid is
prevented. The anode characteris-
tic then obtained is of the kind il-
lustrated in Fig. 17.”* The sharp
knee at the lefthand side of the
curve is characteristic of this type
of tube and results in a consider-
ably lower distortion level™ ® than
the more rounded knee of the
pentode (Fig. 15).

Tubes of this kind were made in
1931 and were put on the market in
England hy a commercial firm in
1935. They came into wide use,
under the name of beam tetrode
when this tube was first marketed
(in America) in 1936; yet, like the
pentode (the invention of which
dates from 1926), there is again no_
satisfactory published theory. The
straight part of the anode charac-
teristic of this valve (Fig. 17) can
only be accounted for by the reduc-
tion of the traverse of secondary
radiation to a very small fraction
indeed of the total radiation. By
reference to Fig. 6, it will be seen
that this appears to infer a retard-
ing potential virtually equal to the
primary impact velocity itself.

Attempts have been made to ex-
plain this critical-distance charac-
teristic in terms of the potential
minimum  produced by space
charge,®* but the . author has
shown® that the magnitude of the
retarding potentials predicted by
this theory is not sufficient (by a
factor of several times) to prevent
the occurrence of the dynatron kink
in the anode characteristics. More-
over, the problem is not merely one
of preventing the passage of sec-
ondary radiation at one set of
values of anode current, anode volt-
age, and screen voltage. It is, on
the contrary, that of maintaining a
flat working surface of the charac-
teristic over a wide variation area
(Fig. 17). A purely space-charge
retarding potential theory leads to
no such range of working currents
and voltages.

A complete formulation of the
problem must include the effects of
the formation of the primary elec-
trons into a beam (without which
the effect seems not to take place in
practice), the variation of the
density of this beam with control
grid voltage, the energies of the
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secondary? electrons, the angular
distribution of the secondary radi-
ation, the end effects, and the de-
pression of space potential due to
the presence of low-potential con-
ductors near the screen grid-anode
space. (An approximate theory of
the beam tetrode can, however, be
produced to take these factors into
consideration, and the author hopes
to present it in due course when
war-time matters permit.)

It has been pointed out by the
author some time ago™ that if the
accelerating voltage is higher than
a few hundred volts, the critical-
distance effect is not produced sat-
isfactorily. This appears to have a
relationship to the increase in the
area of peak A in the secondary
radiation energy distribution curve
(Fig. 1) at the higher primary im-
pact velocities.

Secondary Emission from Grids

Grids and other electrodes in
electronic tubes which are struck
by electrons will emit secondaries
which, particularly in tubes where
optical images are to be formed,
may be very undesirable. Such ef-
fects may be minimized, though not
eliminated, by treating the surfaces
involved. Coating with carbon
black or like methods are used
(Fig. 9A).

Secondary Radiation from Insulated
Electrodes and Insulators in Vacuum
Tubes
If an insulated conductor is po-
sitioned in the path of a beam of
primary electrons, its potential will
depend upon the impact energy of
the primary electrons and upon the
secondary electron coefficient of the

conductor.

For instance, referring (Fig.
9A) to the curve for nickel, it will
be seen that it becomes unity at a
primary impact velocity of approxi-
mately 1750 volts. The initial po-
tential of a clean insulated elec-
trode made of nickel will, in the
absence of a flow of primary elec-
trons, be that of the space in which
it is situated. If this potential, and
the impact energy of the primary
electrons upon the nickel electrode
are both above 1750 volts, then,
from Fig. 9A, the total secondary
radiation coefficient will be less
than unity. The insulated nickel
electrode will therefore charge
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negatively until its potential reaches
1750 volts, when the secondary
radiation coefficient is unity, and
the number of electrons leaving the
electrode will be equal to those
reaching it. This, of course, as-
sumes space-charge-free conditions,
and assumes further that all the
secondary electrons emitted by the
nickel are collected by other elec-
trodes in the tube.

If, again, the space potential of
the insulated nickel electrode and
the initial energy are between
about 160 and 1750 volts, then,
from Fig. 9A, the secondary radia-
tion coefficient will be greater than
unity, and the electrode will tend
to charge positively until an equi-
librium potential of about 1750
volts is again reached.

If, however, the space potential
and the primary impact energy are
below 160 volts, then, from Fig.
9A, the total secondary radiation
coefficient is less than zero. The
insulated electrode will charge up
negatively until it reaches zevo po-

«0
Criteal dis farce” Eg

C"ﬁ’ ..~ Scrt.eni

- X ;
--..,lt":_ Jcreen grr'a’ volfage
s ~

| N
N ~ (] perating L3

Area

e
=
g
=
3

(5]
L]

-
Q
e

<

Ancde: Voltage

FIG. 17 — A critical - distance beam-
tetrode characteristic

tential, at which no primary elec-
trons strike it. Therefore, in gen-
eral, an insulated conductor upon
which eclectrons impinge tends to
take up either a potential tending
to zero. or a high positive potential.
It has been suggested to employ this
effect to maintain a suppressor grid
in a pentode at the order of zero
potential. Clearly, if the electrode
is contaminated, or otherwise has a
greater secondary radiation coefhi-
cient than the pure material (and
this may very easily occur in a
practical radio tube), the impact
potential at which the total second-
ary radiation coefficient is unity
may well become very high.

The equilibrium potentials of
insulators (such as the glass walls

of a vacuum tube) due to secondary !
radiation may vary discontinuously
and profoundly affect the space pos
tential in the tube as a whole, an
therefore in many instances upset
the operation of the device. In th
absence of more information on thi
secondary radiation coefficients of
insulators, and because of the co
plicated nature of their behavior
it is not possible to state any usefu
theory. In radio tubes care is tak
to minimize the results of bul
charging. This is done by causin
the electrode assembly to be self
shielding (i.e., semi-enclosed as f

as the operative part of the electro

beam is concerned) or by putting

conductive film (such as collodi

graphite) on the walls of the gla}

’envelope and connecting it to i

suitable part of the electrode sy
tem. This is found to be necessary
in cathode-ray oscilloscope tub
where the beam is not enclosed b
the metal electrodes.

Conclusion

It is remarkable, considering th
extreme importance of secondar
radiation in electronic engineerin
that there are so many gaps in th
published information and theor
The author would appreciate apj
additions or corrections to th
paper.
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Made in CHIN

In this rugged terrain near Kweilin,
capital of Kwangsi Province, native
workers make radio equipment used
by the Chinese Army and Government.
operated broadcast stations. Known
as the Central Radio Works. the plant
is operated by the National Resources
Commission. Note parking lot

Components are assembled as above where ca
tion of Chinese employees.
coolie, right, forms the local version of a conv

pacitors and vacuum tubes receive the dextrous atten-
Below, a worker finishes up the wiring on a transmitter, while a
eyor line in transporting units around the plant
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PHOTOTUBE CONTROL

Flow rates as constant as = } percent are achieved by a system which combines a rota
meter for light-source interruption with phototubes, amplifiers, and thyratrons to contre

a motor-driven regulating valve

By ROBERT C. McNICKLE

OTAMETERS are simple instru-
ments which accurately indi-

cate the rate of flow of liquid or gas
in a pipe line. They are widely used
in chemical process, power, and

/
r/“

|
Il

: .. | Mefering
N Float

777/

[ - {Tapered
Pyrex
mefering
fobe

Ti /

FIG. 1—Censtruction of a rotameter is
shown in this sectional drawing. Po-
gition of the float depends on diifer-
ential pressure which is aufomatically
maintained constant by variations in the
annular opening between float and tube
as the float rises and falls, Flow-rate
indication is linear

other industries. The instrument,
shown in Fig. 1, usually consists of
a vertical, transparent, tapered,
glass tube and a metering element
inserted inside the tube. The small
end of the tube is at the lower por-
tion, and the metering element, var-
iously shaped depending upon fluid
requirements, is free to move up or
down along the axis of the tube.
The- position assumed by this ele-
ment directly indicates flow rate.
The gas or liquid being metered
flows from the bottom to the top of
the tube.

Theory underlying the operation
of this type of flow indicator is
based on the flow equation, @ = CA
V2gh, where h is a constant by
virtue of the constant net weight
of the metering element (commonly

Engineer
Brooke Engineering Co., Ino.
Philadelphia, Pa.

called the float or rotor), and A |
a variable due to the taper of th
tube. The force counter to the floa
weight is the head differential in
duced by the fluid flowing throug
the annular aperture between th
outside diameter of the float, amw
the inside diameter of the tubt
Thus the rate of flow varies directl
as annular area and the calibratio
of the instrument is linear.

In other words, forces on the floa
are in balance; weight of the floa
minus buoyancy equals area of th
top of the float, times differentis.
pressure. If the flow rate increaset.
the differential across the float wil,
increase, and the float will rise toj|
new position to maintain a fixe
differential pressure across it. Raf
of flow is accurately measuré
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FIG. 2—Block diagram shows general operatlon of the flow-control unit.
Provisions are incorporated to cancel out effects of line-voltage fluctuation |

and changes in color of the controlled fluid
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ODF FLUID FLOW

FIG. 3—The complete unit. Elevating
handwheels are below and hand-auto-
matic controls are on the front panel
of the controller. Plastic light-trans-

mission bars project through slots on
either gide of the rotameter tubes

iroughout the entire tube range
1e to the variable orifice (fixed
fferential) principle, and is not
mited to a narrow range such as is
ie case in the fixed orifice type of
W meters.

Self-supervised Operation

For the past ten years, there has
#n a demand for automatic con-
5l applied to rotameters. Brooke
1gineering Co. developed a con-
ol for this type of meter several
ars ago. The control operated on
induction principle such as is
mmonly used in other types of
struments. The float had an iron
d which hung down inside a cen-
r-tapped coil, mounted below the
tameter. This coil was electrically
lanced against a similar, remote
il having an iron rod that could
positioned by hand.
Differences in balance of the two
ils when the float moved out of
preset balance, were fed into an
ictronic relay which caused a mo-
¢ to operate, This, in turn, opened
closed a valve to correct the flow
te. This type of control was mot
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Close-up of electronic control unit.
in the foreground to reveal plastic bars which transmit light from the source to
the rotameter glass and back to the phototubes

entirely satisfactory, due to the
fact that its sensitivity was only
plus or minus 1 percent, and phase
shifts caused unstable operation
if the control point was not near
the center of the coil. Also, it
could not be used on small sizes of
rotameters, because the magnetic
effect of the coil on the iron rod at-
tached to the float was so great as
to affect the sensitivity and accur-
acy of the rotameter.

About a year ago, a large refinery
had a process in which they wished
to maintain the flow rate of a fluid
to ==% percent and it was decided
to use a fully compensated elec-
tronic relay, receiving its signals
from phototubes. This system had
been in successful operation for
many years, measuring the smoke
density of large industrial boilers
and adusting the air supply to main-
tain a fixed smoke color at the
boiler outlet.

For the rotameter application, it
was decided to use two light beams,
one shining across the top of the
float, and the other across the bot-
tom of the float. Each light beam

Covers have bsen removeéd from chassis

was applied to a phototube, and the
outputs of the phototube amplifiers
were electrically balanced against
each other to cancel out the effects
of voltage changes and color devia-
tion of the liquid.

If the float in the rotameter
moved due to a change in flow, one
phototube received more light and
the other, less light. This unbalance
caused a thyratron to operate a mo-
tor with compensation and with full
torque at all times. This motor
changed a control valve in the cor-
rect direction to restore the float to
the set value within =} mm
(0.0098 in.)

Disposition of Parts

Arrangement of the various
pieces of equipment is shown in
Fig. 2. The rotameter is mounted
on a stand, in front of 3 panel
as in Fig. 8. The electronic relay,
with its light source common to
both beams, and its phototubes, am-
plifiers, thyratrons, and allied equip-
ment, is mounted behind the panel,
as in Fig. 4. Lucite or Plexiglass
bars are used to transmit the light
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FIG. 4—In a rear view, motor drives and control valves appear below the

electronic relays. Mercoid units mounted on the valve shaits include limi?

switches and extras which can be used to operate relays on terminal panel
for automatic shut.down feature

out to the rotameter and back to
the phototubes. The electronic re-
lay is mounted on an elevator as-
gembly which permils the operator
to raise or lower the entire assem-
bly to change the rotameter control
setting. The unit is also supplied
with a switch which permits the
operator to remove the control from
“automatic”, and to raise or lower
the flow to any desired value.

In addition to the compensated
controlling action, described later,
other features may be included in
the electrical eircuit when re-
quired. For example, automatic
shut-down if any of the fluids in the
process cease flowing or go beyond
predetermined values, or if tubes
or light source fail.

In most cases, a lock-in circuit
must be employed to return the
float within the range of the light
beam if the characteristics of flow
are such that an occasional surge
in the fluid will raise or lower the
float out of the light beam. This
lock-in feature is most important.
Essentially, it consists of electro-
magnetic relays which are actuated
by the phototube amplifiers just be-
fore the float leaves the light beam.
The lock-in feature discerns which
way the float moved and operates
the motor at full speed to return the
float to the light beams where the
thyratron can come into operation.

Referring to the circuit diagram
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in Fig. 5, when the output of V,
goes beyond a predetermined limit,
as set by Ry, a type 2050 thyratron
in the lock-in circuit fires to ener-
gize a relay. When energized, this
relay disconnects the cathode of an
opposing 2050 so that it cannot op-
erate, and puts a high positive volt-
age on the grid of the thyratron V,
to run the motor at full speed. The
lock-in ecircuit does not come into
play until the float is about ready to
leave the light beam.

The electronic relay employed
converts impulses from a pair of
phototubes into signals sufficiently
large to run a reversible motor. Net
movement of the motor is propor-
tional to the signal and the motor
has full torque at all times. The
electronic relay provides electrical
compensation by means of a circuit
which varies the thyratron grid
voltage by charging and discharg-
ing a capacitor at variable rates.
Such compensation is similar in re-
sults to mechanical throttling and
reset but is accomplished electri-
cally without the use of relays, open
contacts, or moving parts.

The light source is a 120 v bulb di-
rected through two pieces of Lucite
or Plexiglass to form two light
beams shining aeross the rotameter.
They are spaced so that when the
float is in balance, one half of each
light beam is blocked out and the
other half of the beam passes

through the fluid and metering tube
to other bars of Lucite, and thence
to the phototubes. The phototubes
are of the high-vacuum type and
are not appreciably affected by volt-
age changes. I

Circuit Details

Direct-current bias for the pho- '
totubes, amplifiers, and thyratrons
is furnished by the 6H6 rectifier. !
One half of the tube acts as an or- !
dinary high-voltage half-wave rec-
tifier, taking voltage drop across a '
load resistor, while the other half '
utilizes the drop across the tube, !
giving low voltage. Both plate out- T
puts are filtered. Resistors R. and
R. provide grid bias for V. and V.|
while C, and C. provide a-c grid-—
to-cathode return.

Phototubes V, and V, are so con-
nected to their amplifiers V, and V,,
that the more light received by the
phototubes, the lower the amplifier
plate output. With this arrange !
ment, it is possible to keep a nearly
constant plate output of the ampli- ¢
fiers with a variable voltage. For !
instance, if the voltage falls, the
light source dims, plate voltage of
V, and V., drops, and the phototubes
decrease the negative grid voltage
of the amplifiers, thereby increas- |
ing plate output to approximately
the same value as at the higher
voltage. This will take care of line
voltage changes in the order of =%
v at 115 v. For greater changes of
voltage the plate outputs of V. and
V, will vary up or down together,
but since these plate outputs are
balanced against each other in T, it
will not affect the control. With the |
amplifier plates balanced against'|
each other, color changes of the !
liquid in the rotameter will also-I
cancel out.

The plate of V. is connected 0
one half of the primary of push-pull
transformer T, and the plate of W
is connected to the other half. As
suming the float is in neutral, light
on V, equals light on V., plate out~
puts of V, and V. will be equal and
cancel each other in the primary of
T, and there will be no voltage de-
veloped in the secondary. If the
float moves down from the neutral
position, V, receives more light, and’
V. less light, therefore the grid of |
V. will become more negative, and|
the grid of V. less negative. The
plate output of V. will become

-
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rater and that of V, less, causing
dltage to be developed in the
acndary of T. Since the primary
slige is pulsating half wave, an
croltage will be developed in the
cxdary.
. fixed, negative d-c bias of ap-
rcimately 10 v is maintained on
ierrids of V, and V, by the recti-
sivhen the float is in balance. If
eloat falls, as assumed above, the
seive half of the a-c voltage de-
dved in one half of the secondary
reduces the negative grid volt-
®0 approximately 2 v and V. fires
in the motor in a direction
1:h changes the valve to restore
eloat to neutral. Note that the
13ion of tubes V, and V, is 180
giut of phase with the emission
land V..

Anti-Hunt Compensation

I'zan readily be seen that if the
Ar were to run at full speed un-
gs float reached its neutral posi-
% hunting would occur. To in-
yice compensation C; is used in
¢ following manner. When V,
eito run the motor, its plate be-
13 approximately 70 v negative.
i1 negative voltage, in addition
inning the the motor, charges
iough R, R,, and R, to put a

high negative voltage on the grid
of V. to stop it from firing. Then,
C, discharges through R, R, R.,
and the motor. Thyratron V. can-
not fire again until C, discharges.

While the motor is not running,
the float has a chance to come to
rest. If its point of rest is not the
neutral position, a signal from 7
will again cause the motor to run.
If the float moves a great distance
from neutral, a strong signal will
be developed by T, and the motor
will have to run a long time before
C. is charged with a high enough
voltage to overcome the effect of
the secondary voltage of 7. The
motor will then have a long time
delay. If the signal from T is weak,
the motor will only be energized a
short time to charge C, a small
amount, and the time of delay will
be short. In other words, the net
rate of movement of the control
valve will be proportional to the
amount the float moves from neu-
tral.

Capacitor and resistor values are
so chosen that if the float moves a
great distance, the motor will run
at full speed without interruptions.
As the float approaches neutral, the
motor begins to step at a speed pro-
portional to the distance from neu-

tral. Capacitor-resistor combina-
tions C,-R, und C,-R, also have a
somewhat compensating effeet but
on a relatively small scale.

If the float had moved in a direc-
tion to fire V,, a negative feedback
voltage would have been induced in
the motor field not being uséd. This
induced voltage would be equal to
the voltage running the motor, and
would cause compensation as de-
scribed above.

By this system the motor always
has full torque, regardless of how
close the float is to balance. This is
extremely important for highly sen-
sitive controls,—otherwise, should
the valve stick, the torque delivered
by the motor near the neutral point
would not be sufficient to restore the
float to its original balance point.
This is often a limiting factor in
many control devices.

Successful field operation of 64 of
these units for several months has
demonstrated that an extremely ac-
curate control can be applied to de-
vices where it is necessary to main-
tain a movable body in a fixed posi-
tion. If greater sensitivity is re-
quired, concentrated light beams
can be employed. By this method,
a slight change in float movement
will cause a greater signal change.

To lock-in fb/ra{‘ron W, (2050) ——1
(=== e
— vy i
Rofarmerter I Rs Re
. 6J5
——  Lucrte B
' (?? — ’ -
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= ] ) Va é'ﬁ =
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| ‘ f
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W 8—Basic clrcuit of electronic relay includes a pair of
ﬂ,' thyratrons which can be replaced with FG57 type where
''ge motor is required for valve operation. Light source,

shown as directly connected to the line, i i i
> ; } . 13 sometimes put in
series with the filaments of the rectifier and amplifier tubes

for long operating life at reduced voltage
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A Generator of Damped

Spark discharges between 460 series-paralleled metallic

46 spheres
v— b e e 1\
“Adjustabdle firns—
Cornb -like rod

L

N

<1/0 rows

Binding posts.
- — ‘I

spheres develop 7 watt of power at 7,000 Mc for the;
irradiation and stimulation of cells in biological studleel

P

___O.___OJ'

0.000¢
T
"=~ -R-F chokes ‘
100,000V
—\9
" Vibrator with
I pu¥ copacifor
f] across output

DC.
I/0V t

FIG. 1—Schematic of the generator

PPARATUS which has for its pur-
Apose the production of power at
extremely high frequencies is us-
ually associated with radio trans-
mission but that deseribed here was
designed for use in the field of bi-
ology.

The generation of damped elec-
tromagnetic waves by means of
spark discharges between metallic
spheres dates back to the beginning
of the century. A complete discus-
sion of the early work is out of
place here, and for hypotheses and
theories on the subject we refer the
reader to the appended bibliog-
raphy.

Design Considerations

Some of the conclusions of ear-
lier experiments which were kept
in mind in designing the apparatus
follow:

(a) When a metallic sphere is
excited by electric sparks, highly
damped trains of waves are gener-
ated.

(b) The approximate length of
the fundamental wave is given by

Thomson’s formula 1 = 2nd/\/3,

where d is the diameter of the
sphere.

(¢) The surface of the spheres
must be and must remain highly
polished, otherwise the discharge
ceases to be oscillatory and becomes
aperiodie.
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(d) The energy of the electro-
magnetic waves generated by dis-
charges between small spheres is of
the order of 10~ watt.

In order to utilize these conclu-
sions in a practical way a large
number of metallic spheres were
fixed in a non-conducting frame, in-
dividually insulated, and at conven-
ient terminals high voltage was ap-
plied. (The excitation of the
spheres may be in parallel, in series
or in series-parallel. The last dis-
position was preferable.)

Figure 1 shows a schematic ar
rangement of the circuit of the ap:
paratus. It follows the theory of
the spark-gap circuit once widely
used in radiotelegraphy  with
damped waves, except for the fact

that in this instance the spheres,

oscillate and radiate at the same
time.
Description of Apparatus

The apparatus, shown in Fig. 2.
is mounted on top of a cabinet in

which a transformer is housed. Twe

FIG. 3—Close-up of the left edge of
the unit, showing how binding-posts
which may be seen in a vertical line
are used to permit adjustment of fins

__=
1
FIG. 5—Partial view of the unit, with f
some spheres removed to show how |
treated wooden strips provide horizon. '
tal spacing k

|

FIG. 4—Paralleled round porcelain rods provide vertical grooves in which
spheres may be placed, keeping them equally spaced and well insulated
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Microwaves

By ANGELO MONTANI

Itable arms at the sides sup-
ort a cylindric-parabolic reflector
i which the radiating element is
Jsitioned.
The transformer used was taken
‘om an old x-ray machine, and is
ited at 100,000 v r.m.s., 500 w. Its
rminals are connected through
gh-frequency chokes to two comb-
e rods, each of which has ten ad-
wtable “fins.”” The rods are
juipped with binding-posts which
wrmit adjustment of the fins. A
t of binding-posts associated with
ie of these rods may be seen in a
rtical line in Fig. 3.
Ten parallel rows of metallic
heres, each row having 46
heres in series, constitute the
nerating and radiating element.
he spheres are plain metallic balls
ch as those used in ball bearings,
ated with platinum to prevent as
1g as possible rusting due to
one produced by the sparks,
To obtain individual insulation
each sphere straight porcelain
ds, 47 in all, were assembled
ainst a flat wooden back to con-
tute a corrugated surface having
| grooves, in each of which 10
aeres could be located in a verti-
row, as shown in Fig. 4. With
8 disposition every sphere is
rizontally  spaced the same
ount from the spheres to the left
d right, which is important for
! even distribution of sparks.
rizontally between each row of
1eres long strips of treated wood,
re inserted as shown in Fig. 5.
' hold the 460 spheres against the
‘celain rods a sheet of flat glass
8 provided to cover the entire
face of the radiant element.
The diameter of the spheres is
mm, and therefore the funda-
ntal wavelength is approxi-
tely 43.4 mm. The power radi-
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FIG. 2-—The complete
generator, consisting of
a metallic-sphere spark-
discharge unit and sheet-
metal parabolic reflector
to concenirate radiation.
The cabinet on which
the generator-radiator is

mounted contains the
high-voltage supply
transformer

ated by the whole system of 460
spheres at the fundamental wave-
length is around % watt. (Assum-
ing that the power of the har-
monic waves decreases according to
the square of the number of their
natural sequence, the power of the
tenth harmonic, or 4.3 mm, would
be % 10*w, and the power of the one
hundredth harmonic, or 0.43 mm,
would be % 10*w.)

Purpose of Apparatus

The purpose of the apparatus
was to make available in the biolog-
ical field those radiations which
fall between the centimeter waves
and the heat rays, and to find out
if such radiations might be of use
in therapy.

Living things are made up of bil-
lions of individual “cells.” These
cells generally vary in size 10 em
and 10 cm, and are larger in vege-
tals and smaller in viruses. If we
want to stimulate a cell we can do
so by irradiating it with waves of
the same order of magnitude, since
under-these conditions at least par-
tial resonance may be expected.

Rays shorter than light excite
the electrons of the atoms which
form the cells, no matter where
those electrons are. They may be-
long to a neuron or to a rock. On
the other hand, short waves as used
in diathermy cause in the tissue as
a whole variable charges which, as-
sociated with the osmotic and ca-
pillary phenomena, alter the circu-
lation of the liquids of the body.
In both instances, the cellular
metabolism that ensues is not a
specific direct reaction of the cells
to the radiation, but a derived ef-
fect. Cells in tissues represent a
tridimensional grating, and with
waves of proper dimensions it may
be possible in the future to insti-
tute a new kind of Spectroscopy of
the living tissues and determine if
there exists a kind of selective ab-

sorption peculiar to every type of
cell.

Biological Use

Between March and June, 1941,
six biological experiments were per-
formed with the above apparatus

(Continued on page 306)
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Electronics in

PETROLEUM PLANTS

1

Analytical methods involving a large portion of the electromagnetic spectrum are being |
used continuously today in petroleum production and research to identify molecules in

complex gas or liquid samples and det

ODERN AVIATION GASOLINE of

the “100 plus” octane num-
ber variety, the all-purpose mili-
tary lubricants required in today’s
highly stressed equipment, and
pure chemicals produced from
petroleum for the manufacture of
synthetic rubber were all unheard
of in World War I. The swift pro-
gress of petroleum research in the
development -of these products and
the rapid translation of laboratory
processes for their manufacture
into vast commercial operations
has spurred on the analytical chem-
ist to new heights. Without the
participation of the electronics in-
dustry, this progress would have
been impossible.

In the past the simplest methods
served to control the manufacture
of gasoline and lubricating oils.
Today, measurement of such sim-
ple properties as gravity, viscosity,
and boiling range is not sufficient.

By
F. P. HOCHGESANG and
C. H. SCHLESMAN

Socony-Vacuum 04l Co., Inc.
Research and Development Division
Paulsboro y

Modern research demands far more
explicit information. Usually the
research chemist, and often the pro-
duction engineer also, will not set-
tle for anything less than knowing
the complete composition in terms
of the molecules present. When new
methods developed for research
purposes are applied to industrial
control, our dependence upon stable
amplifiers and electronic detectors
and recorders becomes complete.
These modern radiation methods
have again stressed the importance
of the electromagnetic spectrum to
the petroleum chemist. The regions
most frequently employed in this

field include the x-ray, ultraviolet,
visible and infrared portions of the"
spectrum. Naturally the technique
resembles that of the physicist
more than that of the chemist. The
chemist endeavors to make mate-
rials react with specific reagents to
yield a unique product which will
identify some component of the
original sample and which can
preferably be weighed or titrated
to determine the concentration of
the unknown component
sample.

The physicist, on the other hand,
usually makes measurements on the
sample as received, often returning
the sample still in its original con-
dition. Such physical measure-
ments yield new and direct in-
formation concerning the sample.
These methods are frequently much
more rapid than wet methods and
only a small amount of the sample
(sometimes less than a milligram)
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FIG. 1—The frequency spectrum, with upper boxes showing how various portions of the
spectrum can be generated and detected for use in the petroleum analytical field
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SUMMARY OF ANALYTICAL METHODS USED IN PETROLEUM PRODUCTION AND RESEARCH

Mathod Principal Use in Petroleum Industry Remarks

Principaily useful for mass-pioduction analysis of routine gas samples’
Instrument time is ¥4 to %4 hour per sample but calculsting time may
require several hours. Extended range, high speed, pea and Ink
electronic recorders and automatlc calculators are needed.

Determination of low molecular weight hydrocarbons, such as

Mass Spectrometry : e
analysis of the petroleum ''gas cut

Sample may be a gas, liquid or solid but must not contaln more then
about six molecular components if complete identlification 1s desired.
Most infrared samples must not contain water and Raman samples
must not contain much fluorescent material. The electronics in-
dustry could greatly increase the usefulness of either method by
supplying completely electronic detecting and recording circults.

Determination of molecular components and identification ot
functional groups within molecules, such as analysis of aviation
gasoline after fractional distillation or determination of mer-
captans (S-H) in gasoline base stock.

Infrored Absorption and
Reman Spectrography

Electronic detecting and recording systems are available in this field.
A not#too-expensive instrument which automatically scans the
entire spectrum is needed.

Determination of aromatic and conjugated olefinic compoum?s.
such as toluene in paraffinic base or butadiane for synthetic
rubber manufacture.

Ultaviolet Absorption
Spectroscopy

Good for rapid qualitative survey of sample or for quantitative
determination of metals present in low concentration. The adapta-
tion of electronic detecting and recording systems to replace the
photographic emulsion would be very useful In most cases.

Determination of metals and metalloids, such as analysis of
catalysts for trace metals.

Emission Spectrography

X-ray tubes and generating systems are designed to meet present
requirements but electronic detection and recording is much needed
in the x-ray ditfraction field.

Determination of compound identity of crystalline materials;
aids in the investigation of crystal structure and structure of
colloidal or amorphous materials.

X-ray and Electron
Diffraction

X-tay Microradiography Tool to supplement useful metallurgical microscopy.

A “reflecting” electron microscope seems to be the next step In
this field.

Extends the range of ordinary micioscopy so that smaller objects

Electron Micrography \
con be seen, and increases detail due to its great depth of focus.

s needed for the complete analysis.
the application of the same princi-
les to continuously recording
nits operating from plant streams
3 equally practicable. However,
uch equipment may often be quite
omplex and expensive in first cost.

The Frequency Spectrum

Most uniform oscillatory wave
1otion belongs to the electromag-
etic spectrum which is shown
chematically in Fig. 1. Sound,
lectrons, some nuclear rays, re-
iprocating mechanical motion, etc.,
re not electromagnetic in charac-
:r and their wavelength or fre-
uency regions can be shown only
pproximately. The radio spectrum

Westinghouse mass spectrometer used for separating molecules of synthetic

rubbers and oils according to their mass. Molecules of each mass in turn are

made to enter a collector, and the resulting ion current is amplified and read
with the galvanometer on the desk

s now well known up to about 1000
{c,’ but from here on to 1,000,000
[c lies a relatively unexplored
agion which promises to be very
nportant in the future.

The infrared region is somewhat
rbitrarily said to begin at about
,000,000 Mc or 300 microns, but
1e region from 300 to 30 microns
s largely only of academic interest
t present. The region from 30
licrons (300,000 Angstroms) to
.03 Angstrom is that in which the
nalytical methods described in
1s paper operate. In the short-
st wavelengths are found hard x-
1ys and 'gamma rays. In the past

LECTRONICS — Sepfember 1944

two or three years gamma rays
have been used to “log” oil wells
and determine where oil-bearing
strata might occur even though
metal casing has already been set
within the well.

With the advent of the cyclotron
and similar atom smashers, nuclear
rays have been used in numerous
novel experiments involving radio-
active “tracers”. Atoms of a spe-
cific element can be “tagged” by
making them artificially radioac-
tive and then followed throughout
the course of a reaction by follow-
ing the progress of the radioactive
atoms.

Cosmic rays, the most penetra-
trating radiation known, are gen-
erated outside the earth’s at-
mosphere. They have been found
to discharge electroscopes after
penetrating 18 feet of lead. Day
and night we are subject to bom-
bardment by cosmic rays.

The energy per quantum of elec-
tromagnetic radiation varies di-
rectly with the frequency, as shown
in Table I. It is instructive to in-
spect briefly this energy variation,
for this _in part dictates the trou-
bles encountered in detecting the
radiation and dictates the energy
available for photochemical reac-
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FIG. 2—Infrared absorption specira ob-
tained automatically with an infrared
spectrograph covering the wavelength
region from 7 to 10 microns, for two
hydrocarbons that are difficult to sepa-
rate by distillation, Characteristic ab-
sorption peaks provide positive identifi.
cation of gas or liquid samples

tion. Thus, the short wavelength
radiation such as x-rays and ultra-
violet rays readily enters into pho-
tochemical reactions. Ultraviolet

and visible radiation readily acti-

vates photoelectric surfaces. The
long-wavelength infrared and ra-
dio waves in general cannot enter
into photochemical reactions be-
cause the energy per quantum of
radiation is too small. Radiation of
wavelength longer than about 2
microns cannot expel photoelectrons
from photoactive surfaces which
would be stable at room tempera-
ture.

Mass Spectrometry

The newest of the new analytical
tools applied to petroleum problems
is the mass spectrometer. Commer-
cial instruments are capable of rou-
tine refinery control work to pro-
vide accurate petroleum gas analy-

tie
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FIG. 3—Optical arrangement of infrared spectrophotometer made by National

Technical Laboratories. The gaseous sample to be analyzed is placed in the

absorption cell. The thermopile (or thermocouple) output is read on a sensitive
galvanometer mounted in a draft and vibration-proof housing

ses in amazingly short times on
samples so small that their size is
dictated by sample handling tech-
niques in collecting and transport-
ing the sample rather than the
amount required for analysis. Mass
spectrometry finds its greatest use-
fulness within the petroleum indus-
try* * as a method that replaces ted-
ious low-temperature fractional dis-
tillation and accompanying tech-
niques for the control of refinery
gaseous streams.

In the rapid spectrometric meth-
ods devised to analyze the petro-
leum “gas cut”, the instrument time
required is about 1 to 3 hour per
sample and results from the data ob-
tained can be calculated in from a
few minutes to several hours de-
pending upon the problem. This
method soon proves its value when
one realizes that other methods re-
quire from 4 hours to several days
to do the same job. Usually the re-
sults from the mass spectrometer
are more accurate and the method
is less subject to operator errors.

The mass spectrometer is so
named from certain similarities it
possesses to an optical spectro-
meter. The latter separates light
into its various component wave-
lengths by the dispersion obtained
in passing light through prisms or
gratings. The mass spectrometer
separates gas molecules according
to their mass by ionizing the gas,
accelerating these ions, and de-

flecting them in a magnetic field.
Gas from the sample is made to |
pass through several tiny orifices, |
so that a constant flow occurs into:
the spectrometer tube in which a
high vacuum is maintained by con- {
tinuous pumping. Electrons from
a heated filament are accelerated by |
passing through a potential grad-:
ient and fall on the entering gasi:
stream, causing ionization and dis-
sociation of some of the gas mole- &
cules. The molecules not thus ex-|i
cited are drawn out of the system |
by the exhaust pump. The ions and
ion fragments thus formed are
urged toward a slit in a plate by a
small potential difference and then
are accelerated to very high veloc- |
ity by an electrode arrangement g
similar to that in an electron gun. ]
The resulting high-velocity ions are
directed into a magnetic field. Only |
certain ions having the correct|
mass-to-charge ratio will tr avell }
through the center of the analyzer |
tube and ultimately lose their| l
charge to the ion collector flom,i
whence their current is amplified ]
and measured.

By variation of the accelerating i
potential and/or the magnetic field,
|
I

—

e

such an instrument can be made to

determine the relative abundance !
of various weight ions. This data
can be converted to the relative
abundance of the various molecules
in the initial sample by comparing
the unknown mass spectrum with
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1e mass spectra of known pure hy-
rocarbons, since the unknown
1ass spectrum can be considered
3 a summation or superposition of
1e mass spectra of all the compon-
nts of the sample.

Infrared Absorption

At the present time the mass
yectrometer is used in the petro-
um industry primarily to deter-
ine the molecular composition of
implex mixtures of gaseous mate-
als. Other spectroscopic methods
‘e generally used to determine the
mposition of liquid or higher-
olecular-weight samples and cer-
in rather simple gas mixtures.
or example, in high-octane avia-
on gasoline, it is well known that
irtain types of molecules are de-
irable and others undesirable. But
any of both the good and bad
iolecules are very much alike in all
jeir physical properties and often
innot be isolated by even the best
actional distillation techniques.
tus, n-heptane has zero octane
imber and isooctane has 100 oc-
ine number. Present-day aviation
iracles would be impossible if
juch n-heptane was present in the
el, but n-heptane and isooctane
m be separated by distillation, if
- all, only by very laborious pro-
dures. Infrared spectroscopy” ™ *
adily differentiates between these
'"drocarbons, as is illustrated ‘in
z. 2.

All this is possible because the
lequency of the 1-t0-30 micron in-
ared region corresponds to the
bration frequencies of atoms or
oups of atoms in hydrocarbon
blecules. As long as any molecule
not at absolute zero, the atoms
thin the molecule are constantly
illating about their positions of
uilibrium. For example, a hy-
ogen atom vibrates against a car-
n atom in aliphatic hydrocarbons
th a frequency corresponding to
wavelength of 8.4 microns. This

oration is a simple stretching’

aration wherein the frequency of
cillation is, to a first approxima-
m, determined by the mass of the
ating atoms and the valence
rces which bind them together. A
ysical analogy is the resonance
sration of two spheres of given
ights connected by a spring. If
e tension of the spring is in-
*ased the resonance vibration will
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oceur at a faster frequency and this
happens in molecules also. In
ethane, H.C-CH,, the carbon atoms
are connected by a single bond and
vibrate against each other at 993
cm™. In ethylene, H.C=CH., the
carbons are connected by a double
bond or stronger spring. The vibra-

tion is more rapid, at a frequency
of 1623 ecm™ [1 em™ = 1/x (cm).]

The vibrations just described are
all simple stretching vibrations.
Atoms also may vibrate in such
fashion that angular motion occurs
and such vibrations are called de-
formation or bending vibrations.

In this mass specirometer made by Consolidated Engineering Corp., several

cabinets full of electronic equipment are needed to provide an automatic

record showing how many ions of each mass are present in a gas. From left

to right. the cabinets contain gas introduction systems and vacuum gages: the

magnet, with the mass spectrometer tube between the pole pieces: and the

power supplies, ion current amplifier, recording oscillograph and automatic
mass scanning device

Infrared spectrograph used in Socony-Vacuum Labordlories.
proper is in a metal housing to permit evacuation for remov
and carbon dioxide. On the rack at the

traces out the spectrum of the material being analyzed

The spectrograph
al of water vapor

right is the pen and ink recorder that

e
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This Leeds and Northrup recording microphotometer
can be used to measure the optional density of each
spectral line on a photographic plate produced by

an emission spectrograph

For example, an H-C-H or CH.
group in aliphatic hydro-carbons
has a strong deformation vibration
at 1,460 cm™. Atomic groups may
rotate with respect {o one another,
thus yielding still another type of
motion having a characteristic fre-
quency. Many combinations of the
above types occur to yield combina-
tion frequencies. Any moleculay vi-
bration which is accompanied by a
change of dipole moment is in-
frared active” and will absorb, by
resonance, radiation corresponding
to the frequency of vibration.

Raman Spectroscopy

Raman spectroscopy™® supplies
essentially the same information
concerning molecular composition

as infrared absorption studies but
accomplishes the task in a different
manner. In Raman spectrography,
light of characteristic and usually
visible wavelength, such as that
from a mercury discharge tube, is
allowed to illuminate the sample.
Light originating in the sample at
a direction perpendicular to the in-
cident beam is dispersed in a large-
aperture spectrograph and the re-
sulting spectrum photographed and
examined. This scattered and/or
re-emitted light coming from the
sample contains light of frequencies
corresponding to that of the inci-
dent beam plus or minus the fre-
quencies . of various vibrating
groups within the sample, and thus
can be used to identify the parent

0.1 | ‘I |

TABLE I. Quantum Energy of Some Electromagnetic Radiations
] I ——
WAVELENGTH | | ENERGY
| APPRgxIMATE | o
. n
A ngstroms| Microns| | per(qe:l:s)tum | p?':ﬁ:_‘:;r)" relative
!
300,000 | 30 Infrared | 0.066 x10-1 0.95 0.33
100,000 10 Vibration infrared 0.196 Kl 2.85 1
10,000 1 | Photoguphlc infrared | 1.96 “ 28.5 10
7.000 07 | Red | 2.81 £ 40.7 143
6,200 0.62 Orange 3.17 » 45.9 16.1
5,800 0.58 Yellow | 3.39 “ 49.1 17.2
5,300 0.53 Green | 3.71 g 53.8 189
4,700 0.47 Blue | 4.18 “ 60.5 21.3
4,200 0.42 Violet 4.68 “ 67.8 238
3,000 0.30 Ultraviolet | 6.55 - 94.8 333
1,000 Vacuum Ultraviolet | 19.6 0 285 100
100 | Long X-rays 196 a 2,850 1,000
1 X-rays 19,600 - 285,000 100,000
Gamma Rays 196,000 “ | 2,850,000 1,000,000

* The einstein Is similar to the faraday or chemical equivalent of electrical energy.

‘and lithium fluoride are used in co
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Operator is placing a sample on a spindle in the center of a large-

diameter cylindrical x-ray difiraction camera. Smaller cameras. a pinhole

camera and a Philips-Metalix x-ray tube used as a source of radiation
for these cameras can also be seen

molecules. Samples for Raman in,
vestigation must be well fraction
ated just as with infrared. |
The photographic process compli i
cates quantitative interpretation o,
Raman spectra, and a direct-read;
ing, automatic-recording detectimj}_
system for the visible light eman,
ating from a Raman spectrograpl
would greatly enhance its industria
usefulness. Multiplier phototube
have already been successfully aps
plied to this problem’. ¥
1
Experimental Difficulties with lnfrarel
Spectroscopy
Infrared spectroscopy is used 4
present in the petroleum industr!
to a much greater extent thall
Raman, even though the exper.;
mental difficulties in infrared worl
constitute a formidable list. T
mention a few, ordinary optical ma
terials will not transmit infrare{
radiation in the wavelength regiol
used and prisms and windows
sodium chloride, potassium bromi

junetion with front-surfaced mi
rors.

These are now available in lar
perfect crystals of synthetic man
facture but the chloride and bro
mide are readily attacked by watell
vapor and must be handled accord1l
ingly in use. Gratings are not us |
ful for general survey work befl
cause overlapping orders of spectra|

]
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re difficult to identify in this re-
ion. Even the water vapor and
arbon dioxide in the air must be
iminated from the optical path
arough the instrument or a cor-
iaction made. The optical arrange-
tent of one such instrument is
jsown in Fig. 3.

The radiation involved in spec-
‘oscopy is of very low inherent
.]Hmergy, as shown in Table I. It can-
1ot be photographed at wavelengths
‘nger than 12,000 A or 1.2 microns,
ad will not actuate photo electric
¢lls above about 1.7 microns. It
in only be detected by tiny ther-
llocouples, bolometers, radiometers,
. Such instruments must detect
'mperature changes with a limit
f error equal to, or less than,
00005 deg C. The most commonly
sed detector is the thermocouple.

microvolt output of the ther-
iocouple must develop about full-
:ale deflection on the recording in-
irument used. Since the usual re-
‘stance is only about 15 ohms and

e period about 1 second, electronic
nplification is difficult. Sensitive
alvanometers with their accom-
inying vibration troubles must be
tlied upon. The authors know of
18t one case where, in the past few
'onths, a thermocouple has been
‘ade with sufficiently small mass so
‘at its period is faster than 1 sec-
id and electronic amplification of
‘e thermocouple output has become
1ssible. The spectrograph in use

the Socony-Vacuum Laboratories
ies a bolometer as a detector. Elec-
onic amplification is used and re-
tlts to date indicate that this com-
nation marks an important step
rward.

litraviolet Absorption Spectroscopy

The readily accessible ultraviolet
gion of the spectrum from 2,000
- up to the visible region also dis-
ays phenomena related to the
ructure of molecules. Molecules
hich contain resonating groups,
ch as diolefins which contain con-
gated unsaturated carbon groups,
hibit selective absorption of ul-
aviolet light.

Of particular interest to the
troleum industry, aromatic hydro-
rbons™ and drying oils and res-
3" yield characteristic ultraviolet
sorption spectra by means of
:1ich such molecules can be identi-
d. Saturated hydrocarbons do not

:CTRONICS — September 1944

absorb appreciably in this region.
Thus, the identity and concentra-
tion of some aromatic compounds
(those which may be present in
gasoline) can be determined with-
out separation from the paraffinic
hydrocarbons.

An analysis has been reported

wherein straight-run or saturated
naphtha is split into five fractions
over the range of 125-150 deg C and
these fractions analyzed for ethyl-
benzene and the three xylenes with
an accuracy better than that of any
other available procedure. More
(Continued on page 308)

In this emission spectrograph, the samples to be analyzed are burned in an
electric arc or spark in the hood at the right. The light emitted is broken into
its spectrum by a quartz prism, and the spectrum is recorded on film

At the right are four evacuable
tube of an x-ray diffraction unit.
enclosed by metal screening. Th
x-ray beam.

years ago, but complete and versatile commercial equipment is now

powder cameras in position around the x-ray
High-voltage equipment is under the table,

. ¢ e operalor is adjusting the intensity of the
This unit was built in Socony-Vacuum Laboratories

about six
available
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INFLUENCE OF FEEDBACK;

Analysis of the use of negative feedback to reduce source impedance in amplifier stages
and transmission lines, as required in video design and other applications where high-fre.
. 29 : :
quency response must be improved or loudspeaker “hangover” must be eliminated

NVERSE FEEDBACK is widely used
I in amplifiers today to stabilize
gain, improve frequency response,
and reduce distortion. One other
extremely valuable feature of nega-
tive feedback is the apparent reduc-
tion of source impedance it may
cause; this is not only important in
itself, but may also serve as a basis
for analyzing all the other features
of feedback.

Impedance Consideration

Let us then derive a formula for
the variation in source impedance
with feedback. The gain of a feed-
back amplifier is

, a

it == M
where o’ — gain with feedback, a =
gain without feedback, and B8 =
ratio of feedback voltage to output
voltage, or the fraction of output
voltage fed back (negative for de-
generation).

As the load impedance approaches
infinity the equation

_ —uZ.
*=Z.+ ke @
approaches the value « = —p, and

o’ approaches the value —u/(1 +
#B), where p = amplification factor
of the tube, R = plate resistance
of the tube, and Z, = load imped-
ance.

In Fig. 1, which is the equivalent
circuit of an amplifier stage, one
method of finding the source im-
pedance would be to connect a load
of such value that the voltage at
T.T, measured exactly half the value
it would have if the load imped-
ance were infinite, in which case
Z, would equal R,. Practically, this
would mean choosing a value of Z,
such that « = —pu/2. The same rea-
soning holds true for an amplifier
with feedback, where R, = Z, when

“=4(3% ®
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By RICHARD W. CRANE

Substituting Eq. (2) in Eq. (1),
—uZ

/ Z.+Re @
1+ _Bllizl_,

Zo+ Re

To find the apparent plate imped-

ance we need only substitute the

value of «’ given by Eq. (3) in Eq.

(4) and solve for Z,, which will be

the value of load impedance re-

quired to make «’ equal one half its

maximum value, and will therefore

also be the source impedance of the

amplifier :

—uZ
;(k___“. Zy+ Rp
N1 +us/) BuZy
I+ZL+RP
Solving for Z,,
Re
Zp =Ry = —— ,
L= R = s (6)

(In this equation p must be nega-
tive. Strictly speaking, it should al-
ways be, because of the 180 deg
phase reversal in an amplifier
stage).

From this formula it can be seen
that negative feedback in effect re-
duces the plate resistance of a
tube, and in a practical case can
make a pentode or beam power tube
have a source impedance as low as
that of a triode, or lower.

FIG. 1—Equivalent circuit of an amplifier
stage connected to a load

It is well known that pentode and

beam power output stages have ¥

poor frequency response and ap-
preciable distortion. These defects

|

are manifested mainly in two ways.

Defects of Pentode and Beam Tubes

First, the speaker tends to have
“hangover”; that is, the cone and
voice coil assembly tends to vibrate
at its own natural period when a
transient or a steep wave front sig-

nal is applied, and the amplifier’s !

output will be far above normal
when a signal is applied whose fre-

?

L.

quency is equal or close to the me- ¢

chanical resonant frequency of the
speaker. This does not occur in a
triode because the low-impedance
source shunts the speaker’s counter
emf and effectively damps the vi-
bration. A pentode or beam tube
with enough feedback to approxi-
mate a triode’s plate
will behave similarly.
The second effect is a response
which rises with increasing fre-
quency; this happens because the
primary inductance of the output
transformer presents an appreci-
able (and, of course, varying) load
to the tube throughout the audio
spectrum. In a triode stage the

FIG. 2-—Voltage teedback circuit using @
portion of the output voltage

resistance !

&

£

[
{

|

[
{

|
|
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DN SOURCE IMPEDANCE

lansformer primary’s inductive
jactance is high compared to the
Ibe’s plate resistance except at the
iry lowest audio frequencies, and
lus a fairly uniform response is
tained. As in the first case, feed-
ck will enable a beam power or
ntode tube to give similar per-
rmance.

Pentode voltage amplifiers can
¢ feedback advantageously also
" it will lessen the effect of the
yut capacitance of the next tube
1 therefore improve the high-fre-
gncy response.

[n general, it may be said that
rerse feedback will improve the
ion of any tetrode or pentode
plifier whose load contains shunt
ctive components.

Current Feedback Circuit

The foregoing discussion and de-
ation assume that g is constant
jardless of changes in load im-
ance, This is true in the circuit
Fig. 2 or in any circuit where a
tion of the output voltage is fed
k. If we consider Fig. 3, how-
r, we see a network in which a
tage is fed back which depends
the output current rather than

output voltage, and g is not
stant but depends on Z,. Inthis
e B is determined by the ratio
‘he voltage drop across R; to the

age drop across Z,. Therefore,
irRr R,
wZ.- Z ®)

he circuit of Fig. 3, Eq. (2) be-
es

a= — uZ:
/ey iy @)

Eq. (4) becomes

J-—Current feedback circuit
drop in cathode resistor

using

&
&
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—uZ.L )
a=_ZL+R_P+RP_ (8)
1 +_ﬂz_b
ZL+Re+ Rr
Substituting Eq. (6) in Eq. (8),
= [ Zy
Zi+ Rr + R
__ wRe
Z.+ Rr + Re

Simplifying,
—uZe

“Z.tE+d-nk ©
Eq. (9) is identical with Eq. (2)
except that « becomes «’ and R, be-
becomes [Rr+ (1 — p)R;]. Our
formula for apparent source imped-
ance, considering p negative as in

Eq. (5), is
Re=Re+ (1 — )Re (10)
Thus in Fig. 3 or in any current
feedback circuit, the tube’s plate
resistance is increased, and hence
the output current tends to be stab-
ilized, rather than the output volt-
age as in a voltage feedback circuit.
Current feedback will not improve
frequency response because if the
load impedance varies with fre-
quency B will also vary. For this
type of feedback Eq. (1) becomes

a

a
14 aRs

Z.
Current feedback is especially un-
desirable in power amplifiers for
it tends to stabilize the output
transformer’s magnetizing current
(i.e., make it sinusoidal), and thus
produce a distorted output voltage.

a’

Phase Inverter

The circuit in Fig. 4 represents
a phase inverter network which
utilizes feedback. Half the load re-

FIG. 4—Circuit using feedback for phase
inversion

sistance is in the plate circuit and
the other half is in the cathode cir-
cuit, hence 8 = —0.50, o’ =2 and
E., = —E.. This is, apparently, quite
a good circuit for phase inversion;
however, if we examine it in the
light of the above discussion we can
see an interesting problem. Look-
ing back into the plate circuit we
see a current feedback arrange-
ment and a high-impedance source.
On the other hand, the cathode load
sees a voltage feedback circuit and
a low-impedance source; thus it is
apparent that the network will not
give perfect phase inversion. A
pentode would give especially poor
results in such a circuit; however,
the writer has obtained satisfac-
tory results by using a low-u
triode with a low value of load re-
sistance in such an arrangement.

Load in Cathede Circuit

Figure 5 is an interesting appli-
cation of voltage feedback. The en-
tire load is placed in the cathode
circuit, so that g = —1, and from
Eq. (5) R’» very nearly equals
R:/u or 1/Gy. This circuit is use-
ful where a very low source imped-
ance is required, as for instance in
certain video applications.

Conclusions

A significant fact to remember
is that by using Eq. (5) and the
circuits in Fig. 2 and Fig. 5 it is
possible to match any tube to any
load whose value is equal to or
greater than 1/G,.

Inverse feedback reduces the
gain of an amplifier of course, but
this is no problem with present-day
high-gain tubes, and the advan-
tages of feedback offset this.

FIG. 5—Cathode-loaded circuit with ex.
tremely low source impedance

123




Gas-Filled and!

Significant features are reviewed. These include low power loss, high breakdown volt: !

Y - A -

e
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. . voe » . F
age, space economy, stable dielectric constant, low temperature coeflicient, high efficiency;

good dielectric strength, and self-healing capabilities

2
¥

Vacuum capacitors for 7500 peak voltage in 25 and 50 uuf sizes are supplied

by General Electric Co. in the style at the left. Applications for the same

capacitances aj 16.000 peak volts are filled by the type at the right. Size

comparisons with air capacitors give these units ten-to-one advantage for the
same voltage rating

By HERBERT B. MICHAELSON

New York, N. 1

IN MODERN RADIO and electronic
apparatus, the conventional air
capacitor is often suitable because
its power losses are ordinarily so
small as to be almost unmeasurable.
However, both air and solid dielec-
trics have certain limitations, many
of which can be obviated by the use
of vacuum or gas-filled capacitors.

Vacuum Capacitors

Electrodes of vacuum capacitors
are coaxial cyinders or bell-shaped
plates sealed in evacuated glass
envelopes, with leads brought out
to metal end-cups. Capacitive edge
effects are minimized by the coaxial
construction, and, because electro-
static field strength has an essen-
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tially constant value at all points
on the polished surfaces, a uniform-
ly high breakdown voltage is
achieved. Electrode spacing is of
the order of 0.06 in., height of the
cylindriecal plate being less than an
inch in a typical 50-puf unit.

Metal must be a type that will
not give up occluded gases and thus
reduce the high vacuum. Tantalum
has been used successfully by some
manufacturers.

Air pressure within a typical
vacuum capacitor is as low as can
be obtained by pumping alone—or
less than one micron of mercury.
When flashover occurs, the plates,
as described by George H. Floyd,
General Electric Co., have a tend-

ency to clean up, rather than to !
corrode or become pitted, becauseg
of the extreme scarcity of oxygen |
and other gases within the envelope, 1‘
Fixed vacuum capacitors are avail _
able in sizes ranging from 3 to 250 |
puf, with ratings varying from =
5,000 v to 35,000 v peak. In prac 1-
tice, these ratings are extended
where necessary by use of series:
parallel combinations, forming an
unusually compact capacitor bank?
for" very high voltages. A typical |
50-upf unit has an overall length
of 3-5/18 in., a diameter of 1-§ in,
and a rating of 7,500 v. peak |
Manufacturers of vacuum capacis |
tors include: Eitel-McCullough, |
General Electric, General Elec
tronics, and Jennings Radio Mfg.
Electrical Characteristics ]
| |
Breakdown of a gaseous dielectrit |
does not occur until the potential |
is great enough to cause collisioll%
ionization. The breakdown rating
of an air gap within a glass en-;
velope decreases, as air is exhaust
ed, until a certain barometric pres: |
sure is reached. Down to this’
point, the mean free electron patl|
is being lengthened, and the mobilf |
ity of gaseous ions is increasing
aiding ionization!  After this|
point, further exhaustion of air re:|
sults in a sharp increase of diele¢ |
tric strength because ionization 18
now actually hampered by a scarck
ty of gas molecules. Sparking
potential then depends mostly upon|
the number of gas particles bés|
tween the plates®. ‘
Figure 1 gives typical voltagé
breakdown curves of plane eleé
trodes, spaced at 1 and 2 cm, at
various air pressures. Voltagé
breakdown in a uniform field i
actually a function of the product
of gas pressure and plate spacina‘
as given by Paschen’s Law. How&
ever, this does not apply accu
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Jacuum Capacitors

ely at very low or at very high
nssures, where sparking poten-
| depends to a considerable ex-
it on surface condition and ma-
iial of the electrodes.’
Minimum sparking-potential for
7 spacing in air is 342 v. In
er words, for any given electrode
weing, (1 cm., for example)
rakdown voltage will decrease as
. pressure is reduced, down to a
tain point. When a breakdown
itage as low as 342 is reached,
1 air pressure is further de-
ased, breakdown voltage will
v start to increase, as shown in
iy, 1. The same is true for any
etrode spacing, whether it be 1
m, 10 cm, or 100 em. The shape
1 position of the curve for dif-
ient spacings will, of course,
1y but the lowest point of any
wve will be exactly 342 v., where
| gas between electrodes is air.
himum sparking potential for
er gases is not identical with
it of air.
3oiled down to its essential fact,
ilar theory holds that a gas will
ize most readily when a certain
imum number of gas molecules
3ts between the electrodes. When
3 number is decreased, electrons
'not pass from one electrode to
other readily, because of the
reity of gas particles which

- D |
30—+ —HH-
200+ Minimum sparking potential L |
I for awr--342 volts |
10y - H 1 |
S ol |
34567 10 2 34567 10

Air Pressure in mm of Mercury _J
- 1. Curves show that sparking in air
er various pressures, about parallel-
diates, always takes place at 342 v
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Tank circuit utilizes vacuum capacitor of Eitel-McCullough design.

Internal

construction {eatures rigidity for the maintenance of stable capacitance values

could form an ionized path. On
the other hand, when there is a
large number of molecules, the elec-
trons collide too frequently with
them, losing most of their speed,
and thus never reaching the oppo-
site plate.

Obviously, from Fig. 1, very high

zol——-— - -
r

Vcuwrm r
_Eeuarn_copoaror | _ |
|

Voltage Breakdown in Kilovolts

Altitude 1n Miles

FIG. 2. Altitude-voltage breakdown curves
for vacuum and air capacitors demonstrate
the former’s advantage for use in aircraft

break-down gradients can be
reached with short electrode spac-
ings and low atmospheric pressures.
Millikan suceeded in obtaining
breakdown ratings as high as 600,-
000 v. per mm in high vacuum.
Air at normal pressure (76 cm of
mercury) and 25 deg. C is rated at
about 3,000 v. per mm., (Town-
send) assuming a uniform electro-
static field. Certain grades of good
mica, 3 mm thick, are rated at
58,000 v. per mm.* and polymerized
styrene of the same thickness, about
2,400 v. per mm.

Altitude Reduces Breakdown Voltage

As shown in Fig. 2, flashover
ratings of air capacitors decrease
with a rise in altitude. Also, an in-
crease of humidity causes a thin
film of moisture to form on the
plates and spacing insulators of a
typical air capacitor, thus appreci-
ably affecting the flash-over voltage.
This humidity-voltage variation
may be as much as 7 percent in
practice.®* Corona losses, too, be-
come an important consideration as
the decreasing breakdown rating
approaches applied voltage in an
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aircraft capacitor. Absence of in-
ternal corona and stability of volt-
age ratings make vacuum capaci-
tors well suited to aircraft applica-
tions.

Where a capacitor has a solid
dielectric such as mica, breakdown
potential varies with the frequency
of applied voltage, temperature of
the material, moisture present, and
thickness of dielectric. Somewhat
irregular ratings are often the case
at higher frequencies because of
the difficulty about placing a solid
dielectric in perfect contact with
the plates—even under great pres-
sure. Where high rf potentials are
involved and where a small lumped
capacitance is required, the vacuum
unit is more satisfactory than most
other types because of its smaller
size and more stable breakdown
rating.

Power Loss Factors

Dielectric of most capacitors has
a dual or multiple nature, and no
solid or liquid material is com-
pletely free from power loss. For
example, in a typical mica capacitor,
there is mica between the plates,

Pressurized, gas-filled capacitors made
by E. F. Johnson Co. follow a basic
design, Fixed and variable units both
have copper-plated, drawn-steel shells
in 6.in. diam. Miter-gear drive serves
on variable version shown here

and there is also some insulator
such as a plastic or ceramic mate-
rial in contact with the leads. The
general effect of this outer insulator
can usually be disregarded, except
at ultrahigh frequencies or in de-

55
"]
50 /‘/
45 //
: b

35 /

Breakdown Potential in Kilovolts

50

25,

2050 100 150

200 250 300 350 400
Pressure in Lb Per Sq In.

FIG. 3. Rise in breakdown potential with pressure increase in this curve

results from greater opportunities for collision between a travelling electron

and nitrogen molecules as more of them occupy a given space. This inhibits
ionization
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Disposition of internal elements is here
illustrated for an early Johnson pres: °
sure capacitor. This type is described
as partlially variable. Diameter is 10 in.
and the shell is thick-walled, seamless, ¢

and heavily copper plated

vices of very small capacitance. I@~
vacuum units, the glass envelop¢
acts as an outer dielectrie, but the¢"
area of contact with the end-cups
is so small, and the dielectric path’
so long, that the effects of the glasgf
are negligible. For all practical
purposes, the high vacuum can bt
considered the sole dielectric, andl'
the capacitor has an exceptionally®
high Q. b
Power losses of solid and liquid!
insulators include those due tvi'
insulation resistance, dielectric ab";
sorption, and hysteresis. Thest"
losses are a function of frequencsf,"
rising sharply at very short wave:!
lengths. Loss factor is probably
the best criterion of the efficiency
of a capacitor, and can be found
by multiplying the dielectric com!
stant by the power factor. Phas
displacement due to the glass an
high vacuum dielectrics of &
vacuum capacitor is obviously very’
slight, resulting in a low loss anglé’
and a correspondingly-low loss!
factor. Resistance of the plates!
and leads, skin effect, and ede.l‘
currents are other minor sources of'
power loss, but dielectric absorptio :
and hysteresis losses in this kinT
.of capacitor are approximately nil:;
There is, then, an extremely hight
ratio of susceptance to conductance,
because of low dielectric loss. The!
only other possibility of power los
would be a conduction current of
an ionic character through the
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Beam Blanking!
_ S

.1

A three-tube electronic unitlh

permits photographing a com:
plete transient trace on a cath-
ode-ray oscilloscope

with high detail and no fog:

screen '

ging. Arrival of transient trips |
a trigger circuit, releasing the
blanked beam, and provides a

i1
Bi

Rear view of a commercial cathode-ray oscilloscope in which the beam-
blanking circuit has been incorporated

OST modern cathode-ray

tubes are provided with a
grid by means of which it is pos-
sible to interrupt the electron beam
producing the spot on the screen.
Commercial oscilloscopes contain-
ing these tubes are provided with
a control which applies a negative
voltage to this control grid and
makes it possible to interrupt the
beam at will.

For the photography of tran-
sients, some of the instruments
provide a so-called “single-sweep”’
feature. When the single-sweep cir-
cuit is put into operation, the beam
is biased sufficiently so that the
spot does not appear on the screen,
but the starting of the transient
or any desired tripping impulse
is used to sweep the spot. across
the screen just once. This is a
highly desirable addition, but there
are two points which prove to be
somewhat undesirable.
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First, even with the beam biased
so as not to strike the screen, there
are scattered electrons striking the
screen, leading to a reasonably
strong background illumination. If
for any reason the camera shutter
has to be opened an appreciable
time before the expected transient
begins, an undesirable amount of
fogging of the film takes place.

Secondly, if it is desired to ob-
tain a picture of the complete
transient, then it is of course neces-
sary to adjust the rate of the
single sweep to such a value that
the time taken by one sweep is
equal to the total time of the
transient. The resulting oscillogram
can therefore not be any longer
than a single sweep. It is quite
obvious that considerable detail of
the transient may become lost in
the picture due to the need of
compressing it into a single sweep.

Suppose now that instead of

dotted “Z” timing wave

By WALTHER RICHTER

Allis-Chalmers Manufacturing Co.
Milwaukee, Wisc.

only one, we permit five sweeps,
with the rate of sweep adjuste I
to such a value that one sweep |
will take place in a time equal
one-fifth of the time of the tran
sient, or in other words, the tim
of five sweeps will equal the dura
tion of the transient. The oscillo
gram will then consist of fiv
branches, each one representing
one-fifth of the transient.

An example of a transient as i
would appear with a single swee
appears in Fig. 1(a), while Fig
1(b) shows this same transien
spread over five sweeps.. Corre
sponding segments in the twi
traces are similarly marked.

With the number of sweeps lim
ited to a reasonable value, such a
5, there is usually no difficulty i
piecing the individual branche
properly to each other since th
displacement from the zero lin
and the slope must be the same a
the right and left hand edges o
the oscillogram. The piecing to
gether of the segments may b
further facilitated by havin
enough brilliancy so that the r
turn sweep produces a faint trac
which then connects the prope
branches with each other. It i8

i o T
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_ircuit for Oscilloscopes

Complete beam-blanking equipment built as a separate

0

18 such a picture will
“letail of the transient.

m'ogging Problem

ly feasible to obtain
y designing an elec-
v: that will make the
itself for 'a definite
zles, but this still does
he possibility of fog-
ore a more desirable
d be one in which the
r:es continuously, and
icreleased only for the
aare. In principle, this
r3imple procedure; all
) is to keep the grid
p-ray tube sufficiently
cause cut-off of the
reuce this negative bias
e value for the time of

pictical point of view,

, thee is a serious handi-

gn the way of an easy

dutto the following con-
vheroperating a cathode-

tube, fe average potential
the defleion plates should be
the ance potential. This con-
lon 1s orcharily met by placing
oithe cathode-ray tube
" ghund potential, which

Or 1
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for

unit

in turn places the cathode at a neg-
ative potential amounting to a
thousand volts or more with respect
to ground. Since the grid must be
made negative with respect to the
cathode, this means that the oper-
ating potential of the grid is also
one to several thousand volts nega-
tive with respect to ground.

insulating Problems

With this in mind, it is clear that
the problem of shifting the grid
potential with respect to the cath-
ode by 100 volts or so is not too
easy. One could install a relay, the
coil of which would be insulated
sufficiently from the contact struc-
ture and by means of which the
grid voltage could be shifted from
one value to another, but any me-
chanical device of this nature with
its mechanical and electrical inertia
and the possibility of bouncing con-
tacts 1s practically ruled out.

The circuit deseribed in the fol-
lowing paragraphs is nothing but
a trigger circuit which can be
tripped by an impulse transmitted
through a capacitor to the proper
point in the circuit. The whole trig-
ger circuit and its power supply is
insulated from ground for a voltage

use with any oscilloscope

equal to the operating voltage of
the cathode-ray tube. The com-
ponents are mounted on an insulat-
ing panel or on a steel chassis which
in turn is insulated from its housing
or from the chassis of the oscillo-
scope.

The only special component
needed is a power transformer for
the trigger circuit, the primary
winding of which is insulated from
the core and the other windings
for a voltage equal to the operating
voltage of the cathode-ray tube. If
such a transformer is not available,
a 1:1 insulating transformer may
be employed which permits the use
of any standard small power trans-
former for the trigger circuit.

Provisions are also made to apply
a dotting or “Z” signal to the grid
of the cathode-ray tube. The ecir-
cuit is so arranged that dotting and

tripping do not interfere with each
other,

Operation of Trigger Circuit

Figure 2 shows the diagram of
the complete circuit. The tripping
circuit consists of a double triode,
VT, which with its associated re-
sistors R, R,, R,, and R/, R/ and R/
forms a trigger circuit. When one
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aircraft capacitor. Absence of in-
ternal corona and stability of volt-
age ratings make vacuum capaci-
tors well suited to aircraft applica-
tions.

Where a capacitor has a solid
dielectric such as mica, breakdown
potential varies with the frequency
of applied voltage, temperature of
the material, moisture present, and
thickness of dielectric. Somewhat
irregular ratings are often the case
at higher frequencies because of
the difficulty about placing a solid
dielectric in perfect contact with
the plates—even under great pres-
sure. Where high rf potentials are
involved and where a small lumped
capacitance is required, the vacuum
unit is more satisfactory than most
other types because of its smaller
size and more stable breakdown
rating.

Power Loss Factors

Dielectric of most capacitors has
a dual or multiple nature, and no
solid or liquid material is com-
pletely free from power loss. For
example, in a typical mica capacitor,
there is mica between the plates,

Pressurized, gas-filled capacitors made
by E. F. Johnson Co. follow a basic
design. Fixed and variable units both
have copper-plated, drawn-steel shells
in 6-in, diam. Miter-gear drive serves
on variable version shown here

and there is also some insulator
such as a plastic or ceramic mate-
rial in contact with the leads. The
general effect of this outer insulator
can usually be disregarded, except
at ultrahigh frequencies or in de-
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FIG. 3. Rise in breakdown potential with pressure increase in this curve

results from greater opportunities for collision between a travelling electron

and nitrogen molecules as more of them occupy a given space. This inhibits
ionization
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Disposition of internal elements is here
illustrated for an early Johnson pres.
sure capacitor. This type is described
as partially variable. Diameter §s 10 in.
and the shell is thick-walled, seamless, -

and heavily copper plated

|
vices of very small capacitance. InL

vacuum units, the glass envelope.;:
acts as an outer dielectric, but the'
area of contact with the end-cups |
is so small, and the dielectric path |
so long, that the effects of the glass |
are negligible. For all practical{i
purposes, the high vacuum can be;}
considered the sole dielectric, and_gh'
the capacitor has an exceptionally !
high Q. it
Power losses of solid and liquid4"
insulators include those due to |
insulation resistance, dielectric ab-a*[
sorption, and hysteresis. These !
losses are a function of frequency,"4
rising sharply at very short wave-
lengths. Loss factor is probably
the best criterion of the efliciency
of a capacitor, and can be found
by multiplying the dielectric con-'!
stant by the power factor. Phase
displacement due to the glass and
high vacuum dielectrics of i
vacuum capacitor is obviously verj’
slight, resulting in a low loss angle |
and a correspondingl<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>