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The need for maximum dependability in transformer
products has swung UTC production into high gear
on Hermetic designs. Work at our Varick Street plant,
for example, is now 98% Hermetic.
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May we cooperate with you on design savings for your applications...war or postwar?
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How can I convert
the level of a micro-
phone rated on the
) basis of milliwatts
i per bar to a level of
volts per bar?

What type of micro-
phone is best suited
for a particular ap-
plication?

What new types of
special purpose mi-
crophones have been
developed for voice
and sound transmis-
sion?

- These and many other answers may be found in the

NEW and COMPLETE SLeClhGYoree. CATALOG

More than an exposition of micréphone types, the new Electro-
Voice Catalog provides a source of valuable information which
should be at the fingertips of every sound man. It contains a
simplified Reference Level Conversionn Chart which marks the
first attempt in the history of the industry to standardize micro-
phone ratings. Several pages are devoted to showing basic
operating principles of microphones . . . offering a guide to the
proper selection of types for specific applications. And. of
course, every microphone in the Electro-Voice line is com-
pletely described. from applications to specifications.

‘

Reserve your copy of thé‘-’new'
Electro-Voice Catalog. Write today: s

- : ; -

% ag - Ty 0 1™ i e e i G - Xy . ) e ey
. ELECTRO-VOICE CORPORATICON - 1239 5O BEND AVENUE « SOUTH BEND 24,INDIANA

Export Divislon: 13 %ast 40th threer, w York 16, N, Y, U. 5. A. Cables: Arlab &

o = S § : & i | =
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more efficient

...1n minilature

The modern hearing aid is a fine example of greater
efficiency . .. in miniature. No longer does the awk-
ward ear trumpet or an apologetic “a little louder
please” embarrass the hard of hearing. The com-
pact hearing aid of today with its inconspicuous ear
button, now admits these people to a world from
which partial deafness had formerly isolated them.
This has been made possible by smaller tubes.

In countless applications, TUNG-SOL Miniature
Tubes do everything the large old style tubes did
and in most cases are doing il better.

To manufacturers of radio sets and electronic de-
vices, size and weight reduction is so important that
TUNG-SOL is now producing many of the new

miniature types. The development
of other miniature types to func-

tion where larger tubes are now
used is also foreseen.

Designers of electronic equipment are invited to
work with TUNG-SOL engineers in the planning
of circuits and in the selection of tubes. Consul-
tation work of this character is held in strictest
confidence.

TUNG-SOL

ELECTRONIC TUBES

TUNG-SOL LAMP WORKS INC., NEWARK 4, NEW JERSEY

Also Manufacturers of Miniature incandescent Lamps, All-Glass Sealed Bgam Headlight Lamps and Current Intermittors

Proceedings of the I.R.E., April, 1945
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746 Sa&a‘wu z‘a “WHAT TD DO
WITH ANTI-RESONANT FREQUENCIES 7"

Conventional methods of getting rid of vibrator “hash’ usually call for the
use of a by-pass capacitor, shunted by a mica capacitor. This system, however,
has at least one anti-resonant frequency. Of course the engineer juggles his
constants so that this anti-resonant frequency comes where it causes the least
trouble—BUT, in today’s all-wave devices, there just isn’t any such place!

The New Sprague Method is simply to utilize the Sprague HYPASS Capac-
itor. Technically, this i$ a 3-terminal network which, at low frequencies,
*looks” like a capacitor in respect to its capacity, voltage rating, and size.
At high frequencies—well, the above diagram tells the story. Although accu-
rate measurements of their performance at the very high end of the spectrum
are difficult to obtain as yet, qualitative indications show that HYPASS
units do the job at 100 megacycles and more—so much so that, if you have
a “hash” problem, we’d welcome an opportunity to stack them against it.

SPRAGUE ELECTRIC COMPANY, North Adams, Mass.

{ Formerly Sprague Speciolties Co.) ® 1. M REG. V. §. PAT. OFFICE

Proceedings of the 1.F.E. April, 1945



Another new RAIMPEREX

power tube for induction and

dielectric heating equipment

1

The mew Amperex 233 is desjgned for use as a Class C
oscilletor of amplifier for generating radio frequency power
at frequencnes up to 30 megacycles Two grid arms make neu-_
trolizafion more convenient in the amplifier connection, and
also pesmit cooler operation of the grid when the tube is em-
ployed ot higher frequencies either in a self-excited oscillator or
‘power ‘amplifier. As do oll tubes designed ond developed in our
"laboratory, the 233 incorporates well-known ?Amperextras” which
make for longer operating efficiency ond lower operating costs. Write
for engineering data. o 192

AMPEREX

AMPEREX ElEt'I'RIIIIIt CORPORATION

79 WASHINGTON STREET - - * + BROOKLYN 1, N. Y.
Export Division: 13 E. 40¢th St., New York 16, N. Y., Cables: "Arlab™

GIVE WHAT YOU'VE GOT ..  .DONATE A PINT OF.BLOOUDO TO THE RED CROSS

8a Proceedings of the I.R.E. April, 1945



ALLEN H. GAIDNER, Pres.
Colonial Radie Corporotion

BERNALD WAHLE, Pres.
Borionel Tavilways Bus Sys er

These Nien in lndUS'ry o o o . <3 / W.J HALLIGAPrcs

E-[ in Current Conversion

These, and many other industrial leaders, anticipate im-
proverments i their postwar equipment wh.ch will require
curren: corversion. Vibrater Power Supplies lead the field
in current ednversion because of their efficiency, versatility,
case of mmintenance, and flexibility in size and weight.

Specializinz in design and production, Eleatronic Laboratories, the
world’s largest manufactursr of Vibrator Power Supplies, has pio-
neered and perfected many exclusive developments such as multiple
input and sutput, constant output voltage systems, and heavy duty
units with capacities up tc 1000 watts.

Wherever rurrent must be -hanged in voltage, frequency or
type—especiclly DCto AC, for which there is an ever increas-
ing demand—consider an E-L Vibrator Power Supply first.
Consult with E-L engineers on your current conversion needs.

W. A. ?ATTERZON, Pres.
Umted Air Lines

JOHN E. MeCARTHY, Pres.
Fifth Avenwe Coach Company

3 4 i 1. F. MocENULTY, Pres.
P Pressed Steel Car Company, Inc.

=

s

LABORATORIES INC.

IMO1laNAPOLIS
VIBRRTOR POWER SUPPL-ES FOR LIGHTING, TOMMUNICATIONS AND ELECTRIC MOTOR OPERATION  FLECTEIZ, ELECTRONIC AND OTHER EQUIPMENT




e A new star has been added

Bliley acid etched* crystals persist-
ently show up wherever there is an
important communications job to be
done such as the combination two-
way telephone and telegraph and
range finder systems of Pan Amer-
ican World Airways. In peace and
in war Bliley crystals have flown
millions of world-wide miles with
their famous Clippers.

Bliley crystals are pre-conditioned
for just such rugged assignments. In
the Bliley Electric Company plant
there is a large section where Bliley

CRYSTALS

BLILEY ELECTRIC COMPANY

* UNION

fly with Pan American

STATION BUILDING

acid etched* crystals receive their
pedigree. Here each crystal gets
“the works”. Its activity and fre-
quency are proved under tough labo-
ratory created service conditions of
altitude, humidity, temperature, im-
mersion, shock and vibration.

But licking tough assignments is a
tradition with Bliley engineers and
craftsmen. This background of re-
search and skill has been responsible
for the distinguished record of Bliley
Crystals in every field of radio com-
munication. Whatever your crystal
problem may be—specify Bliley.

PR .
(R e

*Acid etching quartz crystals to fre-
quency is a patented Bliley process.
United States Patent No. 2,364,501

Do more than before . ..

buy extra War Bonds

* ERIE + PENNSYLVANIA
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Special Electrical Qualities
Thermal Endurance
Hermetic Sealing
Mechanical Strength
Corrosion Resistance
Precision
Permanence
Metallizing

Dimensional Stability

High dielectric strength — high resis-
tivity—low power factor—wide range
of dielectric constants— low losses at
all frequencies.

Permanent hermetic seals agaihst gas,
oil and water readily made between
glass and metal or glass and glass.

Commercial fabrication to the fine

tolerances of precision metal working.

Corning'smetallizing process produces
metal areas of fixed and exact specifi-
cation, permanently bonded to glass.

S YOU plan post-war electronic products, give a thought to versatile glass. We
A really mean glasses, for Corning has, atits fingertips, 25,000 different glass formulae
from which to select those especially suited to your electronic applications. Let us show
what glass can do for you. We may already have a solution — or Corning Research can
find the answer for you. Address Electronic Sales Dept., P4 Bulb and Tubing Division,
Corning Glass Works, Cornjng, New York.

kd it o> R S T ey A

CUHN.ING

means —
Research in Glass

«PYREX”, «“VYCOR" and * CORNING" are regutered trade- marks and mdlcate manufaclure by Corning Glass Works, Corning, N. Y.

Proceedings of the L.LR.E. April, 1945 0a
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The 16,000-v Type GL-1.22 illustrated above—4 11/16" long, 2" diameter—
has only 10 per cent of e volume of an air capacitor with similar rating . . . At
the right are two curves showing the breakdown voltages of vacuum capacitors
and air capacitors at siccessive altitudes. Note that air capacitors show a
steady drop. However, the figures for G-E vacuum capacitors, sealed against
atmospheric changes, rznain constant at all times.

BREAKCOWN ' VOLTAGE
5
X
<

16~KY TYPES

7.5-KV. TYPES

27 B 4- 5
ALTITUDE MILES

ALTITUDE MILES

G-E VACUUM CAPACITORS

—are 75 the size of air capacitors

—are unaffected by external conditions

G-E vacuum capacitors are designed
for service where voltage peaks run
up to 16,000 v, a range that is com-
mon in military, av:ation, and other
radio equipment, andin special appli-
cations such as diathermy. They are
small in size and compactly built.
This fact underscores their useful-
ness in high-frequency circuit design,
where space-saving is important be-
cause of short lead-lengths.

@ Since vacuum cafacitors are com-
pletely sealed in, variations in air-
density due to changing altitudes or
other causes have no effect on voltage
breakdown, which remains constant

GENERAL @) ELECT

Proceedings of the I.R.32. April, 1945

at all times. Likewise, temperature or
humidity changes do not influence
performance, nor can dust, insects, or
foreign particles in the air affect these
capacitors in any way.

e Consultthe tableattherightto select
the right capacitors for your own

use. For full details telephone your,

nearest G-E office or distributor, or
write direct to Electronics Department,
General Electric, Schenectady 5, N. Y.

Hear the G-E radio programs: "The World
Today'’ news, Monday through Friday, 6:45
p.m., EWT, CBS. "The G-E All-Girl Orches-
tra,” Sunday 10 p. m., EWT, NBC. "The G-E
House Party,”” Monday through Friday, 4 p.m.,
EWT, CBS.

G-E VACUUM CAPACITORS

Peak
voltage, Capaci-
Type volts tance, Price
{a-c, d-c, | micromicro-
or r-f) farads
GL-1L132 7,500 6 $€.50
GL-1L21 7,500 12 £€.50
GL-1L36 7,500 25 &.50
GL-1138 7,500 50 8.50
GL-1L33 7.500 100 160.00
GL-1L31 16,000 6 .25
GL-1L25 16,000 12 9.25
GL-1122 16,000 25 0.25
GL-1123 16,000 50 9.25
GL-1124 16,000 100 11.00

RIC

t81-Da-g8DO
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CO-AX

TRANSMISSION TIME
CHARACTERISTIC IMPEDANCE

FAULYS ...

P The quickest method for deter-
mining co-ax line characteristics 1573
that of applying a pulse to one end

and observing reflections that fols..

low. Type 248 Oscillograph,. pros
viding high-speed driven sweep
and $é&lf-cdntained pulse genera-'
tor, has proved invaluable for auqh

Station WABD. .
Oscillograms héerewith a e'
cal of those obtained ‘when te8

a 200- or 300-foot 75-ohm ca' o~

e,

indicating respectively: (1) Reflec-

ALLEN-B., DUMONT LARORATORIES, IN

tions  from an open-circuited far

cuit. Reflections illustrated are ap-

Zendi(2) The absefite of reflections: ,,,trpronmately 1 niicrosecond apart.

following the initial negative pulse.

when line'is correcﬂy terminated; '

( and (3) Reﬂecnons of reversed po-
\larity from a shorted far end. {In
4eavh"‘tase the pul-ses are viewed

“ atsending end, \}vhséh is termmated'
work in our own laboratorzes and % inl' res;%hq'ce
at the DuMont New York Televisxo‘h«‘_ - 7§ q'hms,)' 7

\: J..':

ly ’-aexermmed"r"

able from’ oscﬂlograph's timing cir-

P Write for literature...

‘s'{on time caniof course :

\;veexg rgf_Lechons, usmg'"
l or 10. microsemd’fharkers avail-

~ Aftenuation can be calculated from
- difference in height -of successive
- peaks.
. Péper terminating impedance
canDe found by varying resistance
across receiving end until no reflec-
lions are' visible. This resistance
“w,hen measured gives characterjs-
hb. zznpedance of cable very accu-
y discbntinuities along
~ line reflections indicating lo-
“ caticns and natures of faults by
their spacing and polarities.

© ALLEN B. DUMONT LABORATORIES, INC.

C., PASSAIC, NEW JERSEY » CABLE ADDRESS: WESPEXLIN, NEW YORK

12a
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FM carrier

Adapting the principles of radio to train communication
iy, a simple malter —up to a point. Standard space radio
equipment will do in a pinch. But railrdads mecessarily
demand more than adaptations. A coordinated system, for

one thing; reliability of performance for another; and the

privacy of wirg lines, @ Alreon engineery tackled the
problem and came up with an FM'carrier-current system that
makes use of the wayside wires. Communicafion with trains
ig established by inductive means. Performance is of tele-
phoni'c quality. Equipment and operating costs are self
liquidating. @ The first Aireon FM carrier induction
system was installed on the Kansas City Southern Railway,

where it is in daily operation. Similar installations have

e '\  been made on other railroads. All have proved their de-
I r = pendability. @ Creative engineering of this nature has
& contributed to the steady growth of Aireon in the electronics

MANUFACTURING CORPORATION field. Behind it is a type of thinking that gets things done.
Formerly AIRCRAFT ACCESSORIES CORPORATION We’ll show you what we mean any time you say.

Radio and Eledronics - Engineered Power Controls

NEW YORK « CHICAGO - KANSAS CITY o B URBANK
Proceedings of the IL.R.E. April, 1945 13a



Model SE 1

SHERRON CATHODE RAY
NULL DETECTOR

A Laboratory Precision Ingtrument Built for Production Application

THE SHERRON CATHODE RAY TUBE NULL DETECTOR
i8 a precision laboratory instrument designed for all A.C.
Bridge measurements.

e It is both a high impedance detector arid an undistorted, filtered
and shielded source of 1000 cycles per second.

e It has g gain of 80 db at an input voltage of 100 micro volts.
e Bridge detector impedance is 1 megohm.

e Use of the Cathode Ray Tube permits the separate positive cxd?ustment of both reactance and resistance with their
individual indication on the same Cathode Ray Tube.

L] tompmhon of frequencies can be obtained by means of Lissajous figures.

o Self protection from overloading is included in this unit. Under any input conditions, the circuit cannot be
gverloaded or damaged.

® Singe head phones are eliminated, this unit can be used in noisy locations.by employing the Cathode Ray
Tube for visual indication.

e Automatic control of the gain precludes the necessity of resetting while adjusting
bridge for balance.

Every precision type Bridge requires
a Sherron Precision Null Detector

SHERRON ELECTRONICS COMPANY

Division of Sherron Metallic Corporation
1201 FLUSHING AVENUE, BROOKLYN 6, N. VY.

“Where the Ideal is the Standard, Sherron Units are Standard Equipment”

Proteédings of the I.R.E: April, 1945



The stage was setfor something niew and here it is. Universal's new D-20
Microphone ., . soon on your radio parts jobbers’ shelves to fill your essen-
tialrequirements . . . uses Universal’'s “Dynoid” construction. .. A dynamic
microphone of conventional characteristics built to fill the utility require-
ments of war time plus advance styling of the many modern things to
come. Orders placefd now with your Radio Parts Jobbers will assure early

delivery when priority regulations are relaxed.

< FREE — History of Communications Picture Portfolio. Contains
over a dozen 11” x 14" pictures suitable for office, den or hobby
room. Write factory for your Portfolio today.

e

UNIVERSAL MICROPHONE COMPANY g
INGLEWOOD, CALIFORNIA

FOREIGN DIVISION: 301 CLAY STREET, SAN FRANCISCO 11, CALIFORNIA .- CANADIAN DIVISION: 560 KING STREET WEST, TORONTQ 1, ONTARIO, CANADA

Proceedings of the I.F.E.
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de-
d\lc‘ are
Electric ora‘o\'\CS
1 Wfis‘e; Bell Te‘epho za}‘ devote
8““‘ nd developP~

ohases of e\eclnca\ com-

From tiny tubes to eight foot water eoaled giants

—from vest pocket aids for the hard of hearing

ations eq““’“‘e to Super-powered radio tramsmitters— Western

5, e outetanding quality o W‘f’(‘,ﬁ}g Ele-'clric has led the way in electrical zommuni-
%,:; d?‘“tesea, in 1‘\& ait Meom:  Catibns equipment for many years.

u;“f‘:m,{““i?y Wéstern “Eléctric vacuum tubes for over 30

years  have been noted for their uniformity and

f
“\-ges‘ p\'o ‘P

% T

BROADCASTING MARINE RADIO AVIATION RADIO MOBILE RADIO

Western Electric has specialized

Proceedings of the I.R.E. April, 1945




types of tubes have been introduced by Western
Electric and Bell Telephone Laboratories for war
services. These new tubes — and the techniques
used in developing and manufacturing them —
will find many important uses in communica-
tions at the war’s end.

In all forms of electrical communications, count
on Western Electric for continuing leadership.

oo

TELEVISION HEARING AIDS ACOUSTIC INSTRUMENTS
knowledge in all of these fields

Proceedings of the I.R.E. April, 1945




CERAMIC DIELECTRIC TUBES

for
TEMPERATURE COMPENSATING
CAPACITORS

Stupakoff ceramic dielectric tubes have high dielectric .
strength, good power factor (less than 0.06%) and uni-
form electrical characteristics. They are available in all
temperature coefficients from +120 to —750 parts per
million per degree Centigrade. These tubes are em-
ployed in temperature compensating capacitors for
eliminating frequency drift in RF circuits—also for by-
pass, lead —through and blocking capacitors.

+2

TEMPERATURE COEFFICIENT
PARTS PER MILLION PER°C.

z i
-Jl-
|
[
|

Stupakoff manufactures a wide variety of ceramic
dielectric materials. Inquiries are invited for Stupakoff
ceramic dielectric tubes of the 3850 series used to pro-
duce capacitors in accordance with J. A. N. specifidation
C-20, and also for those having special electrical ghqr—
acteristics. Stupakoft is prepared to give prompt delivery | ‘
in large quantities, of ceramic dielectric tubirg inf'a -it 1SS ILEMSTNRATLE: ALH DI SLR1S

PERCENT CHANGE IN

complete range of sizes and coefficients. Your inquirigs | | 759
—whether for specialized or standard ceramic dielectric l

tubes—will receive prompt attention. -6l !

O 420 440  +60 480
#pws@wuns °c

TEMPERATURE COMPENS ATION. OBTAINED WITH
VARIOUS TEMPERATURE COEFFICIENTS
OF CAPACITY

e N - :
% | | |

DIELECTRIC CONSTANT
X
PERCENT CMANGE IN CAPACITY
B 0
&
/
-+
A
/

20 30 a0’ 50 60 70
TEMPERATURE °C.

TYPICAL TEST-CURVE OF A CONDENSER
MADE FROM "3850 SERIES'” MATERIAL

100 ~200 -Job 50 500 -800 o - 800

TEMPERATURE COEFFICIENT OF CAPACITY - PARTS PER MILLION PER ®C.
CHARACTERISTICS OF STANDARD

*3850 SERIES™ BODIES

BUY MORE WAR BONDS

STUPAKOFF CERAMIC AND MANUFACTURING CO., LATROBE, PA.
Ceramdcs for the World of Electronics

“'FOR GREAT
ACHIEVEMENT™

184 Proceedings of the I.R.E. April, 1945
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The Cirecks gave us a Word for 1t. .

now we give 1t to you

WHEN Sperry first developed its
velocity-modulated, ultra-high-

frequency tube, the word “KLY-
STRON” was registered as the name
of the new device.

This name — from the Greek, as
coined by scientists of Stanford Uni-
versity — is an apt description of the
bunchingofelectronsbetween spaced
grids within the tube.

“Klystron” is a good name. So
good, that it has come into wide-
spread use as the handy way to des-
ignate any tube of its general type,

whether a Sperry product or not# = - Jcomply with these requests ...

This is perfectly understandable.
For the technical, description of a
Klystron-type tube js unwieldy,
4vhether lin writtert $pecifications; in
conversation, or in instructinig mem-
bers of the Armed Forces in the opera-
tion of devices employing such tubes.

These conditions have *prompted
many requests from standardizatipn
agencies—including those of the
Armyand Navy—for unrestricted use
of the name Klystron. In the public
interest, Sperry has been glad to

From now on, the name KLYSTRON
belongs 'to the public, and may be
used by anyone as the designation
Jor velocity-modulated tubes of any
manufacture.

Sperry will, of course, continue to
make the many types of Klystrons it
now praduces, and to develop new
ones.

On request, information about
Klystrons will be sent, subject to
military restrictions.

SPERRY GYROSCOPE COMPANY, INC. crear Neck, N. Y.
grwwn o/ e g%mwy %M/wm(u:n

LOS ANGELES °
HONOLULU

*

SAN FRANCISCO -
*  CLEVELAND &

NEW ORLEANS
SEATTLE

GYROSCOPICS « ELECTRONICS ¢« RADAR ¢« AUTOMATIC COMPUTATION . SERVO-MECHANISMS

Proceedings of the I.R.E. April, 1945
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Within Reach

Electronic planning is frequently confronted by seemingly
insurmountable obstacles in the form of new tube types, special
electronic controls or other devices yet undeveloped. RAULAND
engineers have an unusually good record in solving these “tough”
problems. For RAULAND is an organization of top-flight electronic
specialists...men of long experience, noted for many achievements. Post-war
cooperation of this trained staff may bring your objectives within easy reach.

e

< COMMUNICATIONS < TELEVISION

| RADIO * RADAR © SOUND »
T T K RSP LT oo

Electroneering is our business
THE RAULAND CORPORATION e CHICAGO 41, ILLINOIS
Buy War Bonds and Stamps! Rauland employees are still investing 10% of their salaries in Wae Bonds

20A Proceedings of the I'R.B. April, 1945
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N o MERE AUTOMATONS are the girls who tend ma-
chines in Remler factories. They know how to make minor ad-
justments to keep equipment in top running conditfion; they
learn the operation of several machines and switch from one
to the other to lessen fatigue. o The machines are “beauties”
too. In many instances they have been designed by Remler
engineers to perform multiple tasks which save time and speed
up deliveries. o For complete sound transmitting systems;
radio, plugs, connectors and special electronic devices manu-
factured to order, consult—

REMLER COMPANY, LTD. . 2101 Bryant St. « San Francisco, 10, Calif.

REMLER

SINCE 1918

-ﬁnnouncing & Communication ng}ﬂ/ﬁ'ent

Remler Beauty Has

BRAINS

PLUGS &
CONNECTORS

Signal Corps - Navy Specifications

Types: PL NAF
50-A 61 74 114 150
54 62 76 119 159
55 63 77 120 180 1136-1
56 64 104 124  291-A
58 65 108 125 354 No.
59 67 109 127 212938-1
60 68 112 - 149

PLP PLQ PLS

56 65 56 65 56 64
59 67 59 67 59 65
60 74 60, 74 60 74
61 76 61 76 61 76
62 77 62 77 62 77
63 104 63 404 63 104
64 64

OTHER DESIGNS TO ORDER

Pyoceedings of the I.R.E. April, 1945




Ideal General Purpose Condensers

=

STYLE A

it

SP e 5. Tk i /._:-"“‘

STYLE C

T ,\h o

> _-ry ~
“ cc a5. 201 K ] ;
Upe o a0 osme il

STYLE E

I

STYLE K

~ =

STYLE L

.

When Erie Resistor introduced thé first silvered ceramic
condensers in this country several years ago, engineers
were provided with a simple method of compensating for
frequency drift in other components.

Expanded war time demand for condensers has defi-
nitely proved that Ceramicons are also superior as general
purpose condensers in circuits where some moderate de-
gree of capacity change with temperature is permissible.
For example, Ceramicons make excellent coupling con-
densers, particularly plate-to-grid, where high insulation
resistance is of paramount importance.

When specifying Ceramicons under JAN-C-20 for
general purpose use, temperature coefficient characteristic
“SL’" should be given. If Erie designations are used, specity
“any temperature coefficient between P100 and N750."”
The temperature coefficient of these Ceramicons will be
between +150 and —870 parts/million/°C, as determined
by measurement at 25°C and 85°C. Particularly in the low
capacity ranges, this temperature coefficient limit will, in
many cases, permit us to ship quickly from stock, since the
Ceramicons can be selected from any one ol the 10 stand-

Electronics Diviaion
ERIE RESISTOR CORP., ERIE, PA.

LONDON, ENGLAND
* » » Do More Than Before—Buy EXTRA War Bonds

% Ceramicdn is the registered
trade name of silvered ce-
ramic condensers made by
Erie Resistor Corporatiofi.

Proceedings of the I.R.E. April, 1945

ERIE CERAMICONS *

STYLE M

i T .

HE - s 2T

ard temperature coefficients between P120 and N750. The
capacity range for equivalent physical size is given in the
table below.

May we submit samples of Erie Ceramicons to you
for your general purpose applications?

CHARACTERISTICS

CAPACITY RANGE JAN-C-20 ERIE MAXIMUM OVERALL
IN MMF STYLE STYLE DIMENSIONS

CC20 A 200 x .400

1 to 51 CcC21 K .250 x  .562

CC25 B 200 = .686

52 to 110 CC26 L 250 x  .B12

CC35 C 265 x 1.125

111 to 360 CC36 M .340 x 1.328

361 to 510 CC40 D .375 x 1.110

511 to 820 CC45 E 375 x 1,960
821 to 1100 __CC4as E ,375 x 2.00

IN WAR PRODUETION

* * TORONTO, CANADA

23a
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NATIONAL RECEIVERS ARE THE EARS OF THE FLEET

OFFICIAL U. S. NA»/Y PHOTOGRAPH

NC-200

NATIONAL RECEIVERS ARE IN SERVICE THROUGHOUT THE WORLD

24A Proceediigs of the I.R.E. April, 1945



Again it’s HYTRON—Easy on the Battery!

HY1269 HY31Z HY65

B2 mobile operation, the battery is the
kingpin. Two-way police radio takes it out
of the battery twenty-four hours a day.
‘Conservation of battery power during
stand-by periods is mandatory.

Instant-heating Hytron tubes with thori-
ated tungsten filaments came to the rescue
of police radio. Only when on duty, does
police radio equipment draw power when
Hytron tubes are used. Filament and plate
power go on together.

And that’s not all. The Hytron HY31Z,
HY65, HY69, HY1231Z, and HY 1269 are
rugged. HY65 performance in two-way

F
(5\()ES[ [3 (¢ USIVE MAN FACTURER Qo
\ V]

FICE
mAIN OF NEW

pLANTS: SALEM

RADI

L, M
sALE M-, 5EVERLY & LAW

FORMERLY HYTRON CORPORATION

HY69. HY12312

motorcycle police radio has proved this.
Including 12-volt filament tubes for marine
applications, Hytron’s instant-heating line
is versatile. Concentration is on the R. F.
beam tetrode — work horse of transmitting
tubes — but also included is the HY31Z
twin triode for Class B. One type can power
a whole transmitter — R. F. and A. F. —
thus simplifying the spares problem (e.g.,
Kaar Engineering transmitters built around
the HY69).

Wartime Uuses are bringing additions to
the Hytron instant-heating line. Watch
for future announcements.

o RECEWING TUBES

HMUSETTS

c
ASSA RENCE

Proceedings of the I.R.E.

April, 1945
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¥ "HE WANSTA KNOW

\ WHY THEY CALL THIS
\ THA PACIFIC

THEAYTER” 5

ELECTRICAL INSTRUMENT CO.

BLUFFTON, OHIO

26A Proceedings of the I.R.E. April, 1945
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® Critical equipment designers, build:
-ers and users are insuring their assem-
blies with Aerovox rating-plus capaci-
tors. That Aerovox exira safety factor
is widely recognized today. Service
records speak for themselves,

All Aerovox paper-capacitor voltage
ratings are for standard temperature,
pressure and humidity conditions,

Proceedings of the IL.R.E.

April, 1945

dest range

mitting ang -

1

e

namely, 20° C., 30 inches of mercury
(760 millimeters), and 50% relative
humidity.

Where Aerovox capacitors are'in her-
metically-sealed cases, the only effect
caused by changes in standard condi-
tions will be in the external flash-over
vollage occurring at lower voltages for
conditions involving reduced pressure
and increased humidity. The capacitor
proper remains unaffected.

® Submit your capacitance problems.
Literature on request.

The maximum operating temperature
for continuous operation at rated volt-
age is 65° C. ambient. If temperature is
greater, operating voltage must be re-
duced. Derating data will be supplied
on request.

Yes indeed, it will pay you to look
into this matter of Aerovox rating-plus
insurance. Remember, it ¢osts no more

but it can save you much expense and
trouble.



It must be made of

WHETHER in the field of commu-
nication (high and ultra-high frequen-
cy) or in the various industrial elec-
tronic fields, there is no substitute
for Centralab Steatite.

There are no other materials that can
be made in as many varied forms
and shapes as Steatite. Our engineer-
ing and laboratory facilities are at

your disposal.

T R
Producers g_f‘V'}}R!_*-BL
—SELECTOR SWITCHES-
CAPACITORS, FIXED AND V
ABLE — STEATITE INSULATORS —
AND BUTTON-TYPE SILVER M

cgmcgé S
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THYRATRON WL-678
Grid Controlled Mercury Vapor Rectifier

General Characteristics

Filament Voltage. . . ...................
Filament Current. . .. ..................
Filament Heating Time (Minimum). . . ...
Typical Control Bias at Rated Voltage. . ..

Maximum Ratings

Anode Voltage, Peak Forward. .. ... ... ..
Anode Voltage, Peak Inverse............
Anode Current, Average. . . .. ...........
Anode Current, Peak ... ...... ..........
Temperature Range, Condensed Mercury.

55° € Max.Thg | 50° C Max. Thg
5.0 Volts 5.0 Volts

7.5 Amperes 7.5 Amperes
1 Minute 1 Minute
—50 Volts —175 Volts
10000 15000

10000 15000

1.6 Amperes 1.6 Amperes
6 Amperes 6 Amperes

25 t0 55° C 25 t0 50°C

THIS NEW

Proceedings of the I.R.E. April, 1945

THYRATRON

provides split-cycle conitrol of high power
" for R. F. heating units, and radio transmitters

The WL-678 combines the hifh volta%e characteristics of a Kenotron, the efficiency of a
Phanotron, and the controlability of a Thyratron. This latest feat of Westinghouse engineer-
ing offers the electronic equipment designer the following outstanding advantages:

Smooth and instantaréous power control from 0%, to 1009, load . . .
Simplified automatic load control . ...

High speed automatic overload protection . . .

Low space and weight requirements . . .

Low control power requirements . . .

For more detailed information—write to your nearest Westinghouse office or to Westing-
house Electric and Manu-
facturing Company, Lamp
Division, Bloomfield, N. J.
Westinghouse Electronid

Tube distributors are lo- ®
cated in principal cities. e S t 1 n g Ou S e

MANMTS IN 25 CITIES OFFICES EVERYWHERE

294
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—Your Microphone is here

As outstanding manufactugers of microphones for war
—Shure offers a complete microphone line. You will
fihd ‘th& proper micrdphone for.every need above. A
complete description of any model will be furnished

upon request.

A. Super-Cardioid Broadcast G. ‘Lapgl Microphone
Dynamic H. Military Carbon e
B. Unidyne Cardioid Dynamic 1. Throat Microphone 4 \@‘
C. Uniplex Cardioid Crystal J- Carbon Hand Microphone
D. Stratoliner Dynamic K. Mask Microphone
E. Laboratory Non-Directional L. Stethophone :
F. “Economy” Crystal M. Vibration Pick-up M' CROPHON E S

SHURE BROTHERS

Designers and Manufacturers of Microphones and Acoustic Devices
225 West Huron Street » . . Chicago 10, Ulinois

Proceedings of the I.K.E. April, 1945
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Crystal gateways
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COAXIAL

FILTER

FILTER

480

CABLE

~CARRIER CURRENTS
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v+ Four hundr’ed‘andeighty telephone
. conversations ovet a coaxial cable
was one.of the last peacetlme
", . achievements of comrunication
research in Bell Telephone Labora-

_ tories. In this multi-channel tele-
phone system, each conversation

T is transported by its own_ high-
frequency carrier current, At éach "
end of the line are crystal gateways; each opens in response
t6 its own particular “carrier” with the message if trana-
ports. In telephone terminology, these gateways are filters.
The ultra-selective characterlstlc of these filters i Is made
posslble by plezo -electric quartz plates, cut in a speclal
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manner from the mother crystal and mounted in vacuum.
Each set of plates is prec1se1y ad]usted so that the filter
responds only to the frequency of its assigned channel,
rejecting all others. In the coaxial terminal equipment,
such crystal gates sort out messages for delivery to their
four hundred and eighty individual destinations.

In recent years, Bell Telephone Laboratories research
has provided the Armed Forces with many types of elec-
tr1cal equipment in_ whlch frequency is controlled by quartz
crystals Notable is the tank radio set whiéh enables & tank
crew ‘to communicate over any one of 80 different trans-
mission frequency channels by simply plugging in the
appropriate crystal. The future holds rich possibilities for
the use of quartz crystals in Bell System telephone service.

LABORATORIES

N .
Exploring and mventlng, devtsmg and perfecting for our Armed Forces at war and for continued improvements and economies in telephone service.
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THE FOU?’YAIN -HEAD OF MODERN TUBE DEVELOPMENT IS RCA

3,-Ampere Average Continuous Current. The 3D22 is a
sensitive, four-electrode thyratron conservatively rated
to handle an average output of 0.75 ampere in con-
tinuous operation and a peak current of 6 amperes.

Single-ended, Sturdy, Compact Construction. Sturdily and
compactly constructed for industrial service, the 3D22
is single-ended and requires no flexible leads for con-
nections.

Control-Characteristic Stable Over Wide Temperature
Range. Because Xenon gas is used, the control-character-
istic is essentially independent of ambient temperature.

Low Preconduction Current and Low Control-grid Current.
The low preconduction current and the low control-grid
current permit the use of a high-value grid resistor to
give increased sensitivity with a high-impedance circuit.

TECHNICAL DATA

ELECTRICAL
Heater for Unipotential Cathode:
Yoltage (A.C.or D.C)*.c.cvvvvunn s 6.3+10%...Volts
CUurrent «..ceceeoiecacrioeiacterae o, 2.6 ..... Amperes .
‘Tube Voltage Drop (App!'ox ) W 511 JP Volts RELAY AND GRID-CONTROLLED RECTIFIER SERVICE

Grid. No. 1 Control Ratio (Approx.)t..150 _
Maximum Ratings, Absolute Valuves

: PHYSICAL Peak Forward Ancde Voltage..-.... 650 mazr........ Volts
Mounting POSIEION 2o vvvverceinariierirnie i, Any Peak Inverse Anode Voitage....... 1300 mazx........ Volts
Maximum Overall Length. .. .. .ooovenn i v 4% Peak Cathode Current........... « 6 max.....Amperes
Maximum Diameter .........coiiiiiiiiiiini e 234" Average Cathode Current}........ 0.7% mazx...... Ampere
Base. .ccuaa «..Medium Metal Shell Giant 7-pin, Bayonet Ambient Temperature Range...-—15t¢ $+90.......... °C

*Heater voltagh must be applied at least SO
seconds before start of tube conduction.
{For conditions with 0.1-megohm grid. re-
sistor and grid No. 2 volts = 0.

tAvyeraged over-any 30-second interval.

WRI'I'E FOR ADDITIONAL DATA

62-5135.29

RCA, Commercial Engineering Section
Department 62-29P, Harrison, N. J.

Please send bulletin on RCA-3D22 Thyratron, giving addiy
tional information for equipment-design purposes

I i e S s RADIO CORPORATION OF AMERICA

RCA VICTOR DIVISION + CAMDEN, N. J.
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It has been repeatedly pointed out in the PROCEEDINGS that through close-
co-operation and understanding between industrialists and engineers, each
group may function more effectively and the public may be the corresponding
gainer. Leading industrialists have accordingly been invited to present guest
editorials which appear in the PROCEEDINGS in the form in which they are
received. There is presented below such an editorial from the pen of the Presi-
dent of the Mutual Broadcasting System, a constructive pioneer in his field of

endeavor and a student of engineering functions and needs.
The Editor

Let’s Get Better Acquainted
‘ Epcar KoBak

There is a story about the phoenix—that it rises in youthful vigor from its own
ashes. I am sure the phoenix was an electronics engineer: or vice versa.

Out of this war, which has laid waste a vast section of the earth’s surface, will rise
a brave new world: we are all convinced of it. Equally, we are sure that this new world
will have electronies at its core: because, from a whisper here and there, we of the
general public know that the war and its devouring needs have been a challenge to
engineers and scientists in electronics and only ¢hey know, today, how rapid progress
has been; and what unheard-of marvels they have in store for us, tomorrow.

When the new day dawns, these inventions and creations in electronics will have
to be applied to peacetime living and working needs. That will require another kind
of ability and experience—the kind possessed by business leaders and executives.
They will have the responsibility of helping to find the practical applications; to
shape the devices to the needs; to envision and develop the markets.

The two groups of men, scientists and engineers on the one hand, and the manu-
facturing executives on the other, are interdependent in the building of this postwar,
electronic world. Without scientific development, businessmen have nothing new to
sell; and without markets, laboratory developments contribute little to the world.

Personally, I feel this interdependence very keenly. My own start in business was
in the testing and servicing of electrical equipment; later as an engineering editor of
Electrical World and one of the founders of Elecironics magazine I became intimately
acquainted with progress in the electrical and kindred fields, and wrote extensively
on the subject. My own appreciation of the engineer’s and scientist’s role in human
progress is very considerable; and I have devoted much time to promoting a similar
respect in others.

I believe that this appreciation can be carried further; and that it should be sup-
plemented by a reciprocal feeling on the part of the engineer for the work of the
businessman. I can see the need for a closer meeting of their minds—for such meeting
is bound to strike sparks from which will come more and more progress.

Therefore, I should like to suggest that as a matter of principle and practice, more
scientists and engineers be invited to attend and speak at industry meetings and
business conventions; and that more business leaders be given the opportumty to sit
in on engineering meetings.

If I am not mistaken, this type of co-operation has been largely responsible for en-
gineering’s great contribution to our prosecution of the war; it can and should be the
foundation for our future peacetime world. Given both shoulders at the wheel, no
man can say what the limits to tomorrow will be—if, indeed, there are any limits.

B
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Joseph R. Redman

Rear Admiral Joseph'R. Redman, United States
Navy, was born in California in 1891, and has devoted
the major portion of more than thirty years to service
to his nation in communications activities.

He was graduated from the United States Naval
Academy in 1914, and in 1921 completed a special
graduate course in electrical engineering at Columbia
University.

His professional career has included submarine
service; tours of duty as division radio officer on the
battleship New Mexico; aide and fleet radio officer;
engineer officer of the battleship Colorado; and shore
duty at Washington, D. C., with the bureau of engi-
neering and as chief of technical sections in the naval
communications organization.
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Admiral Redman has become an expert in dealing
with the problems of radio frequency, and in 1932 was
named as a technical advisor to the United States dele-
gation to the International Radiotelegraph Conference
at Madrid. In 1938 he served as technical advisor to the
United States delegation to the Cairo International
Telecommunications Conference.

Shortly after Pearl Harbor, Admiral Redman was
appointed director of naval communications, a post in
which he has served since that time, with the exception
of an eight-month tour of duty as cruiser commander
in the Pacific war zone. )

He is a member of the Joint Communications Board,
the Combined Communications Board, and the Board of
War Communications.

April




Following the victory of the Allied Nations, it is to be hoped that the world
will be at peace for many years. It is perhaps too much to anticipate an in-
definite continuance of world tranquillity. And if war breaks out again, it is
essential that the communication and electronic engineers of the nation shall
have maintained so advanced a position in their art that aggression can be
effectively repelled. Urging such continued peacetime activities for the engi-
neering membership of The Institute of Radio Engineers, the Director of Naval
Communications in the Office of the Chief of Naval Operations of the Navy
Department of the United States has prepared a guest editorial addressed to
the readers of the PROCEEDINGS, which editorial follows in the form in which it
was received. It is commended to the thoughtful attention of the membership

‘of the Institute.
The Editor

Postwar Engineering Defense Against
Aggression

REAR ADMIRAL JosEPH R. REDMAN, UNITED STATES NAVY

Wisdom is the application of knowledge gained from the experience of the past to preparation for the
future. The current global conflict has presented many new problems, the solution of which is affording
us a wealth of experience. After the war it will be wise for us, therefore, in the light of calm analysis to
be guided by this experience in safeguarding our future.

Modern warfare has demanded that our scientific skill be matched against that of the enemy. In this
competition of skills, the electronic art has proved itself a major weapon of offense and defense. The
electronic industry and the radio engineer, faced with heavy responsibility, have proved themselves by
responding nobly and in a measure that no layman can fully appreciate. Nothing would give me greater
pleasure than to describe to you specific incidents of success which have been results of that response,
but the security requirements of war continue to cloak secrecy on many activities. Some day I hope it
may be my good fortune to depict the tangible and wonderful contribution of the radio engineer and the
radio industry to the winning of this war.

The radio engineer by his very contribution has assumed a responsibility which must remain with
him long after this war. It is a modern truism that there are no longer natural defenses to avail us. Oceans
are traversed in hours, and the position of the United States has become no different from that of the
many other nations who have lived for generations with potential enemies just across their borders.
Concepts of reliance on natural protection, and of preparation for war after its declaration have of
necessity been abandoned. Henceforth this nation must be prepared for vigorous defense at all times,
which will require that our Armed Forces be kept in readiness with the necessary equipment and supplies
available for immediate use. Electronic devices, as now demonstrated by experience, will be an increas-
ingly vital part of this equipment of the future.

As complete demobilization cannot again be expected to accompany peace, so, therefore, must every
manufacturer, executive, engineer, and workman bear the realization that he must continuously remain
an important cog in the total mechanism of preparedness for defense at all times. The future must be
characterized by the closest liaison between the Army and Navy, and between the Services and American
Industry. Under the aegis of such co-operation new devices, especially in the field of electronics, must be
constantly under development and test so that equipment may be kept ever current. Much of that work,
too, must be done under the protection of security control so that no potential enemy may avail himself
of it.

It behooves The Institute of Radio Engineers and each engineer as an individual, therefore, to live
in awareness of the importance of his role and in realization of his responsibility for future years, a role
and responsibility which will be discharged with the same high purpose exhibited in this war. It is to be
hoped that the closest working relationship may be fostered and maintained at all times between this
Institute and the Navy, for our missions cannot be accomplished independently of each other. Our
mutual obligations to our Nation must be our first concern, with the skill of the radio engineer in the
service of his country one of our first lines of defense. From our united efforts then will come those great
achievements which will evidence to the world that unconquerable strength of the United States which
stands ever ready to serve the cause of justice and freedom.
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Herbert J. Reich

Board of Directors—1944

Herbert J. Reich was born on Staten Island, New
York, on October 25, 1900. He received the M.E. de-
gree from Cornell University in 1924, and the Ph.D. de-
gree in physics in 1929. Since that time he has been on
the staff of the University of Illinois, where he is pro-
fessor of electrical engineering. On January 1, 1944, he
was granted a leave of absence to join the staff of the
radio research laboratory at Harvard University.

He has specialized in the field of electron tubes and
electron-tube circuits, and has published approximately
forty papers on these and related subjects in technical
periodicals. He is author of “Theory and Applications
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of Electron Tubes,” “Principles of Electron Tubes,”
and co-author of “Ultra-High-Frequency Techniques.”

Professor Reich was elected to Associate membership
in 1926, and transferred to Member grade in 1941, and
to Senior Member in 1943. He has served on the Board
of Editors, and on several committees, and during 1944,
he was a member of the Board of Directors.

Professor Reich is a member of the American Insti-
tute of Electrical Engineers, the American Physical
Society, the American Association for the Advancement
of Science, and the Society for the promotion of Engi-
neering Education.

April



Address of Retiring President’

H. M. TURNERT, FELLOW, LRE.

S retiring president, I want to thank Dr. Austin
Bailey and his committee for the splendid way

they have planned and managed this convention.
They have given freely of their time and energy for
several months.

I extend to Mr. George Bailey, recently appointed
Executive Secretary, a most hearty welcome to our
staff. )

During the past year the Institute lost by death a
former president, Dr. Stuart Ballantine. Dr. Ballantine
through his mathematical analysis and imaginative in-
sight, advanced the science of radio and made important
contributions to its literature. He will long be remem-
bered as a brilliant mathematical physicist, an outstand-
ing engineer, and a gentleman of winning personality.

In this world torn by strife we long for peace, but
until it comes, our thoughts are with those who are
serving our country. Members of the Institute are mak-
ing major contributions to the war effort and for this
many will receive high recognition. Some are making
the supreme sacrifice as did Mr. B. J. Thompson, a
Fellow of the Institute and member of the Board of
Directors for eight years. Mr. Thompson was lost in the
Mediterranean area, July 4, while on a special mission
which was described as of “direct and vital importance
to the war.” He had served as an expert consultant in
the office of the Secretary of War since December, 1943.

For many years I was associated with Mr. Thompson
in Institute Affairs, and in view of his outstanding con-
tributions through published papers, committee activi-
ties, and as a member of the Board, I desire to pay a
tribute to him. He was a rugged individualist, in the
best sense of the word. Once convinced of the justice
and merit of a cause he was a fearless fighter in its be-
half. He could and did present vigorous and convincing
arguments in support of the principles to which he ad-
hered. At the same time he was considerate of the opin-
ions of others and always gave them thoughtful and
respectful consideration. He was a highly original
thinker, a natural analyst. To him a difficult problem
was a challenge to which he applied impartial and
penetrating logic. As associate research director of the
Radio Corporation of America, he had unusual oppor-
tunities to apply his talents and creative imagination.
He was an effective member of the committee which
organized the Radio Technical Planning Board. In 1936
he was awarded the Morris Liebmann Memorial Prize
for his development of electron tubes for use at ultra-
high frequencies. His work extended the useful oper-

* Decimal classification: R060. Original manuscript received by
the Institute, February 1, 1945. Presented Winter Technical Meeting
Banquet, New York, N. Y., January 25, 1945.

T Yale University, New Haven, Connecticut.
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ating range of frequencies far beyond what had previ-
ously been possible. Mr. Thompson was recognized
internationally as one of the foremost authorities in
electronics. He was devoted to the Institute and those
who knew him best will miss him most.

During the year the Board of Directors has had under
consideration plans whereby our members may be bet-
ter served.

The Institute has continued its sponsorship of the
Radio Technical Planning Board which was very active
through the year. Most of its thirteen Panels issued re-
ports and participated as witnesses at a hearing held un-
der the auspices of the Federal Communications Com-
mission during the fall which lasted for several weeks.
It is believed that the result of the comprehensive and
intensive study which the Radio Technical Planning
Board carried forward through the year will be of great
help to the Government in making frequency alloca-
tions, as well as future considerations which will receive
study at the next International Telecommunications
Conferences. Not until the frequency assignments are
made can industry proceed with the design of new equip-
ment and formulate plans for production which will
provide jobs in the postwar period.

A Committee on Education, of which Dr. Everitt is
chairman, was appointed a year ago and the subject of
postwar education has been discussed by eighteen Sec-
tions.

Committees under the chairmanship of Mr. W. C.
White in this country and Mr. R. A. Hackbusch in
Canada have studied the professional status of radio-
and-electronic engineers, and have considered the very
difficult problem of collective bargaining. Under our
Constitution the Institute cannot function as a bar-
gaining agency. The problem is further complicated by
the fact that many of our members would be classified as
employers and under present rulings would be disquali-
fied from acting in the matter. Others would be subpro-
fessional for whom professional engineers could not act.
The committee has compiled information which is
available to Sections.

Of especial interest to younger members is a plan
providing opportunities for participation in Institute
affairs for those who have not previously been active.
A committee, of which Mr. E. Finley Carter is chair-
man, was appointed for the purpose of discovering the
interests and special talents of members who might make
effective contributions through serving on committees
or in other capacities. A letter has been sent to all Sec-
tion chairmen suggesting that local committees be
formed to supply this information, which will be most
helpful to the administrative officers when making ap-
pointments. These special qualifications will be utilized

215




216

at the first opportunity. Committee workers provide a
potential source of future leadership for the Institiite.
These Section committees will also assist the Admissions
Committee by recommending qualified members from
their sections for advancement to higher grades.

Despite travel difficulties and a heavy schedule I was
able to visit about a third of our Sections during the
past year. I was most favorably impressed with the
energy, enthusiasm, and effectiveness with which the
Sections are being operated. The work is well organized
and is an important part of Institute activities. We dis-
cussed problems of mutual interest and I received help-
ful suggestions from the Section officers and members.
One of the most frequent criticisms is the delay in han-
dling applications and transfers. The delay has been due
to several things, one of which has been eliminated. The
Institute, in common with other societies, has for years
published in the PROCEEDINGS, the names of applicants
approved by the Admissions Committee before final ac-
tion by the Board. The procedure has been more of a
formality than a benefit as practically no objections were
received. In view of this fact, I recommended that we
dispense with such publication and this was approved
by the Board. Thus, two or three months will be saved
in acting on applications and transfers.

With reference to our members outside of the United
States, the Board of Directors authorized the formation
of a Canadian Council which will deal with problems of
national interest within the Dominion. Mr. R. A.
Hackbusch has provided the leadership in organizing
the Council. It is likely that Councils will be set up in
other countries. The Institute has acted as sponsor for
the Canadian Radio Technical Planning Board. Mr.
Hackbusch has been the guiding spirit.

During the year our Board of Directors has had con-
ferences with distinguished representatives from Eng-
land and Australia looking towards closer relations, and
we have appointed a Liaison Committee of which Dr.
Bown is chairman, to formulate plans for co-operation.
Last May, I was privileged to have a small part, through
a recording, in the celebration of the twenty-fifth anni-
versary of the Wireless (now Radio) Section of the In-
stitution of Electrical Engineers in London. Opportu-
nity has been afforded me to have informal discussions
with engineers from the Buenos Aires Section regarding
their activities. Recently word was received from the
Paris Societé of Radioelectriciens that they are resum-
ing activities after an enforced suspension of over four
years, and wish to re-establish co-operative relations
with the Institute. This was gratifying news. Greetings
on this occasion of renewed activity were sent to them
with an expression of our pleasure in their desire for co-
operation.

Little progress has been made in standardization, due
to lack of time. However, this is a matter that must re-
ceive early attention. In recognition of the rapid de-
velopment in radio and electronics during the war and
the important contributions made by our members, we

Proceedings of the I.R.E.

were invited by the American Standards Association to
nominate a director for their Board. Mr. F. R. Lack
was named for the post.

The Buenos Aires Section, with our permission, has
had IRE standards and papers, which have appeared in
the PROCEEDINGS, translated into Spanish so as to be
available to more of their members. We are appreciative
of this compliment.

Formerly international agreement on standards was
highly desirable; now it is a matter of the most urgent
necessity. In our co-operative war efforts with Great
Britain it is reliably reported that lack of uniformity in
a single item increase the war costs $100,000,000 and
what is even more serious, resulted in a delay that could
ill be afforded.

With the increasing numbers of radio-and-electronic
engineers in various parts of the country, the Board
plans regional conventions and conferences, and is
studying the problem to see how this can best be ac-
complished. :

When restrictions on the publication of recent de-
velopments are removed a flood of papers will be avail-
able. The Board has very wisely set aside money for
publishing these papers, probably in the form of extra
PROCEEDINGS, as soon as they are released. In this way
material can be made available to members at the earli-
est possible date.

We now have over 13,000 members and 33 Sections,
six having been added during the year. The new Sections
are: Cedar Rapids, Iowa; Dayton, Ohio; San Diego,
California; Williamsport, Pennsylvania; and two in
Canada—one at London and the other at Ottawa. Mr.
Royden, chairman of the Admissions Committee, reports
that his committee has acted on four times the usual
number of applications. Increased membership gives the
Institute greater opportunity for service and increases
its prestige. However gratifying growth may be, at this
time it presents many problems for the Board of Direc-
tors. The present office staff is much too small to handle
correspondence and other business promptly. The office
space is inadequate for present requirements to say
nothing of contemplated expansion of service. Work on
the new directory has to be done by our staff outside the
secretarial office, as does that of the advertising depart-
ment. Three months ago the Board room was converted
into office space. We trust to luck in obtaining a room
in other parts of the building for Board meetings. Next
month through the courtesy of the American Physical
Society we shall hold our Board meeting in their new
headquarter§. At present we have no rooms for com-
mittee meetings. Plans are now under way to secure
space in some other building for the Editorial Depart-
ment. With three times the membership, our space is
only slightly greater than it was ten years ago. In 1943,
a special committee was appointed to rent new quarters,
but after searching for six months without finding suita-
ble space at reasonable rental, this committee recom-
mended to the Board that we purchase a residence and




adapt it to our requirements, as was done by the Amer-
ican Physical Society. The Board authorized the com-
mittee to explore this possbility. Many properties were
inspected during 1943 and 1944. Some offered definite
promise but so far no commitments have been made.
However, the Board is convinced that it will be to the
advantage of the Institute to have a permanent home
adequate to house the entire staff and has appointed a
Building-Fund Committee to secure the necessary
funds. Dr. Shackelford is the chairman and Mr. Cogge-
shall the vice-chairman. It is gratifying to report that
many leaders in industry have accepted membership on
this Committee and are giving it their enthusiastic sup-
port. The Initial Gifts Committee is operating under the
chairmanship of Dr. W. R. G. Baker. Through the
thoughtfulness of Dr. Shackelford, the Board of Direc-
tors were let in on the ground floor of his campaign and
you will be interested to know that contributions from
Board members averaged $217. It is a challenging pro-
gram. Other societies with fewer members have accom-
plished more. The American Institute of Electrical Engi-
neers had less than 2000 members when it started the
project that, with the help of other societies, resulted in

the Engineering Societies Building. I suspect that the
total membership of the several groups was less than
our present membership. The American Physical Soci-
ety is much smaller than The Institute of Radio Engi-
neers. The engineers of Dayton, Cincinnati, Detroit,
and many other cities have succeeded in acquiring build-
ings for their activities. We engineers owe much to the
Institute and now is our chance to contribute to the
building fund. We must plan for the future. With radio
and electronics, aviation, and chemical engineering
destined to emerge from this war as the ‘“Big Three,”
industries developed by the war, we should prepare now
to grasp the opportunity that will be ours. Recently
General Sarnoff of the Radio Corporation of America
said, “the future of radio is always greater than its past.”
A membership of 25,000 is a possibility within a few
years. By the end of this year we shall have as many
members as AIEE had in 1936, and we are growing
more rapidly.

With Dr. Shackelford and Mr. Coggeshall assisted by
many others, I look forward with confidence to the suc-
cess of this campaign and that a year from now Dr.
Everitt will confirm this prediction.

Is Industrial Electronic Technique Different?”
W. D. COCKRELL#}

Summary—With the reduction in production of military elec-
tronic equipment it is logical for radio engineers to consider entering
the field of industrial electronics. This junior branch of the industry
differs from communication work especially in the emphasis on costs
and the type of personnel available for operation and routine servic-
ing. The range of industrial electronics extends from standard com-
munication equipment at one end to the large pumped ignitron and
multianode tanks capable of rectifying thousands of kilowatts.

To DEFINE INDUSTRIAL ELECTRONICS

N ORDER to give a logical definition of anything
I[ we specify the group to which it belongs and then
describe the differences between it and the other
members of that group. Thus, industrial electronics is
definitely a member of the electronic family. Its es-
sential elements are vacuum- or gas-filled tubes through
which electrons flow. But the practical technique of
operation, the personnel who must install, operate, and
service it, and the economics which govern its design
and construction will be found to vary somewhat widely
from that found in the communication field.
Let us look back a moment at radio or wireless. It
had its beginning in ship-to-ship and ship-to-shore com-

* Decimal classification: 621.375.1. Original manuscript received
by the Institute, November 8, 1944. Presented, 1945 Winter Techni-
cal Meeting, New York, N. Y., January 26, 1945.

t Industrial Engineering Division, General Electric Company,
Schenectady, N. Y.
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munication. A more modern use has been the communi-
cation with airplanes. In both of these cases thereis no
practical substitute. The safety of the cargoes, the ships,
and even the lives of the crew depend on adequate com-
munication. Also, to provide better protection, it soon
became necessary for some control to be emphasized
over the rapidly increasing number of radio stations to
prevent interference with each other. Therefore, it was
only natural that the requirements for communication
radio should be strict; that the government should
exercise control over both the stations and operators;
that the quality of the equipment should be a much
more important consideration than its cost. Thus, each
transmitter is licensed by the government only if it
meets certain standards. Each operator must have an
examination and, for the highest rating, must have had
practical experience in station operation.

THE JoB T0 BE DONE

Let us next turn to the younger member of this pair,
industrial electronics. To the layman this would seem
to be the same thing except that the radio tubes were
used for industrial purposes. But let us look more closely.
Can these industrial jobs be done by other means? The
answer is yes, in most cases. Often the alternate means
is that of human operators who must do a monotonous
task over and over all day long, but this has been doneso
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long that it has become generally accepted, even by the
ill-paid operators themselves, as necessary in the indus-
try. This included such simple tasks as counting, sort-
ing, inspecting, synchronizing, and regulating (Fig. 1).

Fig. 1—An electronic induction-heating unit.

There is competition in other ways, too. The speed of
a motor may be controlled by rotating machinery and
electromagnetic control. Some resistance welders may be
timed by mechanical means. Alternating current may be
rectified to direct current by any of a number of means.

To hold its own in the industrial field the electronic
equipment must do one of two things. [t must provide a

1 P

i 2
B T A
2 & 5P
B da

};4
- $
5 #
?,;,z%
94
o 3
¥y
[ 3
3
r K )
1 =4
i T i
. ; &
L )

g joete :
SEIE - el

{a)

Proceedings of the I.R.E.

April

means for doing’ a job more economically than can be
done in other ways, or it must do a job so much better
than can be done by other means that the extra cost will
be justified. It will be noted that, unlike radio where
reliability is the first essential, in both of the criteria for
industrial electronics the word “cost” is evident. Every
industrial electronic equipment then must not only do a
job but must do it within the required cost. This is per-
haps the biggest difference between communication
radio and industrial electronics: the large emphasis
which must be placed on all costs in the industrial field.

However, do not be led to believe that all industrial
electronic equipments are small devices. Just as radio
equipment covers the wide range from television stations
and 500-kilowatt broadcasters to the crystal receiving
set, so does industrial electronic equipment vary from
the multimillion-dollar rectifier installations which con-
vert literally hundreds of thousands of kilowatts of
power to the small “electric-eye” unit and timing relay.

TaE MEN TO DO IT

After having glanced briefly at the equipment, let
us now look at the personnel, the men who will install,
operate, and service these equipments. Because of the
emphasis on reliability in radio the operating personnel
as well as the station itself must meet minimum stand-
ards and be licensed. Furthermore, it has been found
necessary to have an operator on duty at all times when
the station is operating.

On the industrial front, we find a far different picture.
The industrial user would like to treat his electronic
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Fig. 2—Front and back views of an electronic control for resistance welding.
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equipment in the same manner as he does his electrical
or mechanical equipment. Industrial electronic equip-
ment must be so built that it can be installed by the
average electrician as easily as a typical motor or mag-
netic-control panel. Usually it must be so designed that
it can operate satisfactorily in whatever factory atmos-
phere it must be used. The typical American manufac-
turing system utilizes two types of personnel on their
manufacturing machines. The highly skilled setup man
“sets up” or adjusts the machines to perform the desired
function so that the unskilled or semiskilled machine
operator may perform the simple operation necessary
for each cycle of operation (Fig. 2).

Thus, in an industrial plant the average operator at
the machine generally knows little or nothing about the
operation of the electronic equipment. Not only must
the equipment be so designed that no incorrect operation
on the operator’s part can damage it, but it must also
contain safety devices so that the operator cannot be
harmed. Other devices such as photoelectric door
openers or smoke detectors or precipitators must
operate for weeks or months at a time without any
supervision.

THE SERVICEMAN

And what about the servicing? Even in the best-de-
signed equipment, tubes do burn out occasionally, vibra-

Fig. 3—One bank of electronic tubes controlling the
lighting at Radio City Music Hall.

tion does break leads, and fuses do blow. This is perhaps
the most difficult problem which we face today in the
acceptance of electronic control. There are, of course,
no licensed operators who have passed an examination
in the theory of their equipment. There is rarely anyone
in the plant from the chief electrician or plant engineer
on down who had studied any electronic theory or knew
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anything about electronics beyond twisting the dial of
his home radio until a year or so ago (Fig. 3).

If someone in his organization has been a radio “ham”
the customer is indeed fortunate. Sometimes it is pos-
sible to hire the services of a local radio serviceman who

Fig. 4—A photoelectric installation designed into a
packaging machine.

has studied and kept himself abreast of the times on in-
dustrial electronics. At other times it has been necessary
for one or more members of the customer’s electrical de-
partment to teach themselves how to service the equip-
ment. Even then, he has been handicapped by lack of
adequate text material. It is gratifying to note that
within the past year much progress has been made in
providing better material. The instruction books fur-
nished with electronic equipment have also improved, but
it must be remembered that at the present time, indus-
trial electronic devices are not made in large quantities
and the preparation of expensive instruction books can-
not be justified if the equipment is to be built at a price
at which it can be sold.

SoME INDUSTRIAL HISTORY

It will be noted that in almost every case we eventual-
ly return to the subject of cost and economics. This,
again, emphasizes the extreme importance that cost
must play in the industrial field. Industrial electronics
had its serious beginning about 1930 and thus was
forced to grow up in one of the most difficult times in the
history of American business. This was a time of large
man-power surpluses, a time when there was little
money available for new investments and machinery.
The attitude toward untried devices was extremely
conservative. Thus, there was little chance of selling
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equipment which could not promise a very definite im-
provement and even then, only in small quantities
(Fig. 4).

No manufacturer had much money for development
or promotion. Hence, progress was necessarily slow.
Each new device or equipment had to prove itself before
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Fig. 5—Electronic motor control on a machine tool.

its use could be expanded. Some manufacturers ven-
tured into this field, saw the long, heartbreaking road
which lay ahead, and retired from the field. Other com-
panies small and large, struggled on, plowing back
their small profits into better designs and lower costs,
and achieved a slow but steady growth in both the vol-
ume of their production and the acceptability by in-
dustry of their product. Much credit, too, must be given
to those pioneer customers who purchased those first
equipments. How well they knew the lack of adequate
servicing and service instruments in those early days,
the necessity for working the “bugs” out of new and un-
tried equipment. It was early found that it was poor
policy not to use the best material available, in the
equipment in order to minimize the servicing require-
ments. The appearance on the market of cathode-ray
oscillographs was a milestone in electronic servicing.

Just as the war gave an emphasis to radio engineering,
it also assisted in industrial electronics. However, the
assistance was more indirect than by actual govern-
ment orders. The demand for planes and other equip-
ment gave an added emphasis to the already rapidly
growing field of electronic resistance welding. The de-
mand for the ultimate in operation from machine tools
provided an outlet for a rapidly increasing number of
electronic motor controls. The use of standard units
such as photoelectric relays, timers, and contact ampli-
fiers increased rapidly. It is doubtful if sufficient alumi-
num and magnesium could have been produced without
the assistance of the greatly increased number of power
rectifiers (Fig. 5).
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Many new manufacturers of electronic equipment for
war use have sprung up during this period and many
small manufacturers have expanded greatly to supply
our war needs. It is expected with the return of peace
that many of these factories will turn to industrial
electronic equipment, so that it is anticipated that com-
petition will be keen and that the customer will benefit
by better equipment and a wider variety of equipment
at lower prices.

. TraE CLASSES OF EQUIPMENT

What'is meant by industrial electronics? With what
kind of equipment will a man work who wishes to install
and service it? Inside of the many factories which form
our American industry he will find four classes of de-
vices. The first includes the various forms of electronic
communication equipment as useful here as elsewhere.
In addition, there are three distinct classes of industrial

electronic devices covering a wide range of uses.

TrANSPLANTED COMMUNICATION EQUIPMENT

Electronic-communication equipment used in indus-
try requires only a brief mention. It is radio- and audio-
frequency equipment which has been adapted by indus-
try for its own needs. In this classification may be in-
cluded interphone systems, public-address systems, and
carrier-current operation, both for communication and
for relaying. This type of electronic equipment is famil-
iar to every broadcast engineer and radio serviceman
so that he should be able to install and service it without
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Fig. 6—The sound-level meter.

any more study than that required to work on a new
brand of transmitter or receiver (Fig. 6).

The precaution to be used in installing and the defects
which need to be corrected and the complaints to be
serviced will not be very different from those in any
other type of radio or audio equipment.
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INDUSTRIAL ELECTRONICS
The Industrial Amplifier

This first class of industrial electronic equipment is
somewhat similar. It comprises industrial amplifiers and
oscillator units. Although the end use to which these
equipments may be put will be new, the principles in-
volved are familiar. The frequencies involved will be
within the ranges with which the radioman has worked
previously, and the precautions to be observed are also
typical (Fig. 7).

However, included with the familiar circuits will be
found some new and unfamiliar circuits which must be
studied carefully both for themselves and for the un-
usual effects which they may create in the more familiar
circuits. In this field the radio engineer who has kept up
to date with the circuits used in television and radar
will find himself much better prepared than his less
wide-awake friend. Engineers who understand the
operation of clipping, discriminating, scanning, and
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Fig. 7—The recording color spectrophotometer and
its tube units.
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pulsing circuits will find themselves much more at home
in this class of equipment. In this class we may include
such things as oscillators for high-frequency induction
and dielectric heating, elevator-leveling equipment, dia-
thermy equipment, metal detection, etc.; amplifiers
used for spectrophotometers, biological experiments,
frequency and time standards, sound meters, etc.

The Electric Eye and Many Others

Further removed from the communication electronics
we find the second class of industrial electronic equip-
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Fig. 8—The chassis of a simple photoelectric relay.

ment consisting mostly of the small control devices.
Here we find such commonplace devices as photoelectric
relays, timers, and contact amplifiers employing only
one or two tubes. These devices usually operate from
raw alternating current on the tube plate or anode.
Grid rectification is used in new and novel ways. Al-
though the devices are simple,they require a new concept
on the part of the high-frequency engineer, who must
think in terms of a single cycle rather than in wave
trains (Fig. 8).

Here, also, we first meet the grid-controlled gas-filled
tubes, the thyratron and the ignitron. Control of these
thyratrons by shifting the phase of the grid brings to
light a whole host of grid-shifting circuits. Again, ampli-
fiers which must respond to zero frequency or direct
current bring a whole new set of problems.

Regulating circuits in which “hunting” of motors may
occur require new concepts of oscillation in which
mechanical devices form a part of the oscillating circuit.

A comprehensive understanding of the circuits of this
class depends not only on a thorough understanding of
tube theory, but also on a good working analogy of elec-
trical-circuit fundamentals. To master this class of
equipment the radio engineer must first acquire a firm
foundation of electrical-engineering principles. This
need not involve higher mathematics but it should in-
clude a working knowledge of the energy exchange and
the fundamental properties of resistance, capacitance
and inductance. Also, he must cover the transformer
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and the effects of saturation, and the simple principles
of the direct-current motor, if he is to service electronic-
motor control or electronic-resistance welders.

Power Conversion

With this third class of industrial electronic equip-
ment we become almost completely divorced from radio
theory and practice. This is the large power-conversion
equipment such as the ignitron and tank-type mercury-
arc power rectifiers, inverters, and frequency changers.

Fig. 9—A large power-rectifier installation, output
60,000 amperes, 600 volts.

The fundamental theory of operation of these devices is
usually simple. The rectifier, even the multiphase recti-
fier, is well known to every radioman. The inverter is
simply a low-frequency oscillator using gas-filled tubes.
The frequency changer is a combination of the rectifier
and inverter. But, because of the sizes of these equip-
ments and the amount of power involved, great em-
phasis must be placed on such things as maximum tube
capacity, efficiency of operation, long life and reliability
with minimum maintenance, and the effect of har-
monics (Fig. 9). '

A very important consideration, also, is the proper
circuit-breaker protection for the rectifier, the trans-
former, and the alternating- and direct-current con-
nected equipment. Since a power rectifier capable of
supplying 5000 amperes at 600 volts direct current is a
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fairly common piece of equipment it may be seen that
the power involved in a short-circuit fault on the direct-
current system or failure of a tube to rectify can become
tremendous.

The design and installation of this type of equipment
would seem to be more in the field of the electrical power
engineer than that of the radio or control engineer.
Therefore, the radioman interested in this type of
equipment would do best to obtain his training through
central-station or power-utility sources. On the other
hand, the improved design of the largest ignitrons to
increase their current-carrying capacity and to reduce
the number of possible “arc backs” or failures to rectify,
is a challenge to the most expert tube designers.

CONCLUSION

Here is the broad field of industrial electronics, from
the communication equipment, familiar to you all, to the
power rectifier equipment, much more familiar to the
power-house engineer. It is a new field with room for all.
Given its first big boost by the needs of the present war
it should have a lusty future and repay well the man who
will study it seriously and do his part to help build it up.
Even a year ago the means for instruction were very
meager. Today there is a growing supply of source ma-
terial for study and a growing need for the services of
the men who will take that effort.
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Development of Electronic Tubes’
I. E. MOUROMTSEFF{, ASSOCIATE, I.R.E.

Summary—The main types of modern electronic tubes' are
briefly surveyed in this paper, together with their general uses. Tubes
are classified according to electronic mechanism, and their origin is
traced to three independent sources and several independent lines
of development. '

The earliest group of electron-beam tubes made its appearance
as the most direct result of intense scientific study of gas-discharge
tubes prompted by William Crookes. These are: the Lenard tube
(1894), the X-ray tube (Roentgen, 1895), and the cathode-ray tube
(Braun, 1897). .

Another direct descendent of the Crookes tube is the mercury-arc
rectifier (Cooper Hewitt, 1902) with all its modern derivatives, thyra-
tron, phanotron, ignitron, and excitron. These are industrial tubes par
excellence and have become quite indispensable in many branches
of industry. Their importance grows rapidly.

High-vacuum tubes, rectifiers, and pliotrons, through de Forest’s
audion (1908) and Fleming’s valve (1904) are connected with the
Edison effect observed in incandescent lamps (1884). This vast
family includes kenotrons, and all radio and industrial high-frequency
tubes. Ultra-high-frequency tubes stand apart in this class, since in
their designing electron transit time and associated ultra-high-
frequency circuits are two important factors to be considered. Special
triodes (or tetrodes), magnetrons and velocity-modulation tubes are
the main ultra-high-frequency types.

Finally, independent of all previous groups stands the phototube,
unspectacular, but one of the most important tools in modern in-
dustry. Its.development is rooted in the photoelectric phenomenon
observed by Hertz and scientifically studied by Hollwachs (1888),
by Elster and Geitel (1912), and others.

modern electronic application. In spite of the fact

that electronics is the youngest branch of elec-
trical engineering and science, the electronic tube is
much older than ordinarily surmised. In fact, since Otto
von Guericke’s invention, 300 years ago, of his primitive
vacuum pump and electrostatic friction machine, many
a scientist has indulged in admiring the mysterious
colorful phenomenon of gas discharge in an evacuated
glass vessel. Among these was the great Faraday himself.
The actual scientific study of this remarkable phenome-
non was begun about 70 years ago by Wilhelm Hittorf,
of Miinster, Germany (1869)! and by a brilliant British
chemist, William Crookes.? The latter’s inspired lectures
and his paper prompted serious study of gaseous dis-
charge throughout the scientific world. In fulfillment of
Crookes’ vision that “here we shall find the ultimate
truth”, this study resulted not only in development of

T HE electronic tube is the heart and soul of every

* Decimal classification: R330. Original manuscript received by
the Institute, November 11, 1944, Presented, National Electronics
Conference, Chicago, Ill., October, 1944 (the Chicago Section of
The Institute of Radio Engineers was one of the Sponsors of the
National Electronics Conference).

t Westinghouse Electric and Manufacturing Company, Bloom-
field, New Jersey.

L'W. Hittorf, “On the conduction of electricity by gases,” Pogg.,
Ann., vol. 136, pp. 1-31; January 27, 1869; pp. 197-235; March 2,
1869,

2 W. Crookes, “Repulsion resulting from radiation,” Phil. Trans.
vol. 170, pp. 87-134; November, 1878; “On the illumination lines of
molecular pressure and the trajectory of molecules”; pp. 135-164;
December, 1878; “Contributions to molecular physics in high vacua”;
pp. 641-662; April, 1879,

April, 1945

Proceedings of the I.R.E.

all modern électronics, but brought about a revolution-
ary electron theory of matter and changed the entire
philosophical background of science.

ELEcTRON-BEAM TUBES

The first practical result of universal study of Crookes'
and Hittorf's “cathode rays”® in a discharge tube was
the discovery of X rays by Wilhelm Roentgen,* Ger-
many, in 1895. Their potential value for surgical, thera-
peutic, and even industrial purposes was quickly recog-
nized by many. But it took almost 30 years to bring
these ideas to full practical realization. An important
contribution leading to the wide modern application of
X-ray tubes in science, medicine, and industry was made
in 1913 by W. D. Coolidge in this country; this was
substitution of hot tungsten filaments for the original
“cold” cathodes.® It coincided with a considerable im-
provement in vacuum technics which permitted ex-
hausting tubes to the high degree of vacuum necessary
for operating tubes at very high voltages.

Most of the modern X-ray tubes are diodes; the anode
and anticathode or the target of early tubes are now
combined in a single anode. However, the necessity of
having tubes suitable for high-quality radiography and
of guaranteeing maximum safety of operation makes the
tube structure more complicated than that of a simple
diode. Tungsten is the commonly used material not
only for filaments but also for targets, because of its low
vapor pressure, high melting point, high atomic number,
and fairly good heat conductivity. For limiting the size
of the “focal spot” on which the electrons impinge the
small sturdy tungsten filament is mounted within a
narrow slot of an electrostatically focusing cup. In order
to prevent secondary electrons from bombarding the
glass walls, modern tubes are frequently designed with
hooded anodes.

The problem of cooling the anode is paramount with
X-ray tubes as heat generation is confined to the limited
area of the focal spot. With low-power tubes the tung-
sten target is simply supported by a molybdenum rod,
and since heat is not readily conducted from the target,
the latter heats up to a high temperature as the result
of electron bombardment, and heat is radiated into
the surrounding space. The other generally used method
of cooling the target involves a design in which the
target is embedded in the solid-copper anode usually
by the process of high-vacuum casting. The heat is
then conducted away from the anode by a copper rod

3 This name was inaugurated by a German physicist, H. E, Gold-
stein, in 1876.

¢+ W. K. Roentgen, “On a new form of radiation,” Electrician, vol.
36, pp. 415-417; January 24, 1896.

& W, D. Coolidge, “A powerful Roentgen-ray tube with a pure
electron discharge,” Phys. Rev., vol. 2, pp. 409—430; December, 1913.
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extending the anode through the tube envelope and is
dissipated into the surrounding medium, oil or air, by a
“radiator”, terminating the rod. With heaviest loads,
such as in 220-kilovolt tubes for industrial radiography,
circulating oil cooling is applied to a hollow anode.
Water is not favored here on account of complications in
high-voltage insulation.

CATHODE
ASSEMBLY'

PATH OF
ELECTRONS darsersig ROTATING
TARGET

PATH OF

UTIUZED X-RAYS

ROTATING
ANODE

[ J ROTOR

Fig. 1—Rotating anode X-ray tube for radiography
requiring high X-ray output.

According to the intended use, X-ray tubes are de-
signed for various operating voltages. For medical diag-
nostic uses voltage range is between 40 and 100 kilovolts.
In medical therapy, tubes are employed up to 1,000,000
volts and even higher; usually they are continually ex-
hausted in operation. For industrial radiography tubes
are required from 30 to 220 kilovolts, and a 1,000,000-
volt tube was recently employed by the General Elec-
tric Company for inspection of seam welds and castings
in important apparatus.® These megavolt tubes neces-
sarily have a complicated multisection structure for a
more uniform distribution of potential gradient.

In some medical applications it is desirable to make
radiographs of very short exposure times requiring high
intensities of X-ray radiation, hence, high current den-
sity within a small focal spot. The answer to this is the
tube with rotating anode, in which the focal spot,
though stationary in space, rapidly changes its location
on the periphery of the revolving target (Fig. 1). The
anode is supported on ball bearings in vacuo; it forms a
part of the rotor of an induction motor the stator of
which is oil immersed and mounted externally to the
tube. The outstanding problem in this type is to provide

¢ E. E. Charlton and W. F. Westendrop, “A portable million-volt
X-ray outfit for industrial laboratories,” Gen. Elec. Rev., vol. 44
pp. 652-661; December, 1914, i
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. special lubricant effective at high temperatures in vacuo.

This tube was designed in 1930 by the Philips Lamp
Company of Holland.?

One of the important recent developments in the
X-ray field is a cold-cathode tube for high-speed radiog-
raphy, which permits taking pictures of objects mov-
ing with a considerable velocity, such as bullets in the
barrel of a gun. The tube permits exposure of less than a
microsecond, during which time a current of the order of
2000 amperes flows through the tube. To supply this
enormous current an instantaneous metal vapor arc
triggered between two cold electrodes is used as cathode.
The tube was developed in 1940 by Slack and Ehrke.®

As another quite recent development, the Kerst tube,
should be mentioned which gives a simple physical
means to accelerate electrons up to 30,000,000 electron
volts.? Its great value to science and some future practi-
cal application are beyond any doubt.

Another early outcome of scientific study of Crookes’
discharge tubes was the Lenard tube, the typical high-
voltage cathode-ray tube, described by Lenard,!® one
year before Roentgen discovered X rays. The Lenard
and Roentgen tubes can be viewed as sister tubes as to
their general construction, production of electron beam,
operating voltages, and even with respect to some of
their applications. However, while the purpose of a
Roentgen tube is to produce X-ray radiation by elec-
trons impinging upon the target, the Lenard tube is
designed to permit the electrons to pass through an
extremely thin metal or glass window in the wall of the
tube with as little loss of energy as possible and to be-
come available outside the tube for bombardment of
various objects. The thin window of the Lenard tube
corresponds to the target in an X-ray tube. Thus far,
Lenard tubes have been used mainly in biological
studies of the effects of electron bombardment on living
cells. There are, however, indications that Lenard tubes
can compete with, or supplement X-ray treatment of
ailing tissues in the human body because of the greater
physiological effects of electrons. It may be pointed out
that the recently developed Kerst tube can also be de-
signed as a megavolt Lenard tube.

A third important member of the family of the early
electron-beam tubes, direct descendants of the Crookes
discharge tube, is the cathode-ray tube. It can be de-
scribed as a low-voltage Lenard tube with a large
fluorescent screen instead of the thin window at the
far-off end of the tube, opposite the cathode. The elec-
tron beam impinging upon the screen produces a
luminous spot which travels all over the screen as the

T A, Bouwers, “An X-ray tube with rotating anode,” Physica,
vol. 134, pp. 125-134; October, 1930.
8 C. M. Slack and L. F. Ehrke, “Radiography at high speed,”
Jour. Appl. Phys., vol. 12, pp. 165-168; February, 1941.

» D.'W. Kerst, “The accelera*ion of electrons by magnetic induc-

‘tion,” Phys. Rev., vol. 60, pp. 47-53; July, 1941; Phys. Rev., vol. 61,

p. 93; January, 1942, (A letter to the editor.) .

10 P, Lenard, “On cathode rays in gases at atmospheric pressure
and in extreme vacuum,” Ann. der Phys., vol. 51, pp. 225-267;
January 15, 1894.
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beam is deflected. The deflection can be effected by a
pair of condenserlike electrodes or by magnet coils ar-
ranged in close vicinity to the beam at the place where
it emerges from the electron gun. By the deflection and
luminous lines produced by the fluorescent spot one
can study the character and mutual relation of voltages
and currents energizing the deflecting electrodes.

The first tube of this kind was built by Ferdinand
Braun in 1897.1 For almost 30 years the Braun tube
under the name of oscilloscope was used only in labora-
tories for qualitative study and relative measurements,
mainly, in low-frequency technics.

However, as early as the first decade of this century
Professor Boris Rosing of St. Petersburg,'? Russia, and
A. A. Campbell-Swinton in England® anticipated the
feasibility of the application of the Braun tube in tele-
vision. Rosing even succeeded in staging some initial
experiments in that direction. Twenty-five years later,
Zworykin and Farnsworth in this country brought these
dreams to realization, Zworykin by designing his in-
genious kinescope! and iconoscope!® and Farnsworth by
the not less ingenious dissector tube.

Since the world-wide experimenting with radio-wave
reflection from the Heaviside layer at the end of the
1920’s, the cathode-ray tube was employed for measur-
ing extremely short time intervals elapsed between the
direct and reflected waves. This possibility permitted
one to anticipate a variety of useful future applications
in aviation, sea navigation and, perhaps, in highway
and street traffic.

The modern cathode-ray tubes are a great improve-
ment in practically every detail over the original Braun
tube: the incandescent cathode (usually of the Wehnelt
type) instead of the cold cathode; the electron gun for
producing a narrow electron pencil, designed according
to the rules of modern electron optics; superior qualities
of the fluorescent screen replacing the old greenish wil-
lemite screen in television, etc. Cathode-ray tubes are
now constructed in all sizes from the smallest “magic
eye” in radio receiving sets to a tube 20 and even 24
inches in diameter. The variety of their application still
increases steadily.

MERCURY-ARC RECTIFIERS

The oldest electronic tube, or industrial tube par ex-
cellence, is the mercury-arc rectifier. It plays a very im-

1 F, Braun, “On a method of demonstration and study of time
curves of variable current,” Ann. der Phys., vol. 60, pp. 552-559;
March 1, 1897.

12, K. Zworykin, “Television,” John Wiley and Sons, Inc., New
York, N. Y., 1940, p. 256.

13'A. A. Campbell-Swinton, “The possibilities of television,” (A
letter to the editor), Nature, vol. 78; p. 151; June 18, 1908; Wireless
World and Rad. Rev., vol. 14, pp. 51-56; April, 1924,

uV. K. Zworykin, “Experimental television system and the
kinescope,” Proc. 1.R.E., vol. 21, pp. 1652-1673; December, 1933.

16y, K. Zworykin, G. A. Morton, and L. E. Flory, “Theory and
performance of the iconoscope,” Proc. I.R.E., vol. 25, pp. 1071-1092;
August, 1937.

is P, T. Farnsworth, “Television by electron image scanning,”
Jour. Frank. Inst., vol. 218, pp. 411-444; October, 1934.

Mouromtseff : Electronic-Tube Development

225

portant role in modern industry whenever electric en-
ergy generated as alternating-current power is to be con-
verted into direct-current form for operating direct-cur-
rent railway and other heavy-duty motors with variable
load; it is also very useful in industrial electrochemical
processes.

The mercury-arc rectifier was invented by Cooper
Hewitt!” on the threshold of this century as a result of
his experimenting with mercury-arc lamps, commercial
manufacture of which was started by Cooper Hewitt
and George Westinghouse in 1900. Production of the
rectifiers!® began in 1902.

It may be noted that for about twenty years before
Cooper Hewitt's time, mercury-arc discharge in
Crookes’ tubes had been studied by several scientists.
Thus, in 1882, Jamin and Meneuvrier!® in France ob-
served unidirectional flow of electric current from an
anode to the mercury cathode (this was two years before
the %“Edison effect” was announced). Later on, similar
work was done by a German professor, Arons.?’ But all
these and similar scientific experiments were limited to
laboratory demonstrations with no broad conclusions
whatever. A systematic, experimental study of mercury-
arc discharge and its practical applications was carried
out in this country by Cooper Hewitt in co-operation
with the Westinghouse Electric Company, and later on,
also, by Weintraub,® Latour, and Steinmetz22:2® of
the General Electric Company.

The first rectifiers were made of glass and used for
charging storage batteries, and also for feeding direct-
current street-light arcs from alternating-current mains.
But very soon the idea of a mercury steel-tank rectifier
for converting power in larger quantity was conceived
by Cooper Hewitt* (1908), and elaborated upon by him-
self, Frank Conrad and other workers in this field. The
pioneer installation of this type of rectifier in this
country was known to be made in 1913 at the Westing-
house Shadyside Works;® another followed it in 1914
for propelling a direct-current electric locomotive from
an 11,000-volt single-phase overhead line of the New
York, New Haven and Hartford Railroad.? In the latter
project, two rectifier units fed four direct-current 240-
horsepower motors at 600 volts.

11 Cooper Hewitt, U. S. Patents 1,097,320 and 1,097,547; October,
1902-May, 1914, German Patent 157,642; December 19, 1902.

18 M. von Recklingshausen and P. H. Thomas, “Hewitt mercury
lamp,” Trans. A.I.E.E., vol. 22, pp. 71-90; June 29, 1903.

1M, Jamin and G. Maneuvrier, “On reactive current of an elec-
tricarc,” Comptes Rendus, vol. 94, pp. 1615-1619; June 19, 1882.

20 . Arons, “On mercury arc,” Ann. der Phys., vol. 47, pp. 767-
771, November 15, 1892; vol. 58, pp. 73-95; May 1, 1896.

i1 E. Weintraub, “Investigation of the arc in metallic vapors in
exhaust space,” Phil. Mag., vol. 7, pp. 95-124; February, 1904.

22 C, P. Steinmetz, “The magnetic arc lamp,” Elec. World, vol. 43,
pp. 974-1175; June 24, 1904.

1 C. P. Steinmetz, “Constant-current mercury arc rectifier,”
Elec. World, vol. 45, pp. 1174-1175; June 24, 1905.

# Cooper Hewitt, “Vapor converter,” U. S. Patent 1,007,694;
1908-1911.

% 0. K. Marti and H. Winograd, “Mercury Arc Power Rectifiers,”
McGraw-Hill Book Company, New York, N. Y., 1930, p. 8.

% W. S. Murray, “Main line electrification,” Trans. A.I.E.E,,
vol. 34, pp. 85-124; January 20, 1915.
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It is known that a mercury-arc rectifier essentially
consists of a glass or steel container having a small
pool of mercury for the cathode and one or more carbon
anodes (up to 24, in some rectifiers). Each of the anodes
is energized by its own phase of the alternating-current
power supply which is to be converted into direct-
current power. The pool is connected to the load and,
through it, to the common return of the alternating-
current system. Unlike other thermionic tubes, the elec-
trons necessary for carrying electric current through the
mercury rectifier are obtained from a smali bright “spot”
which rapidly moves on the mercury-pool surface and
forms the base of the mercury arc. An almost unlimited
supply of electrons can be secured from this cathode
without special provision for its heating. Hence,
mercury-arc rectifiers are suitable for services requiring
very high load current. In order to start the arc, the
spot first must be struck, and then maintained during
tube operation. This is accomplished by some kind of a
“starter” and by one or more auxiliary anodes located
close to the pool surface.

Glass rectifiers, because of hazards of mechanical
breakage and of heat strains in their walls, and because
of the involved glass-blowing work in making seals, are
limited in permissible output by not over 500 amperes
at about 600 volts rectified voltage. At lower current
ratings, commonly required by broadcast transmitters,
direct voltages of 10,000 volts and even higher can be
realized. Modern steel tank rectifiers are built for 10,000
and even up to 16,000 amperes per unit. In this country
mercury-pool rectifiers in glass containers are no longer
manufactured, except for replacement services, but, m
Europe they are still in vogue.

A great advantage of the mercury-arc rectifiers over
the rotary converters and over the other types of recti-
fiers is a very low internal-voltage drop, 20 to 30 volts,
practically independent of load current. This renders
rectifier efficiency very high, up to 98 per cent, and
therefore the tube is suitable for applications where the
load is highly variable, such as with cranes, streetcars,
subways, main railroad lines, etc. Because of the un-
limited supply of electrons, these tubes can be greatly
overloaded for a short time without fatal effects, hence
they are not damaged by short circuits on the line.

However, the internal short circuits caused by back-
firing between the anodes and the cathode, or between
two anodes always was and still is the main concern
of the rectifier designers and for almost 30 years retarded
its wide practical use in industry. The situation was ag-
gravated by the reluctance of electrical engmeers to part
with their well-developed rotary converters in the same
type of services. From the start it was known that a
single backfiring does not put the rectifier out of com-
mission, but a small amount of gas liberated by an over-
heated part prepares the way for another freak discharge,
until finally the accumulation of spurious gas renders the
tube inoperable. On the other'hand, air could also dif-
fuse into the tube through imperfect welds and gasket
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joints between the component parts of a steel tank.

Decisive steps in the direction of design improvement
were originally made (1910) by Bela Schaefer of the
Hartman and Braun Company, Frankfurt, Ger-
many;*2% later on of the Brown and Boveri Company
of the same country. A tank design was adapted radical-
ly departing from the shape of the glass rectifiers which
had a side arm for each anode; reliable joints between
parts were developed; and rectifiers in operation were
kept continually exhausted, so that the uninvited gases
could be removed on the spot. This scheme of evacuat-
ing the rectifiers in operation was greatly enhanced by
the subsequent invention of mercury condensation
pumps as mentioned before. The first two steel rectifiers
in Europe were installed in a foundry near Frankfurt,
Germany, in 1911.

During World War I, work on mercury rectifiers was
discontinued everywhere in favor of other urgent prob-
lems, except in Germany where acute shortage in copper
for building rotating machinery prompted rectifier de-
velopment. So that, after the war, several prominent
European concerns started manufacturing tank recti-
fiers, and large commercial installations began to
emerge. This gave a new impulse to other countries
which resumed their work in the same direction. This
vast experience accompanied by scientific study of
physical phenomena inside the rectifiers by several
prominent industrial research workers finally gave a
solid basis for designing modern steel-tank rectifiers.
However, their application on a wide scale in this coun-
try did not start until after 1925. In 1930 the total power
supplied by mercury rectifiers throughout the world
rose to about 1.5 million kilowatts, while at the present
time it has reached several million kilowatts in this
country only.

An important item in the more recent development of
mercury-arc rectifiers was the introduction of the con-
trol grid. It is interesting to note that Cooper Hewitt
anticipated the possibility of controlling the rectifier
current by a grid located in the path of the current. But
grid control of a mercury arc by negative bias was
explicitly suggested by a Langmuir patent in 1914.29
However, probably because the.patent was written
around radio applications of the tube, the idea of grid
control had not been seriously considered for mercury-
arc rectifiers, until in 1924 Toulon proposed a new
method of control by shifting the phase of the alternat-
ing voltage applied to the grid with respect to the
anode voltage of the same frequency.?® The Toulon
method or its modifications permit an easy control of
the direct-current rectifier output current and voltage,

77 Bela Schaefer, “A new mercury-arc rectifier of large output,”
Elek. Tech. Zeit. vol 32, pp. 2-5; January 5, 1911,

28 Bela Schaefer, “Large power mercury-vapor rectifiers with steel-
gont?mmg vessels,” EIek Tech. Zeit., vol. 33, pp. 1164-1168; Novem-
er

w'], Langmuxr “Electric discharge controlling device,” U. S.
Patent 1,289,823; 1914-1918,

Toulon, “Current-regulatmg arrangement for rectifiers,”

U. S Patent 1,654,949; 1923-1928. .




1945

without extraneous devices such as onload tap-changing
transformers, or induction regulators. In addition to the
advantages of efficient supplying power to a variable
load, grid-control renders possible inverted operation of
a rectifier, that is, inversion of the direct into alternating
current without oscillating circuits. This is quite impor-
tant for the realization in some near future of the dream
of power transmission over long distance by means of
very high direct voltages. Also, several other problems,
can be solved by using grid control, such as feedback of
the excess of power in direct-current traction into the
alternating-current supply line, effective means of ob-
taining currents of variable frequency for induction
furnaces, changing of the number of phases, or of the
frequency of power supply, etc.

All advantages of the ordinary and of the gr1d -con-
trolled mercury-arc rectifiers are inherent in the newest
type of industrial electronic tubes, the ignitron (Fig. 2).
In additien, this novel tube has some other useful fea-
tures which contribute to its ever-growing popularity.
The ignitron is also a “mercury-pool” tube. But the arc
is started in it during each cycle by the ignitor. It is a
short rod of a highly resistive refractory material with
a pointed tip projecting into the mercury pool. When an
electric (not electronic) current of a proper density is
caused to flow from the ignitor to the pool during only a
very short interval (about 100 microseconds) an arc is
struck at the ignitor contact surface, and is almost in-
stantaneously transferred to the anode. The electron
current flows through the tube until the alternating
anode voltage passes through its zero value. Then the
arc can again be started by the ignitor, and so on. By
means of phase shift in the timing circuit connected to
the ignitor one may fire the arc at any desired point
wthin the alternating-current cycle. In this manner it
is possible to control both the number of cycles during
which the ignitron operates, and the effective current
per cycle. From this brief description it is clear that
the ignitor performs two or even three duties at once;
that of the keep-alive anodes (in starting the main arc
during each cycle), of the control grid (in shifting the
phase of initiation the anode current), and finally, of the
starter in the mercury-pool rectifiers at the beginning
of its work.

There are several advantages of single-anode mercury
tubes, such as the ignitron. Indeed, it lends itself to
large-scale production, since the component parts of a
simple cylindrical structure can be readily welded to-
gether by modern methods; the necessary insulation
between the tube parts can be of the rugged and re-
liable kovar-to-glass seal type; better joints, better
seals, and better outgassing of parts permit making of
all-metal tubes of the sealed-off type, even at higher
ratings; the individua! tubes can be conveniently
handled at the factory and in the field; backfiring in the
tube can be reduced to its physical minimum because
there is no ever present keep-alive arc. Finally, single-
anode tubes can be operated in reverse-parallel connec-
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tion, realizing a perfectly controlled single-pole double-
throw instantaneous switch, the scheme widely used in
resistance welding which is perhaps the most important
electronically controlled process in modern industry.
Resistance welding has been up to the recent time the
main application of the ignitron, and many units of
welding equipment have been installed during the last
7 or 8 years for numerous consumers all over the coun-
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Fig. 2—Size D ignitron for 2400 kilovolt-amperes maximum demand
and 14,400 amperes maximum peak current at 250 volts.

try. However, there is no reason not to use the ignitron
in other applications. In fact, a number of sets with a
total power amounting to about 2} million kilowatts
has been installed since 1940 in the electrochemical in-
dustry for production of aluminum, magnesium, and
other metals, in which ignitrons serve as precision con-
trolled rectifiers. Ignitrons can also be designed for suf-
ficiently high voltages to be used for supplying power to
large transmitting radio sets.

The ignitron was invented by Slepian and Ludwig of
the Westinghouse Electric and Manufacturing Com-
pany,® and has been used commercially since 1937.
Modern ignitrons are almost exclusively of the all- metal
type. At the present time there are several standard
types in manufacture, ranging from 1700 to 27,000
amperes peak and up to 900 amperes average anode
current. .

In quite recent times another type of a single-anode

u J, Slepian and L. R. Ludwig, “New method of starting an arc,”
Elec. Eng., vol. 52, pp. 605-608; September, 1933.
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tube was developed by the Allis-Chalmers Company,
the so-called excitron.® This is an all-metal mercury-pool
tube with a control grid. It possesses all the advantages
of a single-anode tube, just outlined. The difference be-
tween the excitron and ignitron is in the electronic
mechanism of starting and controlling the current dur-

——ANODE

= —GRID

__GRID
SHIELD

| CATHODE

Fig. 3—WL-672 thyratron for 1500 volts, 2.5 average and
30 amperes peak anode current.

ing each cycle, that is, the control-grid versus the
ignitor. I't seems that the ignitor makes the tube struc-
ture simpler as it eliminates the keep-alive anodes and
the necessity of having another device for initiating the
arc at the beginning of operation. However, the de-
signers claim that the excitron proved to be satisfactory
in service.

Another very important member of the family of
mercury vapor or gas tubes is the thyratron (Fig. 3). In
its simplest form it is a gas or mercury-filled triode with
a filamentary cathode. Although all early radio receiv-
ing triodes fall under this definition, the industrial ap-
plication of the thyratron in the modern sense of the
word was first suggested in 1928-1929 by Hull® of the
General Electric Company. Actually, the basic principle
of its operation was anticipated much earlier.??

The thyratron has a thermionic cathode, a graphite or
metal anode, and a control grid surrounding the anode.
In modern tubes there usually are two grids: one for
controlling the beginning of the discharge, the other for
shielding the cathode from the anode electric field. The
second grid also performs several other functions tend-
ing to improve the effect of the grid control. The thyra-
trons are usually filled with mercury vapor by placing a

2 H. Winograd, “Development of excitron-type rectifiers,”A.L.LE.E
Technical Paper No. 44-78; March, 1944,

3 A Hull, “Gas-filled thermionic tube,” Trans. A.I.E.E., vol. 47,
pp. 753-767; July, 1928; “Hot cathode thyratrons,” Gen. Elec. Rev.,
vol. 32, pp. 213-223; April, 1929,
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drop of pure mercury inside the tube after its exhaust.
Some of the modern thyratrons are filled with one of the
heavy monatomic gases, xenon or krypton, rendering
the tube operation more nearly independent of the am-
bient temperature. The cathodes of mercury tubes are
of the oxide type, directly or indirectly heated.

There are several standard types of thyratrons as-
sembled in glass envelopes, but attempts are being made
to design all-metal tubes along the same lines as the
ignitrons are built.

The thyratron is an indispensable tube in modern
industry. Similar to the larger mercury tubes (ignitron,
excitron) it can be used alone for precise controlling of
current and voltage, when power demand is not too
high.- It is also very useful in regulation service in the
circuits designed to keep temperature, motor speed,
generator voltage, etc., within the prescribed narrow
limits. In circuits designed for counting manufactured
goods or other objects, rejecting defective pidtes, etc.,
which utilize sensitive photocells, the thyratron excited
by the photocell is a very convenient tool to operate
necessary mechanisms. Finally, the thyratron offers a
beautiful means for the precise control of firing ignitrons
or grid-controlled mercury-pool tubes. The thyratron is
a true and simple electron relay, the name by which the
first radio tubes were sometimes called.

The simplest member of mercury tubes is the phano-
tron. This is a mercury-vapor-filled diode or rectifier. It

Ul

Fig. 4—869-B phanotron for 15,000-volt peak inverse voltage and
5 amperes average current.
consists of a thermionic filamentary (or indirectly
heated) cathode and a graphite anode (Fig. 4). Several
types of phanotrons, all of the sealed-off variety with
glass envelopes, are well known in radio application; in
the field of power supply to radio sets they have made
the early high-vacuum rectifiers practically obsolete,
because of their great efficiency and higher current
ratings. The only limitation of the phanotron is the
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permissible direct voltage which cannot conveniently
exceed 10 or 15 kilovolts without eventually firing back.
Since structurally a phanotron is a thyratron with the
grid, this type appeared practically simultaneously with
the thyratrons, that is, at the end of the 1920’s.

The cold-cathode thyratron filled with argon or neon
was originally known as “grid-glow tube.”* Its applica-
tion preceded that of the hot-cathode thyratron by
several years. It is still used in services with long
stand-by periods, as it does not consume power for
heating the cathode.

HicH-VACUUM RECTIFIERS

In some previous as well as in the following Sections
reference is made to an event which has played an out-
standing, although indirect, role in the development of
all types of electronic tubes. This was a great improve-
ment in vacuum technics as the result of the invention
of the molecular® pump by Gaede (1913) and of the
mercury diffusion and condensation pump by Gaede
(1915)%* and Langmuire (1916).27% With the new
pumps it was possible to exhaust tubes to a much greater
degree of vacuum then previously. Vacua of at least 1078
millimeter of mercury became easily attainable; this-was
essential with tubes designed for high-voltage operation
as only in high vacuum could pure electron currents
unimpeded by the presence of gas ions be established.

The first fruit of the improved vacuum technics was
the improved high-vacuum X-ray tube followed shortly
by high vacuum rectifiers® also known as kenotrons
(1915). The kenotron is a clean-cut diode with a filamen-
tary cathode, usually made of pure tungsten. The first
application of high-vacuum rectifiers was supplying
rectified direct voltages to X-ray tubes from high-
voltage transformers. In this service the kenotron re-
placed the old mechanical “valves”.

With the improvement of radio transmitters the origi-
nal motor-generator sets used for supplying direct oper-
ating voltage to the oscillator tubes were gradually
replaced by alternating-current power-supply sets em-
ploying kenotrons. This evolution has not required the
development of the new types of tubes as practically
every triode could be converted into a rectifier simply
by omitting the grid. However, the inherent drawbacks
of high-vacuum rectifiers soon came to light; fre-
quently they had insufficient maximum emission cur-
rent and their internal voltage drop was too great. Thus,

s D. D. Knowles and S. P. Sashoff, “Grid controlled glow and
arc discharge tube,” Electronics, vol. 1, pp. 182-185; July, 1930.

% \W. Gaede, “The molecular air pump,” Ann. der Phys., vol. 41,
pp. 337-380; June, 1913,

3 W. Gaede, “Gas diffusion through mercury vapor at low pres-
sure and a diffusion pump,” Ann. der Phys., vol. 46, pp. 357-392;
February, 1915.

a1 [, Langmuir, “The condensation pump,” Gen. Elec. Rev., vol. 19,
pp. 1060-1071; December, 1916.

38 [, Langmuir, “The condensation pump,” Jour. Frank. Inst.,
vol. 182, pp. 719-743; December, 1916.

» S. Dushman, “New device for rectifying high tension alternat-
ing-current,” Elecirician, vol. 75, pp. 276-277; May, 1915; Gen. Elec.
Rev., vol. 18, pp. 156-167; March, 19185.
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toward the end of the 1920’s moderately successful at-
tempts were made to adapt mercury-pool rectifiers for
radio sets; but very soon in this country kenotrons lost
their place to phanotrons for high-duty services. The
kenotron still has a very important application in con-
nection with supplying direct-current power, whenever
empbhasis is placed on high voltages rather than on high
currents; such as is the case with X-ray tubes, precipi-
trons, etc.

HiGH-FREQUENCY TUBES

Up to the most recent time the classification, indus-
trial versus radio tubes, coincided with the tube division
into gas-filled versus high-vacuum tubes. It was to a cer-
tain degree justified, since, by virtue of the physical
phenomena in the (;onventional gas-filled tubes, they
could be used only in circuits of low or industrial fre-
quencies (25 or 60 cycles per second); on the other hand,
high-frequency radio applications required tubes with
as good vacuum as can be established by the modern
vacuum technics. However, at the present time, even
discounting therapeutic application of high-frequency
oscillations, there are industrial installations in which
high-frequency or “radio” tubes are employed for in-
duction and dielectric heating of parts and materials in
a variety of manufacturing processes.

Nevertheless, up to the present time the development
of high-frequency tubes was always intimately con-
nected with the progress of the radio art; this may be
modified in the future, as no intricate characteristics are
required from industrial tubes but power and efficiency.

The first vacuum tube ever used in high-frequency
circuits was built in 1892 by Zehnder*® for demonstrat-
ing to large audiences Hertzian waves, then recently
discovered. The Zehnder tube was a small gas-filled tube
in which gas discharge was triggered by high-frequency
oscillations. The first tube developed for practical radio
applications was the noted Fleming valve (1904),% a
diode detector based on the phenomenon of unidirec-
tional conduction of electric current, recorded by Edison
twenty years earlier,2 while experimenting with in-
candescent lamps. Simultaneously, in Germany another
diode detector with a straight oxide-coated filament and
a cylindrical aluminum anode was produced by Weh-
nelt, the inventor of oxide-coated cathodes. Then, in
1908, the first three-electrode tubes appeared; this was
the epoch-making de Forest’s audion.** About the

w0 1, Zender, “Radiation of electric force ” Ann. der Phys., vol. 47,
pp. 77-92; September 1, 1892.

a4 J. A. Fleming, “Thermionic valve,” British Patent 24,850;
November 16, 1904.

aT. A. Edison, “Electrical indicator,” U. S. Patent 307,301;
October, 1884.

@ A. Wehnelt, “An electric valve,” Ann. der Phys., vol. 19, pp.
138-156; January, 1906; Phys. Zeit., vol. 5, pp. 680-681; October 20,
1904 (preliminary information).

4 Lee de Forest, “Space telegraphy,” U. S. Patent 879,532; Janu-
ary, 1907-February, 1908.

%Lee de Forest, “The audion-detector and amplifier,” Proc.
I.R.E. vol. 2, pp. 15-30; March, 1914,
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same time, but later than de Forest, several other in-
ventors in different countries proposed similar tubes.
One may note that the effect of the grid on electrostatic
field has been known to scientists from the fundamental
works of Maxwell and Rieman.

All early radio tubes were “soft” tubes. In fact, at
that time there was no means for establishing what we

Fig. 5—320-A—Western electric 250-kilowatt tube,

now call high vacuum; on the other hand, for almost ten
years, the physical phenomena in vacuum tubes in
operation, especially the role of the residual gas, were
not quite understood. Gas was even considered as an
essential factor in proper tube performance. Moreover,
mercury-arc tubes for reception and generation of radio
waves were proposed by several inventors. The impor-
tance of high vacuum in radio tubes was not realized
until theoretical work by Langmuir in this country and
Schottky in Europe had been made known.®47 This
coincided with a considerable improvement in vacuum
technics brought about by Langmuir and Gaede mer-
cury pumps capable of establishing the highest necessary
vacua.

A direct result of better vacuum pumps was designing
and construction of triodes which could be operated at
higher voltages and hence were able to generate or to
amplify high-frequency output up to several hundred

% 1. Langmuir, “The pure electron discharge,” Phys. Rev., vol. 2,
pp. 450-486; December, 1913,

7 W. Schottky, “The effect of space charge on thermionic currents
in high vacua,” Phys. Zeit., vol. 15, pp. 526-528; April, 1914; also,
pp. 624-630; May, 1914.
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watts. This progress in tube design, as it is widely
known, was directly responsible for the inauguration of
the most important branch of engineering art of our
time, radio broadcasting (1920). However, soon the out-
put from the individual tubes designed after the pattern
of the early receiving tubes enclosed in glass envelopes
reached its practical limit of 1 or 2 kilowatts; at higher
ratings the tubes would turn out bulky and difficult to
manufacture. Then, the invention by Housekeeper of
the glass-to-copper seals, in 1922, gave a new impetus to
radio-tube development, since water-cooled anodes
could be constructed for much higher ratings. At once,
the high-frequency output from a single tube rose to 10
and 20 kilowatts, and nothing was in the way of design-
ing much larger modern tubes. In Europe, indeed, prior
to this war, all leading manufacturers produced tubes
with 350- and even 400-kilowatt output. In this country,
however, because of the restriction imposed by the
Federal Communications Commission on the output
from broadcast transmitters, tubes for more than 100
kilowatts output have not been developed, although for
a long time the leading role in development of large
tubes belonged to this country. Only recently, a 250-
kilowatt tube was announced by the Western Electric
Company (Fig. 5). .

The emergency of the last few years compelled manu-
facturers in. many branches of industry to turn to
“electronic processes”. Among these applications induc-
tion and dielectric heating of manufactured parts and
materials with a variety of purpose became very popu-
lar; high frequency or radio tubes were required in large
numbers for these services, and proved to be a great
success. It is enough to mention that in several (five or
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Fig. 6—WL-895-R modern 100-kilowatt maximum rating
tube for radio and industrial applications.
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six) installations for tin-reflowing, the total high-fre-
quency power utilized is greater than the total nominal
power of all broadcast transmitters in this country. The
100-kilowatt tube employed in these projects is of a
modern design and was originally intended only for
broadcast service; it is shown in Fig. 6. Obviously, if in
the future there will be a sufficient demand, tubes of
greater ratings can be designed. However, one may
anticipate that 500 kilowatts is perhaps the ceiling for
practical rating of individual sealed-off tubes; above this
figure one may foresee that the cost of tubes will be out
of proportion to their advantages because of increased
difficulties in design and in manufacturing the tube.

It looks as though in this case industry may turn to
the demountable tubes; these can be assembled and taken
apart for repairs at the place of their use, like engines.
The main objection to this type is that they must be
continually exhausted in operation, hence they require
a better-trained personnel. But the continually pumped
mercury-tank rectifiers may serve as a rather encourag-
ing example.

The demountable tubes are not new. Since 1923, the
French Navy had in service a number of 10- and 30-
kilowatt demountable tubes, designed by Holweck.
During the decade preceding this war, because of the
invention of the new and improved oil-condensation
pump by Burch in England, a few demountable tubes of
larger size were in operation throughout Europe in
radio; but mainly they became popular in the metal-
lurgical industry for melting alloys. In this country the
application ot demountable tubes is thus far limited
only to a few scientific projects, such as cyclotrons,
megavolt X-ray tubes, etc.48 .

While touching upon the types of high-frequency
tubes one may note that forced air-cooling can be
adapted practically to every water-cooled type of tube
by soldering or brazing the tube in a specially designed
multifinned cooler. Air-cooling represents advantages in
those cases when water is not to be wasted ; or when one
does not wish to go to the expense of building a compli-
cated plumbing system for distilling and recirculating
water; or, simply, when the tubes are to be installed in
an unheated room, in which ambient temperature may
sink below 10 degrees centigrade.

Air-cooling was introduced into practice about eight
years ago and since then has become quite popular.
Fig. 6 shows the 895 tube in an air-cooler. Made of
copper, this cooler weighs about 250 pounds. This, of
course, is objectionable from the viewpoint of handling
the tube in the factory, in transportation, and in the
field. Therefore, one may expect that the time is not re-
mote when aluminum will replace copper in these
coolers. For the realization of this, one needs a simple

4 ], E. Mouromtseff, H. J. Dailey, and L. C. Werner, “Review of
demountable versus sealed-off power tubes,” Proc. I.R.E., vol. 32,
pp. 653-664; November, 1944,
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method of establishing a reliable bond between the
aluminum cooler and copper anode.

From the viewpoint of the internal structure and the
number of elements for controlling the electron current,
large or transmitting tubes are of simpler types than
small receiving tubes. Just a glance through an RCA
Handbook for receiving tubes persuades one that their
design is limited only by the type of service required
and by the imagination of the designer, as there are ap-

Se e
&

Fig. 7—WL-530 ultra-high-frequency triode for special applications,
The first water-cooled tube designed with heavy self-supporting
bird-cage thoriated tungsten filament and 100 per cent utilization
of the anode surface,

parently no insurmountable manufacturing difficulties
in the way of the realization of the most complicated
structure. Such designs as that of “octode converters”
having 6 grids (7A8), or of the “diode-triode-power-
amplifier-pentode” with two cathodes, three anodes,
and four grids (1D8-GT) are unthinkable in the larger
tubes. Practically, all transmitting tubes with external
anodes, up to recent times, were of the triode type.
Radiation-cooled types assembled in glass envelopes can
be more easily built and are built as screen-grid tubes or
tetrodes, while the smaller members of this family are
sometimes designed as pentodes.

With the advent of television, frequency modulation,
and some other special services, a demand arose within
the last ten years for wulira-high frequency tubes. In re-
sponse, several triode amplifiers became available for
these services capable of generating power of several
kilowatts at required frequencies from 40 to 100 mega-
cycles. Such are the 880, 889, 530 types and several
others. These tubes are designed along the same general
lines as the conventional triode, but they are of a short
squat structure with inverted copper-to-glass seals (Fig.
7), or with kovar skirts brazed to copper anodes in order
to reduce the total length of the tube; also, molded-glass
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dishes from which all internal parts are supported are
characteristic of these tubes. All these features are neces-
sary for the reduction of the tube's internal inductance
and interelectrode capacitance which is the main limit-
ing factor in amplifier operation in the designed ultra-
high-frequency band. It is quite possible that tetrodes
of a good mechanical design will give a more satisfactory
performance in these services.

However, with the existing trend to extend television
and frequency modulation into the bands of higher and
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Fig. 8—Multiple water-cooled magnetron of Russian
design for very high frequencies.

higher frequencies, it is certain that both the triodes
and tetrodes of conventional designs, even if trimmed
to the utmost with respect to the interelectrode ca-
pacitance and internal tube inductances, will not sat-
isfy the new demands on account of the transit-time
limitation. One has to look for a solution with the tubes
in which the oscillating circuit and the electronic
mechanism of the tube are designed together as integral
parts of the same device. Two types of such devices
have been known for several years: the magnetron and
velocity-variation tube.

The magneiron is quite an important member of the
vacuum-tube family. It was invented by Hull in 1921 as
a power inverter, or power-controlling device. In 1928,
two Japanese professors, Yagi and Okabe, found that a
magnetron with the anode split into two or more seg-
ments is capable of producing oscillations of extremely
high frequencies. Since that time vast work has been
done by physicists and radio specialists all over the
world. In 1940, a novel type of magnetron was described
in the Russian technical press and republished in this
country.*® This tube consists of several individual mag-
netrons of small diameter (Fig. 8), with their centers ar-
ranged in a circle; the whole array is machined in a solid
block of copper. The most important innovation is that,

4 N, F. Alexeev and D. D. Maliaroff, “Generation of oscillations
with a magnetron in the centimeter band,” Proc. I.R.E., vol. 32, pp.
pp. 136-139; March, 1944.
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instead of the usual external circuit, a cylindrical “cavity
resonator” is coupled to each magnetron, and all are
coupled together through a common central cavity. The
authors reported that with this tube they were able to
generate 300 watts at a 9-centimeter wavelength. In
order to appreciate this improvement one may mention
that, when Kilgore of East Pittsburgh reported in 1932
1 watt output from his, then new, magnetron at about
the same frequency, it was considered €normous; many
interesting feats in transmission of radio beams could be
demonstrated with this tube. Previously, even a small
fraction of a watt at this frequency was considered satis-
factory.b®

Another “unusual” type of tube of the future is the
klystron which belongs to the family of electron beam
and velocity-variation tubes. Attempts to harness a nar-
row beam of electrons to generate oscilations were made
more than 40 years ago by Cooper Hewitt, and then by
Vreeland in this country. The latter even succeeded in
constructing a practical oscillator with a mercury-arc
tube generating 500 cycles per second for laboratory
measurements.®* Then, as early as 1907, an electron-
beam tube, in which a magnetically controlled beam
swung back and forth between two anodes in high
vacuum, was proposed as a radio detector by von Lieben
of Vienna.® In more recent times, when radio engineers
became ultra-high-frequency-minded, a number of beam
oscillators has been proposed, based largely on a rotat-
ing or swinging back and forth beam in a cathode-ray
tube with multiple anodes.

The first electron beam in which the initially uniform
electron beam is converted into a succession of electron
clusters by means of velocity variation was described
by the Heils, 1935.% However, not all early beam oscil-
lators were successful in practical applications, because
they were forced to deliver power into conventional
high-frequency circuits of low impedance, which did not
match the inherently very high internal impedance of
the beam tubes. It was not until Hansen had studieds
and popularized “cavity resonators” that electron-beam
tubes could be designed with an acceptable efficiency
and output, even at extremely high frequencies. The
first, and a very good representative of the velocity-
variation beam tubes with cavity resonators for oscil-
lating circuits, was the klystron developed by the Varian
brothers,® in 1939. A variety of applications of the kly-
stron may be anticipated in postwar electronics.

% A. G. Clavier, “Production and utilization of micro-waves,”
Elec. Commun., vol. 12, pp. 3-11; July, 1933.

 H. K. Vreeland, “A sine-wave oscillator of the organ pipe type.”
Phys. Rev., vol. 27, pp. 286-293; October, 1908.

2 V. R. von Lieben, German Patent 179,806; 1906.

5 A. Arseniewa Heil and O. Heil, “New method of generating
short continuous waves of high intensity,” Zeit. Phys., vol. 95, Pp.
752-762; July, 1935./

% W. W. Hansen, “On the resonant frequency of closed concentric
lines,” Jour. Appl. Phys., vol. 10, pp. 38-45; January, 1939,

% R. H. Varian and S. H. Varian, “A high frequency oscillator and
amplifier,” Jour. Appl. Phys., vol. 10, pp. 321-327; May, 1939,




ProToTUBES

Many industrial or nonradio applications of electronic
tubes of all kinds are greatly enhanced, or even made
possible, by the use of photocells. Other tubes, thyra-
trons or high-vacuum amplifiers, actuated by minute
phototube currents and voltages, are used to operate
all kinds of mechanisms and electronic circuits.

The phototube is the only modern electronic tube
which cannot claim direct descent from the Crookes dis-
charge tube or from the incandescent lamp, although
later in its career its design was benefited by the technics
and theories developed in connection with other elec-
tronic tubes. Photoeffect was first observed in a wet cell
and recorded by Becquerel in 1839 with no deductions
whatever. Then it was observed under different circum-
stances by Hertz, during his epoch-making experiments

with electromagnetic waves, in 1888. Immediately,
Wilhelm Hallwachs took notice of this and carried out a
study of photoelectricity, which was followed by the
work of several other scientists, like Righi and the noted
physicists, Elster and Geitel. The first photocell useful
in scientific measurements consisting of copper oxide on
copper was built by Hallwachs, while the first alkali cell
almost in its modern form was introduced by Elster and
Geitel, in 1912.

The applications of phototubes in modern electronics
in a variety of control and regulation devices are too
numerous even to attempt to list them. However, one
may specifically remember one outstanding application
of photosensitive films: this is in television pickup tubes,
iconoscope, image dissector, etc., in which the mosaic
consists of a multitude of tiny photocells.

Some Notes on the Design of Electron Guns’
A. L. SAMUEL,f SENIOR MEMBER, LR.E.

Summary—A method is outlined for the design of electron guns
based on the simple theory first published by J. R. Pierce. This
method assumes that the electrons are moving in a beam according
to a known solution of the space-charge equation, and requires that
electrodes exterior to the region of space charge be shaped so as to
match the boundary conditions at the edge of the beam. An elec-
trolytic tank method is used to obtain solutions for cases which are
not amenable to direct calculation. Attention is given to some of the
complications ignored by the simple theory and to some of the practi-
cal difficulties which are encountered in constructing guns according
to these principles. An experimental check on the theory is described,
together with some information as to the actual current distribution
in a beam produced by a gun based on this design procedure.

INTRODUCTION

paper is the practical design of electron guns to

give reasonably high currents and high current
densities without the sacrifices in beam current which
are normally accepted in cathode-ray-tube guns. The
first part of the paper consists of an elaboration of the
simple theory as first published by Pierce.! Attention will
then be given to some of the practical difficulties which
are encountered when one attempts to build electron
guns according to these principles, and an experimental
check on the theory will be described.

THE PROBLEM to be considered in the present

FUNDAMENTAL THEORY

Following the method outlined by Pierce,! we will
start by assuming that the electrons are moving in a

* Decimal classification: R388. Original manuscript received by
the Institute, October 5, 1944. Presented, National Electronics Con-
ference, Chicago, I1l., October 6, 1944 (the Chicago Section of The
Institute of Radio Engineers was one of the sponsors of the National
Electronics Conference).

t Bell Telephone Laboratories, Inc., New York, N. Y.

1], R. Pierce, “Rectilinear electron flow in beams,” Jour. Appl.
Phys., vol. 2, pp. 548-554; August, 1940.
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beam according to known solutions of the space-charge
equation. Electrodes exterior to the beam are shaped so
that boundary conditions are consistent with the as-
sumed motion. This method results in a simple mathe-
matical description of the fields inside and outside of
the beam when the beam is actually present in the elec-
trode system. It completely avoids any separate con-
sideration of the diverging space-charge effect in the
beam in the absence of surrounding electrodes, and of
the converging effect of the electrode system in the ab-
sence of the beam.

The first problem is that of showing that a uniform
rectilinear electron flow, according to the known space-
charge equations, is theoretically possible in limited re-
gions with abrupt boundaries. For example, consider
the flow of electrons from a plane cathode to a parallel
plane anode. As long as these planes are infinite in ex-
tent, and conditions of complete space charge are as-
sumed, the potential distribution is completely defined
and follows the well-known Child equation.? If, however,
it is desired to have the condition of space charge flow
over a restricted area, then one must satisfy certain
boundary conditions at the edge of the beam. Of course,
in all practical electronic devices, the electron flow does
occur in limited regions, but there usually exists a bor-
der region in which the electron flow is neither uniform
nor rectilinear. We are now concerned with the problem
of abruptly terminating the region of rectilinear flow.
A moment’s reflection will show that two conditions
must be met in the absence of a transition region or of
sheets of surface charge. In the first place, the potential
must be continuous across the boundary; that is, the

2 C. D. Child, “Discharge from hot Ca0O,” Phys. Rev., vol. 32,
pp. 492-511; May, 1911.
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potential just outside the beam must be everywhere
identical with the potential just inside the beam. The
potential inside the beam is, of course, specified by
Child’s equation, or, in the more general case, by a solu-
tion of Poisson’s equation, while the potential outside
the beam must satisfy the Laplace equation. The sec-
ond condition is that the potential gradient normal to
the beam must be zero along the boundary surface;
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Fig. 1—Equipotential surfaces for parallel rectilinear electron flow
with plane boundaries.

otherwise, the electron flow could not remain recti-
linear. If a solution for a potential distribution exterior
to the beam can be found which satisfies these two con-
ditions along the boundary, then it is possible to have an
abrupt boundary to the beam. Pierce has shown that
this is indeed theoretically possible, and he has further-
more calculated the required potential distributions out-
side the beam for several special cases. To achieve
these potential distributions, it is necessary only to en-
close the region surrounding the beam by metal surfaces
which are shaped to conform with the computed equi-
potential surfaces, and maintain these metal surfaces
at the indicated potential.

Suppose, for example, that we consider the case of
parallel flow with plane boundaries, in which the elec-
trons entering the region come from a cathode forming
one boundary and giving space-charge-limited emission.
A plot of the calculated equipotential surfaces is shown
in Fig. 1. All of the units are arbitrary, as the shapes of
the equipotentials are independent of the absolute mag-
nitude of the potentials involved and of the units in
which distance is measured. Potentials are indicated in
terms of an arbitrary potential ¢ assigned to one equi-
potential as measured from the cathode. It will be seen
that the zero potential surface is a plane which makes
an angleof 67.5 degrees with the normal to the cathode
at its edge. Two examples of the way in which these
principles might be applied are shown in Fig. 2. As
shown on Fig. 2(A), a zero-potential electrode and a
positive-potential electrode may be combined to give a
parallel beam of electrons if a grid is used to permit the
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electrons to pass through the positive electrode. In
Fig. 2(B), both negative and positive electrodes are used
and the beam passes through a slit in the second elec-
trode. When the width of such a slit is considerably less
than the cathode-anode spacing, it has only a small ef-
fect on the space-charge conditions in the vicinity of the
cathode, but it will have a lens action. If the region to
the right of the anode is field free, the beam will diverge
as shown.

SOLUTIONS BY THE ELECTROLYTIC-TANK METHOD

In the practical case, we frequently require more com-
plicated configurations which become progressively
more difficult to compute. An experimental approach to
the problem is required. As is well known, an electro-
lytic tank can be used to solve problems of potential
distribution in the absence of space charge. The only
problem is that of simulating the edge of the beam.
Pierce has suggested that this be done by means of an
insulating strip. As no current can enter this strip from
the electrolyte, the potential gradient within the elec-
trolyte must of necessity be zero at its surface. With the
condition of zero field normal to the beam boundary so
easily disposed of, the problem of finding suitable elec-
trode shapes is merely that of adjusting the shapes and
positions of the electrodes in the tank until the potential
along the insulating strip varies as the appropriate func-

(») (8)

Fig. 2—Illustrations of the way in which bounding surfaces may be
constructed to conform with the equipotential surfaces shown in
Fig. 1.

tion of distance corresponding to the assumed space-
charge conditions in the beam. It should be emphasized
that in this method the region represented in the tank is
only that portion of space external to the beam. The
space-charge region is carefully excluded by the insulat-
ing strip.

Let us consider how this method can be applied in the
design of electrodes to give parallel electron flow with
cylindrical boundaries. Rather than attempting to rep-
resent the entire beam, it is convenient to work with
only a thin wedge-shaped body of electrolyte formed

. by planes cutting through the axis of symmetry as
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originally suggested by Manifold and Nicoll.? This pro-
cedure is possible in all cases involving axial symmetry.
A simple tank construction is shown in Fig. 3. The bot-
tom is a tilted plane of nonconducting material. The
thin edge of the wedge of electrolyte is the axis of sym-
metry corresponding to the axis of the cylindrical beam.
Suitable electrodes to establish symmetrical equipoten-
tials would be portions of figures of revolutions about
this axis. When the angle of the wedge is small, these
can be replaced by singly curved electrodes bent from
flat sheets. The edge of the beam is represented by the
insulating strip, which in this case is parallel to the thin
edge of the wedge and spaced from it a distance corre-
sponding to the radius of the electron beam. A cali-
brated potentiometer is used to measure the potentials
along the insulating strip, and the electrodes are moved

OSCILLATOR

Fig. 3—Electrolytic-tank construction for problems
possessing axial symmetry.

about and changed in shape until the desired potential
distribution is obtained.

Equipotential surfaces obtained in this way are shown
in Fig. 4. As before, the zero potential surface makes an
angle of 67.5 degrees with the normal to the cathode.
In fact, it can be shown that this is true under all condi-
tions. These surfaces are, of course, only approximately
correct. Although there exists but one unique set of
equipotential surfaces which exactly match the boun-
dary conditions, it is a fortunate fact that a relatively
large number of electrode shapes can be found which
produce a good approximation. This allows one to make
a certain amount of adjustment of electrode shapes to
meet the physical limitations of tube-construction
methods.

While only two examples of rectilinear flow between
parallel plane electrodes have been considered, it should

# M. Bowman Manifold and F. H. Nicoll, “Electrolytic field

plotting-trough for circular symmetric systems,” Nature, vol. 142,
p. 39; July 2, 1938.
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be realized that the principles are not restricted to these
two examples. Any form of bounding surface can be
treated in the same way. The more general conditions of
space-charge flow, for which the potential distributions
are known,* can be treated in an identical fashion.
The same principles can obviously be applied in the
case of radial flow between cylinders and spheres. These
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Fig. 5—Equipotential surfaces for radial rectilinear
electron flow between segments of cylinders.

cases are of considerable practical interest, as they per-
mit the concentration of the electron emission from a
cathode either into parallel beams of high current densi-
ties or into converging beams.

The equipotential surfaces for radial rectilinear elec-
tron flow between segments of coaxial cylinders can be
calculated by an approximate method. These are shown
in Fig. 5. Fig. 6 shows a line-focus electron gun based on
such equipotentials. Electrons leaving the cathode move
along radii until they approach the anode. In passing
through the slit in the anode, the beam suffers a diverg-
ing action which may be calculated from Davisson’s

¢ C. E. Fay, A. L. Samuel, and W. Shockley, “On the theory of
space charge between parallel plane electrodes,” Bell. Sys. Tech. Jour.,
vol. 17, pp. 49-79; January, 1938.
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equation® which gives the focal length of such a lens as
f=2¢/E;— E, where ¢ is the potential at the slit and
E, and E; are the potential gradients which would exist
on each side in the absence of the slit. The value of E,

CROSS-OVER POSITION

{

CATHODE

Fig. 6—A gun structure based on radial electron flow
between segments of cylinders.

is, of course, that given by the space-charge equation in
the gun region. The gradient on the other side of the slit
is more difficult to evaluate. For those cases where E;
can be neglected, the crossover will occur at a distance
to the right of the slit as shown in the right hand curve
of Fig. 7. It will be observed that for ratio of d/r,
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greater than 0.5 the beam will converge, while for values
of d/ry of less than 0.5 the beam will diverge. The second
curve on Fig. 7 will be considered later.

The analogous sort of spherical symmetrical flow, in
which the electrons form a cone-shaped beam between
spherical caps, is difficult to treat analytically. Thereis a
different set of equipotentials for each angle of the cone
occupied by the flow. The electrolyte tank approach
must therefore be used and guns designed to meet spe-
cific requirements. The appropriate variations in poten-
tial with distance for which the electrodes are to be

5 C. J. Davisson and C. J. Calbick, “Electron lenses,” Phys. Rev.,
vol. 42, p. 580; November 15, 1932,
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adjusted'can be obtained from the work of Langmuir
and Blodgett.®” Their data are shown plotted in a form
suitable for our use in Fig. 8. For convenience, curves
as shown for both the cylindrical and the spherical cases,
the abscissa is the ratio of the anode-cathode spacing to
the cathode radius, and the ordinate is either their
parameter « raised to the 4/3 power or their parameters®
(rB2/r¢)2/®. When so plotted, the segments of the curves
to the left of any specified abscissa value are linear plots
to an arbitrary scale of the potential distribution in
structures having a value of the ratio of spacing to cath-
ode radius as specified by the abscissa value. Forex-
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Fig. 8—Potential distribution between coaxial cylinders and con-
centric spheres with complete space charge. (Authors note. The
second expression in the ordinate should read (r?/34/3/rg23).

ample, with a value of 0.5 for this ratio, the curve to the
left of the abscissa 0.5 is the desired plot. To convert the
potential scale into units of the anode potential, one
need only divide ordinate values by the ordinate value
corresponding to the limiting abscissa value, that is, by
0.83 (for the concentric sphere case), while distances
from the cathode are given in terms of the cathode ra-
dius directly along the abscissa scale.

DEsigN oF A Point-FocusEp GUN

Now let us suppose that we are faced with the job of
designing a point-focused gun. Before an intelligent
choice can be made of the ratio of spacing to cathode
radius, some consideration must be given to the lens
action of the hole which must be cut in the anode to
transmit the electron beam. As noted earlier, it is pos-
sible to compute this from the lens equation of Davisson,
provided one knows the field conditions on the far side
of the anode. With converging beams these are not
known with certainty, so that a certain amount of
judgment is involved. By referring again to Fig. 7, which

8 [. Langmuir and K. B. Blodgett, “Current limited by space
charge between coaxial cylinders,” Phys. Rev., vol. 22, pp. 347-356;
October, 1923.

7 1. Langmuir and K. B. Blodgett, “Current limited by space

charge between concentric spheres,” Phys. Rev., vol. 24, pp. 49-59;
July, 1924,

8 For definitions of these parameters see references 6 and 7
above,
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applies to the case in which this field can be neglected,
it will be observed that convergence will occur for all
values of cathode-anode spacing greater than 0.29. For
values less than this, the beam will diverge. In the limit
when the ratio of spacing to cathode radius approaches
zero, the electrons appear to diverge from a point which
is located behind the cathode surface by a distance of
twice the cathode-anode spacing.

Having chosen a value of the ratio of anode-cathode
spacing to the cathode radius on the basis of the desired
beam convergence, we must next decide on the conical
angle of the beam. This angle is intimately related to
the desired gun perveance, defined as the ratio of the
beam current in amperes to the 3/2 power of the volt-
age. Perveance is used, since it is a constant for any
given structure under conditions of complete space
charge, subject only to the restriction that only one po-
tential difference is involved, or if more than one poten-
tial is involved the ratios between them are maintained
constant. The value of this parameter as given by
Langmuir and Blodgett when applied to a cone-shaped
beam is

I/V32=14.68X10~% (1—cos 0)/a?

where 6 is the cone angle measured from axis, and « is
the same parameter plotted in Fig. 8, where it was seen
to depend only upon a ratio of certain dimensions and
not upon the absolute scale. From this it is seen that
the perveance is independent of the physical size of the
gun, being a function of its shape only. In passing, it
should be noted that this independence of perveance on
size is true in general for all structures in which the 3/2
power law is obeyed. This perveance equation is plotted
in Fig. 9. The perveance equation for the cylindrical case
is shown in Fig. 10. In using these charts it is convenient
to remember that a perveance of 1 X10~% corresponds to
a current of 1 microampere at 1 volt, 1 milliampere at
100 volts, and 1 ampere at 10,000 volts.

That portion of Fig. 9 to the left of an abscissa value
of 0.29 is shaded, to indicate that a diverging beam
would result if a circular hole is used in the anode to
transmit the beam. For perveances greater than roughly
50X 10-%, ways must be found to circumvent this limi-
tation.

Some trouble is to be expected for perveances even
lower than this value, however, as a result of the re-
duced and nonuniform field at the cathode surface
caused by field penetration through the hole. To assist
in evaluating this effect, two additional geometric
curves are shown on Fig. 9. These show the relation-
ship between the cone angle and the cathode-anode
spacing when the hole diameter is, respectively, equal
to the spacing and equal to 3 the spacing.

An additional design step is required if one wishes to
compensate for the anode hole. Consider, for a moment,
space-charge flow between complete spherical surfaces.
The perveance depends only upon the ratio of cathode-
anode spacing to cathode radius. However, for this same
structure in the absence of space charge, there will also
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exist a unique value for the off-cathode potential gra-
dient. A hole cut into the anode will distort the field at
the cathode and modify the off-cathode gradient, as
well as altering the space-charge conditions. Compen-
sating changes in the shape of cathode surface opposite
the hole which tend to make the no-space-charge off-
cathode gradient uniform, will at the same time tend to
make the cathode emission uniform under space-charge
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conditions, and restore the perveance to its desired
value. Only a moderate amount of compensation can be
obtained in this way, since altering the shape of the
cathode surface will alter the directions of the initial
electron accelerations and this will introduce focusing
difficulties if carried too far. The electrolytic tank can
be used for this problem by setting up electrodes simu-
lating the complete spherical case, introducing the hole
in the anode sphere symmetrical with respect to the axis
and investigating the off-cathode gradlent As non
spherical surfaces are sure to result from this modifica:
tion of the design procedure, we have normally omitted
it. For cases where some compensation is essential, a
number of quite different empirical design approxima-
tions have been used from time to time with nearly
equal success. None of these methods is sufficiently fun-
damental to justify detailed description.

With these preliminary considerations out of the way,
we can proceed to the electrolytic tank and lay out the
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electrode design external to the beam. The design is ob-
viously quite independent of the physical size, although
the actual size of any physical gun .is fixed by the de-
sired current and by the permissible current density
from the cathode.

EXPERIMENTAL CONFIRMATION

As a check on the usefulness of this general method, a
gun was designed and constructed to deliver 400 milli-

Fig. 11—Electrolytic tank set up for a point-focused gun.

amperes at a computed perveance of 6X10-%, The cone
angle was set at 42 degrees and the spacing at 0.47. No
effort was made to compensate for the nonuniformity
resulting from the anode hole. The electrolytic tank used
for this purpose is shown in Fig. 11. This is simply a
large developing tray, tipped at an angle. A piece of
heavy plate glass with Cartesian co-ordinates etched on
it forms the bottom of the wedge-shaped electrolyte. A
series of line electrodes are spaced at equal intervals
along the insulating sheet which simulates the edge of
the beam. In this case this sheet makes an angle of 42
degrees with respect to the axis, as defined by the thin
edge of the wedge. The actual electrode shapes which
were finally chosen are shown in Fig. 12. This is a single-

2k =

Fig. 12—Section view of a point-focused gun.

potential gun having one electrode at the cathode poten-
tial which in this case makes an angle of 67.5 degrees with
the normal to the cathode surface at its edge, in accord-
ance with the theoretical requirement. Attention is called
to the fact that a double aperture is used in the anode,

Proceedings of the I.R.E.

April

Thesecond limits the penetration of any external fields
which may be present into the region near the first
aperture, and insures that the gun will focus more or less
independent of the external conditions. While external
fields will produce lens action at the second aperture,
this lens is located fairly close to the final crossover po-
sition, and so has a fairly small effect. The second aper-
ture also tends to suppress secondary electrons that are
knocked out of the edge of the first aperture as a result of
imperfectly focused primary electrons from the cathode.

How well this gun performed may be judged by re-
ferring to Fig. 13. Three curves are given, one showing
the current to a collector placed at some distance from
the gun, the second showing the current to a thin dis¢
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Fig. 13—Experimental point-focused gun data.

containing a 0.100-inch hole placed at the computed
crossover point, and the third showing the current to
anode of the gun. It will be observed that only’a negli-
gible amount of current was deflected to the gun anode,
and that something over 96 per cent of the total current
passed through the 0.100-inch hole. One disturbing fea-
ture was the low perveance, the measured value being
1.6X107* as compared with the computed value of
6X107%, This can be explained by the failure to com-
pensate for the hole in the anode.

A series of such guns is shown in Fig. 14. In some
of these guns the agreement between calculated and

: g w{'%"h-&;gg s
e ﬁ“&y&&ﬁm

Fig. 14—A series of point-focused guns.
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measured perveance is considerably better than for the
example quoted. In fact, when proper allowance is made
for the effects of the anode hole, the calculated and
measured perveances are usually within normal engi-
neering tolerances.

THE CURRENT DISTRIBUTION IN A POINT-
FocuseEp BeAM

The current distribution within the beam produced
by such a gun is of some interest. While the theoretical
basis for the design naively assumes a uniform current
distribution throughout the beam, a number of factors
are neglected. The nonuniform field at the cathode, im-
perfection in the matchings of boundary conditions, the
removal of edge electrons by the anode, thermal veloci-
ties, space-charge effects in the beam after it leaves the
anode, to name a few, all tend to destroy this uniform-
ity_Q.lo

To investigate the actual distribution, a probe tube
was constructed as shown in Fig. 15, containing the gun
to be tested, a probe electrode containing a 0.010-inch
slit which can be moved across the beam at any desired
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Fig. 15—Probe tube for studying the current
distribution in the beam.

distance from the gun, and a suitably shielded collector
to measure the current passed by the slit. Ideally, one
should measure the current passed by a small hole
moved across a diameter of the beam rather than using
a slit. The lineup problem makes this an impracticable
procedure. However, from the shape of the current dis-
tribution observed with a slit, it is possible to obtain a
fair idea of the radial distribution. In particular, if the
radial distribution is uniform, the integrated distribu-
tion curve will be semielliptical, that is, it will have
sharp edges. On the other hand, if the radial distribution
is Gaussian, an error-function curve will result. These
two cases are illustrated in Fig. 16.

% D. B. Langmuir, “Theoretical limitations of cathode-ray tubes,”
Proc. I.R.E,, vol. 25, pp. 977-992; August, 1937.

1o J, R. Pierce, “Limiting current densities in electron beams,”
Jour. Appl. Phys., vol. 10, pp. 715-724; October, 1939,
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Fig. 16—Calculated probe data for idealized
distributions of current density.

Experimental data obtained with the probe tube are
shown in Fig. 17 for three different positions of the
probe with respect to the gun, and for an accelerating
field external to the gun. Very near the gun the distribu-
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Fig. 17—Probe data at different distances from gun.

tion appears to be quite uniform, except for a slight tail
which may be partly due to secondary emission. At
greater distances, the distribution becomes more nearly
Gaussian with a preliminary increase in current density
at the center, and a subsequent decrease as the crossover
distance is exceeded. Under the best conditions, the
maximum current density appears to be well over one
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Fig. 18—Effects of accelerating field on beam diameter.




half of the limiting value imposed by thermal velocities.
It should be pointed out that the actual shape of the
beam cannot be directly inferred from these curves,
since the motion of the probe electrode toward or away
from the gun changes the field conditions, and so alters
the size of the beam. Some idea of the effect of these
fields can be obtained from Fig. 18, showing data taken
Wlth a fixed probe distance, but different accelerating
fields. It will be observed that the accelerating field
changes the size of the beam, but it does not have much
effect on the essential shape of the current distribution.

HicHER PERVEANCE GUNS

As mentioned earlier, there appears to be a practical
limit to the beam perveance which can be obtained with

Fig. 19—A toroidal gun producing a point-focused beam.

a point-focused beam of the simple type which has just
been discussed. The gun shown in Fig. 19 was con-
structed in an effort to obtain a still higher perveance.

The cathode surface was made in the form of an axially
symmetric section of the surface of a toroid. Since the
space-charge relationships between concentric toroids
had never before been worked out, an approximation
solution was used. The necessary electrode configura-
tions were obtained in the electrolytic tank to produce a
hollow conical-shaped beam designed to focus to a point
on the axis. The experimental gun had a perveance of
30X10-% as compared with a calculated value of
40 %10~ and appeared to have a very sharply defined
crossover, :

By using a different portion of the toroidal surfaces, a
second gun was designed producing a tubular beam of
electrons with a measured beam perveance of 66 X107°.
If still higher perveances are required, accelerating
grids can be used without invalidating the fundamental
correctness of the design method.
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Recent Transformer Developments"=
REUBEN LEET?, ASSOCIATE, LR.E.

Summary~—Descriptions of new transformer steel and insulation
are given together with new circuits and applications involving trans-
formers. Instances are cited of size reductions and extensions of
frequency ranges in which transformers may be used.

Four outstanding and almost parallel developments have made
possible a variety of improvements in radio transformers. These de-
velopments are: (I) new available core steels, (II) new insulation,
(III) new circuits, and (IV) new applications. Stated thus, these
developments may not sound very remarkable. The aim of this paper
is to show how in some cases these developments make possible
drastic size reductions, even to the point of eliminating transformers
completely, and how in other cases transformers are used where
formerly none were used. A range of instances all the way from
complete disappearance of a transformer species to the evolution of
a new one should be worth the attention of radio engineers.

* Decimal classification: 621.314.3 X R382.1. Original manuscript
received by the Institute, September 1, 1944; revised manuscript re-
ceived, November 22, 1944,

t Westmghouse Electric and Manufacturing Company, Balti-
more, Maryland.
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I. NEw AVAILABLE STEEL

HE FIRST of these developments, namely, trans-

former steel, is a revolutionary advance in the art

of making electrical sheet steel. Operating flux
densities have been increased 30 per cent, losses have
been reduced, and permeabilities increased several fold
compared to ordinary silicon steel. Outstanding among
the new steels is “Hipersil”, a steel in which the direction
of grain orientation is closely controlled during the
manufacturing process. The new material requires that
the flux flow in this preferred or grain-oriented direction
(see Fig. 1) in order that the full benefit may be realized.
For this reason, the cores are no longer stamped out of
thin sheets, but are wound from strip and formed on a
mandrel. The wound core is then annealed to take out
the winding strains, impregnated with a bond, and cut
in two to permit assembly with the windings or coils,

April, 1945
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Following the cutting operation, the burrs are removed
by successive grinding and etching. After the core is as-
sembled with the coil, it is held together by means of a
steel band. Because of the similarity of the shape of the
two halves of the core to a letter “C”, the cores are

Steel Rolled in This Direction
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Fig. 3—Saturation curve comparisons, Hipersil versus Si steel.

known as Type C cores. Typical cores made in this
manner are shown in Fig. 2, and the improved perform-
ance in Figs. 3, 4, 5 and 6. Transformer assemblies are
shown in Figs. 7 and 8.

The material is rolled in three major thicknesses:

No. 29 gauge (about 13 to 14 mils thick) for fre-

quencies up to 400 cycles

5 mils thick for frequencies higher than 400 cycles

2 mils thick for frequencies in the low and medium

radio-frequency bands.

The superior properties of these steels can be utilized
in one of three ways: reduction in size, improved per-
formance, or both. Size reductions of 50 per cent are
common at power frequencies using the 13-mil thick
material, The 5-mil thickness is most commonly used in
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Fig. 4—Permeability of Hipersil and Si steel.

aircraft and portable equipment, where higher fre-
quencies of 400 and 800 cycles