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FOR HEARING AIDS...VEST POCKET RADIOS... MIDGET

The coils employ automatic layer windings of double Formex wire...in a molded Nylon bobbin

SUBOUNCER UNITS

DEVICES

MINIATURE COMPONENTS
FROM STOCK...

UTC Sub-Ouncer units fulfill an essential requirement for miniaturized components hav-
Ing relatively high efficlency and wide frequency response. Through the use of special
nickel iron core materials and winding methods, these miniature units have per-
formance and dependability characteristics far superior to any other comparable items.
They are ideal for hearing alds, miniature radios, and other types of miniature electronic equipment.

All

insulation is of cellulose -acetate. Four inch color coded flexible leads are empioyed, securely anchored
mechanically. No mounting facilities are provided, since this would preclude maximum flexibility in
location. Units are vacuum Impregnated and double (water proof) sealed. The curves below indicate
the excellent frequency response available. Alternate curves are shown to indicate operating charac-
teristics in various typical applications.

_Type
*s0-1 Input

$0-2

Application

Interstage/3:1

*$0.3 Plate to Line

§0-4  Output

'$0-5__ Reactor 50 HY at 1 mil DC 3000 ohms D.C Res _

"$0-6  Output

“Irmpedance ratio is fixed, 1250:1 for SO-1, 1.50 for SO-3 Any impedance between the values shown

may be employed.

Level
avu

Pri. Imp.
200

50

+ avu
20V U

10,000
25,000

20V U 30,000

20V U 100,000

10,000

0.C

in Pri. Sec. Imp.

0 250,000

62,500
0 90,000
I mil 200
1.5 mil 500
_1Lomil__ 50

5 mil 60

List
Pri. Res. Sec. Res. Price

16 2650 $4650

225

1850 450
1300

30 650
18 650

550
3250

SUBOUNCER UNIT

Dimensions
Welght

SUB-SUBOUNCER UNIT

Dimensions...7/16” x 3/4” x 5/8

Weight

.02 Ib

SUB-SUBOUNCER UNITS

FOR HEARING AIDS AND ULTRA-MINIATURE

EQUIPMENT

UTC Sub-SubOuncer units have exceptionally high efficiency and frequency range in their ultra-miniature

size. This has been effected through the use of specially selected Hiperm-Alloy core

winding methods. The constructional details are identical to those of the Sub-Ou

material and special
ncer units described

above The curves below show actual characteristics under typical conditions of application
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200
S0
10,000

10,000

25,000
+ 20VU 0
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+~ 20VU

20V.U 100,000

D.C.

in Pri.  Sec.Imp

0 90,000
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1.5 mil
__1.omi

500
50

5 mil 60

"1:50 for S50-3. Any impedance between

0 250.000
62 500

List
_ Price
$6.50

Pri Re}_Sec. Res.
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4700 373 6.50
the values shown
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NATIONAL CONFERENCE
ON
AIRBORNE ELECTRONICS

The IRE Professional group on Airborne Electronics joins with the
Dayton Section in sponsoring the 1951 NATIONAL CONFERENCE
ON AIRBORNE ELECTRONICS to be held at the BILTMORE HOTEL
IN DAYTON, OHIO May 23-25, 1951. The Conference committee,
working with research laboratories, universities, and electronic and
aircraft industries have made arrangements for the largest and best
Conference held to date! Over 70 papers will be presented covering
over 14 general topics including communication, navigation, propaga-
tion, computers, instrumentation, antennas, components and vacuum
tubes. Some of the titles to be presented are:

Reliability Testing of Airborne Elec- The Use of Feedback Theory on the

tronic Systems and Components Remote Control of Aircraft

" E 8 v .
Rating of Electronic Tubes at Very High Audio Problems in Aircraft Communi-

Altitudes .
cation
Long-Range Navigation Instrumenta-
tion The Electronics Systems Engineer

Radiosonde Telemetering System Fin Cap Zero-Drag Loran Antenna

In addition to a high-powered technical conference, complete with a
display of commercial equipment, there will be an excellent social
program.

For information write the Dayton Section, IRE ¢/o Far Hill, P. O. Box
44, Dayton 9, Ohio

NEW ENGLAND
RADIO
ENGINEERING
MEETING

The Sth annual Radio Engineering
Meeting of the North Atlantic Region
will be held on Saturday, April 12,
1951 at the Copley Plaza Hotel, Copley

Square, Boston.

Featuring the radio engineer's role in
the present emergency, the technical
program for this one-day event will
include papers on Test Instruments,
Color Television, High Frequency, In-

strumentation and Radiation.

SOUTHWESTERN
I.R.E. CONFERENCE

The Southwestern L.R.E. Conference
will be held in Dallas on April 20-21
at Southern Methodist University.

Technical papers by outstanding fea-
ture speakers will be presented. Here
is a partial list: "The Radiation of a
Cylindrical ~ Antenna,” "Microwave
Refractometer and Its Application to
the Studies of the Structure of the
Lower Atmosphere,” "'Instrumentation
for Radiation Assay," ""Radio Astron-

omy.

Write for further information

SPRING TECHNICAL CONFERENCE - CINCINNATI SECTION
INSTITUTE OF RADIO ENGINEERS

The Spring Technical Conference will be held Saturday,
April 14, 195] at the Engineering Society Headquar-
ters Building, Woodburn and McMillan Street, Cin-
cinnati, Ohio. Advance registration and reservations

for hotel accommodations and for the Luncheon presented.

and Banquet may be made by mail. Registration
may also be made at the door the morming of
the conference. Papers concerning UHF Television,
Color Television and the Megacycle Meter will be

ELECTRONIC MEETINGS

PrOCEEDIN
21
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In these times of scarcities
it is more than ever important to remember

that two or more heads are better than one.

Your suppliers, for example, know a great deal

about their materials, how to select, specify and fabricate them.
No matter what you buy, it will pay you

to draw upon this knowledge.

It may be able to make scarce materials go further,

reduce costs, perhaps even speed up production.

AND of course for close and confidential collaboration

on copper and its alloys, and aluminum alloys,

CONSULT REVERE!

REVERE 190" 7

COPPER AND BRASS INCORPORATED *
Founded by Paul Revere in 1801
230 Park Avenve, New York 17, N. Y.

Mills: Baltimore, Md.: Chicago and Clinton, 11l.: Det
and Riverside, Calif.; New Bcl:}/gr"’d I\Ias,s)‘l(r’g:rl;r,ﬁg‘:'dl}’ = S
Sales Offices in Priucipal Cities, Distributors Everywhere

SEE "MEET THE PRESS™ ON NBC TELEVISION EVERY SUNDAY

24 PROCEEDINGS OF THE I.RE April, 1951
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Here they come, right off the top of the
deck, to fill in what's been needed—new
ways of mounting subminiature capacitors
in military electronic equipment!

You'll find side stud, end stud, threaded
neck, and two types of side bracket capaci-
tors in Sprague’s new 16 page Engineering
Bulletin 213-A.

These new Sprague-pioneered designs
make even broader the world’s most com-
plete line of solder-seal terminal metal-
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e » for miniaturization,

mounting, and temperature problems

encased subminiature paper capacitors.

And they're now available as standard ina
125°C. temperature rating Vitamin Q® ca-
pacitor series. Voltage ratings range from
100 to 1000 volts in both inserted tab and
extended foil constructions.

And remember, Sprague Capacitors are
the standard of dependability for critical
electronic circuits. Write for your copy of
Bulletin 213-A which gives the complete
Sprague Subminiature Story.

PIONEERS IN

- ELECTRIC AND ELECTRONIC DEVELOPMENT

HPB.741
PROCEEDINGS OF THE I.R.E.
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“Mr. Bell, I heard every word you said — distinctly!” Thus, on March 10, 1876, Alexander
Graham Bell (left) learned that his invention had transmitted the first intelligible speech.

Like today’s telephone, Alexander
Graham Bell’s invention was a product
of research. For several years Bell had
been investigating speech and hearing,
and devising methods and apparatus for
the electrical communication of intelli-
gence. No one had transmitted speech
sounds electrically but Bell saw that it
must be possible—given the proper
instruments

One day, while experimenting with
his harmonic telegraph, Bell’s alert ear
caught an unexpected sound in the re-

— [0 1ea

—

ceiver. His trained mind told him that
here at last was the proof that sound
waves could travel as their facsimile in
electric waves. Then followed a year of
development, and in 1876, as shown
above, he transmitted the first intelli-
gible speech by telephone.

During the next three-quarters of a
century, the telephone research which
Bell started has grown and expanded to
serve your telephone system . . . often
fruitfully overflowing into other fields
of electrical communication. In today’s

rs of Tomorrows -

Bell Telephone Laboratories, promising
ideas find the right skills to bring them
to life. Through skilled manufacturing
by Western Electric Company and
skilled operation by the telephone com-
pany they are brought to the service
of the telephone user.

The high quality of your telephone
today, its fine, swift service at reason-
able cost, are the products of work in
the telephone laboratories in the past.
The greater value you may expect in
the future is taking form there already.

BELL TELEPHONE LABORATORIES

Exploring and Inventing, Devising ond Perfecting, for Continued Improvements ond Economies in Telephone Service




Series 335 D.C. Relay

CHOICE OF THE ARMY FOR Degendatbile (ontrols

Once again the arsenal of democracy gears to meet the demands of the

Armed Forces to preserve peace thru preparedness. Once again Guardian

is a choice supplier to buyers of electrical controls for all branches of

GUARDIAN the Army. Guardian Relays are unsurpassed in quality—constantly
improved in construction. Like the Series 335 D.C.

Relay, the additional approved Guardian Relays ex-

emplified here are recommended for use in all types of
communications, gun-firing, radar, flying, bombing,
physical therapy, X-ray and all military electrical
equipment. Available with open-type construction or

hermetically sealed.

The Series 335 D.C. Guardian Relay shown above is
available with the A.N. Connector Plug, Octal Plug and

NEW CATALOG on Hermetically Lug Header hermetic seal containers. Packs loads of
Sealed Guardian Relays with power over a wide operating range, withstands the AN.CONNECTOR PLUG
various containers is yours for rigors of dust, moisture, salt air, temperature changes, HERMETIC SEALED
the asking, cost-free. vibration and impact. CONTAINER
.i
y
|
4&! ‘
o -_é - .
h Series 30 A.C, Series 210 A.C.—215 D.C. Series 220 A.C. Series 595 D.C. Series 610 A.C.—615 D.C.

WRITE OR WIRE ... FREE CATALOG, SPECIFIC RECOMMENDATIONS, NO OBLIGATION.

GUARDIAN\YELECTRIC

1628-D W, WALNUT STREET CHICAGO 12, ILLINOIS

A COMPLETE LINE OF RELAYS SERVING AMIRICAN 1NDUSTRY

'ROCEEDINCS OF THFE [.R.I April, 1951 5A
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' News—New Products

These manufacturers have Invited PROCEEDINGS
readers to write for literature and further technical
information. Please mention your L.R.E. affiliation.

Coaxial Transmission Line

The development of the “Scries 800”
reflectionless broadband rf air dielectric
coaxial transmissior lines is announced by
the Product Development Co., Inc., 507
Elm St., Arlington, N. J.

A

This line is supplied in standard
twenty-foot assemblies in sizes up to 3}
inches diameter with an “Air-tite” coup-
ling designed for use in broad-band trans-
mission service. Previous objections to co-
axial systems which could not tolerate
insulator discontinuities are now elimi
nated by the use of a new Prodelin compen
sated insulator structure supporting the
center conductor and without projecting
through the surface of the outer conductor.

“Series 800" line has been serving in
commercial and military systems handling
higher powers and providing lower VS\WR
values in applications up to 3,500 Mc for
television, telephone, navigation, radar
and other critical transmission systems.

Replaceable Power Resistor

A new Greenohm power resistor with
insulated safety knob and convenient
Edison screw base is available from
Clarostat Mfg. Co., Inc., Washington St.,
Dover, N. H. This Type H30N Greenohm
is being used as an easily replaceable re-
sistor or heater, particularly in the tropics
and where high humidity is a working con
dition

This replaceable resistor is character
istic of the flexibility of the Greenohm line
with its wide range of wattages and resist-
ances, terminals and mountings, whereby
the user can select such features as will best
meet his particular requirements. The
general specifications for Greenohms are
contained in Engineering Bulletin 113.

(Continued on page 7A4)
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News—New Products

These manufacturers have invited PROCEEDINGS
readers to write for literature and further technical
information. Please mention your L.R.E. affiliation.

Continued from page 6A)

Mobile Radio Equipment

A mobile radio unit has been an-
nounced by Bendix Radio Div., Bendix
Aviation Corp., Baltimore 4, Md.

Designed for adjacent channel opera-
tion, the MRT-5B communications unit
combines a 10-12 watt FM transmitter,
receiver, and power supply in a single
wrap around housing. A shockmount is
provided with this new unit which will
operate on any one of two radio channels
in the 152- to 162-Mc band.

The MRT-$B is adaptable for use by
construction contractors, railroads, the
petroleum industry, the maritime indus-
try, and bus lines because of its design,
which will permit installation on ma-
chines and vehicles where heavy shocks
and vibration will be encountered. The
same unit may be used at base stations as
well as in mobile applications.

Additional information may be ob-
tained by contacting R. B. Barnhill at
Bendix.

Dynaural Amplifier

The 210-B Dynaural amplifier, an im-
proved version of the 210-A, is available
at a low& price from Hermon Hosmer
Scott, Inc., 385 Putnam Ave., Cambridge
39, Mass.

NOISE ANALYSIS ® PROCGESS CONTROL

VIBRATION TESTS © TELEMETERING

Technical specifications are: frequency Used hy more engineers Write for NEW CATALOG
response flat from 12 to 22,000 cps; har- ;

o than all other professional Mogneesitl, e, Ol Pl
monic distortion less than 0.5 per cent at ‘T 360 N. Michigan Ave., Chicago 1, Il.
full 20-watts output; first-order difference tape recor(lers comlnned AR "

Send me further information on Magnecord
tape recordings for industrial **Sound "Resoorch.

" tone intermodulation less than 0.1 per F
cent at full output; automatic loudness Nome.... Bt T ket ] !
control to compensate for the insensitivity,
of the ear at low volumes; hum level 84 ,lNc ComEcny s s amail
db, or more, below full output; and the el — Addreisi: ool
dynqural noise suppressor which virtually 360 NORTH MICHIGAN AVENUE Do O 7 SR 17" > WA Vo
el!mmates record scratch and rumble CHICAGO 1, ILLINOIS ___E
without affecting the music response. . > o

(Continued on page 204) " e
PROCEEDINGS OF THE I.R.E April, 1951 7A
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Outstanding Advantages

of the new

Mallory Spiral Inductuner:

1.

(2 T

T =

8.
9.
10.

A single control for easy selection
and fine tuning of any television

or FM channel.

. Easily adapted to UHF

converter use.

. Excellent stability eliminates fre-

quency drift.

. Supplied in three- or four-section

designs.

. Far more quiet operation; permits

high signal-to-noise ratio in front
end designs.

. Free from microphonics.
. Greater selectivity on high fre.

quency channels.

Eliminates ‘“‘bunching’” of high
band channels.

Simplifies front end design and
production.

Reduces assembly costs.

*Reg. trade mark of P. R. Mallory & Co.,
Inc., for inductance tuning devices
covered by Mallory-W are patents.

8A

New Mallory Inductuner*
Tunes Al TV Channels

In Three Revolutions

A modification in the mechanical arrangement of the Mallory Inductuner makes
possible a wider application of the performance advantages of the continuous
tuning principle. Now. even more TV manufacturers will be able to capitalize
on the simplicity and economy of the Inductuner design.

Depending upon the requirements of your receiver, you can make your
selection from ...

1. The new three-turn Skip Band Mallory Inductuner—available in
two, three or four sections. It tunes continuously from 50 to 88 mcs,
then skips to 172 and tunes again 1o 220.

2. The new four-turn Skip Band Mallory Inductuner—available in
two, three or four sections. It tunes continuously from 50 to 110 Tcs,
including FM bands, then skips to 170 and ‘tunes again to 220.

3. The standard six-turn Mallory Inductuner—available in fwo, three
or four sections. It tunes continuously from 50 to 220 mcs, covering

TV channels and the FM bands.
That’s value beyond expectation!

Write for detailed information on the Inductuner that meets your specific
requirements . . . and for technical data on the new front end designs developed
around the Inductuner by Mallory engineers.

Television Tuners, Special Switches, Controls and Resistors

SERVING INDUSTRY WITH

Electromechanical Products
Resistors Switches
TV Tuners } ibrators

Electrochemical Products

Capacitors Rectifiers
Mercury Dry Batteries

Metallurgical Products

Contacts Special Metals
W elding Materials

P.R. MALLORY & CO. Inc.

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

PROCEEDINGS OF THE ILR.E. April, 1951
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SPW General Ceramics and Steatite for
complete dependability in critical applications

General Ceramics low-loss Steatite sealed leads feature superior mechanical
strength that insures permanent, positive hermetic sealing under practically
any operating condition. Immune to severe thermal shock, they are easily
soft-soldered to closures without developing the strains that are an incipient
cause of trouble in many other types of leads. There are no rubber or plastic
gaskets to deteriorate. Resistance to mechanical shock and vibration is
excellent. The types shown are standard and can be supplied promptly
from stock. For complete information on these and for consultation on
custom-made terminals to your specification, phone, call or write today.

7 CERAMICS ano STEATITE CORP.

Teleph Perth Amboy 4-5100
GENERAL OFFICES and PLANT. KEASBEY, NEW JERSEY

MAKERS © 4 ITANATES, ZIRCON PORCELAIN, FERRAMICS, LIGHT DUTY REFRACTORIES, CHEMICAL STONEWARE, IMPERVIOUS GRAPHITE
PROCEEDINGS OF TIIE I.R.} April, 1951 9A




ELECTRONICS

MAKE 16 GROUND CONNECTIONS IN‘
1 MINUTE!

Low-resistance joints that hold at over 125°C easily made with

G-E PRECISION CONTROL FOR RESISTANCE WELDERS

Operators are making sixteen ground connections a minute to a tele-
vision-receiver chassis with G. E.’s precision-control resistance welding
method.

The compact electronic spot-welding control shown here has been
specifically designed for use in conjunction with small bench welders or
tongs and thus is ideally suited for many of the otherwise expensive
assembly operations encountered in the manufacture of electronic
equipment,.

The panel provides for welding-current to control the amount of heat
produced in the welds. Once set, successive welding currents remain
constant to assure accurate and consistent welding of connections,

Complete data in Bulletin GEA-4175.

GENERAL

10a

) ELECTRIC

NEW! Unit-Bearing Motor
for fans and blowers

all angle operation

improved appearance
provision for 4-way mounting

quiet operation

requires no additional
lubrication

¢ adjustable-speed operation
available

Available in ratings from 25 millihorse-
power to 1/12 horsepower to match many
fan or blower sizes, this new G-E unit-bear-
ing motor uses a new lubrication system
and bearing design that permit reliable
operation in any position. For extremely
quiet operation, resilient cradle-base or
end-ring mounting may be supplied. Suit-
able control is available for two-speed or
adjustable-speed operation. More data in
Bulletins GEA-5338 and GEC-219A.

667-11

PROCEEDINGS OF THE I.R.E.
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replace tubes BEFORE THEY FAIL!
—record life with G-E time meters

A vacuum tube can usually be replaced beforg it fails if you have
an accurate indication of operating time on the electronic device
on which the tube is used.

G-E time meters, with dependable Telechron* motor drive,
record operating time in hours, tenths of hours. or minutes, and
are supplied for 115-, 230-, or 460-volts. The molded Textolite®
case harmonizes with other G-E 315-inch instruments mounted
on the same panel. For more information, including dimensions,
write for Bulletin GEC472.

*Reg. T. M. Telechron, Inc. +Reg. T. M. General Electric Co.

sure protection
against overheating!

This G-E flow interlock opens the electric circuit of your water-
cooled components when water flow is lower than a preset
minimum, closes it when flow is above this point.

Depending on adjustment, the interlock will actuate the elec-
tric contact for any flow between V5 and four gallons per min-
ute. Cut-in, cut-out differential is 0.1 gpm.

Ratings: 10 amps, 120 or 240 volts a-c; maximum water-line
pressure is 125 1b./sq. in. Unit is bronze with standard Y3-inch
fittings, is easy ro install and adjust. See Bulletin GEC-411.

(oril 1

,//""—\

\\

TIMELY HIGHLIGHTS
A ON G-E COMPONENTS

select 10 ranges INSTANTLY
with this HIGH SENSITIVITY VTVM

CALIBRATED RANGES: .001 to 300 volts (10 cycles to
1.5 me.); —52 to 52 db (ref. level —1 mw at 600 v.)

Just about everything you could ask for in a high-sen-
sitivity vacuum tube voltmeter! Frequency range of
this G-E Type AA-1 instrument is substantally flat
from 10 cycles to one megacycle with voltage ranges
of 0-.01, 0-.03, 0-0.1, 0-0.3, 0-1.0, 0-3.0, 0-10, 0-30, 0-100,
0-300, decibels from —52 to {52 in 10 ranges.
Ten-position pushbutton switch instantly selects
range without passing through intermediate stages.
This vacuum-tube voltmeter is stable, has high imped-
ance input, uses full-wave rectification, and has an
amplifier output of 3 volts. More in Bulletin GEC-461.

General Electric Company, Section F 667-11

Appoaratus Department, Schenectady S, N. Y. :
Please send me the following bulletins: |
) GEA-4175 Welding control |
Indicote [[) GEA-5338 Fan motors |
/ for reference only GEC-219A Fan motors |
X for plonning on immediote [] GEC-411 Flow interlock I
project J GEC-461 Vacvum-tube voltmeter
GEC-472 Time meters :
Name p— |
Compony. :
Address I
City State |
1
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- @St no more than
PHENOLIC TYPES

These glass-bonded mica sockets are pro-
duced by an exclusive MYCALEX process
that reduces their cost to the level of phenolic
sockets. Electrical characteristics are far supe-
rior to phenolics while dimensional accuracy
and uniformity exceed that of ceramic types.

MYCALEX miniature tube sockets, avail-
able in 7-pin and 9-pin types, are injection
molded with great precision and fully meet
RTMA standards. They are produced in two
grades, described as follows, to meet diver-
sified requirements.

SINCEI919

ACTETETIVN LA
TRADE MARK REG.US. PAT. OFF

HIGH DIELECTRIC STRENGTH

low foss miniature

CLOSER TOLERANCES

LOWER DIELE
HIGH ARC RESISTANCE

MYCALEX 410 is priced comparable to

mica-filled phenolics. Loss factor is only
.015 at 1 mc., insulation resistance 10,000
megohms. Conforms fully to Grade L-4B
under N.M.E.S. JAN-1-10 “Insulating Ma-
terials Ceramic, Radio, Class L.”

MYCALEX 410X is low in cost but insulat-
ing properties greatly exceed those of ordi-
nary materials. Loss factor is only one-fourth
that of phenolics (.083 at 1 mc.) but cost is the
same. Insulation resistance 10,000 megohms.

MYCALEX TUBE SOCKET CORPORATION

Under Exclusive license of
MYCALEX CORPORATION OF AMERICA
30 ROCKEFELLER PLAZA, NEW YORK 20, N.Y.

CORPORATION OF AMERICA

“"“Owners of "MYCALEX’ Patents’*

PROCEEDINGS OF THE I.RE.

TUBE SOCKETS

OFFER ALL THESE ADVANTAGES :

CTRIC LOSS

Executive Dffices: 30 Rockefeller Plaza, New York 20 « Plant and General Offices: Clifton, New Jersey

April, 1951



Yes, telephones have changed, and countless develop-
ments have played a part in electronic progress since the day
of those old stem winders on the wall. Compactness, engineer-
ing precision and never-failing dependability are now demanded
where the only question once was, will it work at ali? In meet-
ing these modern demands of modern electronics for modern
ceramic components, Hi-Q has led the way.

The Hi-Q trademark is unquestioned assurance of capaci-
tors, trimmers, choke coils and wire wound resistors that are
uniformly dependable in every respect and rigidly meet spec-
ifications and tolerances. As the leading specialists in the
ceramic field, Hi-Q has come to be regarded by producers of
radio, television, communications and other electronic equip-
ment, as their hest source of technical assistance in developing
new components to meet the special needs of any circuit. HI-Q
engineers are at your service any lime you see fit to call them.

JOBBERS —ADDRESS: 740 Belleville Ave., New Bedford, Mass.

SALES OFFICES: New York, Philadelphia,
Detroit, Chicago, Los Angeles

PROCEEDINGS OF TIE LR.E. April, 1951
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(Illustration Actual Size)

Ceramic tube of this quick mounting
capacitor is enclosed in Cadmium
plated metal case with special end seal
for protection against humidity and
temperature changes. Capacity 1500
mmf * 500 mmf.

*T'rade Mark Registered, U. S. Patent Office

Electrical Reactance Cort.

PLANTS: Olean, N. Y., Franklinville, N. Y.
Jessup, Pa., Myrtie Beach, S. C.

BETTER 4 WAYS
&7 rrecision

& uniFORMITY
é~ opepenDABILITY
k MINIATURIZATION

13a




yeseans’ (hp) PRECISION EQUIPENT

...THE BASIC TOOLS YOU

VHF SIGNAL GENERATOR

10 to 500 mc¢

High power output...Constant internal im-
pedance... Wide frequency range...Broad
modulation capabilities...Master oscillator
power amplifier circuit...Microsecond pulses
...Small residual FM...CW, AM or pulsed output

Here is a new general purpose laboratory generator of
broadest application. It offers a directly calibrated output
from 0.1 yv. to 1 v. for measuring gain, selectivity, sensi
tivity or image rejection of receivers, I-F amplifiers, broad
band amplifiers and other VHF equipment. The 1 v. out
put (to a 50 ohm load) is available throughout the entire
frequency range for driving bridges, slotted lines, anten
nas, filter networks, etc. The output circuit 1s directly cali-
brated in volts and dbm for fast reading. No charts are

~hp— 608A VHF SIGNAL GENERATOR necessary.
DIRECT CALIBRATION

SPECIFICATIONS Frequencies from 10 to 500 mc. are covered in 5 bands
FREQUENCY RANGE: 10 ta 500 mc. in 5 bands. and calibrated directly in mc. on a drum-type dial having
ACCURACY: Colibratian *1%. Re-setability better than 1 effective scale length of 90”. The single-dial, ball-bearing
me, at high frequencies. Total scale length apprax. 90”. frequency control insures maximum convenience and ac-

OUTPUT: 0.1 uv ta 1.0 v. cantinvausly variable. Calibrated in curacy in tuning and re-setting.
R liand don Master oscillator and power amplifier circuitsare enclosed

IMPEDANCE: 50 . Maximum VSWR 1.2.

ACCURACY: + 1 db entire range. in a heavy cast aluminum shield insuring high stability

and low electrical leakage. e

MODULATION:
AMPLITUDE: Fram 0 ta 90% indicated by frant panel meter,
ENVELOPE DISTORTION: 1% ta 30% madulatian.

v INTERNAL: Fixed madulation at 400 and 1,000 ¢ps. ~hp— 417A VHF DETECTOR

EXTERNAL: Any frequency 50 cps to | mec. 4.0 v. input, This new /Jp instrument is a

EXTERNAL PULSE: Pasitive, 4 v. peak. Gaod pulse shape. Square super -regenerative (AM) re
wave ta | ftsec length {At 100 mc. and obove). ceiver covering all frequencies

LEAKAGE: Less than 1 v. between 10 and 500 mc. in 5

bands. It is designed for use with the —hp- 803A VHF

RESIDUAL FM: Not aver .0025% at 30% modulation. : i g
bridge. It offers 5 uv sensitivity over entire band, quick

POWER: 115/230 v. 5060 cps. 150 watts. casy operation, and a direct-reading frequency control.
SIZE: 12" x 14" x 18” deep. ~hp- grey finish. Cabinet maunting. The instrument is thoroughly shielded, and is suitable for
PRICE: $850.00 f.0.b. Palo Alto. general laboratory use; for making approximate frequency
checks, determining noise, interference, etc. Price $200.00 I.
Dasa Subject 10 Change Withour Novice f.o.b. Palo Alto.

HEWLETT (/) PACKARD
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ASKED US FOR!

VHF BRIDGE

50 to 500 mc

First commercial VHF bridge...Based on an
entirely new principle...Direct impedance
readings, 2 to 2,000 ohms... Wide phase angle
...Useful to 700 mc...Makes every kind of
VHF impedance measurement

The new —hp— 803A VHF Bridge is the first commercial
instrument built to give you fast, direct impedance read-
ings in the 50-to-500 mc. band. It can be used for any type

of VHF impedance measurement. This includes character- : : oser0n
istics of transmission lines, antennas, resistors, rf chokes .

and condensers ; impedance of connectors, standing wave @5
ratios; percentage of reflected power, VHF system flat-

ness, etc.

BROAD FREQUENCY RANGE

The Model 803A operates on an entirely new principle.
suggested by Mr. John Byrne of the Airborne Instrument SPECIFICATIONS
Laboratories.* It determines impedance by sampling the .

. d elzetric felds of a ission li P} MEASUREMENT RANGE: Impedance mognitude, 2 to 2,0009.
fnagnetlc and eiectric .e. sora rapsmnssnon me'. hasc (Higher and lower volues moy be measured by using o
is measured by determmmg the point of cancellation of known length of tronsmission line os on impedonce trons-
these samples along a second transmission line. This meth- former.) . ,

S o Phose ongle from —90° to 490" ot 50 me¢ ond obove.
od effectively overcomes the narrow frequency limitations

2 0 0 CALIBRATION: Impedonce: Directly in ohms.
of conventional bndges, and Permlts the new "/7/7" VHF Phose ongle: Directly in degrees ot 100 mc. Moy be readily

—hp—~ 803A VHF BRIDGE

bridge to make readings at frequencies up to 700 mc and computed of other frequencies.
down to 5 mc. [@ (octuol) =@ (reod) x Frequency, me¢/100.]
ACCURACY: Impedonce mognitude, opprox. +5%.
* A complete description of this principle and its application in Phose ongle, opprox. * 3 degrees (over ronge 50 to 500 mc).
the -hp—~ VHF Bridge appeared in a recent issue of the ~hp— With calibrotion chort provided, occuracies of 2% and 1°
Journal. Free copy on request. are possible.

FREQUENCY RANGE: Moximum accurocy 50 to 500 mc. Useful
down to 5 mc and up to 700 mec. Maximum measurable phase
f angle at 5 mc is —9° to +9°.
new
For Comp'e'e de'Ol,S Of 'hese and ofher EXTERNAL rf GENERATOR: Requires an AM signol source of ot

-hp' VHF instruments, see your _hp_ sales rep- leost 1 mw. High signal level is desiroble. (~hp— Model 608A
y B d' i ' ' VHF Signal Generotor is ideal for this purpose.)
resentative or write direct to factory. rf DETECTOR: Requires a well-shielded VHF receiver of good

sensitivity. (~hp— Model 417A VHF Detector is designed for
this use.)

HEWLETT-PACKARD COMPANY SIZE: 14” x 14" x 8” deep. Smooth —hp— grey finish.

2046D Page Mill Road ® Palo Alto, California Cobinet mounting.

Soles representotives in all principal orcas. Export: Frazar & Hansen, PRICE: $495.00 f.0.b. Polo Alto.

Ltd., Son Froncisco, Los Angeles, New York City Data Subject to Change W ithout Notice

HEWLETT (/) PACKARD
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COMPLETE LINE OF CORES
TO MEET YOUR NEEDS

% Furnished in four standard
permeabilities —125, 60, 26
and 14.

Y% Available in a wide range of
sizes to obtain nominal in-
ductances as high as 281
mh/1000 turns.

¥ These toroidal cores are given
various types of enamel and
varnish finishes, some of
which permit winding with
keavy Formex insulated wire
without supplementary insu-
lation over the core.

16a
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HIGH Q TOROIDS for use in
Loading Coils, Filters, Broadband
Carrier Systems and Networks—
for frequencies up to 200 K C

For high Q in a small volume, characterized by low eddy current
and hysteresis losses, ARNOLD Moly Permalloy Powder Toroidal
Cores arc commercially available to meet high standards of physical
and electrical requirements. They provide constant permeability
over a wide range of flux density. The 125 Mu cores are recom-
mended for use up to 15 ke, 60 Mu at 10 to 50 ke, 26 Mu at 30 to 75 ke,
and 14 Mu at 50 to 200 ke. Many of these cores may be furnished

stabilized to provide constant permeability (£0.1%) over a specific
temperature range.

wap 2930

THE ARrNoLD ENGINEERING COMPAN@;

[Q}“JL SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATlO.'ﬁri'}f
b |

* Manufactured under licensing arrangements 1ith Western Eleciric Company.

e Genefol Office & Plant: {\Aoreng_o} Illinois.;fl_,l g

o'
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Look into this

PROFESSIONAL

Telecast Projector

and see years of
Dependable Service

Sharper Pictures . . . Finer Sound
From Any Film in Your Studio

The importance of 16-mm film in televi- passages without noticeable film wear.
sion programming has called for new The high quality optical system resolves
standards of projection quality and de- better than 90 lines per mm, with illumi-
pendability. The GPL Model PA-100 is nation so uniform that corner brightness
the first projector designed and built spe- is at least 90% of center. With a 1,000 watt
cifically for television studio use. It is a light source, the projector delivers 100
heavy-duty film chain projector for opera- foot-candles to the camera tube. The
tion with any full-storage type film pick-up. sound system provides a frequency re-
The professional, sprocket-type intet- sponse truly flat to 7,000 cps, with flutter
mittent, similar to that used in the finest less than 0.29,.
35-mm equipment, is quiet and trouble- The Model PA-100 is one of a complete
free. It provides a vertical stability of bet- line of GPL 16-mm television studio and
ter than 0.2% over years of service, Film theatre projectors built to highest 35-mm

is protected — tests show more than 4,000 standards.

L WRITE, WIRE OR PHONE FOR DETAILS

prajectar cansistent with the pro-
fessional character af television
stotion aperation. Its enclosed
4,000 foot film mogozine pro-
vides for 110 minutes of projec-
tion — an entire feoture.

General Precision Laboratory

INCORPORATED
PLEASANTVILLE NEW YORK
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ENGINEERS
DESIGNERS
MANUFACTURERS

Leading equipment manufacturers
find that it pays to turn specialized as-
signments over to Shallcross for devel-
opment, design or production. ..

From critical components to sub-as-
semblies and instruments, Shallcross’
broad experience and precision facili-
ties assure better results . ..

Often, they assure an appreciable
cost saving as well.
® A capable staff of electrical, elec-
tronic, mechanical, chemical and instry-
mentation engineers ...

® A fully equipped plant...

® Plus over 20 years of specialization
in high quality products for military,
industrial and public utility use . . . are
here at your disposal.

AMONG RECENT SHALLCROSS
CUSTOM-BUILT ASSIGNMENTS HAVE BEEN :

ROTARY SWITCHES

POTTED AND THERMALLY-CONTROLLED
R-C NETWORKS

PRECISE DECADES AND NETWORKS
FOR COMPUTER DEVICES

CALIBRATING INSTRUMENTS FOR
STRAIN GAUGE BRIDGES

HIGH RESISTANCE STANDARDS
CRITICAL COIL ASSEMBLIES
HERMETICALLY SEALED CHOKES

HIGH-VOLTAGE MEASURING
EQUIPMENT, ETC.

ALLCROSS

SHALLCROSS MANUFACTURING CO.

COLLINGDALE, PA.

PROCEEDINGS OF THE I.R.E

NEW

OVAL
SELECTOR
SWITCHES
% Several new oval rotary
\ selector switches are
described in Bulletin

L13 just issued by the Shallcross Manu-
facturing Co., Collingdale, Pa. Six basic
plates and three rotor types produce
switches having from one to three poles
per deck or gang and with other desired
mechanical and electrical details. As
many as 18, 9 or 6 positions may be ob
tained in single-, double-, or triple-pole
types respectively. These may be single-,
double-, or triple-pole decks exclusively
or a combination of different types.

VERTICAL STYLE PRECISION
RESISTORS FOR JAN USES

Improved vertical style

precision wire-bound re

< sistors for use where

mounting requirements

make it desirable to have

both terminals at the

same end of the resistor

have been introduced by

the Shallcross Manufac-

& turing Co., Collingdale

Pa. These units provide a

longer leakage path from the mounting

screws to the terminals. Known as Shall-

cross Types BX120, BX140, and BX160,

they are designed to meet JAN require-

ments for styles RB40B, RB41B and

RB42B respectively. For commercial

uses, the resistors carry somewhat higher

ratings than for JAN applications. Wire

leads instead of terminals can be

furnished if desired. Complete details

will gladly be sent on request to the
manufacturer.

FLAT, METAL-ENCASED
WIRE-WOUND RESISTORS

Flat, metal-encased, Type 265A wire-
wound power resistors introduced by the
Shallcross Manufacturing Company, Col-
ingdale, Pa., are space wound, have mica
insulation, and are encased in aluminum
for mounting flat against a metal chassis.
At 175° C. continuous use they are con-
servatively rated for 7!4 watts in still
air and 15 watts when mounted on a
metal chassis. Write for Bulletin 122,

April, 1951



TRUSCON... & et you can[uild | on

WOW, Omaha, Nebr., Truscon
Self-Supporting Radio Tower,
500 feet high overall.

world leader in |better| radio tower engineering

Truscon experience in radio tower
engineering is world wide ... meeting all
types of topographical and meteorological
conditions . .. and supplying many different
tower types—guyed or self-supporting
... tapered or uniform in cross-section
...for AM, FM or TV transmission.

Your phone call or letter to any
convenient Truscon district office, or
to our home office in Youngstown, will

bring you immediate, capable engineering WHDH, Boston, Mass. Three WSAM AM-FM, Saginaw,
& o d Truscon Guyed Towers; 5656 Mich. Truscon Self-Supporting
assistance. Call or write today. feet, 606 feet, and 645 feet high. Tower, 886 feet high.

6

o

y

£
I

N KA A-284, Owatonna, Minne-
eota, Northern Natural Gas
Co. Truscon Self-Bupporting ==
Tower, 260 feet high. WXEL-TV Cleveland, WTCI, Shawano, Wis- WMRI-FM, Marton, WEMP-FM, Milwaukee,
Ohlo. Truscon Self- consin. Truscon Seilf- indiann. Truscon Self- Wisconsin. Truwcon
Supporting Tower, Supporting Tower, Supporting Tower, Self-Supporting Tower,
437 feet high. 240 feet high. 836 feet high, 466 feet high,

TRUSCON® STEEL COM PANY Youngstown 1, Ohio

Subsidiary of Republic Steel Corporation
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FIXED RESISTORS
(%-, 1- and 2-watis)

VARIABLE RESISTORS

CHOKE FORMS

GA CAPACITORS
.FOR

Your request (on company
stationery) will bring you this new
42.page catalog containing latest
data on the complete line of
standard Stackpole electronic components
plus helpful engineering data.
Ask for Catalog RC-8.

YNEW CATALOG
\

News—New Products

These manufacturers have invited PROCEEDINGS
readers to write for literature and further technical
information. Please mention your |.R.E. affiliation.

(Continued from page 74,

Simplified Camera Chain

A new type ol image orthicon camera
chain designed to increase the efficiency
and quality of TV camera work is an-
nounced by General Precision Laboratory,
Inc., 63 Bedford Ave., Pleasantville, N. Y,

Four basic elements, instead of the
normal six, make up a single camera chain:
image orthicon camera (above), camera
control unit, synchronizing pulse generator
and camera power unit,

Camera weighs 75 pounds and meas-
ures 103 inches X 124 inches X 22 inches.
Motor controlled iris permits instant ad-
justment to changing light conditions and
eliminates reaching around camera. Iris
can be controlled from rear of camera, be-
neath integral view finder, or from camera
control unit.

All cameraman controls are located on
rear panel, plus right-hand side. Operating
controls used only infrequently have been
moved out of the way.

Fast focusing of the camera results
from coordinating turret control and focus
adjustment on concentric shafts. Focus
adjustment of all lenses is uniform; the
same rotation of focus control produces
the same shift in plane of focus for all
lenses.

Compact Shock and
Vibration Isolator

For use with light-weight airborne
equipment installed in restricted space, the
new Series 6475 air-damped Barrymounts
provide vibration isolation with all the ad-
vantages of air damping. Equipment sup-
ported on these new mountings is raised
only 1/2 inch above the mounting surface,
according to the manufacturer The Barry
Corp., 179-R Sidney St., Cambridge, Mass.

.y

(Continued on page 28A4)
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Sauwe Time by contacting

NITED

for the wide range of

Complete Technical Data
Sent On Request

Type 4832

Rectifier Thyratron Thyratran

n Max. Dimen.: Max. Dimen.: Ty pe u Max. Dimen.:
. Ht 8-1/2 Ht. 6-9/16 . Ht 6-10/16

Diam.  2.5/16 Diam.  2:3/16 Rectifier Diam. 2-1/16

Ratings: Ratings: Max. Ht 6-5/32° Ratings:

€ 50 volts 0 25volls Dimen.;  Diam.  2:1/16 B 25vols

v It 6.75 amps I 7.0 amps. Ratings: €t 2.5 volts It 7.0 amps
ok epx 10 KV epx 1250 volts I 5.0 amps epx 1250 volts
’? lo  1.25amps lo 1.5 amps epx 10KV lo 1.5 amps
] ib 50 amps ib 6.0 amps lo  250ma ib 6.0 amps

Atmosphere Atmosphere ib 1.0 amp Atmosghere
) Xenon Gas Argon-Mercury Atmosphere: Xenon Gas Argon- Mercury

N

~ -
- P

f

0\

e -;*'
i

Type 3023 Type 399A Type 354A

Thyratron Thyratron Thyratron Rectifier

Max. Dimen.: iy Max. Dimen.: U Max. Dimen.: A Max. Dimen.:

Ht 6-1/8 @ 9.1/2 H. 9.1/2° / W, 11-1/16

Diam.  2-1/16 Diam. 3-3/16 Diam.  2.5/16° \ Diam. 3-1/16

Ratings: Ratings: Ratings: | Ratings:

Et 2.5 volts Et 2.5 volts. Ef 2.5 volls ’ 1] 5.0 volts

] 7.0 amps It 16.0 amps. o If 16.0 amps. I 10.0 amps

epx 1250 volts epx 350 volts ' epx 1500 volts epx 15 KV

lo 1.5 amps lo 4.0 amps lo 4.0 amps. \ ! lo 1.5 amps

ib 6.0 amps ib 16.0 amps ib  16.0 amps. ¥ ib 6.0 amps
Atmosphere Atmosphere Atmosphere: Atmosphere

Argon-Mercury Argon-Mercury Mercury Vapor L Mercury Vapor

UNITED =2 V7=2= ELECTRONICS, 42 Spring Street, Newark 2, N. J.

-\,;_AJ—
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by outperforming its own specifications...

Read the specifications of the Type 303 and
you'll call it a 10-megacycle, quantitative
instrument: operate the Type 303 and you'll
realize you've sold it short. You'll find per-
formance beyond the exacting limits of its spe-
cifications!

An exceptionally fine, medium-priced cathode-
1ay oscillograph, the Type 303 employs the new
Type SYP- Cathode-ray Tube. High sensitivity
and an unusually wide range of sweep speeds
make the Type 303 especially well suited for
the study of high-frequency phenomena.
Using the equivalent of five inches of undis-
torted deflection on the Y axis, and six times
full-screen expansion on the X axis, qualitative
analyses can be highly detailed with the Type
303. Time and amplitude calibration add quan.
titative precision to this analysis, making the
performance of the Type 303 unrivaled in the
medium-price field.

Specifications
CATHODE-RAY TUBE — Type SYP-

Y AXIS:

Sensitivity — 0.1 peak-to.peak voit per inch (down
30% at 10 cycles per second and 10 me.)
down 50% at 15 me,

Pulse Rise Time ~ 0.03 microsecond.

Available Undistorted Deflection — 5 for symetrical
signals and 2',2” for unidirectional signals.

Signa!l Delay — Sufficient to aliow for sweep-starting

time,
X AXIS:
Sensitivity — 0.35 peak-to-peak volt/in, (fiat to d-¢
down 30% at 500 ke),
Available Undistorted Deflection ~ 5
SWEEP SPEEDS — up to 6” /psec, obtained by expansion.
SWEEP DURATION —~ Continuously variable from 0.1 sec,
to 2 psees. Driven or Recurrent operation.
VOLTAGE CALIBRATION — Square wave with peak-to-
peak amplitudes of 0.1, I, 10, and 100 volts. Accus
racy £ 5%.
TIME CALIBRATION — Pulsed oscillations corresponding
to time intervals of 100, 10, I, or 0.1 psec. Accuracy
better than & 3%.

INTENSITY MODULATION ~ 15 volts peak will blank
the beam.

DuMont for Oscillography

INSTRUMENT DIVISION e ALLEN B. DU MONT LABORATORIES, INC., 1000 MAIN AVENUE, CLIFTON. N. I.
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1 American Lava Corporation’s ever growing services to users

APRIL, 1951, marks the beginning of the 50th year of

of custom made technical ceramics. We are proud of this record and are genuinely
grateful to the customers who have made this growth possible. To our customers
we dedicate our future to a continuance of the type of services and quality

of products that will contribute to the success of expanding American industries.

AMERICAN LAVA CORPORATION

PHILADELPHIA + ST. LOUIS +« CAMBRIDGE CHICAGO * LOS ANGELES * NEWARK

CHATTANOOGA 5, TENNESSEE




o NEW
UNIVERTER

Continuous Coverage
0.1 to 216 mc.

Accessory for the

FM-AM SIGNAL GENERATOR

TYPE 202-8

UNIVERTER
TYPE 207-A

The Type 207-A Univerter fills the widespread need for
an FM-AM source in the frequency range of from 0.1 to
55 mc. This instrument is a unity gain frequency converter
which subtracts 150 mc. from a signal derived from the
Type 202-B FM-AM Signal Generator to produce an out-
put of from 100 ke. to 55 me. This is accomplished without
change of signal level or of modulation and with negligible
spurious frequencies. Thus the Type 207-A Univerter when
used with the Type 202-B Signal Generator shown at the
left will provide complete FM-AM Signal Generator cover-
age from 100 ke. to 216 me.

In addition to the unity gain output, the Type 207-A
Univerter provides a high level output of about 7.5 times
the input thus making about 1.5 volts available for high

FM-AM SIGNAL GENERATOR level tests.

TYPE 202-8 In order to facilitate band-width measurements, the
This instrument has become the standard signal source Univerter is provided with an incremental frequency dial
for the FM and Television Industry. A 3 } ' o
The Type 207-A Univerter described at the right was which is calibrated in 5 kec. increments over a range of
developed to extend its useful frequency range down to = 300 kc. This permits selectivity curves to be taken on
100 kec. without changing the signa! level or modulation . " 8
characteristics shown below. even the most selective mobile receivers.
SPECIFICATIONS: Th g
e pow ly is well regul r f
RF RANGES: 54-108B, 108-216 mc. . il . gu'ofed s evenf' clTonge £
FREQUENCY DEVIATION: 0-24 kc., 0-BO kc., 0-240 ke, gain or output frequency with line voltage variation from
FM DISTORTION: Less than 2% at 75 ke. deviation 95 to 130 volts
AMPLITUDE MODULATION: Continuously variable 0-50%. )
RF OUTPUT VOLTAGE: 0.1 microvolt to 0.2 volt. Complete specifications, price, and delivery information

| will be furnished on request.

) ?
BOONTO : RADIO @ DESIGNERS AND MANUFACTURERS OF THE Q METER - QX CHECKER
O

FREQUENCY MODULATED SIGNAL GENERATOR - BEAT FREQUENCY
GENERATOR AND OTHER DIRECT READING INSTRUMENTS

BOONTON-N-1- u-s:4-\_ I Elecn
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60 sizes and 18 types of terminals, in & wide
range of wattages und resistances.

These rugged resistors have proved their de-
pendability under the toughest vonditions.
Write on company letterhead for Catalog 4.
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(=~
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OHMITE

RHEOSTATS - RESISTORS - TAP SWITCHES

OHMITE MANUFACTURING COMPANY
4860 Flournoy 5t., Chicago 44, Il




Disc Cathode Speeds Assembly-
Improves Performance

® Electronics manufacturers find it
pays to he a customer of Superior.
They receive good service, quality
products and the benefits of
Superior’s methods and metals
research that constantly improves
upon already good products.

An example is the new, improved
Disc Cathode. Investigation proved
that a slight flaring of the open end
minimized the danger of heater
cathode “shorts” caused by scrap-
ing of the heater wire coating dur-
ing insertion, while speeding the
operation.

This feature added to an alrealdy
excellent cathode, resulted in a

part that does a better job at a
lower cost.

The Disc Cathode is only one of
the hundreds of products which
Superior supplies . . . but the same
program of product improvement
is applied to all of them. That’s why
most manufacturers in the elec-
tronics field are already friends and
customers. If you are one of the
exceplions, it will pay vou to find
out more about Superior and
Superior products. Forinformation,
consultation about proiuction
problems, design help or research
assistance, write today 1o Superior
Tube Company, 2506 Germaniown
Ave., Norristown, Pennsvlvania.

Expanded Facilities . . . more space, equip-

ment and trained co-workers help to meet

growing demanil.

Inspection and Gaging . .

equipment

for

checking “E’’ dimensions of Disc Cathodes.
g

52,600 Seamless Nickel Cathodes,

Which Is The Better

SEAMLESS ... ? The finest tubes
that can he made. Standard produc-
tion is .010"" to .121’" O.D. inclusive
with wall thicknesses of .0015’/ 10
.005’’. Cathodes with larger diameters
and heavier walls will be produced to
customer specification.

*Mfd. under U.S. Pats.—Superior Tube Company ¢ Electronic Products for export through Driver-Harris Compony,

26A
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Your Application . . .

Or LOCKSEAM* . . . ? Produced di-
rectly from thin nickel allov strip stock,
010”10 . 100’ O.D. in standard length
range of 11.5 mm to 12 mm. Round
rectangular or oval, cut to specified
lengths, beaded or plain.

7/

All analyses .010” 10 %' O.D.

compared
under a lens with an ordinary pin.

g/’/ﬁ/'

Certain analyses (.035" max. wall) Up to 1%’ O.D.

PROCEEDINGS OF THE L.R.E

Harrison, New Jersey ® Harrison 6-4800
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we'll realize your visions

of design m

...if electronic components, such as molded coils are your problem

Other electronic components also
built in quantity

to your most exacting specifications
for stability in service

“ JEFFE
cs ING.

A SPEER CARBON COMPANY SUBSIDIARY
DU BOIS, PENNSYLVANIA

_..’_

Complete your Circuits with Resistors, Coil Forms and Iron Cores by Speer Resistor Corp., St. Marys, Pa. another SPEER CARBON (0. subsidiary @ 002
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Formica is the toughest, strongest, most durable material
you can buy in its weight class. It's half the weight of alumi-

num. Its strength-weight ratio compares favorably with steel.
Meets or exceeds the standards set by N.E.M.A. Formica is

excellent for electrical, chemical or mechanical applications

... and comes in

SHEETS from .010” up to 6* thick ...
from 24° wide by 42” long in some
grades yp to 36 wide by 96" long in
others. Formica can be punched, turned,
milled, drilled, threaded and stamped on
machinery already in your metalwork-
ing or woodworking shop.

POSTFORMED SHAPES Formica’s post-
forming process forms special grades to
special contours. Postforming and mold-
ing have been combined successfuiiy by
Formica.

THE FORMICA COMPANY
4498 SPRING GROVE AVE,
CINCINNATI 32, OHIO

Why don’t you discover Formica,

TUBES AND RDDS Tubes from 3%* to
197 L.D. and in wall thickness from
147 to 27 . . . in lengths to suit your re-
quirements up to 36”. Rods from }§” to
2” in diameter. Both rods and tubes
may be rolled, or molded if some unusual
shape is desired.

MDLDED FORMS Molded Formica com-
bines laminated sheets, tubes, rods and
macerated stock to create almost any
shape for unequailed toughness and
durability.

Productive

at Work in Industry

PROCEEDINGS OF THE LR.E.

News—New Products

These manufacturers have invited PROCEEDINGS
readers to write for literature and further technical
information. Please mention your I.R.E. affiliation.

(Continued from page 20A)

Unit mounts are 1 inch in diameter and
have an over-all height of 1 inch under
minimum rated load. Load ratings range
from 0.3 to 3.0 pounds-per-mount. Two
mounting styles are available. Series 6475
with two hole mounting on 1.414-inch
centers, and Series 6695 for four-hole
mounting on one-inch centers. The center
stud is tapped to a depth of 1/4 inch with
an 8/32 thread.

Mounting bases utilizing these new in-
verted air-damped mountings can be fur-
nished to government requirements. A
data sheet giving dimensions and load rat-
ings is obtainable from Barry.

Output Power Meter

The Daven Co., 191 Central Ave.,
Newark 4, N. J., announces the addition of
Type OP-962 to its line of output power
meters. The meters are designed to meas-
ure the actual power delivered by an audio
signal system to a given load. However, be-
cause of the characteristics of the circuit
they are suited to other applications such
as determination of characteristic im-
pedance of an ac source, effects of load
variation on a signal system, transmission
line equalization measurements, measure
ment of insertion loss in multichannel
mixer and other complex circuits, filter and
transformer measurements, and radio re-
ceiver measurements.

I'ype OP-962 output power ineter,
features a large meter, provision for the
use of a calibrated external amplifier to
extend the power range below 0.1 mw, and
provision for connecting an oscilloscope in
the circuit. Type OP-962 covers the range
from 0.1 mw to 100 watts.

Impedance: 40 selected impedances be-
tween 2.5 and 20,000 ohms. Accuracy +2
per cent over frequency range 30 to 10,000
cps.

Power: 0.1 mw to 100 watts in 0.1 mw
steps.

(Continued on page 76A)
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HERE S A NEW G:E TUBE

FOR COMPUTER USE

GL-5844, first of a series, is specially designed for computers . . . and priced economically!

Replaces Type 6J6 in most computer applica-
tions—but requires much less heater power.

Is a true twin triode, specially designed for
dependability.

Here's a great new twin triode engineered for yox as
builder or designer of computers, whether for
business or research purposes. Superior reliability,
meaning fewer replacements, makes the tube a prefer-
red investment,

You can rely on the GL-5844! This binary-counter
type outscores the 6J6 in five important ways:

¥ Regular GL-5844 production is 100-percent tested
for service in computers. It is not necessary to
specially select individual tubes for sharp-cut-off
performance.

Plate output exceeds that of the 6J6, because of
* higher perveance.

Failure to function after periods of non-conduction

* while biased to cut-off (often called tube “sleeping
sickness™) is corrected in the GL-5844 by special
cathode design.

4 Cut-off voltage for the two triodes balances within
* a 1-v limit—a boon to the circuit designer.

Heater requirement is a third less than with the
6J6. In a 600-tube computer, this can save more
than ¥2 kw of power . .. important economy . . .
plus helping to assure cool operation.

Wire or write for technical-data folder ETD-154. Get
the full story about this G-E tube “first” in a field of
expanding importance! General Electric Company, Sec.2,
Electronics Department, Schenectady 5, New York.

GENERAL ELECTRIC

PROCEEDINGS OF THE I.R.E.
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No Blocks to High Velocity

Production

It is extremely important to get equipment out and through to the user
fast, and yet, the design should be kept economically feasible. Alden
Products Company announces a new Basic Chassis Design that does
away with extreme techniques to give rapid delivery in large or small
volume . . . provides the manufacturer with a chassis assembly ideally
suited to high-velocity production methods . . . the user with an ac-
cessible plug-in chassis that makes equipment easier to operate and

maintain.

PLUG-IN DESIGN BRINGS WORK
OUT INTO THE OPEN

Specifically here is how the Alden Basic
Chassis Design and Terminal Card Mount-
ing System can help to eliminate obstacles
and really pick up production. . . . Sim-
plifying operations by bringing the work
out into the open is the keynote. . . . Most

components and circuit elements are laid
out and mounted on the Alden Terminal
Cards. These cards come with holes pre-
punched and allow the engineer to select
optimum component layout. Miniaturized
Alden Terminals are then staked in this
layout. These terminals developed on a
government miniaturization contract save
space and speed production. . . . Com-
ponents snap or push in and are held with-
out twisting—cross-wires, buss bars and
feed throughs are soldered with ease . . .
related circuits are wired rapidly in open as
straight line bench work,

CABLING IS NEAT UNIT PACKAGE

The next step—cabling is made as a
unit sub-assembly—no mess or fuss—con-
nectors and lead-ins are a neat package.
Again, because the work is out in the open
and is easily accessible, connections are
made to the terminal mounting board with
speed and facility, Unit cabling allows in-
stant continuity checks, rapid replacement

30a

in the field and eliminates problems of mal-
functions and excessive production costs.

While the component sub-assemblies are
being processed, back connectors, sockets,
switches, dial lights, meters, etc., can all
be mounted on the basic chassis and front
panel, ready for joining to the sub-as-
semblies. The front panel can be detached
to facilitate production. When joined to
the chassis, it is hinged and opens forward
for clear inspection and service in the field.

COMPONENTS ASSEMBLED FAST

Then the completely pre-wired terminal
cards are quickly and easily mounted on
the open-sided chassis. Unit cable is wired
to terminal cards, circuit elements and to
the Alden color-coded back connectors.

These Alden back connectors are in-
dividual units which can be mounted where
desired to provide the most direct cabling
from connector to component. Solder
terminals are out in the open so unit cable
is easily attached. Color coding instantly
identifies circuits for immediate check,
whether equipment is operative or on the
bench.

COMPLETED ASSEMBLY
NEAT AND EFFICIENT

The finished assembly is an efficient,
neat, plug-in, slide-in unit. Mounted in
cabinet or panel rack in horizontal or
vertical succession, chassis elements are
always instantly accessible for check, serv-
ice, or replacement. Quick, positive inser-
tion and removal is smooth and effortless.
A simple twist of the handle and the Serve-
A-Unit Lock backs the chassis off with

fingertip ease. For re-assembly, chassis is
slid in and piloted into locked position
with the same facility, Make and break
of electrical contacts is efficient and clean
because chassis go together and come apart
easily,

CHASSIS MANUFACTURED AS
STRAIGHT-LINE OPERATION

The Alden Basic Chassis Design makes
possible a wonderfully simple method of
construction so that with the least possible
sizes of stock, orders—Ilarge or small—can
be started and with a minimum of stocking
or storing, proceed rapidly to completion.
The design principles allow fabrication
that parallels the operation of a progressive

die. The work proceeds as a flat piece as
it is sheared and blanked, and, since the
operations are principally bending, the
work moves to plating or painting and
assembly with little or no lost effort—
no waste material—no unnecessary physi-
cal material handling—no complicated
time consuming operations come into play.

This manufacture as a straight-line
operation, gives speed and economy to
completing the chassis. Ease of manufac-
ture gives us the ability to move into
volume production fast, assuring you of
chassis when you need them.

“Write to Department I for detailed
booklet *Components for Plug-in Unit
Construction.””

ALpeN Probucts CompaNny

PROCEEDINGS OF TIIE I.R.E.

117 North Main Street, Brockton 64, Mass.
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HERE'S M 0N EYAIH
A Uz {

= "\Grealer Operating Economy
Lower Initial Cost
Longer Life

You save from every angle when you buy and use transmitters
employing Eimac tubes. Saving starts with the initial tube cost
. .. you save again every hour you're on the air because of higher
tube operating efficiency . . . and you save still further by staying
on the air more hours without service shutdown.

Take as an example of Eimac tube economy the rugged
3X2500F3 triode pictured above. Initial cost is $198.00 each,
yet as power amplifiers they will provide 5 kw output per tube . . .
that's lots of watts per dollar cost. The dependability of this tube
and its high frequency version (type 3X2500A3) has been

proven over many years by thousands of hours of life in AM, FM,
and TV service.

These tubes are the nuclei around which modern transmitter
circuits have been developed and built.

Let us send your engineering staff complete data on the
3X2500F3 and other Eimac tubes for broadcast service, A letter
to us will bring the material by return mail.

Follow the Leoders 1o

EITEL-McCULLOUGH, INC. W
San /Es

Bruno, California ve
k Export Agents: Frazar & Hansen, 301 Clay St,, San Francisco, California

The Power tor R-F

PROCEEDINGS OF THE I.R.E. April, 1951 1A
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RCA-20GP4

RCA-17GP4

RCA-14GP4

The Fountainhead of Modern Tube Development is RCA

«¢ o0 conserve critical materials

RCA engineering has once again taken
the lead by developing an improved
method of electrostatic focusing that
offers the television industry important
savings in critical materials. Incorporat-
ing this new RCA development are three
new rectangular picture tubes that re-
quire no focusing coil or focusing mag-
net. The tubes provide high-quality
pictures on a par with those obtained
from kinescopes employing electromag-
netic focus.

Featuring electrostatic focusing, the RCA
types 14GP4, 17GP4, and 20GP4 use an

electron gun of improved design that pro-
vides good uniformity of focus over the
entire picture area. Furthermore, focus is
maintained automatically with variation in
line voltage and with adjustment of pic-
ture brightness. Need for alignment of a
focusing magnet is eliminated and, there-
fore, tube installation and adjustment for
optimum performance are simplified.

Because the electron gun is designed so
that the focusing electrode takes negligible
current, the voltage for the focusing elec-
trode can be provided easily and econom-
ically. In other respects, the RCA 14GP4,
17GP4, and 20GP4 are similar to magnet-

ically focused types—the 14EP4, 17CP4, and
20CP4.

RCA Application Engineers are ready to
co-operate with you in adapting the 14GP4,
17GP4, 20GP4 and associated components
to your present designs. For further infor-
mation, write RCA, Commercial Engineer-
ing, Section 47DR, Harrison, N. J.

Amv RCA-developed component

Anew Horizontal-Deflection-Output and High-
Voltage Transformer designed particularly for
use with the new electrostatic-focus picture
tubes will be available shortly.

RADIO CORPORATION of AMERICA

ELECTRON TUBES

HARRISON, N. J.
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Harry F. Dart ’

REGIONAL DIRECTOR, 1951-1952

Harry F. Dart, section engineer in the electronics engineering
department of the Westinghouse Electric Corporation, Bloomfield,
N. J., and a pioneer in the development of radio and industrial elec-
tronics, was born at Forrest, Ill., on October 20, 189S. He studied
electrical engineering at Purdue University, receiving the B.S. degree
in 1917, and later the professional degree of electrical engineer.

Upon graduation, he joined the staff of the Hawthorne plant of
the Western Electric Company in Chicago, and then enlisted in the
Signal Corps where he served as a second lieutenant during World
War 1. His work in the Army included assignments at College Park,
Md., Fort Monmouth, N. J., and at Indiana University. After his
discharge he spent another year with the Western Electric Com-
pany, and then joined the Internation Correspondence Schools at
Scranton, Pa., whose first course on radio he organized and prepared.
Later he taught electrical engineering for one year each at Rice
Institute and at Harvard University.

In 1922 Mr. Dart joined Westinghouse Electric in Bloomfield,
N. J., where he engaged in the development of the early types of re-
ceiving tubes. When transmitting tube manufacture was transferred
from East Pittsburgh to Bloomfield in 1926, he was placed in charge
of transmitting tube testing and rating.

At various times he headed the design and engineering on trans-
mitting and industrial tubes, and the commercial engineering on
electron tubes, as well as specification and drafting work on all types
of power, industrial, and X-ray tubes. At present he has charge of
life testing and handling of technical data on electron tubes such as
transmitting, industrial, radar, and X-ray types.

Mr. Dart joined the Institute in 1920, becoming a Member in
1926, and a Senior Member in 1943. When the New York Section
was organized in 1942, he was elected the first Secretary, and became
its Chairman in 1949. He has served on numerous Committees, in-
cluding Admissions, Broadcast, Meetings and Papers, Membership,
Associations, Standardization Technical Committee No. 3—Vacuum
Tubes, Symbols, Professional Recognition, and Tellers. In addition
to his IRE activities, he is a member of several committees of the
Joint Electron Tube Engineering Council of NEMA and RTMA.

Mr. Dart's name first appeared in Who's Who in Engineering in
1922,.and in Who's Who in the East in 1940, He belongs also to the
American Institute of Electrical Engineers, the Montclair (N. J.)
Society of Engineers, the Radio Pioneers, and is a Fellow of the Radio
Club of Araerica. He has prepared a “Radio Handbook for the ICS,”
and is the author of several booklets and articles on radio subjects.
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National Bureau of Standards Fiftieth
Anniversary

The National Bureau of Standards of the United States of America has completed its first
fifty years of notable achievement. In recognition of this service, The Institute of Radio Engineers
has presented a scroll to the Bureau, the actual presentation being carried out by the President of
the IRE, Mr. I. S. Coggeshall.

[ In handing this scroll to Dr. E. U. Condon, Director of the Bureau, President Coggeshall de-
livered the following informal but significant address:

“Roger Bacon, medieval herald of science, correctly said: ‘There are two methods in which we acquire
knowledge—argument and experiment.’

4Seven hundred years later we have Congress arguing and the White House experimenting.

“This wry jest is based upon the incongruity of experiment without means of precise measurement.

“For fifty years the National Bureau of Standards has put celestial calipers on the centimeter, the
gram, and the second. In return, scientists and engineers of the universities and industrial laboratories,
banded together in societies like The Institute of Radio Engineers, have shown how to produce all man-
ner of devices to lock space, mass, and time into the most extraordinary relationships, involving the
measured behavior of elements of the atom and the speed of light among the stars.

“The crystals, tubes, other circuit components, and measuring devices so produced have gone back
into the Bureau of Standards, there to be used further to refine the standards of measurement. Today,
the rotation of the earth and the fix of the stars—once standard above all standards—yield up their
vagaries, by methods of microwave spectroscopy derived from radar techniques, to the constant fre-
quency with which electrons spin about their nuclei.

“It is tragic that the effects of social experiment, the philosophies, and the jisms' have so long re-
sisted similar exact measurement. While philosophers can prove that Marxism smells, not even the
Bureau of Standards on its fiftieth birthday can tell how bad.

“The world will be further in debt to the Bureau if, perhaps in the early part of its second half-century,
it brings forth an analog computer upon which may be set up philosophical problems, and answers ob-
tained which may be duplicated at will at any point in time and geography. Its use might be limited by
law to international problems, thus not interfering with the two-party system in the United States.

“I hope I may be pardoned for having spoken in a lighter vein, as befitting the well-founded happiness
of this luncheon celebration. In all seriousness, however, I now turn to the presentation of the scroll
which will constitute the permanent record of the occasion, and acceptance of which by you, Doctor
Condon, will do honor to the Institute and its President.”

The text of the scroll was as follows:

“TO THE NATIONAL BUREAU OF STANDARDS
“GREETING
“Upon the occasion of the Fiftieth Anniversary of the founding of the National Bureau
of Standards
The Institute oLI{a(lio ?ngineers, Incorporated

“In Recognition of the valuable scientific and engineering services rendered by the Bureau
to the people of the United States; its establishment and maintenance of standards for elec-
trical measurements at all frequencies; pioneering of precision measurements in all fields of
physics and engineering; its improvement of calibration methods; its constructive accomplish-
ments in advancing high-frequency measurement techniques, and its long co-operation with
the engineering profession

“Presents this scroll at the Second Joint Conference on High Frequency Measurements,
held at Washington, D.C., this eleventh day of January in the year 1951.”
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What’s Behind IRE?”

Y ASSOCIATION with radio goes

considerably back of the date on

which IRE was formed. Let me tell
you a little bit about how difhcult it was
for radio engineers to get together in those
early days. There were several ®wireless”
companies engaged either in radio com-
munication or in manafacturing radio
equipment or both. I remember most of
the successive De Forest Companies {in-
cluding the De Forest Wireless Telegraph
Co., American De Forest, and Atlantic De
Forest) which, about the time that De
Forest broke off with them, became the
United Wireless Telegraph Company. | also
remember the Collins Wireless Telephone
Company, a very different Collins from the
company of that name that we know today
Of cvurse, there were also the Marconi
Wireless Telegraph Company of America
and Harry Sheemaker's company in Jersey
City, which I think was called International
something or other. There doubtless were
others, but these are the only ones that come
to mind at the moment. Oh, yes, there was
one more, the United States representative
of Gernun radio. That organization was
originaliy called Telefunken Wireless Tele-
graph Company of America, but later be-
came the Atlantic Communications Com-
pany.

In these pre-IRE days, each of the wire-
less companies was an exceedingly self-con
tained and closely guarded unit. A man
working (or one of them could easily lose his
job if his boss found out that he had had
lunch with a man working for another w2
of them. It was the day of secrets and of
what we would now call unethical cuupeti-
tion. You sll have probably heard the story
of how the Marconi Company tried to re-
port the International Yacht Races from a
ship-borne transmitter in lower New York
Bay, and how the Shoentaker company tried
to prevent the success of that demonstratios
by jamming the Marconi receiver. Radio
countermeasures existed even in the early
1000°s.

Fessenden's National Electric Signaling
Company and the Stone Wireless Telk Rral
Company in Baston were probubly the tw
organizations which first initiated reason
able, well-planned development programs,
and recognized that wireless telegraphy was
actually & matter of engineering. 1 give
Fessenden credit for being the first realistic
electrical engineer to apply the principles of
electrical engineering to the development of
radio. At the very least, we must credit him
with recognizing that what was necded in a
radio transmitter was a continuous radio-
(requency alternating current developed in
A tuned antenna. John Ambrose Fleming,
the great British scientist and the man who
wrote the first bible of radio engineering in
our language, was so imbued with the con-
trasting Marconi spark techniques that, in
the first edition of his famous “Principles of

® Decima! classification: RO60X R090. Original
manuscript received by the Institute. September 27,
1950, Presented. National Electronics Conferemce
Lunchenn, Chicago. [1l.; September 27, 1950,

t Hogan Laboratories, Inc., New York, N. Y.

JOHN V. L. HOGANY, FELLOW, IRE

RoBerT H. MARRIOTT - First IRE President

Electrical Wave Telegraphy,” he expressed
doubt that the Fessenden continuous-wave
system would in fact radiate electromag-
netic waves. That eriticism was based on
Fleming’s view that no energy would be radi-
ated unless there was what he called an
electrical *whip crack® to snap the waves
off the antenna. Of course, the criticism was
eliminated from later editions of Fleming's
book.

The engineer is human, and like other
humans, he is greganous. In spite of the
1900 type of *classincation” that was placed
on those early radio engineers by their em-
doyers, they did meet from time to time,
and they did not hate cach ather just be-
cause they were employed by different or-
ganizazioon.  Gradually over the period
running {rem approximately 1900 to 1908,
the desire to get together and to discuss their
puzzles became stronger and stronger. They
commenced to realize that the answers to
their technical problems depended upon
matters of fact, many of which ceuld not be
determined without experiment, and that
those preblems were generally common toall
of the companies, rather than individual to
any one of them.

With this bsckground, and under a date
line of May 14, 1908, more than 42 yeurs
a0, Robert H. Marriott, who was then
Amistant Scientific Manager of the United
Wireless Telegraph Company, sent out
circular letter to a number of engineers in
the various wireless companies of that day
I think that that was the first specific at-
tempt to form a radio engineering society
drawing its membership from anv and all
companies. In any event, 1 believe vou
would be interested in the contents of Bob
Marriott’s 1908 letter. It reads as follows:

*Dear Sir:

*You have often thought no doubt that
Wircless Telegraphy would be developed
faster il those engaged in it would work
together more.

“The Electrical Engineers have come to-
gether in the United States by forming the

American Institute of Electrical Engineers.
This institution has helped to make better
Electrical Engineering, better Electrical En-
gineers, and better feeling between com-
petitive firms.

*Why should not we form the Institute
of Wireless Engineers and pattern it after
the American Institute of Electrical En-
gineers. The American Institute of Electrical
Engineers’ plan as applied to Wireless
people would be briefly as follows:

First: Any person interested in Wireless
with proper recommendations, etc.,
would tee eligible to associate member-
ship.

Second: Any person having done valu-
able, original work in Wireless would
be eligible to full membership

Third: Any person whom the Society, by
vote, should decide upon would be
eligible to honorary membership.

Fourth: Meetings would be held once a
month, at which papers on Wirele
subjects would be read and criticized

Fifth: Every member and associat
would receive a copy of the paper read,
together with the criticisms, thus miv
ing abisent members the same informa
tion as those present,

Sixth: A library of Wireless publications
would be accumulated as rapidly as
the funds of the Institute would per-
mit. Each member or associate mem
ber would have access to this library.

Seventh: The Officers and Committees
would be about as follows: President
Vice-President, Manager, Treasurer
and Secretary.

Committees: Executive Commit-
tee, Committee on Finances, Com
mittee on Papers, Board of Examiners,
Library Committee, Editing Commit
tee, and necessary special committees
appointed from time to time.

Eighth: The dues would be
about $10.00 per year.

4 ‘->il Iy

“1 believe an organization formed on a
plan similar to the above would materially
improve Wireless, increase the knowledge
and ability of members, avoid friction be-
tween employees, between employvees and
employers, and to some cxtent between
Wireless companies.

“Would you join such an organization as
outhined? If so, please write me and give full
expression of your views in regard to the
matter in order that an organization may be
formed on the right lines. Also such an or-
ganization might contemplate the establish-
ment of a benehciary association in connec-
tion with the Institute.

Yours very truly,
R. H. Marriott
Ass't., Scientific Manager
United Wireless Telegraph Co.
42 Broadway, New York”

Bob's efforts to get the engineers to-
gether on a common meeting ground pro-
duced results. He got about sixty replies to
his letter and only one or two of those who
wrote to him were negatively inclined. In
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January of 1909 he was able to form a
- temporary organization and in March of
that year a meeting was held in the En-
gineering Societies Building, New York,
N. Y., when a constitution was adopted.
The name of the organization thus founded
was “The Wireless Institute,” and Bob
Marriott was elected its first President.

At the second meeting of the Wireless
Institute, in April of 1909, Bob Marriott
presented a paper on the plans and pur-
poses of the society. In that lecture he gave
a list of suggested subjects for papers to be
presented at future meetings. To give you
an idea of what radio engineering was in
those days, his list of 26 proposed topics is
presented below:

1. “The Recent Wireless Bills Before

Congress”

“The Berlin Convention”

. “The Regulation of Amateur Sta-
tions”

4. “Unnecessary Interference”

5. “Static”

6. “How to Get Business on the Boat”

7

8

9

e

. “How to Handle Messages Rapidly”
. “The Present Field for Wireless”
. “How Business Can Best Be Han-
dled in Case of Distress”
10. “How to Prevent Wireless Stations
from Damaging Property”
11. “The Care of the Motor-Generator”
12. “The Care of the Storage Battery”
13. “The Key, Vibrator, and Switches”
14. “The Induction Coil and Trans-
former”
15. “The Condenser”
16. “The Helix; Coupling and Tuning”
17. “Aerials”
18. “Receivers”
19. “Tuners, Jiggers, Syntonizers, Se-
lectors, Etc.”
20. “Wireless Waves”
21. “The Wireless Telephone”
22. “How to Make the Wireless Insti-
tute of the Greatest Benefit”
23. “How and What Wireless Operators
Should Be Taught”
24. “How Weather Conditions Affect
Wireless”

Hogan: What's Behind IRE?

25. “Simple Methods for the Operator
to Test and Repair Instruments”
26. “Telephone Receivers.”

Papers relating to almost all, if not all,
of these topics have since been presented and
published.

The Wireless Institute continued its ac-
tivities, with New York headquarters, hold-
ing meetings and publishing proceedings
until it joined with the Society of Wireless
Telegraph Engineers to form our present
Institute of Radio Engineers.

The Society of Wireless Telegraph En-
gineers had been formed earlier in Boston,
Mass., on February 25, 1907, but I under-
stand that membership in the SWTE was
first recruited only from the technical staff
of the Stone Wireless Telegraph Co. Later
that Society admitted men who worked for
Fessenden and for other wireless organiza-
tions. When the Fessenden Company moved
from Brant Rock to Brooklyn, the Society of
Wireless Telegraph Engineers lost a substan-
tial part of its membership, but, by the same
token, the potential membership of the
Wireless Institute in New York was in-
creased. I think that this situation, together
with the idea that the members of both soci-
eties were intensely loyal to their fledgling
organizations, may well have been the main-
spring that drove them into consolidation
and the organization of The Institute of Ra-
dio Engineers. Looking at the Institute to-
day, it is hard to realize what the member-
ship situation was in 1912. It is difficult to
believe that when The Institute of Radio
Engineers was formally established on May
13, 1912, its membership comprised 22 men
from the Society of Wireless Telegraph En-
gineers, 22 men from the Wireless Institute,
and one man (Greenleaf Whittier Pickard)
who belonged to both. The original list of
only 45 members included a number of
people who are still active in radio engineer-
ing, among them Lee De Forest, Lloyd Es-
penschied, Alfred N. Goldsmith, Arthur Van
Dyck, and myself. The Organization Com-
mittee comprised Bob Marriott, Alfred N.
Goldsmith, and myself, and the first Presi-
dent of The Institute of Radio Engineers
was Bob Marriott.
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As you all know, Alfred Norton Gold-
smith has been Editor, not only of the
ProceeDINGs OF THE I.R.E. from the date
of the first issue, January, 1913, but also of
the Wireless Institute Proceedings that was
still earlier. We owe him great tribute for
the way in which he has developed our pub-
lication. There is no doubt that very soon
after its appearance in 1913, it became recog-
nized as having the stature of an important
engineering periodical, and, of course, today
it is accepted as the leading publication in
the electronics field. Similarly, Bob Marriott
rates our gratitude for his persistent effort,
in the face of many difficulties, to get a radio
engineering organization started. Unless
someone else had done what Bob did, we
would have no Institute of Radio Engineers
today. I think that we should all recognize
our debt to him, and that we should take
every opportunity to express our apprecia-
tion of his services to the profession of radio
engineering. Bob, at present, is healthy, but
because he spends most of his time at his
home in Brooklyn, his present activities in
our field are mainly confined to writing. He
is almost as young as I am, having been
born in 1879.

In closing, let me answer a question that
has come up from time to time. That ques-
tion is, “How did it happen that the Radio
Engineers started an organization of their
own instead of joining with the American
Institute of Electrical Engineers as a sub-
division of some kind?” The answer is that
the radio men, even in those earlier days,
felt that they had so many problems of
mutual interest that they would need to
have monthly meetings of their own. They
were not satisfied with the idea of perhaps
one or two radio papers per year, sand-
wiched in between meetings devoted to
what the Germans call “heavy-current” elec-
trical engineering. The matter was discussed
with the American Institute of Electrical
Engineers, but the charter members of The
Institute of Radio Engineers felt that they
needed and that they could develop a suc-
cessful professional society of their own.I
think you will agree that succeeding events
have proved that they were correct.

Supplemental Note on “What’s Behind IRE?”

In a brief discussion which followed my
presentation of the talk “What's Behind
IRE?” I was asked why The Institute of
Radio Engineers had not been named the
“American Institute of Wireless Engineers.”
In the first place, the adjective “American”
was omitted from the name because the
founders desired to have the IRE a truly
international organization. As you all know,
we have Sections outside of the United
States, we have many non-American mem-
bers, and we have long made it a policy to
elect a Vice-President from some nation
other than the United States of America.
For this reason, among others, the Institute
has attained international recognition.

As to the use of the word “Radio” instead
of “Wireless,” my recollection is that the
the new word “Radio” was coined at a
meeting of the group which later became
the Institute's Standardization Committee.
For some years it had been recognized that
wireless telegraphy utilizing waves radiating

from an antenna was entirely different in
character from the early forms of wireless
telegraphy (for example, as used by Preece
and Lodge) which were based on magnetic
or electrostatic induction or on ground con-
ductivity. Since the members of the Insti-
tute were interested in radiated waves, the
title of the organization was chosen so as to
indicate that fact.

Incidentally, in the preliminary report of
the Committee on Standardization of the
Institute, issued to members on September
19, 1913, there appears the following defini-
tion:

“Radio Telegraphy and Radio Teleph-
ony: Further divisions of radio communi-
cation. It is proposed that the term
‘Wireless’ shall be entirely eliminated,
as inaccurate and inappropriate.”

The same report defined radio frequen-
cies as those above 20,000 cycles per second

and audio frequencies as “the normally audi-
ble frequencies lying between 20 and 20,000
cycles per second.” The definition of radio
frequencies carries the following rather in-
teresting footnote:

“It is not implied that radiation cannot
be secured (at) lower frequencies and the
distinction from audio frequencies is
merely one of convenience.”

The membership of the first Committee
on Standardization comprised the following:

Robert H. Marriott
Alfred N. Goldsmith
John V. L. Hogan

A. E. Kennelly

Roy A. Weagant
Greenleaf W. Pickard.

The Committee had held more than fifty
meetings prior to the publication of its pre-
liminary report in the fall of 1913.
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PROCEEDINGS OF THE I.R.E.

The Characteristics and Some Applica-
tions of Varistors®
FRANK R. STANSELY, SENIOR MEMBER, IRE

A study of editorial correspondence and verbal comments from readers of these PROCEEDINGS
has shown that many of them desire the publication of tutc_)rial papers on matters of current and
major importance to the communications and electronic engineers. Such papers should be prepared
by experienced and recognized workers in the corresponding ﬁeld,_a_nd sho_uld be both clear and
comprehensive. They should form a “refresher course” for the practicing engineer, and should be of
further value as source material to active engineering workers and as advanced texts for the use
of student members. o ) )

Accordingly the Board of Directors, upon recommendation of the Administrative Committee
of the Board of Editors, has authorized the publication of such papers in the PROCEEDINGS. These
papers are in each case procured and approved by the Subcommittee on Tutorial Papers, und.er
the Chairmanship of Professor Ernst Weber, of the IRE Education Committee, under the Chair-
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manship of Professor H. J. Reich.

The following paper is of the type here described and deals with one of the newer anfi valuable
instrumentalities used in the branches of engineering served by the Institute.—The Editor.

Summary—Varistors, circuit elements whose resistance is a
function of the voltage applied, represent one important commercial
application of semiconductors. They may be divided into two classi-
fications: nonsymmetrical and symmetrical varistors. The first
classification includes both metallic rectifiers such as copper oxide,
selenium, and copper sulfide, and point contact rectifiers such as sili-
con and germanium. The only commercial varistor of the symmetrical
class is the silicon carbide varistor, although a symmetrical charac-
teristic may be obtained by connecting two nonsymmetrical varistors
in parallel with proper polarity.

Each varistor has its volt-ampere characteristic and at each point
on this characteristic two different values of resistance may be de-
fined, namely the dc resistance, defined as the ratio of voltage to
current, and the dynamic or ac resistance, defined as the ratio of dE
to dI. The former is important in problems dealing with steady-state
dc or large-signal applications, while the latter is important when
dealing with small applied signals.

Because of the state of the art, varistors as manufactured com-
mercially are less uniform than many other circuit elements and re-
quired uniformity is often obtained by special selection. Economical
use of these elements therefore requires the circuit engineer to recog-
nize clearly which of the several properties are important in his ap-

plication and to specify special selection for only those properties and
to the extent necessary for his application.

Other properties of varistors which may be of importance are ca-
pacitance, maximum inverse voltage, effect of temperature and fre-
quency on any of the other characteristics, long and short time
stability, and noise.

Of the many applications of varistors three are discussed which
illustrate how different properties may be determining factors in dif-
ferent applications. In power rectifiers the limiting factors are those
which may physically damage the unit, energy dissipated within the
varistor, and inverse voltage across the varistor. As a result such
items as ventilation, duty cycle, and the like, are important. In
bridge- and ring-(lattice) type modulators the problem of protecting
the varistor against physical breakdown is seldom present, but the
limiting factor is the extraneous modulation products introduced into
the circuit. It is therefore necessary to make detailed analyses of the
spectrum of the sum and difference products involved. In the com-
pandor (compressor plus expandor), operating economies are ob-
tained by a device which is dependent on the uniformity of the dy-
namic characteristic of the varistor in its forward direction. A selected
bibliography is included.

INTRODUCTION

S! x YHILE THE rectifying properties of certain
metallic sulfides were known as early as 1874,
the first commercial application of semiconduc-

tors was probably the crystal detector used in radio

telegraphy during the first portion of this century. With
the advent of the vacuum tube the crystal detector was

supplanted, only to be recently reinstated in an im-

proved version as a detector for microwaves. In the

meantime, thecopper-oxiderectifier wasintroduced about

1925 as a power rectifier. About 1936 this same copper-

oxide unit was introduced as a modulator in carrier

telephone circuits. This application was so successful
that the copper-oxide modulator (later supplemented
by silicon and germanium modulators) soon became an

* Decimal classification: R282.12. Original manuscript received

by the Institute, February 1, 1951,
1 Bell Telephone Laboratories, Inc., Murray Hill, N. ]J.

essential portion of the long-distance telephone plant.
Although a selenium rectifier was described as early as
1883, the commercial selenium rectifier was slow to de-
velop and was not introduced on a wide-spread com-
mercial scale until after the copper-oxide rectifier. Be-
cause of its lighter weight, smaller bulk, and lower cost,
the selenium rectifier has supplanted the copper-oxide
rectifier in many, but by no means all, applications.
Microwave development during the recent war was re-
sponsible for the silicon and germanium rectifiers which
today have been used for a wide variety of functions,
many not related to their original purposes.

Despite the wide diversity of origin and usage, these
devices—the early crystal detector, the copper-oxide
rectifier and modulator, the selenium rectifier and the
silicon and germanium rectifiers—all are but applica-
tions of the same basic principle, nonsymmetrical con-
duction at the junction between a conductor and a semi-
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conductor, or between two differing semiconductors.
With this idea in mind the term “varistor” was coined
about 1934 and is now defined as “a two-terminal circuit
element composed of an electronic semiconductor and
suitable contacts, which has a markedly nonlinear volt-
ampere characteristic.”

\While the varistor was the first, and is still from the
production viewpoint, the largest application of semi-
conductors, it is not the only application. Other applica-
tions include the thermistor (circuit elements whose
resistance varies with temperature), the transistor (the
semiconductor amplifier), and various photoelectric de-
vices. None of these later applications will be discussed
in this paper, as each is important enough to warrant a
separate treatment.

The commercial varistors of today may be divided
into two mechanical classes—the area contact type, and
the point contact type. The first classification includes
copper-oxide, selenium, and copper-sulfide units, and
also silicon carbide disks or rods (more familiar to some
engineers by trade names such as “Thyrite”). Point con-
tact devices include the silicon and germanium varistors.
Basically, area and point contact varistors have similar
properties, and frequently both may be used for the
same application. It is therefore planned to discuss both
of these types together, pointing out their similarities
and in some cases their differences.

Besides these commercial types, there are a large
number of materials also known to have similar proper-
ties, such as the natural crystals used in early crystal
detectors and many chemical compounds, particularly
oxides and sulfide. It is therefore quite possible that in
the future additional commercial types of varistors may
be made available to the circuit engineer.

Electrically all varistors, cither of the area or the
point contact type, may be divided into two classes—
symmetrical and nonsymmetrical varistors. The only
symmetrical varistors commercially available today are
of silicon carbide, although a symmetrical characteristic
can be obtained by properly connecting two nonsym-
metrical varistors. In this paper it is proposed first to
discuss the characteristics of nonsymmetrical varistors,
reserving the discussion of the symmetrical type for a
later section.

NONSYMMETRICAL VARISTORS

All nonsymmetrical varistors, be they of the area or
point contact type, consist of three essential elements, a
body of a semiconductor and two electrodes. One of
these electrodes makes an intimate contact with the

. ! Tentative definition of ASA C42 subcommittee on communica-
tion definitions. The qualification “composed of an electronic semi-
conductor” excludes such devices as the electrolytic rectifier, popular
with the radio amateurs in the 1920°s, and the electrolytic condenser.
Electronic processes differ from electrolytic processes in that no
polarization voltages are produced nor is there any chemical de-
composition of any of the elements of the device. As a result, the life
of an ideal varistor is theoretically infinite.

Stansel: Characteristics and Applications of Varsstors
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semiconductor and this junction is ideally a purely
ohmic connection. Between the second electrode and
the semiconductor is a barrier layer which is capable of
passing current easier in one direction than in another.
The mechanism of this barrier layer is more fully
treated in various articles on the theory of semicon-
ductors.?

The direction of easy current flow through the barrier
layer is dependent on the type of semiconductor in the
varistor. Two basic types, designated as P-type mate-
rial and N-type material, exist. For varistors using P-
type material, the direction of easy flow is obtained by
making the body of the semiconductor positive. For
those using N-type material, it is obtained by making
the body of the semiconductor negative. Of the present-
day commercial varistots, all are made of P-type mate-
rial except germanium varistors, which are made of N-
type material.?

In point contact varistors the barrier layer is always
located at the point contact, but in area type varistors
the location of the barrier layer is not self-evident. To
help avoid this confusion Figs. 10 through 14 show
simplified cross sections of each of the commercial
types of varistors with the direction of easy current flow
indicated.

Before considering the properties of any type of var-
istor in detail it will be well to emphasize their nature.
First, because of their nonlinear characteristic, varistors
cannot be characterized by a single dimensional adjec-
tive as we do when we specify, for example, a 5§0-micro-
farad condenser or a 10-ohm resistor. Rather, a varistor
must be specified by its properties at several points on
its characteristics, such as the current at one volt in
forward direction, the current at five volts in reverse di-
rection, and so forth. In general, the current at one point
bears little and in many cases no relation to the current
at another point, so that it is essential that the char-
acteristic desired be completely specified at all points.

Second, because of the nature of the manufacturing
processes now employed, varistors are not inherently
uniform. Nonsymmetrical varistors bearing the same
manufacturer’s designation often differ in forward cur-
rent at the same voltage by as much as 4 to 1, while the
reverse current sometimes differ by even greater ratios.
Any better uniformity, at the present state of the art, is
obtained largely by selection. Fortunately, in many ap-
plications a high degree of uniformity is not necessary,
so that the expense of such selection can be eliminated.
It is therefore quite important for the circuit engineer
to understand which properties are critical in the par-
ticular application at hand, so that the most economical
selection of units can be made. The practice recently
initiated by one manufacturer of publishing not only

2 See references (1) through (6) in the Bibliography.

3 It is well known that many semiconductors, particularly ger-
manium and silicon, may exist in either the N type or_the P type.
Hence this statement must be restricted to commercial varistors,
since it is sometimes possible to construct units in the laboratory
which have the reverse direction of easy current flow.
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average curves but also curves showing the limits be-
tween which 80 per cent of the units may be expected
to be found is to be commended. The more widespread
publication of such data will eliminate much confusion
that has existed in the minds of engineers wishing to use
varistors.

The most commonly published characteristic for a
varistor is the relation between the voltage across the
varistor and the current through it. Such a character-
istic is shown in Fig. 1(a). In one direction a small im-
pressed voltage causes a relatively large flow of current.
This is the so-called forward direction or direction of
easy current flow. The usual convention symbol for a
nonsymmetrical varistor shown in the upper left-hand
corner of Fig. 1(a) is arrow-shaped, with the arrow
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Fig. 1—Voltage-current characteristic of a typical nonsymmetrical
varistor.

(a) Characteristic plotted using a linear scale. Note that the
scale for the reverse portion of the characteristic differs
from that of the forward portion.

‘b) Characteristic plotted using a logarithmic scale.
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pointing in the direction which current flows when oper-
ating on the forward portion of the characteristic.?

In the forward direction, this characteristic may be
approximated by the empirical equation:®

I =AE" (1)

where I and E are the current and voltage, respectively,
and A and n are empirical constants. The exponent 7 de-
pends on the type of varistor and on the portion of the
characteristic curve to which this empirical equation is
fitted. For most varistors # is greater than 2, and in some
cases may be as high as 4, or even higher. This is in con-
trast to the vacuum-tube diode, which has an exponent
of the order of 3/2.

In all cases the characteristic curve passes through
the origin. Unlike the vacuum-tube diode, there is no
current at zero voltage due to contact potential.

In the reverse direction there is always a measurable
current which increases as the reverse voltage is in-
creased. In Fig. 1(a) both the voltage and current scales
are different in the reverse direction. This is a quite
common practice in plotting varistor characteristics and
is generally necessary because of the large difference in
magnitude between the forward and reverse currents.

When the reverse voltage reaches the point C, the
reverse current increases very fast and in some varistors
a region is reached where as the current is increased still
further the voltage decreases. This negative resistance
region® is readily observed in germanium varistors. The
voltage at point C is often designated as the “maximum
inverse voltage” or “voltage for zero dynamic resist-
ance.” The exact value of this voltage is dependent on
many factors, including ambient temperature and local
heating produced during its measurement. Conse-
quently its exact value is seldom specified but rather
varistors are specified to have a “maximum inverse
voltage” not less than a given value.

In types of varistors other than germanium the ques-
tion of the existence of this maximum inverse voltage
is of academic interest. With these varistors the reverse
current becomes so great that the characteristic of the

¢ The method of marking the forward direction on commercial
varistors has not been standardized and some confusion exists because
of the differept points of view of the designs. For example, some ger-
manium varistors have been marked with a “4” sign at the ter-
minal corresponding to the upper end of the symbol in Fig. 1(a) to
indicate that if the positive terminal of a battery is connected to this
terminal current will flow in the forward direction. On the other
hand, on some single-element selenium varistors the “-” designa-
tion is on the terminal corresponding to the lower end, because it is
presumed that these units will be used as power rectifiers and hence
this terminal will be the positive pole of the output.

¢ The forward characteristic may also be approximated by other
equations. One such equation of exponential form may be derived
theoretically (see bibliography reference (1), chapter 4). However,
these other equations are usually too cumbersome for ready en-
gineering application.

. “While it is possible to operate germanium varistors in this nega-
tive resistance region in the laboratory, this portion of the curve is
In general too unstable for commercial applications. Negative re-
sistance regions have also been reported in the forward direction, but
these regions are practically never found in normal operating ranges.
Itis interesting to note that W. H. Eccles is reported to have demon-
strated an oscillator using a negative-resistance region in a galena
crystal before the Physical Society of London in 1910.
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varistor is permanently altered by internal heating be-

" fore any negative resistance region is reached.

A varistor’s characteristic inherently extends over a
wide range of voltage and current, and so it is sometimes
advantageous to plot this curve on a logarithmic scale.
Fig. 1(b) shows the curve of Fig. 1(a) replotted, using
logarithmic scales for both the voltage and current.
Since in a plot of this type neither scale reaches zero, it
is necessary to show different curves for the forward and
reverse characteristics. As the scales are extended to the
left to show smaller quantities, the forward and reverse
characteristic curves both approach asymptotically the
dotted line A4’ shown in Fig. 1(b).

\When dealing with a nonlinear device such as a var-
istor, one may define two different resistances and it is
important when using the term “resistance” to specify
which is referred to. The first is the ratio of voltage to
the current at any point, such as the ratio 04 /OB at the
point P in Fig. 1(a). This frequently is referred to as the
dc resistance and is of importance in problems involving
the application of dc voltages to varistors.

In many applications the varistor is biased by a dc
voltage, and a small ac voltage is superimposed on this
dc bias. If we assume OA is such a bias, the ac voltage
will see a resistance not of OA4 /OB but rather the recip-
rocal of the slope at the point P, thatis, dE/dI. This
resistance is called the dynamic or ac resistance. This
dynamic resistance can be measured directly by a spe-
cial bridge so arranged that the required dc bias can be
superimposed on the varistor and the ac measuring volt-
age kept low, in the order of a few hundredths of a volt.

When a large ac voltage is applied to a varistor, the
term resistance has no universal meaning. For a sinus-
oidal impressed voltage, the current wave is usually
quite distorted and it is not possible to define resistance
in terms of any simple ratio.
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Fig. 2—Resistance-voltage characteristic of a silicon'varistor.
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Both the dec and the ac resistances are functions of the
operating point. Fig. 2 shows the values of these two
resistances for a silicon varistor plotted as a function of
the dc voltage. At any point in the forward direction,
the dc resistance is larger than the ac resistance, both
resistances decreasing rapidly as the bias voltage in-
creases. In the negative direction, both resistances reach
a maximum, as in the case of the silicon varistor in Fig.
2 when the bias is only a fraction of a volt negative, and
then decrease as the reverse voltage is increased.

The general relation between the dc and ac resistance
is

Rdo

= 2

no

where K is the slope of the volt-ampere curve when
plotted on logarithmic co-ordinates as in Fig. 1(b). The
dc and ac resistance will therefore be equal whenever
this curve has a 1-to-1 slope, that is, when it is tangent
to a 45° line. This occurs twice as shown in Fig. 1(b),
the first time at zero voltage where both the direct and
reverse characteristic curves are tangent to the 45° line
AA’ and second at the point on the reverse character-
istic at which the curve is tangent to the 45° line BB'.

In a logarithmic plot of this type these 45° lines slop-
ing from upper right to lower left form a co-ordinate
system for E/I, that is, the dc resistance. Hence BB’ is
the maximum value of dc resistance, and from these
curves it may be scen that the dc and ac resistances of a
varistor are equal at two points, at zero voltage and at
the point on the reverse characteristic where the dc
resistance is maximum. '

EFfFECT OF TEMPERATURE

When considering the effect of temperature on var-
istors, one must distinguish between temperature limita-
tions imposed because of possible damage to impregnat-
ing compound or other parts of the varistor and tem-
perature limitations which result because of changes in
the characteristics of the varistor itself. While limita-
tions of the first type lend themselves to simple blanket
statements such as “maximum operating temperature—
°C,” such statements rarely tell the whole story. Basi-
cally, almost all properties of semiconductors are de-
pendent on temperature and no simple general rule can
be given. In each application the effect of variations in
operating temperature must be carefully considered.

In the forward direction the dc resistance of a varistor
decreases with an increase in temperature. This decrease
in dc resistance (or increase in current) is greatest at low
voltages and diminishes as the voltage is raised. Conse-
quently, when the varistor can be operated with large
applied current, the effect of changes in operating tem-
perature is minimized. At a given operating voltage, the
temperature variation from unit to unit of the same
type is relatively uniform.

In the reverse direction, as the temperature increases

_
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the dc resistance also decreases (or current increases).’
This change is gradual at low temperatures, but as the
temperature is increased a point is often reached at
which the rate of change is greatly accelerated. At ex-
tremely high temperatures (in the order of 250°C) most
varistors no longer act as rectifiers. Unfortunately, the
allowable temperature for a given degradation in reverse
characteristic is often not uniform with varistors of the
same type.

The effect of temperature on the dynamic or ac re-
sistance can be seen from the volt-ampere characteristic
of a germanium varistor shown in Fig. 3. As the temper-
ature increases the whole curve moves to the left. x-
cept in the immediate vicinity of the origin, the curves
tend to remain parallel to each other. Thus the change
with temperature of the dynamic or ac is often less than
the change in dc resistance. When dealing with dynamic
resistance one must differentiate between the case in
which operation is at constant bias voltage, as, for ex-
ample, along line A B, and the case where the bias cur-
rent is held constant, as along the line CD in Fig. 3.
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Fig. 3—Voltage-current characteristic of a germanium varistor in
the vicinity of the origin showing the effect of changes in the
ambient temperature.

Characteristics of a varistor are affected not only by
changes in the ambient temperature but also by heat
generated within the unit itself. This is illustrated by
the oscillograms on a germanium varistor shown in Fig.
4. These oscillograms show the reverse half of the volt-
ampere characteristic of the varistor and were taken
after the varistor had been passing various amounts of
forward current. The curve in Fig. 4(a) was taken before
any forward current was applied. Fig. 4(b) was taken
after application of 16 milliamperes in the forward direc-
tion. This current is well within the normal operating
range of the varistor, and a comparison of Figs. 4(a)

7 Selenium is an exception to this statement. At lower tempera-
tures the dc resistance decreases as the temperature decreases. The
temperature for maximum dc resistance J;epends on the reverse
voltage and lies in the range between freezing and usual indoor
ambient temperatures. This temperature characteristic may depend

on the processing of the unit, as published data from various sources
are somewhat contradictory.
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and 4(b) shows no appreciable change in the reverse
characteristic. For Figs. 4(c) and 4(d), increasingly
larger forward currents, well beyond the normal operat-
ing values, were applied before the oscillographs were
taken. In Fig. 4(c) the increase in reverse current is
noticeable. In Fig. 4(d) not only has the heating due to
the previous forward current increased the reverse cur-
rent, but it has also decreased the maximum reverse
voltage.

In this test, when the unit was allowed to stand with
no forward current for an appreciable length of time, the
reverse characteristic returned to that shown in Fig.
4(a). In other similar tests in some cases such overloads
have caused a permanent increase in the reverse cur-
rent.

(@) (b)

(o) (d)

Fig. 4—Oscillograms showing the effect of heat produced by prior
forward current on the reverse portion of the voltage-current
characteristic of a germanium varistor.

CAPACITANCE

In any area-type varistor there is appreciable capaci-
tance in parallel with the dynamic resistance. This
capacitance is a function of the polarity and magnitude
of the bias voltage and of the frequency. It may be
measured using a bridge of the type described for meas-
uring ac resistance. Fig. 5 shows the capacitance of a
3/16-inch copper-oxide varistor at both 10 and 200 kc.

0.0020

0.0018

0.0016 t
10 KILOCYCLES -

0.0014

0.0012

200 KILOCYCLES -,

CAPACITANCE IN MICROFARADS
o o o
o [=]
§ § 8
o (=]

g

0.0002

|

I I 1 I I 1 i 1 A ! I
-0 -09 -08 -07 -06 -0.5 -04 -03 -0.2 -0O. o ot 02 03
BIAS VOLTS

Fig. 5—Capacitance of a 3/16-inch copper-oxide varistor.
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As the bias in the reverse direction is decreased the

.- capacitance is increased, reaching a maximum at or near

zero bias, As the bias is increased in the forward direc-
tion, the capacitance drops quite sharply, reaching a low
value at high forward bias voltages.

At higher frequencies the curve has the same general
shape, but the value of the capacitance is lower as
shown by the curve for 200 kc in Fig. S.

At large reverse bias voltage the capacitance of sele-
nium is less than that of copper oxide, but as the bias
voltage decreases, the rate of increase is larger in seleni-
um than in copper-oxide varistors, As a result, at zero
bias the capacitance of selenium varistors is larger than
of copper-oxide varistors of the same area.

For point contact varistors it is probable that the
capacitance acts in much the same manner, but measure-
ments are more difficult to make because of the small
magnitude of this capacitance, and because it is paral-
leled by a linear capacitance through the case of the
same order of magnitude or greater. Since the total
capacitance, barrier capacitance plus that through the
case, is of the order of one to two micromicrofarads, it
can be neglected in many applications.

EFFECT OF FREQUENCY ON IMPEDANCE OF
VARISTORS

Both the effective capacitance and the effective re-
sistance of a varistor® are functions not only of bias, but
also of frequency. The effect of frequency on the ca-
pacitance was as discussed in the preceding section. In
general, as the frequency increases the resistance of a
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Fig. 6—Dynamic resistance at zero bias of copper-oxide varistors.

3 A number of equivalent circuits are used in the discussion of
varistors. For simplicity in this paper the equivalent circuit of a
varistor is considered as a resistance in parallel with a capacitance.
Obviously all resistances in the section are dynamic or ac resistance.
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varistor may be expected to decrease. Fig. 6 shows two
setsof data taken on small copper-oxide varistors. Curve
A is for 3/16-inch disks and is taken from Caruthers’®
paper on modulators, while curve B is for 4-mm disks
and is taken from a similar paper published in France
by P. Moll.'* Both curves show that for copper-oxide
varistors the dynamic resistance decreases quite rapidly,
with frequency falling from a value of over 10,000 ohms
at low frequencies to a value of in the order of 200 ohms
at 2 mc.

For negative bias the dynamic resistance is larger
than at zero bias as shown in Fig. 2, and the curve of
dynamic resistance versus frequency is approximately
parallel to that at zero bias. At positive bias the dy-
namic resistance is much smaller, and as the value of
resistance decreases, the variation with frequency de-
creases. Moll's article shows a curve for 4- mm copper-
oxide varistor at +0.5 volts bias in which the dynamic
resistance has a value of approximately 43 ohms for all
values of frequency from 2 to 6 mc.

At first glance it would appear that these large
changes in resistance with frequency would preclude
the use of copper-oxide varistors above more than a few
hundred kilocycles. Actually, modulators have been de-
signed to work satisfactorily to frequencies over 2 mc
using 3/16-inch copper-oxide varistors. The methods
used and the results obtained are discussed in more de-
tail in a later section.

The frequency characteristic of a germanium varistor
is similar to copper oxide, except that the zero bias
dynamic resistance is still above 10,000 ohms at 10 mc
and the varistor does not reach low values until much
higher frequencies. Consequently, germanium varistors
are useful at much higher frequency than copper oxide,
both because their capacitance component is much
less and because their dynamic resistance does not drop
as rapidly with frequency.

Silicon varistors in general have lower dynamic re-
sistance than germanium, and, in contrast to germanium
varistors, their resistance is almost constant for fre-
quencies up to at least 50 mc. For this reason silicon
varistors are well suited for broad-band applications.

STABILITY AND AGING OF VARISTORS

One major problem in the development of varistors
has been the reduction of instability. Two particular
types of instability are well known—gradual changes or
aging in the characteristics of a unit over periods of
months or even years, and short time drift or creep in
the current during the first few minutes when potential
is applied.

Aging in varistors is due to many causes, some of
which appear at this time to be inherent in the varistor
itself and some of which can be eliminated by changes
in design or processing. In the former class are aging
processes that take place within the body of the semi-

9 See bibliography reference (24).
10 P, Moll, Cables et Trans. (Paris), vol. 6, pp. 24-46; 1950.
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conductor and the barrier layer. The mechanisms of
these changes are as yet only partly understood. In the
latter class are such causes as changes due to lack of
mechanical stability of parts, deterioration of contacts,
and the like. The efforts of all manufacturers to elimi-
nate causes of these latter types have resulted in marked
improvement in the stability of varistors since the first
introduction of copper-oxide units about twenty-five
years ago, and there are reasons to believe further im-
provements will be made in the future.

Aging in varistors in general results in a decrease in
forward current (increase in forward dc resistance) and
usually!! an increase in reverse current (decrease in re-
verse dc resistance). The rate of these changes gradu-
ally decreases, and after a period of one or two years the
rate of aging is only a fraction of the initial rate of
change.

The magnitude of this aging usually increases both
as the ambient temperature is increased and as the cur-
rent through the varistor is increased. Since increased
current causes increased internal heating, it is possible
that the effect may be entirely due to temperatures.
For large copper-oxide disks operating at their full rated
current, the aged value of forward dc resistance (meas-
ured at constant current) may be as high as double
the initial value.

The rate of change is often accelerated by increased
ambient temperatures. For example, with copper-oxide
varistors it has been found that ten days’ storage at
60°C is roughly the equivalent of one year’s storage at
average room temperature. For applications which de-
mand extreme stability, a pre-aging process of this type
can sometimes be used to eliminate a large portion of
the subsequent aging of the unit.

Two different approaches are used in the solution of
the problem of aging. In power rectifiers, where aging
may be expected to reduce the output of the rectifier as
much as 20 per cent during its life, the circuit may be
designed to operate satisfactorily at the reduced output,
or taps may be provided on the transformer so that the
applied voltage may be increased to compensate for
aging. In the later case the design of the unit must al-
low for the increased losses when the units are aged.»?

In communication applications generally the amount
of aging is less, as the varistors are usually operated at
only a small fraction of their rated current. However,
stability is much more important, particularly as it is
desirable to reduce maintenance to a minimum. As a
result of developments in production of varistors and
careful circuit design, thousands of varistor modulators
are today in operation in long-distance telephone cir-
cuits without any provision for routine maintenance
tests. More detailed data on long time stability studies
in communication circuits will be given in the sections

" An exception is selenium varistors in _which the reverse dc
current frequently decreases during the first six months or so of their

ife.
12 See bibliography reference (9).
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on application of varistors to modulators and com-
pandors.

In addition to long time aging, investigators in the
field of varistors sometimes, but not always, encounter
a drift or creep in current during the first few minutes
that potential is applied. This drift may occur in either
the forward or reverse current, but it is more frequently
observed when measuring reverse current. While this
drift is quite annoying when attempting to measure
the volt-ampere characteristic of a unit, it may go un-
noticed in many applications, its effects being part of
the warming-up period of apparatus.

Short time drift may be due to any one of a variety
of causes. When operating at high reverse or high for-
ward current, power losses within the varistor itself are
sometimes sufficient to produce internal heating and
thus change the varistor characteristic as it warms up.
Drift of this type is inherent in the unit and cannot be
avoided. Other types of drift may be due to faulty proc-
essing. For example, in at least one case drift in the re-
verse direction was traced to chemical deterioration in
the impregnating compound used. Other cases probably
involve mechanisms of conduction in semiconductors
not yet fully understood.

Norsk

The fact that resistors have an inherent background
noise due to thermal agitation (the so-called Johnson
noise) is well known. Varistors also possess a back-
ground noise, but much less is known about the cause or
nature of this noise. Unlike Johnson noise, which for a
constant bandwidth is uniform throughout the fre-
quency spectrum, varistor noise tends to vary inversely
as the frequency. The noise in varistors probably is a
function of the bias, appearing to be greater in absolute
magnitude when biased in the reverse direction, although
complete measurements are lacking. The comparison of
the noise of different types of varistors is complicated
by the problem of how the noise shall be expressed. The
familiar designation “so many db above thermal noise”
cannot be used in a circuit whose resistance (and hence
theoretical thermal noise) varies with .bias.

Noise becomes important when it is necessary to oper-
ate a modulator at very low levels. Field experience has
shown that the quietest modulators are constructed
with copper-oxide varistors.!* However, the data avail-
able are quite sketchy and it is by no means certain
that this is the final answer.

OPERATION OF VARISTORS IN SERIES
OR PARALLEL

When identical varistors are connected in series or
parallel there is no particular problem. Random selected

1 Early copper-oxide modulators had a high noise level but with
the deyeloprpent of these varistors, particularly with the improve-
melnt in their contacts, the noise level has been reduced to a low
value.
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varistors are seldom identical, which may introduce
problems in paraliel or series operation. Fig. 7 shows the
reverse characteristic of two dissimilar varistors. If
these two varistors are to be connected in series, a new
volt-ampere characteristic can be drawn for the com-
bination by noting that the same current always flows
through each varistor, and that at any value of current
the total voltage across the two units in series (that is
the point on the new curve) must be the sum of the
voltages at this current for each of the varistors. The
two varistors in Fig. 7 have quite dissimilar reverse
characteristics, and this figure illustrates the situation
of an engineer who finds that for his application the re-
verse current at some voltage is too high. He adds a
second varistor, hoping to cut the reverse current in half,
but instead because of the dissimilar nature of the two
varistors, the reverse current is only reduced by a very
small amount. Hence the basic law, two random selected
varistors will be no worse than a single varistor, but
may be little better. For series varistors to approxi-
mately divide the reverse voltage, they must have ap-
proximately identical characteristics.
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Fig. 7—Reverse portion of the voltage-current characteristic of
two dissimilar varistors connected in series.

When varistors are connected in parallel, the same
type of reasoning applies to the current. When varistors
are connected in parallel, they divide the current
equally only when they are identical.

THE SYMMETRICAL VARISTOR

The symmetrical varistor differs from the nonsym-
metrical varistor in that the volt-ampere characteristic
is the same in both directions as shown in Fig. 8. Essen-
tially this characteristic can be obtained by connecting
two identical nonsymmetrical varistors in parallel with
the polarity as shown in Fig. 9. This connection sug-
gests the convention symbol shown in the upper left
corner of Fig. 8 for the symmetrical varistor.

Except for the absence of a high resistance reverse
characteristic, symmetrical varistors are in many re-
spects similar to nonsymmetrical varistors. Their ap-
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plication at present is almost entirely confined to some
type of protective circuit, such as lightning arrestors,
click or thump reducers, and voltage limiters. In these
applications the varistor presents a high impedance to
the low voltages normally applied. The application of
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Fig. 8—Voltage-current characteristic of a
typical symmetrical varistor.
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Fig. 9—Circuit connections for two nonsymmetrical varistors to
obtain a symmetrical voltage-current characteristic.

abnormal higher voltages reduces the impedance of the
varistor, thus limiting the amplitude of surge voltages.

CHARACTERISTICS OF COMMERCIAL VARISTORS

In this section, the general characteristics of various
types of commercial varistors will be discussed and com-
pared. While some data on units will be given, these fig-
ures are intended only to illustrate orders of magnitude,
and are not intended as design data. For any application
the necessary design data should be obtained from the
manufacturer.

Copper-Oxide Varistors

Copper-oxide varistors are today manufactured in a
wide variety of sizes, ranging from disks as small as 1/16
inch in diameter up to rectangular plates of at least 4%
by 12 inches. The smaller units are used in meter recti-
fiers, modulators, and similar devices, while the larger
plates are used for power rectifiers.

Basically these varistors consist of a copper plate
on which a layer of cuprous oxide is prodyced by heat
treatment. This cuprous oxide is the semiconductor
and the barrier layer is located at the junction of the
cuprous oxide and the mother copper (see Fig. 10(a)).
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Contact to the cuprous oxide layer may be made in a
variety of ways. In the early copper-oxide varistors this
contact was made by a lead washer clamped under
pressure against the face of the cuprous oxide. With
this method of contact, the properties of the varistors
are influenced to some extent by the pressure exerted
on the lead washer. This type of contact is still used in
units of the order of one to two inches in diameter, but
has been generally superseded in smaller units and in
the large copper-oxide plates.
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Fig. 10—Copper-oxide varistor.

In smaller varistors, contacts to the cuprous oxide
layer is frequently made by evaporating a layer of silver
or of gold on the oxide layer. This type of contact has
been found to produce the greater degree of stability
required for modulator and other nonpower applica-
tions. In large copper-oxide plates, contact is generally
made by reducing the top surface of the cuprous oxide
to metallic copper and then nickel-plating this surface.

The forward direction of current flow is from the top
electrode to the cuprous oxide to the copper base, as
shown by the arrow in Fig. 10(a). For a constant ap-
plied voltage the current in this direction is proportional
to the area of the varistor. For a 3/16-inch disk the for-
ward current at one volt is from 10 to 50 milliamperes,
of the same order of magnitude as for silicon varistors
and a little greater than for germanium varistors. Fig.
10(b) shows the volt-ampere characteristic of a 3/16-
inch copper-oxide varistor.

In the reverse direction the current is proportional
to the area with an added component, due to leakage
around the periphery. This leakage component is gen-
erally minimized by careful control in manufacture.
The reverse current does not show any negative resist-
ance region. Continuous reverse voltage must be limited
to the order of six volts! to prevent damage to the unit,
although copper-oxide varistors will withstand as much
as 40 to 50 volts for infrequent transients. Both the
reverse ac and dc resistance are moderately high, reach-

1 At least one manufacturer offers high reverse-voltage copper-
oxide varistors rated at from 2 to 3 times this figure.
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ing maximum values of the order of 100,000 ohms at a
reverse voltage of a few volts for a 3/16-inch disk.

Most copper-oxide varistors are made using a copper
base of high purity, but there are also available varistors
whose base plate contains a small amount of thallium.
In gencral, these varistors have higher dc and dynamic
resistance at low-voltage levels and are used for special
applications such as click reducers and other types of
voltage limiters.

Selenium Varistors

As with copper oxide, selenium varistors are manu-
factured in a variety of sizes, ranging from disks one
inch in diameter to large plates. Smaller size units are
also available, but these have found much more limited
application than small size copper-oxide units. Selenium
varistors are made (sce Fig. 1 1(a)) by depositing a layer
of metallic selenium on a suitable base plate, generally
of steel or aluminum. After suitable heat treatment, this
selenium layer is covered by a layer of some Iow melting
point alloy which forms the upper electrode. The melt
ing point of the alloy frequently is one limitation in the
operating temperature of selenium varistors.

In these varistors the semiconductor is the metallic
selenium and the barrier layer is located between it
and the top electrode. The forward direction of current
is from the base electrode through the selenium to the
top electrode, as shown by the arrow in Fig. 11(a).
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Fig. 11—Selenium varistor.

Fig. 11(b) shows the volt-ampere characteristic of a
one-inch-square selenium varistor. For a given area at
low forward voltages the forward current is less than
for a copper-oxide varistor, as may be seen by compar-
ing Fig. 10(b) for a 3/16-inch diameter copper-oxide
varistor and Fig. 11(b) for a one-inch-square selenium
varistor. These two figures also show the difference in
the types of the forward characteristics. In copper-oxide
varistors the forward current increases relatively fast
as the forward voltage is raised, while in selenium var-

istors the first few tenths of a voltage cause very little
Increase in current.
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In the reverse direction the characteristics of selenium

. varistors are less definite than copper-oxide, due to the
tendency for the reverse characteristic to deteriorate
when the varistor is standing idle. On the application of
reverse voltage the unit is re-formed, generally within a
few cycles or, at the most, a few seconds. Thisre-forming
process is not objectionable in power applications, but
limits the usefulness of selenium varistors in other fields.

The allowable reverse voltage for selenium varistors
exceeds that of copper oxide. While copper-oxide units
are generally rated in rectifier circuits at 4% volts ap-
plied ac per unit, at least two distinct types of selenium
rectifiers are available with a rating of 22 and 33 volts
applied ac per unit. This increased voltage rating re-
duces the number of varistors required in series, produc-
ing a lighter and cheaper rectifier.

Selenium varistors may be damaged by mercury
vapor, and should not be used in any application where
there is a possibility of such contamination.

In general, the use of selenium varistors is confined
to power applications in which light weight, small bulk,
and low cost are important, and in which stability with
life and large overload capacity are of secondary impor-
tance.

Copper-Sulfide Varistors

As compared to copper oxide and selenium, the pro-
duction of copper-sulfide varistors is quite small. These
units are also produced in a variety of sizes ranging from
disks 19/32 inch in diameter to large plates. These var-
istors (see Fig. 12(a)) consist of a base plate of mag-
nesium on which is placed a layer of cupric sulfide and a
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Fig. 12—Copper-sulfide varistor.

top electrode. The cupric sulfide is the semiconductor
and the barrier layer is located between this sulfide and
the magnesium base. Forward direction of current is
from the top electrode through the cupric sulfide to the
magnesium base, as shown by the arrow in Fig. 12(a).

Only a limited amount of information has been pub-
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lished on the volt-ampere characteristics of copper-
sulfide varistors, but it is generally reported that the
forward current frequently is different for increasing and
decreasing voltage as shown in the oscillogram in Fig.
12(b). In the reverse direction the current is much
higher than that of either copper-oxide or selenium var-
istors, and the reverse voltage is quite limited. The two
outstanding characteristics of copper-sulfide varistors
are the current density at which they may be operated
and their temperature characteristics. One authority
reports that these units may be operated at current
densities of 35 amperes per square inch in contrast to
densities of about 1 ampere per square inch for copper
oxide. Published curves of temperature versus dc resist-
ance in both forward and reverse direction show a rela-
tively much smaller change than for copper-oxide and
selenium varistors. As a result, copper-sulfide rectifiers
can be operated at much higher temperatures than
other rectifiers.

Present uses of copper-sulfide varistors are almost
entirely as power rectifiers in applications requiring low
voltages and high currents. Their use in other fields
where their reported superior temperature character-
istice may make them desirable will depend upon
whether greater stability of their volt-ampere char-
acteristic can be obtained.

Silicon Varistors

The use of silicon as a radio detector is quite old, but
the modern silicon varistor is essentially the outcome of
microwave developments. As a result most silicon varis-
tors are housed in either of the two standardized mount-
ings shown in Figs. 13(a) and 13(b) which were originally
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Fig. 13—Two types of silicon varistors originally designed
for microwave applications.

designed to plug into microwave equipment. Fig. 13(a)
is a ceramic case assembly first produced for use as a
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mixer at 3,000 to 9,000 mc. Fig. 13(b) is a coaxial de-
sign produced for operation in the 24,000-mc region and
also used at lower frequencies. In each of these units
a small wafer of metallic silicon, generally about 50 mils
square and 10 mils thick, is soldered to a brass pin. The
“catwhisker,” a wire of tungsten, platinum, phosphor
bronze, and the like, from 3 to 15 mils in diameter, is
soldered to another pin. During the process of manu-
facture these two pins are advanced until contact is
made between the silicon wafer and the catwhisker.

Forward direction-of current flow in this varistor is
from the silicon to the catwhisker!® as shown by the
arrow in Fig. 13(a).

In the forward direction the silicon varistor has the
lowest dc resistance of any of the point contact type of
varistors, the forward current at one volt being between
10 and 60 millilamperes. At zero bias its dynamic resist-
ance is much lower than that of germanium and some-
what lower than for most 3/16-inch copper-oxide varis-
tors. In the reverse direction the resistance (both dc and
ac) reaches its maximum value at less than 1 volt as
shown in Fig. 2. For reverse voltages of the order of one
to three volts the reverse current is quite low, but be-
yond this the reverse current increases quite fast so
that rcverse voltages must be limited to this order of
magnitude to prevent damage to the unit.

In general, silicon varistors have not received the
attention they deserve in the past, probably because of
the fact that the cost of most commercial units includes
an expensive microwave test which is not necessary if
the unit is to be used at lower frequencies. In addition
to their superior performance at microwaves, they are
well suited for many lower frequency applications, par-
ticularly where wide frequency bands are to be covered
and medium impedance levels are desired.

Germanium Varistors

While germanium varistors are the newest variety of
point contact varistors, their production greatly exceeds
that of silicon varistors. The basic structure of most
commercial units (see Fig. 14(a)) is quite similar to
silicon units except that the case is generally equipped
with pigtail leads, allowing the units to be mounted in
much the same manner as small 1-watt size resistors.
As in the silicon varistor, one metal pin has a small wafer
of metallic germanium soldered to it and another pin a
“catwhisker” of tungsten, platinum, or the like, wire.
One difference is that the forward direction’ of current
flow is opposite to that of the silicon varistor, and is from

* This statement holds for varistors made from P-type silicon
which probably includes all units in commercial production. Since
both P- and N-type silicon can be prepared, it is possible to make a
silicog varistor in which the direction of the forward current js re-
versed.

1 This direction is for N-type germanium of which most, if not
all, commercial germanium varistors are made. As in the case of sili-
con, metallic germanium can be prepared in either the N- or P-type,
S0 a germanium varistor can be made with the opposite direction of
forward current.
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catwhisker to the germanium as shown by the arrow in
Fig. 14(a).

In the forward direction, germanium varistors pass
from 3 to 25 milliamperes at 1 volt. In the reverse direc-
tions, these varistors are unique in the high reverse volt-
age which they will withstand. The maximum dc resist-
ance does not occur until the unit is biased 5 to 10 volts
in the reverse direction. This maximum resistance is
practical always over 100,000 ohms and frequently is
one or more megohms.
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Fig. 14—Germanium varistor.
(a) Cross section of one type of germanium varistor.
(b) Voltage-current characteristic of a germanium varistor.

In the reverse direction these varistors show the char-
acteristic maximum voltage and negative-resistance
region as discussed in connection with Fig. 1(a) and as
shown in the volt-ampere characteristic in Fig. 14(b).
Except for one -special type to be mentioned later, in
practically all commercial units, this maximum is
greater than 75 volts and many units will withstand
voltages of 150 volts and greater.

Almost every manufacturer of germanium varistors
today offers several types, all of which are of the same
construction and manufacture, differing only in the
values of minimum forward current, maximum reverse
current, and peak reverse current at which the units
are tested. If one examines a tabulation of these values
he is impressed by the lack of any apparent systematic
classification. One wonders if many codes have not been
established because of the failure of the design engineer
to understand his own requirements and particularly
that these dc requirements do not always completely
specify the performance of the unit. Recently units
have been made available which are selected for use as
detectors at 40 Mc in a specified circuit. This code will
undoubtedly meet the need for which it was designed,
but it leaves unsolved the problem of the design engineer
who requires a unit for use at a different frequency or in
a different circuit.

In addition to the standard type of germanium varis-
tor, a second distinctly different type is now available
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for use at ultra-high frequencies. In this unit the for-
ward characteristic curve is steeper than the usual type
unit and the maximum peak inverse voltage is appreci-
ably less, generally of the order of 10 volts. The fre-
quency characteristic of these units is superior to the
characteristics of the usual units, making possible their
application up into the hundreds of megacycles.

The large portion of germanium varistors manufac-
tured today are used in communication circuits for such
purposes as final detectors, clippers and other limiters,
clamp circuit (so-called dc reinsertion circuits), modu-
lators, gating and switching circuits, and the like. While
not intended primarily for power use, their ability to
withstand high reverse voltage and their ability to pass
forward currents of 40 to 60 milliamperes make them
quite suitable for small rectifiers for bias supply and
similar purposes.

Silicon Carbide

Silicon-carbide disks and rods are today the only sym-
metrical varistors available commercially. The state-
ment may appear as an anomaly, as it is ‘well known
that silicon-carbide crystals display marked rectifying
properties. In fact, carborundum, or silicon carbide,
crystals were once extensively used as crystal detectors
in radio telegraphy.

The present-day silicon-carbide varistor consists of
silicon-carbide granules mixed with suitable binding
material and fired to form a ceramic-like rod or disk. In
this form the silicon-carbide crystals are essentially con-
nected in series-parallel with random polarity and, as a
result, all nonsymmetry in conduction is lost. Contacts
to these rods or disks, which may vary from } to 6 inches
in diameter, are generally made by plating the opposite
faces.

In general, the field of application of silicon carbide
lies in the higher voltage range. The exponent n of equa-
tion (1) for silicon carbide has a value of from 3.5 up
to as high as 7.0, but these values can only be obtained
when the potential gradient within the varistor is at
least 100 to 300 volts per inch. When the potential
gradient falls below this order of magnitude, the value
of the exponent is markedly reduced. This generally
restricts the application of silicon carbide to voltages
somewhat greater than used with other types of var-
istors.

The major field of application of silicon carbide is in
protective devices, particularly lightning arrestors, click
and thump reducers, and the like.

APPLICATION OF VARISTORS

In the application of varistors, the first step is to
analyze the problem at hand in order to determine
which of the properties of the proposed varistors will
determine their operation in the proposed application.
This step is important because properties which have
little or no effect on the operation in one application
may be of determining importance in another applica-

tion. To demonstrate this fact, in this section three ap-
plications will be discussed, each of which requires a
different viewpoint. In power rectification one impor-
tant problem is to prevent the destruction of the varistors
due to internal power losses. In modulators, physical
failure of the varistors is almost never a problem, but
considerable attention must be paid to the magnitude of
distortion products generated. In the compandor, suc-
cessful operation depends on the uniformity of the slope
of the forward characteristic.

Application of Varistors to Power Rectifiers

In power rectification one major problem is to keep
internal losses low enough so that the varistor will not
be damaged by overheating. Two different losses are
present: (1) those due to the low series resistance during
the forward portion of the cycles, and (2) those due to
the leakage through the high reverse resistance during
the reverse half of the cycle. The first is a function of
the current through the varistor and decreases as the
temperature rises, while the second is a function of the
voltage across the varistor and increases as the tempera-
ture rises. As a result the total loss may either increase
or decrease with temperature, depending on whether the
varistor is operated with high reverse voltage and low
forward current, or with low reverse voltage and high
forward current.

The problem is to operate the varistor elements so
that the heat generated within each element by these
losses does not exceed the amount which the element
can dissipate at the maximum allowable operating tem-
perature. Forward losses are reduced by using larger
area varistors or by operating varistors in parallel. Re-
verse losses are reduced by operating with more var-
istors in series. In addition to the limit imposed by
losses in the reverse direction, it is sometimes also nec-
essary to limit the reverse voltage to a value that will
prevent the unit from failing due to voltage breakdown.

When operated at high ambient temperature the heat
dissipation is reduced so ratings based on normal oper-
ating temperatures must be decreased.!” Similarly the
power handling capacity may be greatly increased by
forced ventilation or by intermittent operation. An
example of the second type of service is the use of rela-
tively small-size copper-oxide rectifiers to close circuit
breakers. Here the rectifier is energized only occasion-
ally and only for a short interval, hence the continuous
duty rating of the rectifier can be greatly exceeded.

In practice, most power rectifiers are full-wave be-
cause of increased efficiency and better wave shape in
the output. Fig. 15 shows two single-phase, full-wave
rectifier circuits which externally are equivalent in all
respects. Which, of these circuits is used generally de-
pends on the characteristics of the rectifying element.
With vacuum tubes, except for high-voltage applica-

1 For example, see curve in bibliography reference (15).
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tions, voltage in the reverse direction is not a limiting
factor. Hence the center-tapped circuit of Fig. 15(a) is
generally preferred because only two rectifying elements
are required and because a single filament supply can
be used. In a varistor rectifier, except for low-voltage
applications, the reverse voltage requires more than one
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Fig. 15—Single-phase full-wave rectifier circuits.

varistor unit in series. lence the bridge connection of
Fig. 15(b) with its simpler transformer is generally pre-
ferred. In this circuit the total reverse voltage during
each half of the cycle is impressed across one diagonally
opposite pair of the varistors in the bridge. Similar
rectifier circuits are available for polyphase operation.

Application of Varistors in Bridge- and Laltice-(Ring)
Type Modulators

The extent that varistors have been utilized in bridge-
and lattice-type modulators'® is probably little realized
by engineers other than those directly connected with
long-distance telephone service. The copper-oxide modu-
lator was introduced in carrier telephone service about
1936 and very quickly supplanted the vacuum tube be-
cause of its simplicity, higher degree of stability, longer
life, lower maintenance costs, absence of power drain
during stand-by periods, and ability to act as a bilateral
device.

Prior to the close of the second World War, all varis-
tor modulators installed were of the copper-oxide type.
These were initially installed in systems where the fre-
quency translation was from voice frequency up to
carrier frequencies of less than 100 kc. This range was
then expanded into the hundreds of kilocycles, and fi-
nally in the coaxial system super-group modulators were
developed which work at frequencies up to 2 mc.

Since the close of World War II, both silicon and
germanium varistors have been used as modulators in
carrier systems. While it is«loubtful that it would be
economical to replace copper-oxide modulators with
silicon or germanium modulators in systems already
installed or even already designed, it is probable that the

18 A modulator is a device which is used to translate a band of fre-
quencies from one portion of the spectrum to anogher. This shift may
be either upwards, as when transferring a message band from its
original position to a new position in the spectrum, or downwards,
as when the message band is restored to its original position. In the
second case, the translation is sometimes referred to as demodulation,
but since the processes are identical it is simpler here to group all
such translations under the general term of modulation.
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future trend will be away from copper-oxide modulators
except for low-frequency applications, and possibly for
applications in which a low noise level is necessary.

The outstanding problem in modulators is the reduc-
tion of undesired modulation products. If two signals,
such as a signal S and a carrier C, are impressed on any
nonlinear device an infinite number of new components
whose frequencies are NC+ MS are generated. Here N
and M are integers having any value including zero. One
of these new products, generally C+S or C—-3S, is the
desired new frequency, while others represent extrane-
ous products which must be eliminated by selective
circuits or must be reduced to acceptable values by
circuit design.

All of this infinite number of modulation products may
be divided into four groups, namely:

NC + MS (A)
NC+ MS (B)
NC+ MS ©
NC+ MS (D)

in which N.and M. are any even integer, including zero,
and N, and M, are any odd integer. The spectra of
these four groups of modulation products are shown in

Fig. 16.
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Fig. 16—Spectra of modulation products formed from a carrier
of frequency C and a signal of frequency S.

When a single varistor or vacuum tube is used in a
modulator circuit, all of these four groups of modulation
products are present in the output. If, however, a multi-
ple-unit modulator is used, certain of these groups can be
eliminated from the output. Three circuits frequently
used for this purpose are shown in Figs. 17(a), 17(b),
and 17(c). Assuming perfect balance in the bridge-type
n'lodulalor of Figs. 17(a) and 17(b), only the modula-
tion products of groups (A) and (B) appear in the out-
put. In the lattice- or ring-type modulator of Fig. 17(c)
there is an additional degree of balance. Here only the
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Fig. 17— Balanced modulator circuits. The letters 4, B, C, .m.d D in
each circuit indicate the spectra (according to Fig. 16
appearing in various branches of these modulators.

products of group (A) appear in the output. In each of
the modulators, the products which are not present in
the output appear elsewhere, as indicated in Figs. 17(a),
17(b), and 17(c).

Of the unwanted products falling in the output, some
such as 3C + S are so widely separated in frequency from
the desired output that there is no difficulty in eliminat-
ing these products by selective circuits. Other undesired
products, particularly those of the C+ 35 type, are more
difficult to eliminate, especially as they may fall within
the pass band of the output filter. Such products must
be reduced in magnitude by correct adjustment of
the operating levels.'” The magnitude of extraneous
products permissible is dependent on the requirements
of the system and is determined by such factors as per-
missible noise, distortion, and crosstalk between chan-
nels. In long-distance telephone circuits the limits im-
posed on single modulators may be quite severe, as
these systems often contain several modulators in
tandem, each of whose extraneous products contribute
to the degradation of the circuit.

As an example of the order of magnitude of these vari-
ous products, Table I indicates the worst value to be
expected when using four Western Electric 3/16-inch
copper-oxide varistors in a lattice-type circuit. In this
table, it is assumed that the balance of the varistor sup-
presses carrier, and so forth, by only 25 db. This repre-
sents only a moderate degree of selection of the varistor
elements and greater suppression can be obtained.

1 See bibliography reference (24).
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TABLE 1

MonuLation Propucts 18 Outrut oF LATTicE-TyrE
Mobutator Using WEsTERN ELectric Co.
3/16-1ncn CorrER-OXIDE VARISTORS

Carrier Input: 15 db above I milliwatt
Sideband Output: 10 db below 1 milliwalt

Is Product | Amplitude of

Order of :
Product . Affected by | Product in db
| Modulation | "B pnce?” | below (C—S5)
C+S 2nd | No 0
S ' 18t Yes 20
%S 2nd Yes 40
3S 3rd Yes i 70
C 15t Yes ‘ 0
2C 2nd Yes 10
3C 3rd Yes S
{C ith Yes 13
5C Sth Yes 8
oC oth Yes 15
iC ith Yies 10
A4S 3rd Ye 20
ICtS {th No 5
4C+S Sth Yes 23
SC+S 6th No 8
6C+S ith Yoes 25
ICES &th No 10
c228 3rd Yes 45
C+3S5 {th No i 50
20428 ith Yes ' 50
Noise 10 db above thermal noise

Note: Above values are probable worst values. Only a moderate
degree of balance is assumed and those products affected by balance
can be reduced to greater extent if the balance is improved.

The degree of balance obtained is inherently depend-
ent on the effort used in selecting the individual varis-
tors of the modulator assembly. With purely random
selection one cannot expect better than 10-to-1 reduc-
tion.?® With a reasonable degree of selection, reductions
as high as 50 to 1 can be obtained. For special applica-
tion, even higher reduction can be obtained, particu-
larly if auxiliary balancing circuits may be used. Once
the balance is obtained, it is quite stable, in marked
contrast to the balance obtained when using balanced
vacuum-tube modulators.

The maintenance of the balance in a modulator is a
severe test of the stability of varistors. Either the varis-
tors must show no aging, or the aging from unit to unit
must be extremely uniform. The degree to which this
balance can be maintained, without any adjustments, is
illustrated in Fig. 18, which shows the results of two
surveys on approximately 600 bridge-type modulators
using 3/16-inch copper-oxide varistors located in toll
centers in the eastern part of the United States. At the
time of installation in 1938 to 1940 all modulators hav-
ing a carrier leak greater than 33 db below the level of
the carrier supply were rejected. The dotted curve

3 These figures are for the ratio of carrier voltage across a bridge
modulator to carrier voltage in output. Because of difference in im-
pedance levels, the ratio of power at these points is greater.
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shows the percentage of installed units having carrier
leak equal to or greater than the value given on the
abscissa. Carrier leak value ranging all the way from
33 to 63 db below the level of the carrier supply were
obtained, with 50 per cent of the modulators having a
carrier leak of 43.4 db below carrier level or less. During
1949 the second survey was made on these same units

* and the results are shown by the solid line. This survey

showed that while some changes had occurred in the in-
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Fig. 18—Results of two surveys showing the stability of
balance in copper oxide modulators.

dividual modulators, from a statistical viewpoint there
has been little change in the group of modulators as a
whole.

In a preceding section it was pointed out that the
dynamic resistance of a copper-oxide varistor drops
rapidly as the frequency is increased. This plus the
shunting effect of the capacitance would indicate that
copper-oxide modulators are limited to audio and per-
haps the lower carrier frequencies. That this is not the
case may be seen by experience on the type-L1 coaxial
system. In this system a total of 60 message channels
are assembled to form a super-group occupying the fre-
quency space from 312 to 552 kc. Eight such super-
groups are assembled, and then each is translated to its
position on the coaxial line using a lattice modulator
such asshown in Fig. 17(c).?! In each of these modulators,
the input transformer has a ratio of 72 to 66 ohms,
while the ratio of the output transformer is progres-
sively reduced so that as the frequency is increased the
varistor lattice operates into a lower and lower imped-
ance. By this means it has been found possible to oper-
ate copper-oxide modulators to 2 mc with only the small
increase in loss shown in Table II.

* There is no modulator for super-group No. 2 as the line fre-
quency of this super-group is the same as the frequency band in
which the super-group is assembled.

Since the original design of the L1 system, two addi-
tional super-groups have been added at 2,172 to 2,408 kc
and 2,552 to 2,788 kc. By the time this addition was
made, silicon varistors were available and for these two
higher-frequency super-group silicon varistors operating
at impedance levels of about 400 ohms are now used.

Modulators are one application of varistors which in
practice are relatively free from troubles due to ambient
temperature variations, except where high degree of
balance is desired. This is because the carrier voltage
applied is sufficient to drive the varistor into that por-
tion of the characteristic where temperature effects are
of negligible magnitude.

TABLE 11
SuPER-GROUP MODULATORS FOR TyYPE-L1 CARRIER

Super- Line Carrier hﬁgi%‘g‘?e ! Modulator
Group | Frequency Frequency ' Output om==ap
No. | ke ke Trans
1 68 to 308 620 | 75t072 6.5
2 312to 552 — = —
3 564 to 804 1,116 46 to 72 6.7
4 812 to 1,052 1,364 ' 46 to 72 6.8
5 1,060 to 1,300 1,612 33t072 T2
6 1,308 to 1,548 1,860 } 33to72 7.3
7 1,556 to 1,796 2,108 | 25to72 7.6
8 [ 25to72 8.0

1,804 t02,044 | 2,356

Application of Varistors in Compandors

In communication circuits the distance between re-
peater points is determined by the rate of attenuation of
the medium, the maximum power available at the out-
put of each repreater, and the noise level at the input of

e 4~ MAXIMUM AVAILABLE POWER
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