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e N . Torque testing - YA _
Qualitative micro analysis. Vibration stress analysis of standard assemblies. N

Hermetic terminals Chemical section analyzing
on microscope check new materials.

N 1 :
Checking uniformity Quantitative checking
of thermoplastic compounds. of weld strength.

L 4
.

- x i’ t -\Y'A
Microscope analysis

of dissected units. Calibration to primary standards. Pilot plant hydrogen annealing.

Seal tests under extremes
of cold, heat, and altitude.

IS THIS PROVEN RELIABILITY AND UNIFORMITY
IN THE COMPONENTS OF YOUR EQUIPMENT?

A large aircraft company. . ."Our vendor analysis for past year (thou-
sands of tests) shows zero rejects.”

A large electric company.. . “Consistent quality has placed you as our
- 3 s 1 #1 source ... are grateful for the aid you have given our own quality
Abrasion and mercury tests Pilot plant run contro! staff.”

on magnet wire. on encapsulating material. A large military electronics company. ..“Switching from former vendor
to UTC has saved us 18% of transformer and filter cost by reducing
manufacturing costs.”

A large instrumentation company...“We haven't had one field failure
in fifteen years’ use of UTC parts*.”

*Over 100,000 units,

Corrosion testing Non-destructive quality
on insulating materials control by x-ray

150 VARICK STREET . NEW YORK 13, N. V.

EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y. CABLES: ''ARLAB"’



The 1954 IRE DIRECTORY is—

Better

More Engineers Listed than ever
before! IRE membership continues
to gain and gain! More engineers
(now 35,000) are listed, and there-
fore have a direct, personal interest
in this DIRECTORY.

Up-to-dateness is almost a mania
with IRE DIRECTORY compilers!
Membership lists are corrected up
to May 30th. Industry lists, com-
piled and classified by high speed
IBM sorting methods are accurate
to June 15th. No firm's report is
older than 18 months.

Information at high speed! ‘'Data
the way an engineer thinks" is the
key to IRE DIRECTORY classifica-
tions. All products are divided
into 10 fundamental groups, many
of which parallel professional
group organization. The grouping
plan makes this the fastest working
directory you ever used! No com-
ponents are mixed with test equip-
ment—you turn right to a section
where each item belongs.

Yet good engineering detail is
maintained. 104 basic classes of
products under these ten sectional
product directories keep listings
from becoming cumbersome, but
clearly define products. Overlap-
ping listings are skillfully elimi-
nated. Simplicity makes this book
easy to work with—insures faster
finding of facts when f{forgotten.

and Better

Thus the faults of terminology list-
ings are avoided.

Completeness is insured! Most
firms make many products in a
single classification. Wasteful, eye-
confusing relisting of the same
firms over and over is quite sen-
sibly solved by using a system of
codes under the 104 basic head-
ings which actually provide 608
separate classifications. A more
complete picture of what each
firm's full line is results, but you
travel through fewer listings. The
‘Copp Principle” of Directory in-
dexing makes these lists wide, well
marked highways to information
fast.

3000 Firms listed. The alphabetical
directory gives a clear definition
of these firms by showing any or
all of the ten fundamental groups
in which these firms belong atfter
every name.

Machol Edge Index is just one more
modern service to help the user
find information fast.

Ads positioned with reason! In a
DIRECTORY where ads play an
important part in supplying infor-
mation the user wants and needs,
it makes good sense to cross-ref-
erence every advertiser in each
listing so that the user can quickly
find more detail. Ads are also

THE INSTITUTE OF RADIO ENGINEERS

BRyant 9-7550 e

ADVERTISING DEPT., 1475 BROADWAY, NEW YORK 36, N. Y.

35,000

Radio-Electronic
Engineers will

receive and use the
1954 IRE DIRECTORY

and Better!

placed facing company alphabeti-
cal listings, or in the product sec-
tion in which they properly be-
long. No effort is spared to "“organ-
ize" ad information.

More advertisers—more informa-
tion! Never belore have so many
advertisers served IRE readers
with so much information! The ad-
vertisers' list this year is truly a
“social register’” of this great in-
dustry.

Economy a service too! In spite of
a rate increase since last year, due
to increased circulation it costs less
per reader than in 1953 to reach
this selected engineer audience.
Rates are: page $450, %—$300,
Y3-§$150, 1/6--$75, and earned
discounts apply to Proceedings
advertisers. (The Directory closes
June 15th.)

Reserve 1954 DIRECTORY
space now!

Engineers are educated
to specify and buy

Radio .

Communications .

Television .

Electronics
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A VERY WIDE RANGE SWEEPING OSCILLATOR
PROVEN BY YEARS OF APPLICATION. VALUED &
RECOMMENDED BY ENGINEERS IN MANY FIELDS

110-A CALIBRATED MEGA-SWEEP

FEATURES — Model 110A
Wide Range—from 50 ke to 950

me.
Single Dial Tuning

Wide Sweep Width Adjustable to
30 mc (wider on special order).

Very Flat Amplitude vs. Fre-
quency Response.

Precision Micrometer-controlled
Wavemeter.

High Stability, Negligible Distor-
tion.

Sawtooth Sweep Voltage Avail-
able for Deflecting Oscillo-
scope.

Electronically Regulated Power
Supply.

SPECIFICATIONS:
FREQUENCY RANGE: 50 ke to 950 mc.

SWEEP WIDTH: Variable to 30 me.

Note: Frequency sweeps up to 60 mc in width
may be obtained with slight sacrifice in constancy
of signal output while sweeping.

R.F. OUTPUT VOLTAGE: High output, approx. 50 mv
max. into 50 ohm load.

Low output, approx. 2.5 mv max. into 50
ohm load.

R.F. OUTPUT CONTROL: Uncalibrated microwove
attenvator continvously variable to 26 db.
attenvation characteristic flat over frequency
range.

FREQUENCY MEASUREMENTS: Approx. output cen-
ter frequency indicated by a calibrated dial
accurate to about 10%. In addition, center
frequency of sweep may be pre-set or frequency
indicated at any point on oscilloscope display
within £ 5 mc by use of the precision micro-
meter-controlled wavemeter.

AMPLITUDE MODULATION: Control of output sig-
nal amplitude by fixed frequency klystron pro-
duces an amplitude variation while sweeping
of less than 0.1 db per mc,

CATALOG No. 110-A.

PRICE: $495.00 f.o.b. factory.

MEGA-SWEEP
except:

calibrated.

ally instead of automatically.

mc.

CATALOG No. 100-A.
PRICE: $465.00 f.0.b. tactory.

Same as Calibrated Mega-Sweep,
1. Center frequency control not

2. Variable klystron repeller volt-
age peaking controlled manu-

3. Frequency range: 50 ke to 1000

ALSO THREE OTHER MODELS...

II-A MEGA-SWEEP

Same as Calibrated Mega-Sweep,
plus:

1. Much higher output
2. Wider Sweep Width (to 40 mc)
3. Zero Level Baseline.

EXCEPT: Output

Frequency Output Voltage (into
Range Impedance 70 ohm load)

1. 10 mc to 70 ohms un-  0.15 volts
950 me balanced

2. 450 mc to 300 ohms 0.3 volts
900 mc balanced

CATALOG No. 111-A

PRICE: $575.00 f.ob. factory, inctud-
ing Ultra-Former.

112-A MEGA-SWEEP
Same as 111-A Mega-Sweep, except frequency range is 800 mc to 1200 mc

14 Maple Avenue

: KAY ELECTRIC COMPANY

Pine Brook, New Jersey

Meetings with Exhibits

@ As a service both to Members and the
industry, we will endeavor ta recard in
this calumn each manth thase meetings of
IRE, its sections and professianal groups
which include exhibits.

June 23, 24 & 25, 1954
IRE Symposium on Global Com-
munications, Hotel Statler, Wash-
ington, D.C.
Exhibits: Louis De La Fleur, 77 14th
St., N.W., Suite 800, Washington 5.

August 25, 26 & 27, 1954
Western Electronic Show & Con-
vention, Pan-Pacific Auditorium,
Los Angeles, Calif.
Business Manager: Mr. Mal Mobley,
Jr., 344 North La Brea Ave., Los
Angeles, Calif.

September 13-22, 1954
First International Instrument
Congress & Exposition, Com-
mercial Museum and Convention
Hall, Philadelphia, Pa.
Exhibits: Mr. Richard Rimbach, In-
strument Society of America, 921

Ridge Ave., Pittsburgh 12, Pa.

September 17 & 18, 1954
Conference on Communications,
Cedar Rapids Section, Roosevelt
Hotel, First Ave. at Secend St. N.E.,
Cedar Rapids, lowa.
Exhibits: Mr. Vernon R. ludek, c/o
Collins Radio Co., Cedar Rapids.

October 4, 5, 6, 1954
National Eleetronics Conference,
Sherman Hotel, Chicago, Tl
Exhibits: Mr. George H. Wise, c/o
DeVry Technical Institute, 4141
Belmont Ave., Chicago 41, Ill.

November 4 & 5, 1954

East Couast Conference on Air-
borne and Navigational Elec-
tronics, Sheraton-Belvedere Hotel,
Baltimore, Md.

Exhibits: Mr. C. E. McClellan. Air
Arm Division, Westinghouse Elec-
tric Corp., Friendship Airport, Bal.
timore, Md.

November 18 and 19, 1954
Sixth Annual Electronics Confer-
ence, Hotel President, Kansas City.
Exhibits: Mr. Robert W. Butler, P.O.
Box 8857, Kansas City, Mo.

February 10, 11, 12, 1955
Seventh IRE C(onference, Baker

Hotel, Dallas, Texas
Exhibits: T. W. Sharpe, Collins Radio
Co.. 1930 lli-Line Drive, Dallas 2.

March 21-21, 1955
Radio Engineering Show and
I.R.E. National Convention.
Kingsbridge Armory, N.Y.C.
Exhibits: Mr. William C. Copp, In-
stitute of Radio Engineers, 1475
Broadway, New York 36, N.Y.

Note on Professional Group Meetings:
Some of the Professional Groups con-
duct meetings at which there are ex-
hibits. Working committeemen on these
groups are asked to send advance data
to this column for publicity informa-
tion. You may address these notices to
the Advertising Department, and of
course listings are free to IRE Profes-
sional Groups.
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RMASEAL

PRECISION RESISTORS

NOW!

ENCAPSULATED AXIAL LEAD STYLES
FOR 85°C, 125°C and 150° AMBIENTS

85°C PERMASEAL : RESISTORS
SPRAGUE SIZE RATED MAY
TYPE o L LEADS WATTS Oirras
200E Y Va No. 22 AWG 20 140,000
201E Ye Y No. 22 AWG 3 225,000
202c Y % No. 20 AWG 50 500,000
203E h No. 20 AWG 75 700,000
204E Y2 A No. 20 AWG 79 1.2 M0
205€ V. 1 No. 20 AWG  1.00 1.7 MO
206E Yo No. 20 AWG  1.50 28 MO
125°C PERMASEAL « RESISTORS

SPRAGUE SIZE RATED MAX
TYPE LEADS WATTS JHM
300E Ve /2 No. 22 AWG 10 140,000
301E . No. 22 AWG 15 225,000
302¢ ) “ No. 20 AWG 25 500,000
303€ . No. 20 AWG 30 700,000
304E /o No. 20 AWG 30 1.2 MQ
305€ Y 1 No. 20 AWG 40 1.7 M2
306E Vo Y, No. 20 AWG .60 2.8 M1

age at ambient temperatures of §5°C and 125°C.

PERMASEAL accurate wire-wound resistors are

ideal for point-to-point wiring, for terminal board

Special units can be made for operation at 150°C

. SPRAGUE

" PIONEERS IN ELECTRIC AND ELECTRONIC DEVELOPMENT

mounting and for use on processed wiring chassis.

Encapsulated for protection against high hu-
midity, these resistors will stand up in military
and industrial electronic service. The protective
housing also guards against physical damage
during installation and during equipment
maintenance.

Standard designs are available in seven differ-

ent physical sizes for operation at full rated wate-

235 Marshall Street, North Adams, Mass.

ambient with full rated wattage dissipation.
Unusual long-term stability of resistance is an-
other plus feature of Sprague Permascal Resistors
—as the result of careful martching of winding
forms, resistance wire and encapsulating material
—together with a thoroughly controlled aging

process during manufacture. Permaseal Resistors

are available in resistance tolerances * l—""““‘
down to 0.1%, when necessary. Emsa

FOR COMPLETE DATA, WRITE FOR COPY OF SPRAGUE °
ENGINEERING BULLETIN NO. 122, WITHOUT DELAY.

SPRAGUE ELECTRIC COMPANY,

NORTH ADAMS, MASSACHUSETTS

EXPORT FOR THE AMERICAS: SPRAGUE ELECTRIC INTERNATIONAL LTD., NORTH ADAMS, MASS.

CABLE: SPREXINT

meus RESISTORS



SPLITTING HAIRS

TO SPEED CALLS

To triple the voice-carrving capacity of coaxial

cable, Bell Laboratories engineers had to create new

: itvi Q M N .1 . N 'O~

;‘;:}:t%?;gh::}zi Ll.\(:llt(ilthtl;:mgltll(]l o l()kg](()((llcm;!l);ltt]\l\(‘(:— This coaxial :\'ysfcm electron t.ul)c amplifics more coices
at the same time becaunse of wider frequency band—made

more, the grid wires had to be held rigidly in possible by bringing grid and cathode closer together.

position; one-quarter of a hair’s shifting would cut

amplification i half,

Working with their Bell System manufacturing
partners at Western Electrie, the enginecers de-
veloped precise optical means for measuring critical
spacing insulators. On a rigid molybdenum grid
frame they wound tungsten wire three ten-thou-
sandths of an inch thick. To prevent the slightest
movement they stretched the wire under more ten-
sion for its size than suspension bridge cables, then
bonded it to the frame by a new process.

The resulting tube increases coaxial’'s capacity
from 600 to 1800 simultancous voices—another ex- )

1 1 . ere Grid is shown aboce left, actual size. Picture at right, en-
ample of how Bell Telephone Laboratories research larged 15 times, shows how twires are anchored by glass
helps keep vour telephone system growing at the bond. They will not sag despite nearness of red-hot cathode.
lowest possible cost.

BELL TELEPHONE LABORATORIES

IMPROVING TELEPHONE SERVICE FOR AMERICA PROVIDES CAREERS
FOR CREATIVE MEN IN SCIENTIFIC AND TECKNICAL FIELDS ®&\

4
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FILTRON TYPE FA 1391
28 VYDC/115 AC
100 AMPS
0-400 CYCLES

HIGH ATTENUATION
CONTINUOUS DUTY

HERMETICALLY SEALED

FILTRON TYPE FA 736
500 VAC/DC
100 AMPS
Frequency Ronge 1000 to 15,000 MC

4 TTT I I T TTTTI
o ATTENUATION CHARACTERISTICS
2 OVER 100 DB THROUGH ENTIRE FREQUENCY RANGE FILTRON SCREEN ROOM FILTER FA 1391
g ------T ---T-- o o o 0 o e o ol onf - s - TP E T T Y T Y-y - - e ds - - v
< 100
2
4
E 90
< MEASURED IN A 500 SYSTEM
PER MIL-STD-220
80 112 n 1 1 i1
100 KC FREQUENCY 1000 MC

R Demsenines rase

PROCEEDINGS OF THE L.R.E.

Screen room manufacturers specify and install
FILTRON Screen Room Filters as standard equipment.

FILTRON Screen Room Filters are used in the
majority of industrial, government and military
screen rooms, to meet the requirements of specification
MIL-5-4957, and wherever critical RF measurements
are required.

FILTRON has over 30 types of Screen Room Filters
available, ranging from 1 Amp to 1000 Amps, 28 VDC

G. $. Marshall Co., Posodeno, Cof.
Roy J. Magnuson, Chicogo, 111,
Massey Associotes, Inc., Narbeth, Po.,

SALES REPRESENTATIVES
Woshingon, D, C.

to 500 Volt AC/DC, 0 to 1000 cycles. Complete tech-
nical information available.

FILTRON RF Interference Filters are also specified in
the latest types of Radar, Radio Transmitters, Receivers,
Motor Generator Sets, Inverters, Aircraft, Electronic
Systems, and numerous other “restricted’’ equipments.

When you have an RF Interference Filter problem,
consult FILTRON — the most dependable name in RF
Interference Filters.

Holliday-Hathaway, Combridge, Mass., Conoon, Conn.

Soles Offices ot: New Yark, N. Y., Greot Neck, N. Y.
Rochester, N. Y., Binghomton, N. Y.
Wood-Ridge, N, J.

An inquiry on your compony letterheod will receive prompt ottention.

June, 1954

wey FHEFRONN co., Inc. - FLUSHING, LONG 1SLAND, NEW YORK
LARGEST EXCLUSIVE MANUFACTURERS OF RF

INTERFERENCE FILTERS

5a



You can depend on C.T.C. coils to
give a steady, star performance. They
won’t go dead despite threats of tem-
perature, climate or vibration. And for
very good reasons —

The mounting stud of every C.T.C.
coil is fastened to the ceramic body in a
special way that does away with weak-
nesses of ordinary coil fastenings. This
special fastening makes C.T.C. coils
vibration-proof. What's more, their
tightness 18 preserved in hot, cold, dry
or damp weather. All C.T.C. coils are
precision-made, of course, to meet in-
dividual specifications — and to meet,
or better, government specifications, as
well. And continuous quality control is
maintained.

As a result, you get a guaranteed elec-
tronic component — custom or stand-
ard — whose performance you can de-
pend upon.

Precision-made C.T.C. components
that benefit from C.T.C. high quality
standards include terminals, terminal
boards, capacitors, swagers, hardware,
insulated terminals and coil forms. For

0A

all specifications and prices, write
Cambridge Thermionic Corporation,
456 Concord Avenue, Cambridge 38,
Mass. West Coast manufacturers con-
tact: E. V. Roberts, 5068 West Wash-
ington Blvd., Los Angeles 16 and 988
Market St., San Francisco, California.

Slug Tuned Coil Data: Single layer or pie type
windings to your specifications. Forms of quality
paper base phenolic or grade L-5 silicone im-
pregnated ceramic. Mounting studs are cadmium

lated brass; ring type terminals are silver plated
Eras.s. All units include slugs and mounting hard-
ware. One style (Type C) available with retaiaing
collars of silicone fibreglas which permit 2 to 4
terminals. Windings can be coated with resin
varnish, wax or lacquer.

New CST-50 variable ceramic capacitor surpasses
range of capacitors many times its size. Stands
only '%;” high when mounted, is less than %" in
diameter and has an 8-32 thread mounting stud.
A tunable element of unusual design practically
eliminates losses due to air dielectric giving large
minimum to maximum capacity range (1.5 to
12MMFD).

CAMBRIDGE THERMIONIC CORPORATION / !
makers of guaranteed electronic components, g \3
custom or standard

b S
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Eves in the nicht . . . certain

as a pendulion to pierce

he vetl of fme and disiance, _—
o _—

Thus we have the moving eye— _—

symbol of knowledge — on the =

ever predictable pendulum.

eyes in the night

The victory over time and darkness is certain with Kollsman instruments.
Certain because of our quarter century dedication to accuracy in controls
and instrumentation.

Today our activities encompass four ficlds:

AIRCRAFT INSTRUMENTS AND CONTROLS
OPTICAL PARTS AND DEVICES
MINIATURE AC MOTORS
RADIO COMMUNICATIONS AND NAVIGATION EQUIPMENT

Our munufacturing and rescarch facilities . . . our skills and talents, are
availuble to those secking solutions to instrumentation and control problems,

e

ollsSman wsmmen com
N g ._.+. -

\ ELMHURST, NEW YORK « GLENDALE, CALIFORNIA « SUBSIDIARY OF ghﬂddﬂd COIL PRODUCTS CO. INC.

PROCEEDINGS OF THE I.R.E June, 1954
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-hp- 608D VHF Signal Generator

New premiuvm-quality
performance

Wide range, direct calibration
Residual FM less than 1 ke
Drift less than 0.005%

High power output

All types of modulation

COMPLETE

Presenting...

-hp- 608C VHF Signal Generator

Models 608D and 608C are designed to be the best commer-
cial instruments of their type, and to set new standards of VHF
generator convenience, applicability and performance. They are
the redesigned and improved successors to over 3,000 -hp-
608A/B VHF generators now in use throughout the world.

The premium quality -hp- 608D

-bp- 608D is the ultimate in VHF signal generators. It offers the
highest stability attained in production equipment of its type.
There is almost complete absence of incidental FM or frequency
drift. There is a calibrated output from 0.1 v to 0.5 v through-
out the frequency range, 10 to 420 mc. A built-in crystal cali-
brator provides a frequency check accurate within 0.01% every
5 mc throughout range.

These unique advantages are made possible in large part by
new master oscillator, intermediate and outpuc amplifier circuit
design. Other features to improve stability include a regulated
filamenc supply, a new variable condenser design and a com-
pletely new coil turret and circuit housing. The result is the most
convenient, accurate and effective instrument available for test-
ing and aligning VHF aircraft communications and other re-
ceivers having extreme selectivity.

The all-purpose -hp- 608C

The -hp- 608C is a high power, stable and accurate VHF signal
generator for general laboratory and field use. Employing a
master oscillator—power amplifier circuit, -hp- GO8C offers 1 v
maximum power and a broad frequency coverage of 10 to 480 mc,
The instrument provides outstanding convenience for measuring
gain, sensitivity, selectivity and image rejection of receivers, IF

HEWLETT-PACKARD

COVERAGE

8a
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two completely new

SIGNAL
GENERATORS

amplifiers, broad band amplifiers and other VHF equipment. Its
1 v outpur is more than sufficient to drive bridges, slotted lines,
transmission lines, antennas, filter networks and other circuits.

cabinets reduce weight. Circuitry is particularly clean and
accessible. Dial, condenser and turret drives are ball-bearing.
Variable condensers are specially manufactured by -hp- and
feature clectrically welded Invar low temperature steel plates
to minimize drift. Sealed transformers are used throughout,
and construction is militarized.

Ovutstanding features in both

Both -hp- 608D and GO8C have broadest possible modulation
capabilities. There is AM modulation to 80%, and flat response

v 20 cps to 1 mc which provides high quality internal and external
pulse modulation. RF leakage is negligible, and sensitivity meas-
urements to 0.1 pv are possible. Internal impedance is 50 ohms
constant, and VSWR is a maximum of 1.2.

' Both instruments also feature new mechanical design and
quality construction throughout. New aluminum castings and

Data subject to change without notice. Prices f.0.b. factory
WRITE FOR COMPLETE DATA

HEWLETT-PACKARD COMPANY

3099D Page Mill Raad » Pala Alta, California, U.S.A.

SALES AND ENGINEERING REPRESENTATIVES
THROUGHOUT THE WORLD

e

PROCEEDINGS OF TIHE LRE.

-hp- 608D VHF Signal Generator

Frequency Range: 10 to 420 mc, 5 bands.

Calibration Accuracy: 1% full range.

Resettability: Better than *0.19% after
warm-up.

Crystal Colibrotor: Frequency check points
every 5 mc through range. Headphone
jack for audio frequency output.

Frequency Drift: Less than 0.0059% over
15 minute interval after warm-up.

Output Level: 0.1 v to 0.5 v into 50-ohm
load. Attenuator dial calibrated in v and
dbm. (0 dbm equals 1 mw in 50 ohms.)

Voltage Accuracy: =1 db full range.

Generotor Impedance: 50 ohms, maxi-
mum VSWR 1.2

Modulation Percentoge: 0 to 80% indi-
cated by meter.

SPECIFICATIONS

Envelope Distortion: Less than 2.5% at
309 sine wave modulation.

Internol Modulotion: 400 cps =109 and
1,000 cps =109%.

Externol Modulation: 0 to 80%, 20 cps to
100 kc. For RF output above 100 mc, 0
to 309 to 1 mc.

Externol Pulse Modulotion: 10 v peak
pulse required. Good pulseshapeat | usec.

Residual FM: Less than 1,000 cycles at 30%
AM for RF output frequencies above 100
mc. Less than 0.001%% below 100 mc.

Leakoge: Negligible; permits sensitivity
measurements to 0.1 microvolt.

Filament Regulation: Provides highest pos-
sible oscillator and amplifier stability for
line voltage change.

Power: 115/230 volts =10%, 50/1,000
cps. Approx. 150 watts.

INSTRUMENTS

Size: 1335” wide x 16” high x 2014” deep.

Weight: 70 Ibs. Shipping weight. approx.
100 Ibs. PP

Price: $950.00.

-hp- 608C VHF Signal Generator

Same as -hp- GO8D, except:

Frequency Range: 10 to 480 mc, 5 bands.

Crystol Colibrator: In Model 608D only.

Frequency Drift: Less than 0.05% over 15
minute interval after warm-up.

Output Level: 0.1 uvto 1.0 v.

Residuol FM: Less than 0.0025% at 30%
amplitude modulation for RF output fre-
quencies 21 to 480 mc.

Filoment Regulation: In Model 608D only.

Price: $850.00,

COMPLETE
COVERAGE

June, 1954
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General gives you a choice of 8 batteries, four mercury, from
the RG1 to the B-3, made with General’s exclusive non-shorting surge
weld process. Four sizes in carbon-zinc batteries round out the line.
Here is a transistor power supply, versatile to meet almost any re-
quirement, with proven performance.

*Internal impedence of General's RG1 varies only from
2.5 to 4 ohms throughout the service life of the battery.

MERCURY CELLS . .. No’'s RG1, 1.3 volts; B-1, 2.6 volts; B-2, 2.6
volts; B-3, 3.9 volts. Exclusive General construction prevents contam-
ination of chemicals and shorting . . . provides full guaranteed shelf
and service life. (RG1 guaranteed at full 1100 milliamp hours.)

“N” SERIES . .. No's. EP-671, 1.5 volts; EP-672, 3.0 volts; EP-673,
1.5 volts. These carbon-zinc, metal clad cells give over 50% of the
service life of comparoble mercury cells . . . cost less than one-half and
weigh 20% less. (400 milliamp hour rotmg on drains of 5 to 6 M/A.)

EP-921 ... This 1.5 voit cell gives outstanding performance in low-
drain transistor service. (2000 milliamp hour rating on drains up to
6 M/A)

GENERAL
DRY BATTERIES, INCORPORATED

13000 ATHENS AVENUVE CLEVELAND 7, OHIO
Offices in Principal Cities

104 )CI \(; E June, 1954



News—New Products

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

Molded Borocarbon Resistors

A complete series of moldet borocarbon
resistors has been announced by the
Sprague Electric Co., 235 Marshall St.,
North Adams, Mass. The new resistors,
known as the Sprague Filmite B series,
meet the requirements of MIL-R-105094,
proposed Muodification 2. The resistars
rated at 4, 1 and 2 watts will dissipate full
wattage ratings at an ambicnt of 70°C
compared with the 40°C ratings on pre
vious resistors of this tyvpe.

Identified as Types 417, 3E, and 0k, the
new resistors are molded in a dense plastic
material, which not only provides unex
celled physical protection for the film re
sistance element but serves as a barrier for
moisture and vapor. For further data re-
quest Bulletin 130.

New Magnetics Plant

LA -

T g o

L5 N

Magnetics, Inc., new plant just outside
of Butler, I’a., will house its research and
development laboratories, as well as its
engineering and general offices, in the ad-
ministration building section. Assembly
and fabrication shops for cores, lamina-
tions, magnetic amplifiers, a heat treat-
ment room, and a rolling mill for high
permeability steels are included in the
new facilities.

(Continued on page 15-4)
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THE SOLUTION...

5 X"

R-F ndte dupprreddion

FILTERS

Ideal for R-F noise suppression in military
and commercial aircraft, vehicular low-voltage
DC applications, and for special usages
such as shield rooms and critical equipment. Maximum
reliability. High attenuation. High current ratings. Still smaller
hermetically-sealed metal-case housings. Advanced
pi-type construction for greatest efficiency.
Definitely the solution to your R-F noise suppression problem.

FEATURING...

@ Aerolite’ metollized-paper sections provide moximum reliability and life factors.
® Unique "fault-isolation’’ charocteristic offers added protection against surge voltages.

@ High attenvation of R-F currents. Maximum attenvation available,
from .15 mc to 400 mc.

® Low DC resistance assures

heating ond low voltage drop.

® Operating temperature range from —55°C 1o +85°C. At full rating (150 v.d.c.),
operating temperature range is from —55°C to +70°C.
ANl units rated for continuvous duty.

@ Test voitage for oll units, 200 v.d.c. at room temperature
for period not exceeding 1 minute.

® Case construction of non-magnetic metal svitably protected
for severest service requirements.

@ Available with special terminals, special mountings and other special
considerations for specific needs.

*WRITE FOR LITERATURE. Screen-room filters also available EQ.-,@;.,»;.;
with extra-high attenuation (120 db) for AC and DC appli- BIFTED
cations, Send us your R-F noise-suppression problem.

——.. AEROYOX coRPORATION
,‘(1."(0 'r‘/}e\ N NEW BEDFORD, MASS.
JV—=—)) H-Q CINEMA ACME
CEPEMNLALE /) DIVISION  ENGINEERING CO. ELECTRONICS, INC,
\\__/ OLEAN, N. Y. BURBANK, CALIF. MONROVIA, CALF.
In Conudo ATROVOX CANADA LTD Momittes Onr JOBBER ADDRESS 740 Bellawils Asr New Bedlore Mau

Export: Ad. Auriema, Inc., B9 Broad St. New York, N. Y.  Cable: Auriema, N. Y.

+trade-mark

11a



NEW Q Meter Inductors for
measurements up to 260 me!

INDUCTORS Type 590-A—
accessories to Q Meter Type 190-A

TYPE 590-A INDUCTORS
Type Inductance | Capacitance A;‘:’;‘:rﬂ‘;'e Approximate A:i':;:::;‘:‘;e
wh oot Freq. mc Q C ppuf
590-A1 0.05 8.0 — 95.0 70 — 230 320 1.5
590-A2 0.1 10— 100 50 — 160 350 1.8
590-A3 0.25 8.0 — 80.0 30 — 100 310 23
590-A4| 0.5 7.5—-80.0| 25— 70 340 2.4 ' A= ‘;j:,’j"_‘,“
590-AS 1.0 7.5 — 65.0 20 — S0 300 29 e
590-A6 2.5 9.0 — 25.0 20— 30 300
PRICE: $10.00 each F.O.8. BOONTON, N. J.

v
Inductors Type 590-A are designed specifically
for nse in the Q Circuit of the Q Meters Type
170-A and 190-A for measuring the radio-
frequency characteristics of condensers,
resistors, and insulating materials. They have
Q METER Type 190-A general usefulness as reference coils and may
This new 190-A Q Meter measures an essential igure of merit also be used for periodic checks to indicate an
g I y
of fundamental components to better overall accuracy than iderable ch: . I f {
has been previously possible. The VI'VM, which measures the considerable change in the performance of the
Q voltage at resonance, has a higher impedance. Loading of the Teote
test component by the Q Meter and the minimum capacitance Q Meters.
and inductanee have been kept very low, . o . .
-/ sists o
T oI Each.mductor l).pc 590. A consist of a l.nbh
FREQUENCY RANGE: 20 mc. fo 260 mc. Q coil mounted in a shield and is provided
RANGE OF Q MEASUREMENT: . ) . ]
Q indicating voltmeter $0 10 400 with spade lugs for connection to the coil ter-
Low Q scale 10 1o 100 minals of the Meters. The shield i =
Multiply Q scale 0.5 to 3.0 o Q : . ¢ eld is con
Differential Q scale 0 10 100 neeted to the lugs which connect to the Low
Total Q indicating range 5101200 C l o l 0 l o 0.0 :
PERFORMANCE CHARACTERISTICS OF INTERNAL RESONATING oil terminal m order to minimize any changes
CAPACITANCE: Range—7.5 mmfd. 1o 100 mmf{d. (direct reading). in charactcristics (‘auscd b\' strav (‘Ollplinﬂ‘ to
POWER SUPPLY: 90-130 volts — 60 cps (internally regulated). - . =]
Type 190-A Price: $625.00 F.O.8B. Factory elements or to ground.

BOONTO ADIO
- BOONTON-N-J- U-S-A- 0‘?«1&5/(

12a PROCEEDINGS OF THE LR.E. Tune, 1954



ONE DESIGN

MEETS MANY-—>

REQUIREMENTS

NEW

BRUSH OSCILLOGRAPHS

Standardized design of these new Brush multi-channel oscillographs
permits greater flexibility in instrumentation. An identical chassis which
can be installed in either a standard 19-inch rack or a console is used
for both 4 and 6-channel units. The new electrically-controlled chart
drive provides up to sixteen speeds for greater flexibility of speed and
operation. The chart can be driven as slow as 1 cm/hour or as fast as
250 mm/sec.—the highest chart speed available on any standard oscillo-
graph. The units can be equipped for local or remote control. Get all
the facts—send the coupon today, or call your Brush representative.
Brush Electronics Company, Cleveland 14, Ohio. In Canada: A. C.
Wickman, Ltd., Toronto.

BRUSH ELECTRONICS

INDUSTRIAL ANO RESEARCH INSTRUMENTS
PIEZO-ELECTRIC MATERIALS o ACOUSTIC DEVICES
MAGNETIC RECOROING EQUIPMENT

ULTRASONIC EQUIPMENT

COMPANY

Sormerly
The Brush Development Co.
Brusk Electronies Company

is an operating unit of
Clevite Corporation.

PROCEEDINGS OF THE I.R.E. June, 1954
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CHANNELS

é ‘l OR
ew—] | EXPAND
Your 4
CHANNELS

106

Brush Electronics Company, Dept. F-6
3405 Perkins Avenue, Cleveland 14, Ohio

Gentlemen:

[ Please send bulletin on new oscillographs.
O Please have your representative call.

Name

Position _

Company

Address

City State

13A



INEW 7/1.ut2:-Purspose Oscilloscope

® Plug-In Vertical Preamplifiers
® 10-KV Accelerating Potential
® 600,000,000 to 1 Sweep Range

® Direct-Reading in Time and
Amplitude

® Versatile Triggering Circuitry

PLUG-IN UNIT CHARACTERISTICS

TYPE 531

Type 53A Wide-Band DC Plug-In
Preamplifier —dc to 10-mc passband,
0.035-usec risetime. Sensitivity 0.05
v/em to 50 v/cm, ac or dc, continu-
ously variable, with nine calibrated

K Y
t =
-

You just plug in the proper vertical preamplifier to have at your
service a wide-band dc oscilloscope, a wide-band high-gain oscillo-
scope, a wide-band dual-trace oscilloscope, or a differential-input
high-gain dc oscilloscope. The Type 53-Series Plug-In Units are
small, weigh less than 6 Ibs. each, and you can change them in a
few seconds.

This new instrument is designed to make your oscilloscope dollar
go farther. Development of additional plug-in units already in prog-
ress will increase the versatility of the Type 531, and assure its
modernity well into the future. But your greatest gain is the many
hours of valuable engineering time you save through its use.

OSCILLOSCOPE CHARACTERISTICS

24 Colibroted Swaeeps
0.1 psec/cm to 5 sec/cm, Accurate 5-x
magnifier permits colibrated sweep times
to 0.02 usec/cm. Sweep cantinvously vari-
able from 0.02 usec/cm ta 12 sec/cm.
Sweep calibrotion accurate within 3%.

Balanced Deloy Network
Provides 0.25-usec vertical signal delay.
Horlzontol Input Amplifier
Sensitivity 0.2 v/em to 20 v/cm, cantiny-
ously variable.
Internal or External Triggering
Amplitude level selectian ar autamatic
triggering.
Amplitude Colibrator
Square wave, 0.2 mv ta 100 v in 18 steps,
accurate within 3%,.

DC-Coupled Unblonking
CRT Beom Poslition Indlcotors
Electronicolly Reguloted Power Supplies

New Cathode-Roy Tube
Tektronix T51P metallized CRT has helical
past - occelerating anade; deflectian - plate
leads are brought out at the neck.

DC-Coupled Verticol Output Amplifier

Designed far use with any of the Type
53-Series Plug-In Units,

Price %995 plus price of desired plug-in units

NOW IN QUANTITY PRODUCTION

For complete specifications and ship-
ping schedules call your Tektronix Field
Engineer or Repre 2ntative or write to:

Tekitronix, Inc.

- @

steps from 0.05 v/cm to 20 v/cm. Two

input connectors with 80-db isolation.

Price $85.

Type 53B Wide-Band High- Gain
Plug-In Preamplifier — same as the
Type 53A with the addition of an ac-
coupled input stage providing three
odditional calibrated sensitivity steps,
5 mv/cm, 10 mv/cm and 20 mv/cm.
Passband 5 cycles to 9 mc, 0.04-usec
risetime. Two input connectors with
80-db isolation. Price $125,

'*;. ._0

< 4

v
"
o
& L°
»
)

Type 53C Dual-Trace Plug-in Pre-
amplifier — two identical omplifier
channels, eoch with dc to 8.5-mc pass-
band, 0.04-usec risetime, sensitivity
0.05 v/ecm to 50 v/cm continuously

variable with 9 calibrated steps from

.w.'

switching
fors ST Price $275.

Type 53D Differential High - Gain
DC Plug-In Preamplifier—sensitivity
1 mv/em at dc to 250 kc—with pass-
band increasing to 750 kcat 50 mv/cm
and lower. Sensitivity in calibrated
steps—1 mv/cm to 50 v/cm, or con-
tinvously variable~—1 mv/cm to 125
v/cm. Differential input. Price $145.

é'. 3

0.05 v/cm to 20 v/cm. Electronic
triggered by oscilloscope
sweep, or free running at about 100
ke. Polarity reversal switches.

T

ALL PRICES F.O.B. PORTLAND (BEAVERTON), OREGON

PROCEEDINGS OF THE I.R.E.

P. 0. Box 831, Portland 7, Oregon
Phone: CYpress 2-2611 — Cable: TEKTRONIX
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News—New Products

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

(Continued from page 11A4)

Printed Circuit Connectors

De Jur-Amsco Corp. has just announced
a new series of space-saving Printed Cir-
cuit Continental Connectors designed to
permit direct connection to a printed
circuit “plug” or “plug” mounted sub-
assembly. This series has been designated
series “I’C."

For absolute space economy, both sides
of the printed circuit card can be used for
wiring to the external circuit with Con-
tinental's double row contact construc-
tion. This feature provides for up to 30
(PC-15), 36 (PC-18), and 44 (PC-22) con-
tacts. These connectors are available in
single row construction. Further designs
are also available on request.

Multi-conductor two-sided pressure
contacts of spring-temper phosphor bronze
are gold plated over silver for low contact
resistance. The terminal ends can be hot
tinned for soldering at assembly. These
contacts have a maximum voltage drop
of 20 millivolts at rated currents. Positive
polarization is provided with polarizing
stud which can be located at any contact.

Three insulating materials are avail-
able: Mineral filled Melamine, Plaskon
reinforced (glass) Alkyd type 4+40-A\, and
Diallyl Phthalate (blue).

For illustrated Engineering Data Sheet,
write: Electronic Sales Division, DeJur-
Amsco Corp., 45-U1 Northern Blvd., Long
Island City, N. J.

Bulletin on Vibration and
Shock Mounts

Advanced design features of all-metal
mounting systems are described and illus-
trated in a 4-page bulletin (No. 800) from
Robinson Aviation, Inc., Airborne Div,,
Teterboro, N. J. The special types of all
metal (MET-L-FLEX) mountings de-
scribed have been developed in collabora
tion with missile designers, and are based
on service experience.

The bulletin offers answers to many ex
acting and unusual problems of mounting,
electronic equipment in guided missiles,
rockets, and jet aircraft. It includes engi-
neering data and specific examples of vari-
ous types of mounts and engineered mount-
ing systems.

(Continued on page 16A4)
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Fast, accurate determination of match,
load impedance, power—10 ke to 3 mc

Model 139 Directional Coupler

These new Sierra Couplers provide fast, accurate and continuous readings of
transmission line characteristics over a wide frequency, power and impedance

range. Designed for operation up to 15 kw, they consist of a wide band, tor-

roidal ferrite core transformer connected internally to a 10 ppfd coaxial capacitor.
The instruments are very simple to install, operate in any position, and are usable
with coaxial or open-wire line, or with a lumped linear passive network.

Transformers in Model 139 are rated 25 %2 millihenrys; capacitor is rated
4.25 kv rms; frequency range is 10 kc to 3 mc. The couplers are moderately

priced and available for immediate shipment.

Model 137 (DNlustrated) For 51.5 ohm coaxial
line. Frequency range 30 to 1,500 me, coupling
factor 70 to 35 db. Directivity throughout
range greater than 46 db. Rugged construction;
Type N fittings,

Model 138 Similar to Model 137 except offers
a coupling factor ranging from59 to 24 db.
(Sierra also offers Models 137A and 138A,
identical with above except primary line

impedance 50.0 ohms,)
Model 148 Crystal Detector Sensitive read-
out for VHF-UHF couplers. 50 ohms imped-
ance, built-in low pass filter.

Data subject to change without notice.

Naminal coupling factor of Model 139
is 50 db ond directivity is 62 db, How-
ever, the coupling and directivity are
easily adjustable aver @ wide range,
depending on auxiliary ¢irguitry.

REQUEST BULLETIN 101 FOR FORMULAS
AND DETAILED INFORMATION.

siérra

Sierra Electronic Corporation
San Carlas 2, Califarnia, U.S.A.
Sales representatives in major cities

Moanufacturers of Carrier frequency Voltmeters,
Wove Anolyzers,line Fault Analyzers, Directional
Couplers, Wide-Band Rf Transformers, Custom
Radlo Transmitters, UHF Detectors. -

15a
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JAN-type Centralab
STANDOFFS in stock

o

Stop searching — Centralab has’ em!

® All JAN standoffs carried in stock.

® All standoffs grade L-5
(JAN-I-8, JAN-I-10).

® High dielectric strength

> Y
(240 volts per mil.). . g

® Low loss at high frequencies
(Loss factor at 1 MC. — .007).

® High mechanical strength
(18,000 psi. modulus of rupture).

® Harder than quartz (7.5 Mohs’ scale).

® Impervious to moisture or acids
(0 to .02% absorption).

(ORDERING is simplified too — all parts
are stamped with the JAN designation. All units are
carried in stock for immediate shipment. Write for
Bulletin 42-181 for complete technical data,

A Division of Globe-Union Inc.
920F €. Keefe Avenve * Milwaukee 1, Wisconsin
@ ¢ in Canado: 804 Mt. Pleasant Road, Toronto, Ontario
®

VARIABLE

wi CERAMIC
RESISTORS AMIICHEY

CAPACITORS EIECTIO'::E"ZICUHS INSULATORS
Industry’s greatest source of standard and special
electronic components

(4R

o NSAW1432

W R -

|

«
|

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 13A4)

Wide-Band, General Purpose
Oscilloscope

2 new wide-band cathode-ray oscillo-
scope, featuring high precision measure-
ment of both time and amplitude over the
entire range of general laboratory applica-
tions, has been announced by the Instru-
ment Div., Allen B. Du Mont Laboratories,
Inc., Clifton, N. J. The new instrument
is designated the Du Mont Type 323.

The direct coupled, 10 mc (3 db down)
vertical amplifier of the Type 323, enables
display not only of very-low-frequency
phenomena, but also of high-speed pulses,
together with their dc level.

Sweeps are directly calibrated by
means of a front-panel dial. Sweep range
extends from 1 second to 0.1 microsecond
per inch.

Calibrated sweep expansion and delay
is accomplished by the new Du Mont
sweep “notch,” which enables speeding by
a predetermined factor of an 2-inch portion
of the 4-inch trace. The notch is movable
along the trace so that any portion may be
expanded and examined in detail, while its
time relationship to the total signal is
maintained.

The scale of the Type 323 may be
calibrated to read directly in volts by
means of internally generated voltage
standards. Eleven ranges, extending from
0.2 to 400 volts full-scale, are available.

A technical bulletin is available from
the Technical Sales Department, Allen B.
Du Mont Laboratories, Inc., 760 Bloom-
field Ave., Clifton, N. J.

(Continued on page 26A4)

35,000 IRE
MEMBERS USE THE
IRE DIRECTORY
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COMPRESSING
TIME

In any security program time is the one irreplaceable ele-
ment. Making the most of time is particularly vital in guided
missiles projects. Fairchild’s Guided Missiles Division has
demonstrated its ability to “spend” time effectively. lts com-
pletely integrated engineering and production organization

can, in effect, compress time.

With a balanced engincering team and an experienced pro-
duction staff housed together in a facility built specifically
for the development and manufacture of missiles, Fairchild
can cut down lags in moving a missile project from the

design and development phase into the production phase.

It has done so.

FAIRCHILD
Guidted Mizoiles Diinisione

WYANDANCH, N. Y.
Aircraft Division, Hagerstown, Maryland * American Helicopier Divislon,
Manhattan Beach, Calif. + Engine Division, Farmingdale, N.Y. - Speed
Control Division, Wickliffe, Ohic - Stratos Division, Bay Shore, N.Y.
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Up-to-date news of every
British development

WIRELESS WORLD, founded in 1911, was the first radio journal in the
world. Today, it is still far ahead, and is the chief source of technical
information for all who are interested in the design and manufacture of
British radio, television and electronic products. Articles of a high standard
cover every phase of radio and allied technical practice, and its news items
embrace the wider aspects of international radio. Theoretical treatises
written by experts deal with all new developments, and design data and
circuits for every application are published regularly.

Published monthly $ 4.50 per year

WIRELESS ENGINEER—the journal of radio research and progress—is
produced for research engineers, designers and students in radio, television
and electronics. It publishes only original work, and its Editorial Advisory
Board contains representatives of the National Physical Laboratory, the
B.B.C, and British Post Office. Keep in touch with the latest advances
in Britain . . . read these important journals every month. Mail the

order blank today. Published monthly $7.50 per year
(Including Annual Index to Abstracts and References formerly published separately)

RECENT EDITORIAL CONTENTS
Diagnosis of Distortion—The “Difference Diagram” and its Interpretation.
Electronic Film-making. Remote Display of Radar Pictures— Centimetric
Radio Link. Stereoscopic Television—Is it Practicable for Broadcasting?
Spectrum Equalization — Use of Differentiating and Integrating Circuits.
Automatic Ionospheric Height Recorder — Frequency Range 0.65 to
25 Mc/s. Squirrel-Cage Filament Structures—Equivalent Cathode Diameter.
Design of Series Peaking Transformers. Distributed Amplifiers— Mutual-
Inductance-Coupled Type.

MAIL THIS ORDER TODAY

To ILIFFE & SONS LIMITED, DORSET HOUSE, STAMFORD STREET, LONDON, S.E.1;, ENGLAND

Please forward ..............oooooiii for 12 months. Payment is being made*
INAME o tiiitiiiueeiuiennosimoinensssnsssSoss MMM BIoalTIT o« oo sBWTo 4t o0 nsa0ossessssisossssssssasanssssessss s osislssiisse s suaNss s dulselos s oo s 54l o+ o' o 4FTTo o SFETET o' a s o4 a4 000 oe'sanmmnsanonnnnen .
AD D RES S S SO T e e PR SRR SO SO SO SO
CITY oottt e es et ZONE ..o, STATE ..ottt sttt ’

* Payment can be made by Bankers’ Draft or International Money Order.
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silicon transistors — long awaited by the electronics
industrv — are finally out of the laboratory und on the market

... brought to you first by Texas Instruments, a leading )
bansistor manufacturer. A new and nnrivalled degree
of design freedom is created by the T1 n-p-n grown junction l‘

silicon transistor, now available in production units with

glass-to-metul hermetic sealing. silicon transistors radically

improve temperature stability and power - '

handling while retaining the best amplification | |

and frequency characteristics of previous !

semiconductor devices. ' !
l

write today for detailed ! ‘ l .
information on the silicon SEESEER. St : |
transistor!

TEXAS INSTRUMENTS | 3
I NC ORPORATETD )
6000 LEMMON AVE. DALLAS9,TEXAS | _ &
Tson
] )
| 2

o —
L—

4

ACTUAL SIZE
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COMPLETELY
SELF-CONTAINED
FIELD TEST INSTRUMENTS

Y

" FREQUENCY
' STANDARDS

These precision-built field test instruments were designed by
Frequency Standards to provide rapid and accurate means of
frequency measurement in the field. Frequency is determined
by means of a micrometer dial. This reading is translated to
frequency by accurate individual calibration charts or curves. ~
Transducers, fittings, and cables can be supplied to meet the
requirements of customers and convenient storage space for
these items is provided in the lid of the instruments.

FREQUENCY RANGE ACCURACY

900-1200 MC 01%
1200-1700 MC
1700-2300 MC

4400-5800 MC
5800-8200 MC

ILLUSTRATED
BULLETINS
SENT ON

Address inquiries to
REQUEST BOX 504

PROCEEDINGS OF THE I.R.E June, 1954
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I I want the facts about Collins Microwave.
!
|
| Nawe
|
} Coypany_ B =
, |

Send this coupon | v
|

) i an R

today . .. B

Get this booklet by return mail

and find out why Collins Microwave
will serve you best.

You'll want all the facts in this informative booklet, but this is the
story in a nutshell. Collins can do vour communications and
remote control jobs better because they're specialists in radio-
electronic design and manufacture. Collins’ extensive experience
and success in the aviation, broadeast and amateur radio fields
supply the required hackground and facilities to deliver
microwave systems that represent the ultimate in dependability.
If vour pluns include the use of Microwave. be sure vou get
assured performance and guality., Why not muil the coupon now.

= ;s__.,[ L [_ -

— Ml

COI-I-INS RADIO COMPANY Cedar Rapids, lowa

11 W. 42nd St.,, NEW YORK 36 1930 Hi-Line Dr.. DALLAS 2 2700 W, Olive Ave., RBURBANK
Collins Radio Company of Canada. Lid., 74 Sparks Street, OTTAWA, ONTARIO

PROCEEDINGS OF THIEE LRI June, 1051
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write on company letterhead

- e

MAGNETICS inc.

—_————

DEPT. 1.9, BUTLER, PENNSYLVANIA
22

ARE YOU READY FOR

Grnanteed

Shield Performance?

MAGNETIC SHIELDS

Are you rcady for a major clectronic and clectrical first—
Magnetics, Inc. “Performance-Guaranteed™ Shicelds lor shielding
of standard cathode ray and other tubes against moderate and
high flux external ficlds . . . and custom-designed “Pcrlormance-
Guaranteed” Shicelds for specific shiclding probleims?

Here are shields which eliminate waste . .. are guaranteed to
your performance specification . . and ave sold at standard prices.

WIDEST CHOICE IS YOURS

MATERIALS . . . Premium quality Performance-Guaranteed Shields
are usually made from Mumectal or A.E.M. 1750, dry-hydrogen
annealed for optimum isolating properties. Shields can be made
from any other commercially available magnetic and non-mag-
netic materials when required by performance specifications.

METHOD OF MANUFACTURE . . . Performance-Guaranteed Shields
can be fabricated or drawn Ly Magnetics, Inc., depending upon
which is most cconomical [or your requirements.

FINISH . . . Performance-Guaranteed Shields can be furnished
painted, lacquered or unfinished, as your requirements dictate.
Paint color can be matched to any equipment shade you select.
Pre-painting by Magnetics. Inc. eliminates danger of damage to
shields in painting operations in your plant . . . provides you
with shiclds immediately ready for your assembly operations.

FREE ENGINEERING DESIGN . . . Our Enginecring Deparument will
carry out all phases of your shicld design . . . inclunding magnetic
analysis . . . mechanical design . . . and production engincering
to your cost requirements.

PROCEEDINGS OF TIIE I.RE. June, 1954



JUST A MATTER
OF CONTROL

LORD encINEERING

CONTROLS VIBRATION

¢ anywhere,/

The difference between a good product and a
better one is often just A Matter Of Control—con-
trol of vibration and shock which may be damaging
your product. Pioneers in solving vibration problems

for many industries, Lord Manufacturing Company

is well qualified to assure you of better performance

from your products through the use of Lord Vibra-
tion Control Mountings and Bonded-Rubber Parts.

Our Engineers will be pleased to help you in the

analysis of the vibration which may damage your

product and in the selection of the correct method of

control. Lord Engineering means Materials Research
—Engineering Research—Product Design—Manu-
facturing Know-How for your application.

Over 27,000 designs and their variations
from which to choose.

LOS ANGELES 28, CALIFORNIA DALLAS, TEXAS  PHILADELPHIA 7, PENNSYLVANIA DAYTON 2, OHIO

7046 Hollywood Blvd. 313 Fidelity Union 725 Widener Building 410 West First Street
Life Building

DETROIT 2, MICHIGAN NEW YORK 16, NEW YORK CHICAGO 11, ILLINOIS CLEVELAND 1S, OHIO
311 Curtis Building 280 Madison Avenue 520 N. Michigan Ave. 811 Hanna Building

LORD MANUFACTURING COMPANY « ERIE, PA.
Here is one exomple of Lord Engineering on sen-

e e e T evpromed on LOAD @“@@ \ p/A ,m/ Sl for
o \/IBRATIOI\I C0|/~mm|.

Mountings to reduce noise and cushion shock.
NI
FOR 30 YEARS
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Magnets 1or rotors or stators
g .a'ny a’es{qn or size you may require
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“MAGNETIC MATERIALS CATALOG”

Write for your copy

Contains handy data on various types of
Alnico Magnets, partial lists of stock
items, and information on other perma-
nent magnet materials, Also includes
valuable technical data on Arnold tape-
wound cores, powder cores, and types
“C” and “E” split cores in various tape
gauges and core sizes.

ADDRESS DEPT. P

24A

The use of Alnico permanent magnets in rotor and stator assemblics
of motors, generators, magnetoes and tachometers has revolu-
tionized the designs of these devices. Whatever your need may be
—from a tiny rotor for a timing device to a large slab for power
generators—Arnold can take care of your requirements, either for
experimental samples or production quantities.

® Let us work with you. You will have the advantage of working with
a leading producer of rotor magnets, whose manufacturing and
testing facilities—the most modern in the business—give you the
best assurance of high quality standards and uniform performance.

WaDs184

Tn: ARNOLD FNGINEERING (JOMPANY

SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION
General Office & Plant: Marengo, lllinois
, DISTRICT SALES OFFICES ... New York: 350 Fifth Ave.
Los Angeles: 3450 Wllshlre B!vd Boston: 200 Berkeley St.

.a‘q‘—.\u_,..&._ Tl . Vo = - — — .
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SPECIFY THESE 4

sze»«da@& Standand

LUG-TYPE, LEAD-THRY
INSULATORS

Far condensers, transformers,
ather applicatians requiring vall-
age ratings from 2000 to 4000
{rms.). Compressian sealed, super
rugged. Inside or oulside mount-
ing; lecd wires up 1o .060.

LUG-TYPE, LEAD-THRU
INSULATORS

hermetically-sealed
terminations

TO SOLVE DESIGN PROBLEMS
QUICKLY AND ECONOMICALLY!

SEALED TERMINALS

SEALED TERMINALS

featuring cushioned glass con-
struction, high thermal shack re-
sistance, Available in economical
preferred types and special
designs.

MULTIPLE HEADERS
Vacuum tight, cushioned glass
constructian, Strain-free, tin
dipped for easy soldering and
silicane lreated for maximum
dielectric strength.

® OCTAL HEADERS

COMPRESSION TYPE HEADERS
Super rugged, absalutely rigid,
practically indestructible multiple
headers. Exclusive E-I develop-
ment affers greatly increased re-
sistance la sheck and vibration.

END SEALS

For condensers, resistors and
other tubular camponents. Com-
pletely strain-free and provide o
permanent hermetic seal. Stand-
ordized, economical types.

OCTAL HEADERS

Plug-in ond multiple types. fea-
ture new principle of hermetic
sealing.

® COLOR-CODED

E-I...Your headquarters for hermetically-sealed
multiple headers, octal plug-ins, terminals, color coded
terminals, end seals and lug-type lead thru insulators.
New bulletins are available now on E-I hermetically
sealed terminations. Call, or write on company
letterhead, for the complete engineer-designer file
portfolio including data on all E-I standard types.
Samples of the new STANDARD TRANSISTOR
CLOSURE are available on request made on your
company letterhead.

COLOR-CODED TERMINALS
Feoture glass inserls in standard,
eosily identified RMA color
codes. Calaring is in the glass,

DIVISION OF AMPEREX
ELECTRONIC CORPORATION

*PATENT PENDING
ALL RIGHTS RESERVED

ELECTRICAL INDUSTRIES

44 SUMMER AVENUE, NEWARK 4, NEW JERSEY

EXPORT AGENTS: PHILIPS EXPORT CORP., 100 EAST 42nd STREET, NEW YORK 17, N. Y.



IT COSTS YOU LESS T0
00 IT FASTER with =~
PANORAMIC EQUIPMENT

/ Panoramic Model

’

SPA-1

A Convenient Single
Package VHF-UHF
Spectrum Analyzer
SOMC-950MC with

-

20A

PANORAMIC

I0MC scanning width, continuously reducible to
almost OKC ® Variable resolution 9KC-100KC

Sweep Rates: Icps, Scps, 30cps and 25-35cps, variable

High inherent stability ® Low cost
Panoramic’s NEW

Model SG'I Sweep Generator

for Accurate Inspection of Responses
of Sonic and Ultrasonic Systems and Devices

Direct Frequency and Amplitude Reading Screen
for Slave Scopes
Frequency Range: 40cps-20KC, 400cps-200 KC,
selectable

Frequency scales: logarithmic or linear, selectable
Scan rate lcps internal; 60-0.0{cps external with
Model TW-1 Triangular Wave Generator

Amplitude scales: linear or 2 decade logarithmic,
selectable @ Varjable linear sweep range
Internal frequency markers

Special Problems.

® Direct Frequency
Reading, SOMC-950MC

Two RF Tuning Heads

The Model SPA-1 Panoramic
Spectrum Analyzer incorpo
rates a superior panoramic
indicator, power supply and
optional tuning heads, RF-2
and RF-3. which cover the
ranges between SOMC to
250MC and 220MC to 950-
MC, respectively. The SPA-1
is exceptionally simple to
operate, lending itself to pro-
duction tests as well as labo-
ratory usage.

Ponoramic's NeEW

‘ Model FMI-1 fm Monitor

A Low Cost Portable Package for Rapid Visual
Measurement of Actual Bandwidth of Mobile FM
Transmissions

‘ Inquiries invited on Panoramic Spectrum Analyzers for

] 12 Sauth Second Avenve, Maunt Vernan, N.Y.
MOunt Vernan 4-3970

® I[nstantaneous panoramic presentations of carrier
and sidebands of voice transmissions

® Helps prevent channel spillover

® lIndicates modulation symmetry

® Accuratelv measures deviation by constant tones

® Has band limit markers ® Simple to operate

WRITE TODAY FOR FULL INFORMATION

PROCEEDINGS OF THE LR.E.

News—New Products

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

(Continucd from page 16A4)

Miniaturized Capacitor

National Capacitor Co., 385 Washing
ton St., Quincy, Mass. manufacture Type
T1 capacitors which demonstrate good
stability between temperature extremes.
The capacitance variance is less than 5 per
cent from 80°C to 200°C. Insulation resist
ance at 150°C will exceed 1,000 megohms
X microfarads.

Capacitance is substantially unatlected
by frequency, and has a dissipation factor
less than 0.008. These Type T1 capacitors
are hermetically sealed with 100 per cent
tin-coated glass-kovar end seals. Container
ends are pressure-crimped to doubly secure
seals. They are available for prompt deliv-
ery in the complete REETMA capacitor se-
ries. Standard tolerances +10 per cent;
also can be obtained with tolerances of
+ 5 per cent and *2 per cent.

Miniature Permanent-
Magnet Motor

Rated at 1/400 horsepower with op-
erating rotor speed of 10,500 rpm, the new
Type PM-47 miniature permanent-magnet
motor manufactured by Dalmotor Co.,
1375 Clay St., Santa Clara, Calif., is sug-
gested for application to small fans,
blowers, and other similar light-weight-
load applications. Designed for continuous
duty, this motor draws 0.18 ampere at 27
volts dc, and has a total weight of 5 ounces.

Dimensiouns are 1 13/16-inches long by
1§-inches diameter, and the }-inch diam-
eter shaft has an extension length of 1 1/16
inches. However, other lengths and special
arrangements including splines, keyways,
gears, and so forth, can be provided where
required. Electrical connections (integral-
lead type illustrated) can be provided in a
number of arrangements to suit applica-
tion requirements.

(Continucd on page 28.4)

June, 1954



G.E’s NEW IMPROVED SWEEP TUBES
| GIVE HIGHER QUALITY AT SAME PRICE!

»
NEW 6BQ6-GA, 25BQ6-GA (Right)
i
OUTSTANDING PERFORMANCE!
LONG LIFE!
Y. SEE the i : nropey ’ lA . “T)UNNING HOT” shortened the life
ou can e improvement over prototypes (left) of many prototype 6BQG6-GT's
and 25BQ6-GT’s. G-E designers
went to the heart of the problem,
= G E . . . and gave the new tubes king-size
- I Design Service brings you . . . constantly . . . bulbs that mean cooler operation
new, improved, more dependable receiving tubes under all normal conditions. Glass
at no increase in cost. The 6BQ6-GA and 25BQ6-GA surface area is 89% increased!
are examples. These sweep tubes cut TV production Also—because of special mica
costs by greatly reducing line rejects . . . also build design and :eW processing teCh(i
customer accept for yo , which will i SHCINCA=G106 O1H0)0(GA £
fu mer accep iilnge li)r your sets, which will require 25BQ6.GA will handle higher
ewer service call-backs. pulse plate voltages than their pred-
Other improved G-E tubes are in development, ccessors. The peak rating now is
. . . 6,000 v instead of 5,500 v. Internal
and will be available soon. With the number of .
. tube arcing has been reduced sub-
tubes per chassis to be at least doubled for Color, stantially.
bl{ilders of sets justifiably are asking for tul?es that A further improyement is use of
will stand up—that won’t slow TV production by a special high-melting-point solder
poor performance or high failure rate, and won’t for the plate cap-terminal. This
make service costs prohibitive. prevents loosening of the terminal
when tubesare removed for testing.
Better tubes at the same price is an extensive and Basing layout is identical with
continuing General Electric program. Get all the prototypes. The new tubes are
facts about these new, improved tubes for television fully interchangeable with the old.
from Tube Department, General Electric Company,
Schenectady 5, New York.
¢

162-1A3
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VLF
NM-10A, 14ke to 250ke

« « « Ultra High Frequencies

RADIO INTERFERENCE
and FIELD INTENSITY *

measuring equipment

. Stoddart NM-50A « 375me to 1000me

Commercial Equivalent of AN/URM-17
.

ULTRA-HIGH FREQUENCY OPERATION... Frequencies covered include UHF and
color television assignments and Citizen’s Band. Used by TV transmitter engineers for
plotting antenna patterns, adjusting transmitters and measuring spurious radiation.

RECEIVING APPLICATIONS ... Excellent for measuring local oscillator radiation,
interference location, field intensity measurements for fringe reception conditions
and antenna adjustment and design.

SLIDE-BACK CIRCUIT...This circuit enables the meter to measure the effect of the
peak value of an interfering pulse, taking into account the shaping due to bandwidth.

QUASI-PEAK FUNCTION ... An aid in measuring pulse-type interference, the Quasi-
Peak function is just one of the many features of this specially designed, rugged
unit, representing the ultimate in UHF radio interference-field intensity equipment.

ACCURATE CALIBRATION ... Competent engineers “hand calibrate’’ each NM-50A
unit. This data is presented in simplified chart form for easy reference.

SENSITIVITY. . . Published sensitivity figures are based on the use of the NM-50A
with a simple dipole antenna or RF probe. However, the sensitivity of this fine instru-
ment is limited only by the antenna used. The sensitivity of the NM-50A is better than
ten microvolts across the 50 ohm input.

Stoddart RI-FI* Meters cover the frequency range 14kc to 1000mc

| HF NM-208, 150ke to 25mc | VHF

| Commercial Equivalent of | NM-30A, 20mc to 400mc
AN/PRM-1A. Seif-cantained | Commercial Equivalent of
botteries. A.C. supply optional. AN/URM-47. Frequency range

standard  broadcast ‘ includes FM ond TV bands.

ommercial Equivalent of

N/URM-6B. Very low frequen-

es. Includes
band, radio range, WWYV, and
communicatians frequencies.

Has BFO

STODDART AIRCRAFT RADIO Co., Inc.

6644-C Santa Monica Blvd., Hollywood 38, California e Hollywood 4-9294
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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.

High-Voltage Indicator

Two models of a new, inexpensive high-
low voltage indicator are announced by
Industrial Devices Inc., Edgewater, N. ],
manufacturers of electrical-electronic serv-
icing and industrial products. Fach of
these units, designed for use with portahle
or stationary industrial equipment, have a
bakelite panel with two glow-lamp pilot
lights marked Hica and Norwm, and two
test jack receptors. The panel is mounted
on a cast aluminum junction box (Type
FS) with conduit fittings.

Both voltage indicators are specifically
suited to equipment where efficiency de-
pends on a certain voltage range. Both
models work on ac or dc. Both units are
available for other voltage ranges on spe-
cial order. One, Model 960 indicates a low
range of 190 to 210 volts and a high of 235
volts.

Test jack receptors are provided for
checking the voltage with a meter at any
time. Glow lamps employed are of the non-
filament type and are not affected by ex-
treme vibrations.

Surface-Barrier

bDevelopment  of a  Surface-Barrier
transistor has been announced by Philco
Corp., 4700 Wissahickon, Philadelphia -4,
Pa.

Philco is using a new method of proc-
essing germanium. “This new method ex-
hibits the highest mechanical precision yet
attained in machining germanium,” Mr.
Woods of Philco =aid. “The process con-
sists of directing two streams of liquid
indium salt at opposite sides of a slab of
germanium. Electric current is passed
through the streanis so as to etch away
the germanium. This process continues
until the two streams almost drill through
the slab. When the germanium has been
etched down toa few ten-thousandths of an
inch in thickness, the current is suddenly
reversed. ‘T'he etching is thus instantly ar-
rested and indium immediately electro-
plated on the germanium by the reversed
current flow to form electrodes on both
sides. The resultant assembly, with wires
attached to the two electrodes, is hermeti-
cally scaled in a metal container.,

o 4
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Eimac Klystron Report

* o Power gain of one million

e 5kw power output at 650mc

A power gain of one million times, 60db., in CW
operation at 650mc has been registered by the Eimac
X561 four cavity cascade type amplifier klystron. With

only a signal generator driver supplying 5 milliwatts
input, the X561 delivers 5kw RF power output. This
amazing performance is obtained with complete stabil-
ity at 38 efficiency. The X561 incorporates the exclu-
sive Eimac klystron power amplifier features of practi-
cal design, light weight, ceramic tube cavities and
external tuning circuitry. Other Eimac klystron advance-
ments include sturdy reflex klystrons for use in con-

EITEL-McCULLOUGH, INC.

SAN BRUNO ¢ CALIFORNIA

X561

four cavity
klystron

ditions of severe shock, vibration and sustained
acceleration at frequencies to 9600mc., as well as
high power klystron amplifiers for UHF-TV.

® For u thorough question and answer discussion
of klystrons, write our Technical Services
department for a free copy of the 20-puge book-
let, "Klystron Facts.”

THE WORLD’S
LARGEST TRANSMITTING TUBE
MANUFACTURER



News—New Products

M LTI | These manufacturers have invited PROCEEDINGS
- ('o 60) | readers to write for literature and further technical
information. Please mention your I.R.E. affiliation.

c H A N N E L (Continued from page 284)

“Methods have been developed which
arrest the etching so precisely that the re-
maining thickness of germanium is con-
trolled to 10 millionths of an inch, or less
than the wave length of visible light. Such
precision has not been possible in produc-
ing earlier types of transistors.”

Philco claims Surface-Barrier transis-
tors operate reliably in frequency ranges
up to 70 mc, which include the military

RECORDING | v ’ I vhf communication band from 20 to 83

OSCILLOGRAPHS ik | mec.
(Model 700) ST

New Appliance
Thermostat

A new type of conduction thermostat
which features the heat seunsitive element
within the brass channel section of the case
itself, is now being manufactured by the
; | American General Thermostat Corp., 2066

| &5 Bronx St., New York 60, N. Y. Heat trans-
AMPLIFIER SYSTEMS £~ ferred over the entire area of the base

| ['F MES makes this thermostat desirable for appli-
(Model 119) ances where fast heating and close control
are essential.

BRIDGE BALANCE UNITS
(Model 82-6)

]

e e

. iesfzgzz_e_c{ for fixed or mobile

relay rack mounting

Tt g J This thermostat is ruggedly construct-
Write for complete details on the instruments ed. has one hole mounting (side mounting

is also available) without change in calibra-
tion due to mounting pressure, and uni-
. . form tracking of calibration curve. It also
and portable recording oscillographs. has clean make and break contact move-
ment for longer life at high power.

The technical characteristics are:

Range: 70-650°F. Rating: 115-230 v only,

/ with wattages up to 2000 watts, depending
icati Control Shaft: 1%-inch

on application.
. to 2-inch . B Di-
2 OTH ANNIVERSAR Y minimum to 2-inc ma\umu]rr ase Di

mensions: 23% inches long, 3} inch wide,
4% inch height over terminal screws.
Model R-6 calibrates from “Off” to

Hei'and Resea rch Corporoﬁon l 525°F . with knob rotation of 310°. For ad-

ditional information, please write to the
130 East Fifth Avenue * Denver 9, Colorado manufacturer.
l (Continued on page 384)

shown above, as well as Heiland galvanometers
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® Truscon—first name in steel
towers—offers you a background
of experience unmatched in
radio. Many hundreds of Truscon
designed and engineered steel
towers today stand strong and tall
... in all kinds of weather . .. in
all types of topography. Truscon
facilities for the complete design
and production of steel towers
are modern and efficient.

Ask Truscon first . .. whether
your requirements call for tall or
small towers . . . guyed or self-
supporting . .. tapered or uniform
in cross-section . . . for AM, FM,
TV or Microwave transmission.

Your telephone call or letter to
any convenient Truscon district
office or to “‘tower headquarters”
in Youngstown will get your
tower program going as soon as
defense requircments permit.

TRUSCON®

PROCEEDINGS OF THE I.R.E. June, 1954
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TRUSCON> TRUSCON STEEL DIVISION

REPUBLIC STEEL

1072 ALBERT STREET L] YOUNGSTOWN 1, OHIO
Export Department: Chrysler Building, New York 17, New York

a name you can blild on



New oo Reyolaﬁoﬂa’g—the only color TV voltage

regulator to offer fool-proof per-

formance and complete protection

against circuit failures.

Victoreen's new corona
regulators offer the only sure,

safe regulation of the second anode
potential of color TV kinescopes.
Advanced engineering has eliminated
the filament, with consequent
complete protection to the picture
tube from voltage surges arising
from filament or circuit failures.
Victoreen now offers the only

Contact our com- regulator in which the voltage
ponents division

for technical advice
on the application
of these tubes.

drops when mechanical or
circuit failures occur. Being
a non-filament type, com-
plicated design problems are
eliminated. You need only
know the voltage required.
A rugged metal envelope
minimizes damage from
handling. A clamp-type
mounting eliminates the
need for costly installation.

type 6392, 18,000 volt regulator.
type VXR-27K, 27,000 volt regulator.
type 6353, 20,000 volt regulator.

The Vicloreen Instrument Co.

COMPONENTS DIVISION: 3800 PERKINS AVE, « CLEVELAND 14, OHIO

32A PROCEEDINGS OF THE 1.R.E. June, 1954



elay

presents

e oo meticulously tailored
MAGNETIC AMPLIFIER SERVO SYSTEMS

-
Typical characteristics of some magnetic amplifier and two-phase servo motor combinations available from Ketay.
‘ MOMENT RATED
SPECIFY TOROUE  OF INERTIA NO LOAD  VOLTAGE INPUT POWER
MAGNETIC LINE AT {or.in x  ACCELERATION SPEED  EXCITATION PER PHASE
AMPLIFIER FREQUENCY  VOLTAGE  LENGTH  WIDTH  HEIGHT | SPECIFY SERVO MOTOR |  STALL sec? AT STALL (min.  FIXED PHASE AT STALL  DIAMETER  LENGTH
(!y_pc) {cps) ) {volts) (Enchesl (inchgs) {inches) {type) {oz.in.) x 10%) {rad./sec?) r.p.m.) (vohf)* {watts) ) {inches) (indiesk
SMAG-102 60 | 115 [av, [3% | 3% K402530 2.5 495 [ 50500 [3300 [ 115 [92 |1% | 2
SMA61102 60 | 115 4 | 3% 3% K402380 1.45 428 35,000 3200 | 115 5.0 17 ’ 1%
SMA4-102 400 ns | 4% .f 3%, 4%, K402550-1 2.35 49.5 47,500 4800 | M5 | 92 | 1% * 2
SMA4-102 | 400 Jlr 115 | 4% | 3% | 4% | K402550-2 | 2.35 | 49.5 | 47,500 l 4800 | 115 19.2 1% | 2
SMA4-102 | 400 | 115 | 4% | 3% | 4% K101600-6 145 | 428 | 35000 | 4800 | 115 | 61 | 1A | 1%
SMA4-102 400 | 115 [ 4% | ¥ | 4% K101660 1.45 42.8 l 35,000 i 4800 [ 115 { 6.1 ' 17 | 1%
BUORD DESIGNATIONS FOR SERVO MOTORS
K101600-6=MK 7 MOD 0O K101660 =MK 7 MOD 1 * The control phose of all Servo Motors should
K402550-2=MK 8 MOD 1 K402550-1 =MK 8 MOD 0 be connected for 57.5 volt operation.
On the other side of this page are listed some of the Servo motor-tachometer generator combinations are
synchros for which the combinations were specially also available.
designed. Ketay welcomes the opportunity to design and fabri-
Ketay supplies complete systems including gear trains cate amplifiers of both the conventional and minia-
and stabilization for given kinematic requirements. turized types to customer’s specifications.
L3

SYNCHROS ¢ SERVO MOTORS
l RESOLVERS » MAGNETIC AMPLIFIERS

3 AIRBORNE INSTRUMENTS - e ZC[ MANUFACTURING CORP.
Executive Offices

AUTOMATIC CONTROL SYSTEMS
- 555 Broadwoy, New York 12, N. V.




KETAY OFFERS A COMPLETE
RANGE OF SIZES AND TYPES
IN SYNCHROS * SERVO MOTORS
RESOLVERS

1-SERYO MOTOR, Size 10 Frame, O.D. .937”
2-SYNCHRO, Size 10 Frame, O.D. .937” (Transmitter,
Receiver, Resolver, Differential Transmitter,
Control Transformer)
3-SERYO MOTOR, Size 10 Frame, O.D. .937”
4-SYNCHRO, Size 11 Frame, O.D. 1.062” (Transmitter,
Resolver, Control Transformer)
§—SERYO MOTOR, Mk 14, Size 11 Frame, O.D. 1.062”
§~SYNCHRO, Size 15 Frame, O.D. 1.437” (Transmitter,
Receiver, Resolver, Differential Transmitter.
Control Transformer}
7-SERVO MOTOR Mk 7, Size 15 Frame, O.D. 1.437”
8-SYNCHRO, Size 15 Frame, O.D. 1.437” {Transmitter,
Receiver, Resolver, Differential Transmitter,
Control Transformer)
9—LINEAR TYPE CONTROL TRANSFORMER, O.D. 1.6258”
10-SERYO MOTOR, Mk 8, Size 18 Frame, O.D. 1.75”
11-INDUCTION MOTOR, Size 20 Frame, O.D. 1.95”
12-SYNCHRO, Size 16 Frame, O.D. 1.537” (Transmitter,
Receiver, Control Transformer)
13-SYNCHRO, Size 18 Frame, O.D. 1.750” (Transmitter,
Receiver, Differential Transmitter, Control Transformer)
14— INDUCTION MOTOR, Size 18 Frame, O.D. 1,750”,
3 Phase, 2 Pole
15-SYNCHRO, Size 19 Frame, O.D. 1.90” (Transmitter,
Receiver, Control Transformer)
16—SYNCHRO, Type IF, 1HCT, or IHG Size | Frame,
O.D. 2.250” (Receiver, Transmitter, Control Transformer)
17-INDUCTION MOTOR, Size | Frame, O.D. 2.250”
18-SYNCHRO, Size 23 Frame, O.D. 2.250” (Tronsmitter,
Receiver, Resolver, Differential Transmitter,
Control Transformer)
19-SERVO MOTOR, Size 23 Frame, O.D. 2.250”
20~-SYNCHRO, Size 31 Frame, O.D. 3.10” {Transmitter,
Receiver, Differential Receiver, Differential Transmitter)

Typical characteristics of 114 units are available.

ADDITIONAL FACILITIES TO

This plant, recently acquired at Commack,
Long Island, adds air-conditioned work space
that brings Ketay's total area to over
200,000 square feet, accommodating over
2,000 employees in the five divisions.
Modern in every detail, the new plant has
the latest equipment for precision

volume production.

EXPERIENCE +« RESEARCH

J PERFORMANCE = LEADERSHIP

New developments and applications...increased facilities for
volume production of components and complete systems...all the
things reported on these pages are characteristic of Ketay—

a firm with broad experience and specialized knowledge that
adds up to leadership in the field of electrical devices and
controls. This experience and knowledge is yours to command.

In addition to synchros, servo motors and resolvers, it includes,
but is not limited to: gyro components; aircraft engine

instruments; computers; magnetic, resolver and synchro
amplifiers; remote indicators and automatic control systems.
Ketay's completely staffed and equipped Research and
Development Division can be of greatest service during the design
stage of applications involving Ketay products. You are

invited to avail yourself of this service.

- MANUFACTURING CORP.
Executive Offices 555 Broadway, New York 12, N. Y.

Pacific Division, 12833 Simms Avenve, Hawthorne, California

New York Division ¢ Kinetix Instrument Division ¢ Pocific Division
Electronic Instrument Division * Reseorch & Development Division



FACTS &
ON MAGNETIC RECORDING

the flexible ‘“MEMORY" for science and indusiry

e In industry today magnetic recorders can e With greater accuracy and less cost than

“remember’’ and re-create the motions of
skilled machinists, the forces encountered by
a truck driving down a test road, the reflec-
tions from underground shock waves, the
complex control of chemical processes.

Magnetic recorders have long been at work
recording complex data and reproducing it
in its original electrical form — ready for
automatic reduction and analysis.

any other method, magnetic tape can “re-
member’' situations encountered in your
business — laboratory data, motions, pro-
cesses and hundreds of kinds of information.

Get the facts in this important new bulletin
from the company that has been building
magnetic recorders for scientific purposes
longer than any other firm. Written in clear,
non-technical language, it tells what mag-
netic recording can do for you.

AMPE

CORPORATION

‘Send for your copy today; write Dept. G-1711

934 CHARTER STREET - REDWOOD CITY, CALIFORNIA

BRANCH OFFICES: New York, Chicago,
Atlanta, San Francisco and College Park,
Maryland (Washingten D. C, area)

DISTRIBUTORS: Radio Shack, Boston;Bing Crosby Enterprises, Los Angeles;
Southwestern Engineering & Equipment, Dallas and Houston; Canadian
General Electiic Company, Canada
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HYELUX

NOW AVAILABLE
No.9 Speaker Magnets
with
6 MILLION BgqHyq max ’

GUARANTEED! @

Mw... LYk bt Tome

the RETMA Standard No. 9 Loudspeaker

Magnet is available with a minimum energy product
of over 6 million BH max. Made of Hyflux

Alnico V HE*, it provides the highest

energy product of any commercial Alnico.

The Indiana Steel Products Company is
proud to introduce this improved

No. 9 speaker magnet to the audio industry.
Investigate its distinct advantages

for your speaker. Price and delivery
information upon request.

The immediate advantages it offers
to users of the RETMA No. 9 Magnet are:

¢ The highest sound level possible.

® A better transient response—resulting from
the higher gap density which increases
the damping factor—assures a full range of
tones and overtones.

» The truest possible reproduction of sound.

THE INDIANA STEEL PRODUCTS COMPANY

Valparaiso, Indiana

Winles Largest Manafpstion. of Founamant Magnets

‘____._______._________.______

% High Energy—grain-oriented Alnico V.

INDIANA PERMANENT MAGNETS
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FOR EVEN GREATER UTILITY LA

The adaptability of this now widely accepted unidirec-
tional transmission line element is enhanced by several
recent additions to the UNILINE family. Two such addi- MODEL 38-42
tions, illustrated here, meet important new requirements,
retain the desirable characteristics of the original
UNILINE design, namely, substantial isolation between
source and load with negligible loss in transmitted power,

"RUGGEDIZED"” UNILINE MODEL R88-96

This compacted, thoroughly rug-
gedized new design broadens the
field of application for UNILINE

. makes possible its use in
equipment subject to severe
shock and vibration. Same fre-
quency range os Model 88-96
but under 3" in length.

The new Model 38-42 answers the frequent requests
for UNILINES at still lower frequency ranges, covers
3800 to 4200 megacycles.

UNILINE applications.

ITEM MODEL NO. REQUENCY RANGE . ™1 q .
2 © ® Provides substantial isolation between

UNILINE 96-104B 9600-10,400 Mcs. source and load with negligible loss
UNILINE  88-96B 8800-9600 Mcs. in fransmitted power . . . . . .
UNILINE R 88-96 8800-9600 Mcs. ® Eliminates “long line” effects on kly-
strons or traveling wave tubes . . .
UNILINE 69-74 6900-7400 Mcs.
UNILINE 64-69 6400-6900 Mcs. ° Enslt:.rels adeqluc;te. ISO.:CIfIOﬁ between
mulnipie coupled circults . . . . .
UNILINE 59-64 5900-6400 Mcs.
® . . . 1" . "
UNILINE 38.42 3800.4200 Mocs. Minimizes frequency' pulling” effects
due to varying load impedance . .
and . . . GYRALINE
GYRALINE 1000 9600-11,200 Mcs.
The GYRALINE is essentially a continvously variable mi-
GYRALINE 920 8500-9900 Mcs. crowave attenuator controlltlzd (li)y an olpplied magnetic
field. It can provide an amplitude modulated microwave
s'ignal without undesirable frequency modulation and
OICIINE 720 6900-7400 Mcs. double moding when used on the output of a CW op-
erated klystron. The GYRALINE may also be used as an
GYRALINE 670 6400-6900 Mcs. excellent level sétc attenuator or as the direct control
element in an A system.
GYRALINE 620 5900-6400 Mcs.
D.99 An audioc riving unit for Werite for descriptive literature

GYRALINES #920 and
GYRALINE  #1000. Adjustable output
level, frequency variable 800

DRIVER . 2 i
o, 1200 . Seltconcinad CIi® CASCADE RESEARCH

C ORPORATI ON
$3 VICTORY LANE LOS GATOS. CALIF
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PLATE VOLTAGE MAXIMUM

PERMISSIBLE HEATER
VOLTAGE RANGE

PLATE DISSIPATION

HIGH TEMPERATURE LIFE

e

1 HOUR STABILITY
100 HOUR SURVIVAL
HEATER CYCLING

MEDIAN CONTROLS

HERE ARE MORE REASONS WHY RAYTHEON
SUBMINIATURE TUBES ARE SO RELIABLE:

*

*

PROCEEDINGS OF THE LR.E. June, 1954




nave always been m

rubes o,
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A FEW TYPICAL RAYTHEON SUBMINIATURE TUBES

CK5744WA
RAYTHEON

275v
COMPETITIVE TYPE 165v
RAYTHEON +10% +10%, +10%
COMPETITIVE TYPE + 5% + 5% + 5%
RAYTHEON
COMPETITIVE TYPE

RAYTHEON 200°C 200°C 200°C
COMPETITIVE TYPE 175°C 175°C 175°C

CK5784WA

RAYTHEON YES YES YES
COMPETITIVE TYPE YES NO

4
(o)
z =<
H

RAYTHEON YES
COMPETITIVE TYPE YES

RAYTHEON 7.5v
COMPETITIVE TYPE 7.0v

Z
Io

Zz <
lH

Z

o

RAYTHEON YES
COMPETITIVE TYPE

4
o
2 <
oa

RAYTHEON MANUFACTURING COMPANY

RAYTHEON MAKES ALL THESE:
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PLUG-AND-RECEPTACLE
UNITS for sectionalizing

circuits

® Simultaneous contact of any number of
leads can be made or broken by use of Lapp
Plug-and-Receptacle units, for panel-rack
assembly or other sectionalized circuits. Insu-
lation is steatite, the low-loss ceramic—non-
carbonizing, even when humidity, moisture
or contamination sets up a leakage path.
The unit shown here provides twelve con-
tacts, rated for operation at 2,5kv peak
terminal-to-terminal, 1.5kv peak terminal-
to-ground, 25 amps at 60 cps. All contacts
are silver-plated; terminals are tinned for
soldering. Polarizing guide pins assure posi-
tive alignment. Write for specifications of
this and other available units, or engineer-
ing recommendations for special units for
your product. Write Lapp Insulator Co.,
Inc., Radio Specialties Division, 214 Sum-
ner St., Le Roy, N. Y.

msi
0
i}

q] wﬁjn
5 _r
L1 B

HJ:,
E (=

@ STEATITE INSULATION

@ FULL-FLOATING
CONTACTS
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News—New Products

These manufacturers have invited PROCEEDINGS
readers to write for literature and further technical
information. Please mention your 1.R.E. affiliation.

{Continued from page 304)

TV Camera

The Kay-Lab Television Camera Sys-
tem, developed by Kalbfell Labs., Inc.,
P.O. Box 1578, Morena Blvd., San Diego
10, Calif., is usable either as an industrial
television intercommunication system or
in commercial broadcasting? for remote,
studio or film pick-up. The camera, camera
controller, and synchronizer monitor are
the basic units of the system.

The camera consists of a vidicon pick-
up tube operated with an 8-mc band-wide
cascode pre-amplifier. All electrical ad-
justments on the camera can be controlled
remotely at the camera control. Up to 500
feet of cable can be used between the
camera and camera-control unit. The
camera control consists of 3 basic sub-
assemblies, an 8-mc video amplifier, hori-
zontal and vertical deflection chassis, and
a power supply. All power supplies in the
system are electronically regulated.

The camera control is designed so that
external vertical and horizontal driving
| pulses and mixed blanking signals may be

connected directly to it. In industrial ap-
| plications the synchronizer monitor unit
can be used. This unit consists of a 10-inch
monitor and an interlaced synchronizing
generator. The three basic packages pro-
duce a high sensitivity, high quality, in-
terlaced television picture.

“S” Band Wavemeter

Amerac, Inc., Wenham, Mass., an-
nounces production of the Model 229 “S”
Band Wavemeter. This is a coaxial-line
type of instrument, covering the frequency
range from 2.3 to 4.5.

Model 229 features a precision-ground
| lead screw,a cavity body made from a solid
(Continued on page 404)
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From “The House of Resistors
come. ..

»” S

So you must get cost down in
designing that assembly? That's just
the time to enlist Clarostat’s
cost-saving talents and facilities.

The same superlative engineering and
production skill that accounts for the finest
quality in controls and resistors, is also
available for designing and fabricating
cost-reducing components.

Three typical examples are presented
herewith. These are standard items,
promptly available in any quantities,
at marked savings. And for any
extraordinary requirements, special
controls and resistors can be
developed, tooled-up and produced.

AT I
{., } ®
@ H CLAROSTAT MFG. CO.. INC., DOVER, NEW HAMPSHIRE

L June, 1954

The original *‘Humdinger”
Series MH. Compact, rugged,
wire-wound control. Virtually

millions in use. Fibre base holds

resistonce winding. Movable arm and
shaft. 1-watt. 2 to 1000 ohms.

Latest ""Humdinger'* Series 39.
Metal-case mounted with rivets or
screws. Mounting surface serves

as cover. Semi-fixed setting by
screwdriver slipped into rotor slot
~no shaft 2-watt 4 to 5000 ohms,

Twist-Tab Mounted Series 47,
Eliminates vsval bushing,
lockwasher, nut. Composition.
element control. Metal or plastic
shaft. Plastic shaft has rear
slotted protrusion, therefore
odjustable from front or rear.

**Trade Mark

In Canada: CANADIAN MARCONI CO., Ltd., Toronto, Ont,

39a



&NEWS and NEW PRODUCTS

June 1954

(Continued from page 38:1)

block, precision-machined to close toler-
ances, the use of Invar in the line displace-
ment portion, aflording a high trequency
stability 1hroughout the temperature
range of 10° to 40° (maximum accuracy is
at 22°C. at which it was tested and cali-
brated).All RF surfaces are multiple-plated
of copper flash, silver plate, buffing, silver
plate, and rhodium flash.

Type “N” constant impedance coaxial
connectors are used for both transmission
and absorption inputs; BNC or Selectar
fitting provides external video connection.
Power-handling capability by absorption
method is from 0.5 milliwatt to 1 watt
maximum; by transmission method front 1
milliwatt to 25 watts peak power. Approxi-
mate loaded Q is 2,000. Cabinet size is 8
inches wide X6} inches deepX35 inches
high. Net weight is 43 Ibs.

Airborne Power Supplies

Inet, Inc., is introducing a complete
line of new airborne power supplies with
ratings of 25 to 500 amperes at 28 volts.
These rectifier units are among the first
available to aircraft manufacturers which
cousist entirely of nonwearing or static
electrical components.

L

Selenium rectifier cells and magnetic
amplifiers are the basic components. \'ery
close regulation of the output voltage with
a fast response is achieved by use of a
rugged voltage-sensing network.

These supplies meet JAN Specifications
and U. S. Air Force Exhibit WCEE-2.\,
Nov. 1951. Paralleling of 2 or niore power
supplies is accomplished by one inter-con-
nection between units. 1,000 hours of life
are guaranteed; 2,000 hours can be ex-
pected. Units are insensitive to tempera-
tures from —63°C to +72°C and with-
stand all conditions of moisture, sand, dust,
and salt spray.

The ac input is 200 volts, +10 volts,
400 cps, +20 cps, 3 phase. The dc output
is 0 to 500 amperes, 28 volts (amperage de-
pending on unit). Regulation is better than
+1 per cent from no load to full load. Re-
sponse is 0.2 seconds full recovery for any
load or line variation. Ripple is 2 per cent

RMS.

40a

These manufacturers have invited PRO-
CEEDINGS readers to write for literature
and further techpical information. Please
mention your |.R.E. affiliation.

Welded Terminals For
Wire-Wound Resistors

The all-welded terminal construction
has now been extended to cover the entire
line of Ohmite wire-wound resistors, ac-
cording to an announcement by the Oh-
mite Manufacturing Co., 3601 Howard St.,
Skokie, I11.

In the patented Ohmite construction,
the resistance wire is welded to the termi-
nal band, and the terminal band itself is
welded permanently around the core. No
soldering, brazing, or mechanical fasten-
ings are used.

This method is said to produce perma-
nent connections that are not affected by
vibration or high temperatures. The fusion
of the resistance wire and terminal lug,
provides a stable electrical connection
which is important in eliminating noise in
audio circuits, or instability in other highly
sensitive circuits.

The terminal bands are made of a spe-
cial, high-strength alloy whose coefficient
of expansion is properly related to that of
the resistance wire, ceramic core, and vitre-
ous enamel coating. The resistance wire is
welded flush to the terminal band, so that
the connection and terminal are well cov
ered by the vitreous enamel coating.

Time-Delay Passive
Network

-\ new passive network designed by Ad-
vance Electronics Co., Inc., P. O. Box 394,
Passaic, N. J., features a variable delay
line, a step variable delay line, an input
cathode follower, a voltage amplifier and
two output cathode followers. The step
variable delay line has a time delay of 10.5
microseconds in step of 0.5 usec. The con-
tinuously variable delay line has a total
time delay of 0 to 0.5 usec with resolution
time less than 5X107%° seconds. There are
two output connectors for simultaneous
connection to two output leads.

PROCEEDINGS OF THE I.R.E.

Time delay is continuously variable
from 0 to 11 usec, while resolution time is
less than 5 X107 seconds from 0 to up 11
usec. Bandwidth is 10 cps to 15 microcy-
cles when the step variable delay line is at
its off position (time delay from 0 cps to
0.5 wsec), otherwise, the upper limit de-
creases to 2.6 microcycles.

Rise time: less than 10 per cent of the
time delay at any point. Input impedance:
20 ppf shunted with 1 megohm direct, and
3 puf shunted with 10 megohms with probe.
Output impedance: 300 ohms nominal Ac-
curacy of time delay: maximum error less
than 1079 seconds or 0.1 per cent of the
time delay at any point with correction
curve, otherwise, one per cent of the time
delay at any point.

Lower Cost Fluorocarbon

United States Gasket Co., Camden 1,
N. J., has announced a new fluorocarbon
plastic product trademarked Fluoroplast.
It is offered in molded bars and cylinders
and extruded rods and tubing, and the
company states, at prices sufficiently lower
than other Fluorocarbon plastics to greatly
extend the use of these materials.

\!

Fluoroplast is 100 per cent tetrafluoro-
cthylene plastic, reprocessed by a method
which permits re-utilizing virgin material
waste and maintaining its original purity
in the refabricated product. Values com-
piled from test data by United States Test-
ing Co., and the Electrical Testing Labo-
ratory show that it possesses most of the
properties of the virgin material.

Fluoroplast is generally colored green
for identification.

For further information and test data
write for United States Gasket Co. Bulle-
tin No. I'.-300.

(Continned on page 434)
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Because O A UEN
makes the most
complete, the most
accurate line of
ATTENUATORS
in the world!

e i o

RF T

sy e mae o AT

THE DAVEN TuNT ANY
e~

T ATTENUATION N DECIRELS

3

g%{kﬂ/.t 640-Q42
Altonmation Networtk

Senies 550-RA Altenuaton

in addition to Daven being the leader in avdia
attenuators, they have achieved equal promi-
nence in the production of RF units. A partial
listing of some types is given below.

DAVEN Radio Frequency Attenuators, by combining
proper units in series, are available with losses up
to 120 DB in two DB Steps or 100 DB in one DB
Steps. They have a zero insertion loss and a frequency
range from DC to 225 MC.

Standard impedances are 50 and 73 ohms, with
special impedances available on request. Resistor ac-
curacy is within £ 2% at DC. An unbalanced circuit
is used whick provides constant input and output

impedance. The units are supplied with either
UG-58/U* or UG-185/U** receptacles.

» TOTAL STANDARD
TYPE LOSS | DB ‘ IMPEDANCES

RFA* & RFB 540**| 1,2,3,4DB 50/50Q and 73/73Q
RFA &RFBS541 | 10,20, 20, 20 DB 70 |50/50Q and 73/73Q2

RFA & RFB542 | 2,4,6,8DB 20 | 50/509 and 73/73Q
RFA & RFB543 | 20,20, 20, 20DB 80 | 50/50Q2 and 73/73Q2
RFA &RFB550 | 1,2,3,4,10DB 20 |50/509 and 73/73Q2
RFA &RFBSS1 | 10,10,20,20,20DB | 80 |50/50€ and 73/13Q2

&RFBY52 | 2,4,6,8,200B 40 | 50/50Q and 73/73Q

RFA

These units are now being used in equip-
ment manufactured for the Army, Navy
and Air Force.

Write for Cataleg Data,

~DAVEN-

. .195 Central Averiue
Newark 4, New Jersey



The Tektronix Type 524-D Oscillo-
scope features a built-in sync sep-
arator, varioble delayed sweeps
at the frame rate, d. ¢. to 10 m¢
\ frequency response, wide sweep
range, 4 kv accelerating potential.

@
ALLEN-BRADLEY

FIXED & ADJUSTABLE RADIO/RESISTORS

TN

TEKTRONIX TYPE 524-D
OSCILLOSCOPE

uses 243 Bradleyunits and 21 Bradleyometers

This portable, precision cathode-
ray oscilloscope, made by Tek-
tronix, Inc., of Portland, Oregon,
is specifically designed for main-
tenance of television transmitter
and studio equipment.

Its network of circuits employs
hundreds of Allen-Bradley fixed
and adjustable resistors . . . 264
units in all. Since these units are

rated at 70C . . . instead of 40C

. stability of the oscilloscope
circuit characteristics is assured.

Bradleyunits and Bradleyome-
ters withstand extremes of tem-
perature and humidity. So, if
your electronic equipment must
give quality performance, avoid
trouble by specifying Allen-
Bradley radio resistors.

Allen-Bradley Co., 114 W. Greenfield Ave., Milwaukee 4, Wis.

Soldexclusively to manufacturers of radio and electronic equipment

42A

The Type J Bradleyometer has a
solid molded resistor ring which
con be made to satisfy any re-
sistance-rotation requirement. Al
ferrous parts are made of corro-
sion-resistant metal, There are
no riveted, welded, or soldered
connections in the Bradleyometer.
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News—New Products

(Continued from page 40A4)

Flyback Replacement

Two new flybacks, FB414 and FB413,
have been announced by Halldorson Trans-
former Co., 4500 N. Ravenswood \ve,
Chicago 40, 111. They are described as spe-
cific replacements for over 100 Emerson
models and chassis. They are available
now at Halldorson distributors.

A notable feature of the entire line, says
the manufacturer, is the broad coverage
that has been engineered into cach com-
ponent and replacement. A\s a result, hun-
dreds of models and chassis of various TV
brands can be serviced with a minimum of

stock.
(Continued on page 48.4)

OPHAR

---WAXES
=--COMPouNDs

Zophar Waxes, resins and
compounds to impregnate,
dip, seal, embed, or pot elec-
tronic and electrical equip-
ment or components of all
types; radio, television, ete.
Cold flows from 100°F. to
285°F. Special waxes non-
cracking at —76°F. Com-

pounds meeting Government

specifications plain or fungus

resistant. Let us help you with

your engineering problems.

ZOPHAR MILLS, INcC.
112-130 26th Street,
Brooklyn 32, N. Y.
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In klystrons,

FOR: High power microwave communication
UHF-Television transmission

USE THE V-42 SERIES (L-band)

it's megawatts
and VARIAN has it...

Here are a few of the VARIAN big tubes that
answer high power klystron requirements:

Power output 15 kw CW
Frequency ranges 350 to 1250 mc
Power gain 27 db

FOR: Pulse coherence
Linear accelerators

High power radar transmitters
USE THE VA-80B (S-band)

Pulsed power output

[ 1 megawatt

Power gain

FOR: Navigation aids

Medium power pulsed systems

USE THE V-82 (X-band)
Pulsed powioutpu'

| 30 db

{5 kw

Power gain

HIGH POWER PLUS

e Unsurpassed frequency stability

Built-in tuned circuits

[ ]
e Freedom from maintenance and adjustment
o Reliability and long life

THE BEST IN BIG TUBES
These outstanding klystrons ex-
emplify YARIAN design leader-
ship . . . engineering and pro-
duction skill that consistently
delivers quality, economy and
unsurpassed performance . . .
the reason why VARIAN is
the most respected name in
klystrons,

FOR COMPLETE SPECIFICATIONS

and application data on these
and other VARIAN klystrons,
write today to our Application
Engineering Department.

IN KLYSTRONS, THE MARK OF LEADERSHIP IS

| 57 db

/

Reprotentatives in all principal cities

©\~VARIAN associates
\M/PAW ALTO 2, CALIFORNIA

HOW HIGH IS HIGH POWER?

43a
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Four G-E Micro-miniature Tantalytlc
capacitors easily fit into small space
provided in this new all-transistor
hearing aid. Man above adjusts vol-
ume control.

Other applications now being
investigated:

WALKIE-TALKIES
WRIST RADIOS
PAGING SYSTEMS

How Tantalytic Capacitors Are Used
In Miniaturized Hearing Aids

Four G-E Micro-miniature Tantalytic capac-
itors are used in this new all-transistor hearing aid.
These high-capacitance, small-size units are
necessary due to the low-impedance characteristics
of transistors, as compared with the vacuum tubes
formerly used. Ceramic and paper dielectric
capacitors cannot supply sufficient capacitance in
the small size desired, according to hearing aid
design engineers.

Pictures, circuit diogrom, opplication informotion courtesy Sonotone Corp.

TRANSISTOR TRANSISTOR TRANSISTOR

b O *®%"§ ©

MIC. | ‘3 1 1
? I el A b
< | g | § |
[SYUSS STV S - | — 4
2 ¢ RECEIVER
g T4
Y o -+ 4
.
/
[ ]

Simplified schematic diagram of Sonotone all-transistor
hearing aid, showing location of G-E Micro-miniature
Tantalytic capacitors.

Operating at a battery voltage of 2.5 volts,
this hearing aid uses two units rated at 2 micro-
farads each for by-pass, C; and C. (see diagram).
They give a low-impedance signal path from the
source to the input of the transistor. Two 1-micro-
farad units, C; and C,, are used for coupling
and filtering respectively, where their low leakage
current of .18 microamperes/uf/volt at 25 deg.
C is especially important.

G-E Micro-miniature Tantalytics can be ob-
tained inratings up to 20 volts, or, up to 8 uf in a
Te-in. long by Yg-in. dia. case size, higher ca-
pacitance in a 14-in. long by lg-in. dia. case size.
Capacitance tolerance is —0% to +100%.

For more information about G-E Micro-minia-
ture Tantalytic capacitors, contact your G-E
Apparatus Sales Office or write for bulletin
GEA-6065 to General Electric Company, Section
442-15, Schenectady 5, New York.

GENERAL @B ELECTRIC

PROCEEDINGS OF THE I.R.E. June,
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12,800 TO 50,000 NMC

integrated equipment for
Extremely
High
Frequencies

Now, Polarad has applied its advanced engineering techniques to
produce fully self-contained microwave test equipment for use in the
Extremely High Frequency region--12,800 to 50,000 MC.

This new line of Signal Generators, Signal Sources, and Spectrum
Analyzers is designed to save engineering manhours in the laboratory
and on production lines—obviating experimental test set-ups.

SIGNAL
GENERATORS

SIGNAL
SOURCES

The Extremely High Frequency Polarad Signal Generator, for example,
furnishes monitored power output as well as measures external signal

strength and frequency. SPECTRUM
Highest accuracy and reliability of operation are assured by ANALYZERS
careful engineering and the use of highest quality components.
For complete information write to your nearest Polarad

representative or directly to the factory.

SIGNAL GENERATORS SIGNAL SOURCES SPECTRUM ANALYZERS

lated as follows:

Modutation: All units except the SG 1516* and SG 1617; can be modu-

I.F. Band width: 50 KC
Sweep Frequency: 5 to 40 CPS

1. Internal
1000 CPS Square Wave
2, External
a. Pulse
Pulse Width: 0.5 to 10 Microseconds
PRF: 100 to 10,000 CPS
Pulse Amplitude: 10 volts Pk to Pk Min,
Polarity: Positive
b. Sawtooth or Sinusoidal
Frequency: 100 to 10,000 CPS
Amplitude: 15 Volts RMS Min,
*Internal variable pulse and FM modulation

Frequency Range Model Number Output Power Mode! Number Po&%%&t&ut Model Number (Sii?\g?i:tmge) D(i:yeerrasézr)\
12,8 to 17.5 KMC $G 1218 —10 DBM $S 1218 15mw SA 1218 —70 DBM 30 MC
15.75 to 16.25 KMC $G 1516* —6DBM $S 1516 5 mw SA 1516 —70 DBM 45 MC
16.25 to 16.75 KMC $G 1617* —6 DBM $S 1617 Smw SA 1617 —70 DBM 45 MC
18.0 to 22.0 KMC SG 1822 ~ _10DBM $S 1822 10 mw SA 1822 —60 DBM 40 MC
22.0 10 25.0 KMC - sc2225 —10 DBM $§ 2225 0mw SA 2225 —60 DBM 40 MC
24.7 to 27.5 KMC SG 2427 10 DBM $S 2427 10 mw SA 2427 —60 DBM 40 MC
27.27 to 30 0 KMC $G 2730 —10 DBM $S 2730 10mw SA 2730 —60 DBM 45 MC
29.7 to 33.52 KMC SG 3033 —10 DBM $S 3033 10 mw $A 3033 —60 DBM 45 MC
33.52 to 36.25 KMC $G 3336 —10 DBM $ 3336 9 mw SA 3336 —50 DBM 45 MC
35.1 to 39 7 KMC G 3540 —10 DBM $S 3540 5 mw SA3540 | -50DBM 45 MC
37.1 to 42.6 KMC External Source Power Measurement SS 3742 Approx. 3 mw
== Range: -6 to 30 DBM 1.F_ Gain Control: O to 40 DB
41.7 to 50.0 KMC Accuracy with Correction: +-2 DB $S 4150 Approx. 3 mw

ELECTRONICS CORPORATION 100 METROPOLITAN AVENUE, BROOKLYN 11, NEW YORK

REPRESENTATIVES + Albuquerque ¢ Atlanta « Boston ¢ Chicago « Cleveland « Fort Worth « Kansas City * Los Angeles « New York ¢ Phila.
delphia « San Francisco ¢ Seattle « St. Paul « Syracuse  Washington, D. C. « Canada, Arnprior—Export: Rocke International Corporation

PROCEEDINGS OF THE IL.R.E. June, 1954




VECTRON

PRECISION LINEAR
WIRE-WOUND
POTENTIOMETERS

For lighter, more compact, Servo Systems

KEAREOTT
SY

GENERAL SPECIFICATIONS

Over-all Resistance: 50 ohms to 50,000 ohms

Resistance Tolerance: *+ 5% standard (+2%
or +16% if specified)

Independent Linearity: =+ 19 standard
(*0.5% or *+0.25% if specified)

Temperature Coefficient of Resistance Wire:
0.00002 parts per °C, above 250 ohms
0.0007 parts per °C, 250 ohms or less

Accurate ... Rugged Power Dissipation: Nominal dissipation rat-
ing. 2 watts at 25°C. Rated 5 watts to
Dependable 5°C under specific conditions

Electrical Rotation: 320° =+ 5° standard to
357 =+ 1° if specified

Resolution: Optimum—based on resistance
Terminal Assembly: Treated, electrical

grade, laminated phenolic with gold-
PERFORMANCE DATA plated terminals.
CONTROL vee e
TRANSMITTER TRANSFORMER Always to Your Specifications

PRIMARY EXCITATION 26 VOLTS 400 CYCLES 11.8 VOLTS 400 CYCLES From Vectron’s three basic Potentiometer
INPUT CURRENT 95 Ma 137 Ma styles, 73” diameter, 1 1/16” diameter and
INPUT IMPEDANCE 274/75° Ohms 82/68° Ohms 2” diameter, units can be made to suit
OUTPUT SECONDARY 1.8 YOLTS 23.5 VOLTS your individual requirements. Multiple
RESIDUAL {NULL) VOLTAGE 40 My RMS 20 Mv Fund 40 Mv RMS 20 Mv fund ganged units with individual phasing,
SENSITIVITY 200 Mv/pegree 400 Mv/Degree special stops and even specially tapped
WEIGHT 1.75 Oz 1.75 Oz units supplied to order, individually or in
MAXIMUM ERROR from EZ 10 Minutes 10 Minutes quantity. Additional new sizes and new
types are being prepared as this publica-

tii)ndgoes to press. Standard shafts sup-
. . | plied in any length or detail; specia
Kearfott now offers from production the smallest, accurate line of , gushings andyshaféglocks e pecial
Synchros available. These Transmitters and Control Transformers, . ) . .

) . . 1l | High Linearity — Superior Performance
Resolvers and Differentials, conform to Navy BuOrd. Size 8. Integrally Vectron Potentiometers provide superior

cast stator and stainless steel housing assemblies permit straight through performance. Uniformity and linearity far
beyond normal specification requirements

bores, ehmmallqg the fundame.ntal errors of eccentricity; providing rug- | are the result of long experience. Close
gedness and environmental resistance to these components. | tolerances and special processing insure
minimum run-out and bearing angularity,
1
KEARFOTT COMPONENTS \, o
INCLUDE: FOR FULL

|1 e ',':'."
INFORMATION
Write for Vectron’s
Potentiometer
Bulletin

ey WO
Gyros, Servo Motors, Synchros,
Servo and Magnetic Amplifiers, Tach- (“ [ §
ometer Generators, Hermetic Rotary
Seals, Aircraft Navigational Systems,

and other high accuracy mechanical,
electrical and electronic components. \
\

Precision Components Section

SINE 1917 ~0=Vecrrow, inc

%(kW%&WW«J
402 MAIN STREET, WALTHAM 54, MASS.

Technical Data Sheets on these
and other Synchros in various
size ranges and for special ap-
plications available. Send for
them today.

KEARFOTT COMPANY, INC,, LITTLE FALLS, N.J. l

\ ! - ,
Sales and Engineering Offices: 1378 Main Avenue, Clifton, N. J. | : ECTRON FOR DESIGN AND MANUFACTURE OF

. o g d Gyro §: 0 ical Devi
Midwest Office: 188 W. Randolph Street, Chicago, Hl.  South Central Office: 6115 Denton Drive, Dallas, Texos O o Sebits Pataricl E'“:“'::':“‘:‘?""»"‘h" i yiees

Woest Coaet Officer 253 N, Vinede Avenve, Pasadena, Calif. | Servo and Gyromechanisms  Special Greary and A

Arfctatt ladiruments Synchrs and Contenl Mo
A GENERAL PRECISION EQUIPMENT CORPORATION SUBSIDIARY '
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Here’s a simple, rugged unit which provides an

efficient solution to numerous power require-

ments including: Servo systems, control applica-
" tions, and compact radio receivers.

This versatile Sylvania development permits
1.5 watts dissipation with no external heat sink.
Its power gain is better than 10 db. And, it may
be mounted in any position, with lead wires sol-
dered or clipped for socket mounting. For further
details and technical data, write today to Dept.
4E-3106, Sylvania.

Sylvania Electric Products Inc., ,@‘ 1740 Broadway, New York 19, N. Y

For Improved and More Compact Circuits!

Electrical Ratings

Collector to Base Voltage ....... —25 volts
Collector Current . ....cvveeenes —1.5 amps.
Dissipation in Free Air....oo.coee 1.5 watts

Typical Operating Conditions

Push-Pull Class B Amplifier ... Grounded Grid or AC
Grounded Collector Circuit.

Power Qutput . ...ccovevne- 3 watts (MIN)
Collector Voltage . .cecevvee —12 volts
Load Resistance . ...ceooee. 24 ohms to

each transistor.
Collector Current @ Zero Output ........- —5 ma
Collector Current @ 3 Watts Output ... .—320 ma
Collector Efficiency @ 3 Watts
OUIPUR. « e vveeenm i sremmse s 75%
PoWer GQiN «ovcvvrenennnnerssnes s > 10db
Frequency REspoNse .......coveerercs > 10 KC

Another reason why it pays to specify Sylvania

v
‘l
|
1

a3

"

) . 0 9
n Conado: Sylvonio Electric (Conodo) Ltd., University Tower Bldg., 5t. Cotherine Street, Montreol, P. Q

LIGHTING -
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OVER 200 BASIC TYPES TO CHOOSE FROM

Do audio attenuator problems cost you money?
Chances are Shallcross has a model to match
your specifications exactly—and at moderate cost.

Shallcross attenuators are made in over 200
basic types. Each type can be supplied with a
choice of attenuation characteristics . . . with a
positive detent mechanism . . . and in numerous
input and output impedances. Where calibration
must be extremely accurate, Shallcross precision
wire-wound resistors are used. For less critical
applications, models with high grade composi-
tion resistors can be supplied—often at lower
cost.

A ::omplete description of all Shallcross
attenuators — mountings, characteristics, and
circuits is yours for the asking in Bulletin L-4A.
SHALLCROSS MFG. CO., 524 Pusey Avenue,
Collingdale, Penna.
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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 43A4)

Distortion Meter

Freed Transformer Co., Inc.,, 1715
Weirfield St., Brooklyn (Ridgewood) 27,
N. Y, has available for immediate delivery
its new Model 1410 Distortion Meter.

Model 1410 has the following specifica-
tions: frequency range, 20 kc to | mcin ten
overlapping ranges; distortion range, 0.1
per cent to 30 per cent. The input level
range allows signal levels from 0.2 to 1,000
volts to be measured directly. An accuracy
of 0.1 per cent is obtained at signal levels
as low as 0.2 volts.

Residual signal is measured by high
gain V'TVM with flat response up to 3 mc.
Model 1410 has a low-impedance, distor-
tionless preamplifier with monitoring cir-
cuit. A null T network assures complete at-
tenuation of fundamental.

This unit is self-contained and oper-
ated. Isolation transformer and line filter
are provided to prevent any feedback
through power line. For information and
prices on this or any other Freed models,
write the manufacturerer.

Catalog on Tape Wound Cores

Magnetics, Inc., Butler, Pa., now offers
a new Tape-Wound Core Catalog listing
new and unusual material on their stand-
ard line and specialty cores.

Catalog TWC-100, “Performance-
Guaranteed Tape \Wound Cores,” de-
scribes the physical and magnetic constants
of over 1,100 standard sizes of toroidal
cores, and construction descriptions which
include hydrogen annealing, tape winding,
and protective boxing.

A table of basic physical constants of
common magnetic materials and one on
trade names of similar materials together
clarify some of the confusion which has
arisen in the industry from the use of vari-
ous trade names for similar materials. Pro-
duction core testing and the Magnetics,
Inc., core-matching service are described

The catalog includes 10 pages of
curves. These curves include superimposed
typical dc hysteresis loops and 60-cycle dy-
namic loops for Hy Mu 80, 48 Alloy, Or-
thonol and Magnesil, as wellas typical hys-
teresis loops, ac dynamic loops and 60-cy-
cle dynamic (with constant supply voltage
and variable reset) loops for all of these
materials.

(Continued on page 554)
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for eritical yoltage applicatione... ..
RMC HIGH VOLTAGE DISCAPS ° |

OO
DRI 33
CAPACITY | DIELECTRIC i size | AVAS Eraere ™
2-KV
331-470 1200-K | %" +20% GMV
471-1000 | 1200-K | %" +20% GMV
1001-2700 | HIK %s” GMV
2701-5000 | HIK %" GMV
5001-10000| HIK W’ GMV
3-KV
220-500 1200-K | %~ +20% GMV
501-1000 | 1200-K | %" +20% GMV
1001-5000 | HIK %" GMV
4KV
181-680 1200K | %’ +20% GMV
681-1000 | HIK %" GMV
5-KV
131-330 1200-K %" +20% GMV Discaps with a dielectric of 1200 K or over are not recommended
4
SN LS 7 CMY for deflection yokes or other 15,750 cycle applications.
6KV oo ’
101-220 1200-K | %’ +20% GMV 5
221-470 1200-K | %" +20%, GMmV
221-1000 | HIK %" GMV ;
SRE 47121000 | HIK % GMV CaPACITY | DIELECTRIC | size | AVAILABLE CAPACITY
Fotel e®s®ood NCES
:::: POWER FACTOR: 1.5% Max. (@ 1 KC (initial) 2.KV
e . I
B aakslobabureahenalc vacvum woxed 547 N-750 | % | 5-10-209% Gmv HEHIE
e letesetetsasirielt, o . 48-68 N-750 Va' | 5-10-20%, GMV [R23EEE:
O HNRBEBENE 69-82 N-750 %" | 5-10-20% GMV X
= 83-130 N-750 %" | 5-10-20% GMV
131-200 N-1500 | %" | 5-10-20%, GMV
HIGH VOLTAGE DISCAPS 201350 | Nisod | 4| Shosodt oy R
. . 251-330 N-1500 | %" | 5-10-20% GMV
for yoke and other applications 3 3KV 3t
P 515 N-750 %' | 5-10-209, GMV
16-20 N-750 2" | 5-10-20% GMV RIERE
RMC DISCAPS assure the voltage safety 21.56 N-1500 | %" 5-10-20% [T\ -
factor required in deflection yoke or special csecd ]gf-;fg N-:ggg ://- 5-10-2039 GMmV
. . . . - N- A" | 5-10-20% GMV IS
electronic applications. These RMC high 241.330 N-1500 | %’ | 5.10-20% GMV
voltage DISCAPS are rated at 2000, 3000, 1KY
4000, 5000, and 6000 volts DC. 5.68 N-1500 | %’ | 5-10-20% GMV
Now available in any capacity between el bR [ | eRI0 s (0T .
5 MMF and 10000 MMF, their smaller size T3 =
and lower initial cost offer definite produc- 31.60 N:]gog ,2 g::g:gg% gxx .
tion ease and overall savings. 61-130 N-1500 | %" | 5-10-20% GMV
If you want proof that DISCAPS are the out- : =H.34 -
. . . . - - - k7 - -
standing ceramic capacitors write us about <3 2?_?80 :_:ggg ,//: _:g_;g% g::\\;
your specific requirements and we will forward . POWER FACTOR: .1% Max. (@ 1M C (initial)
samples. :' INSULATION: Durez phenolic—vacuum waxed
a9 a'
P o
ODTRHHRHHHTIIR
e S & &

& .
i ol
D e RADIO MATERIALS CORPORATION
cfﬁzc”(I)Rs GENERAL OFFICE: 3325 N. California Ave., Chicago 18, lll.
Le : T FACTORIES AT CHICAGO, ILL. AND ATTICA, IND.
N v/ DISTRIBUTORS: Contact Jabbers Sales Ca., P. 0. Box 635, Fairlawn, N. 1.
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HEAVY DUTY, PRECISION REGULATED POWER SUPPLIES

FOR LESS THAN THE COST OF BUILDING THEM YOURSELF

Bench Modet 50
0-500 VDC @ 0-500 MA $415.00

These general purpose, heavy
duty power supplies save you
time, money and experimenta-
tion. They are tested, fully
guaranteed, now in use in
many leading research and
industrial laboratories and
manufacturing plants, You get
quick delivery, dependable

equipment ready for immediate
LAMBDA'S TWO WIDEST RANGE,

MOST VERSATILE POWER SUPPLIES

installation.

SPECIAL
FEATURES

P Hermetically sealed oil filled
condensers

P> Stable 5651 reference tubes
» Easy-to-read 4 meters.

» Overload circvit breakers
{magnetic type)

P Vernier high-voltage control

» Time-delay tube protection
Rack Model 50-R

0-500 VDC @ 500 MA $395.00

Regulation (line)...... 0A000a00000600000030300 Better than 0.19
Ripple and Noise..........ovvevenennn Less than 5 millivolts rms
Polarity: Positive terminal connected internally to negative terminal of

S PECI FICATI ON S

INPUT . ..covcavenncnancecnnans 105-125 VAC, 50-60 C, 800 W (max) DC output No. 1

DC OUTPUT NO. 1: (regulated for line and load) . , cable) AC OUTPUTS (unregulated):
gz:‘:,et """"""""""" O_:&go&xl()fve(: :::lil::o‘::lz‘g?:‘:ng:) Two outputs, isolated and ungrounded. Each is 6.5 VAC at 5A (at 115
REGUIBHON (1€) e « e v v vrennnennnennns Better than 0.15% or 0.1 V VAC input). Allows for drop in connecting leads. May be connected in
Regulation (load). .c.coveveveenrnnnnns Better than 0.59% or 0.3 V series for 12.6 V (nominal) at 5A, or in parallel for 6.3 V (nominal)
Internal Impedance. .......covveenennnenennns Less than 2 ohms at 10A.
Rippleand Noise.............ii0vvunnne Less than 8 millivolts rms
Polarity....cooeveueenn Either positive or negative may be grounded SIZES AND WEIGHTS:

Bench Model 50 Size: 12Y2” Hx22” W x 157 D

oL A CA T L SR LR ) Weight: 110 Ib. net; 175 1b, shipping
Voltage Ranges Internal Impedances:
a) 0-50 VDC (no load) 3,300 ohms (max) Rack Model 50-R  Size: 1015” Hx 19" W x 1414”7 D
b) 0-200 VDC (no load) 17,500 ohms (max) Weight: 89 1b. net; 143 1b. shipping
LAMBDA ELECTRONICS CORP.
10302 NORTHERN BLVD. CORONA 68, NEW YO RK
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NEW PACKAGING METHOD
FOR DISC CERAMICONS®

Pallet-Pak, ERIE's exclusive new packaging method
for Disc Ceramicons, answers the need for mechan-
ically pre-aligned capacitors that can be fed into
automatic assembly machinery. Hand assembly is
also improved because of the ease of handling and
the physical uniformity of the capacitor.

ERIE is constantly searching for new ways to
assist manufacturers in reducing production costs.
Pallet-Pak is a development by ERIE Industrial En-
gineers with this purpose in mind.

The many other advantages of Pallet-Pak are
noted at right. Write for our Pallet-Pak Bulletin
with complete illustrations and advantages of
this new packaging method that is currently
available on a portion of ERIE Disc Ceramicon
production.

As many as three pallets
[ can be shipped in this mul-
tiple drower-type carton.

35 .
R 0ag g T .
feaae LETY WS
3 fe

ERIE RESISTOR CORPORATION . ..

Capacitors are held between
die-cut cardboard strips.

«

'iz‘.\‘\ Ny '

Strips, carrier, and pallet form
one complete shipping unit.

dling.

® Known number in strip
makes inventory control
easier.

® Count empty strips—
multiply by number for
vsage control.

® Markings all face one
direction for easy
identification.

® Drawer type disposable
pallet for storage and
shipping.

® Straight lead wires—no tangling —units easily
removed by pulling from strip.

® Uniform lead length.
@ Carrier insert acts as tote-tray for easy han-

® Index holes in strip 12"’ center to center for
use in lead forming and cutting equipment.

® Index holes are above carrier sides—rods
can be inserted through holes and entire lot
lifted easily in one operation.

® Assurance of uniform quality, resulting from

continuous production flow.

|

ELECTRONICS_ DIVISION

RESISTOR CORP.

Muain Offices and Factories: ERIE, PA.

Manvufacturing  Subsidiaries:

HOLLY SPRINGS, MISSISSIPPI * LONDON, ENGLAND * TRENTON, ONTARIO

Sales Offices: Cliffside, N. J. ® Camden, N. J. ® Chicago, lli. ® Detroit, Mich,
Cincinnati, Ohio ® Fort Wayne, Ind. ® Los Angeles, Calif. ® Toronto, Ontario
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OSCILLOGRAPH
EVER MADE

Superlative performance and almost legend-
ary dependability have won for the Type
304-A the envied position of the most popular
oscillograph ever produced. With the possible
exceptions of its honored predecessors. the
Types 304-H, 304, and 208, no other oscillo-
graph has found such immediate acceptance,
nor is used so broadly in all phases of science
and industry. More Type 304-A’s are in use—
in laboratories, in service shops and on pro-
duction lines —than any other cathode-ray
oscillograph.

The reason for this world-wide popularity?
The accompanying list of features will tell
you. No other instrument can provide such
versatile, dependable performance at such a
low price.

FOR FULL SPECIFICATIONS WRITE

THE TECHNICAL SALES DEPARTMENT
AT THE ADDRESS BELOW.

pUMONT

Allen B. Du Mont Laboratories, Inc.
760 Bloomfield Ave., Clifton, N.J.

HIGH SENSITIVITY — Deflection factor of
100 p-p mv full scale (equivalent of 25 p-p
mv per inch) provides useful deflection
from almost every signal encountered in
general laboratory work, without need for
preamplification.

DIRECT VOLTAGE MEASUREMENTS — Push-
button calibration enables accurate ampli-
tude measurement of any portion of input
signal directly in volts from the scale.
FLAT-FACE TIGHT-TOLERANCE CATHODE-RAY
TUBE--Precision built Du Mont Type 5ADP
Cathode-ray Tube assures faithful display
and minimizes parallactic errors.

HIGH ACCELERATING POTENTIAL — Overall
acceleration of 3000 volts assures brilliant
trace with excellent spot size, and provides
maximum efficiency of long-persistence
screens.

D-C OR A-C AMPLIFICATION — Vertical fre-
quency response is flat from d-c to 10¢
down at 100,000 cps and 15% down at
30.000 cps with no possible slope.

DRIVEN AND RECURRENT SWEEPS — Variable
in frequency from 2 to 30,000 cps

SWEEP EXPANSION — Up to 6 times full
screen diameter for studyv of high fre-
quency components or low frequency
signals.

EXTRA-LOW-FREQUENCY SWEEPS ~ By addi-
tion externally of high quality capacitors
very slow sweeps mayv be generated for the
display of long-duration functions.
STABILIZED SYNCHRONIZATION - For stable
presentations without horizontal jitter and
for reliable driven-sweep operation; Sync
limiting on both driven and recurrent
sweeps eliminates possibility of pattern
distortion owing to “over-syncing”.

PRICE s315
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* Reliable

Bt s
Ay P

Vanquish vacvum tubes in comﬁuér .circuifs
AFTER 3000 GRUELING TEST HOURS

s

NOT A SINGLE FAILURE! More than 200 of Radio Receptor éﬁ
Co.’s PNP diffused junction transistors, Type RR87, are giv-

ing tangible evidence they are really reliable. All the original
units are still performing after 600,000 transistor hours in a
computing machine development project now underway at one

x
IHVVo o
Y

our

Y
g

¥ §

of the country’s largest research centers. o °
Where short-lived vacuum tubes used to conk out one by one " 1= .
at a prohibitive rate, tiny RRco. transistors are proving their T
life-span far exceeds the bulky tubes in flip-flop, gates and other
pulse circuits. What’s more, these efficient transistors are %
“potted” in sub-assemblies, not removeable from the computer W= ey
mechanism except as a unit. They have to be good! J::/\"_‘l
When the RRco. trademark appears on transistors, diodes
or selenium rectifiers you can always be sure they are really l_'v’\‘/\,_l
reliable . . . if you'd like guidance from our engineering group

TYPICAL CLAMPED FLIP-FLOP CIRCUIT

specializing in transistor circuitry, just write us now.

Another RRco. computer transistor recently
developed is Type RR83. Ask for complete
information regarding this as well as RR87.

IN RADIO &

RADIO RECEPTOR COMPANY, INC.

Seletron and Germanium Division

ELECTRONICS
SINCE 1922

SALES OFFICES: 25! WEST 19th STREET, NEW YORK 11, N. Y., WATKINS 4.3633, FACTORIES IN BROOKLYN, N. Y.
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There’s always
chassis space...

For Silverlytic Subminiature Capacitors

When vou’re designing transistor circuits and other miniature
electronic equipment, Mallory Silverlytic Capacitors are a space-
saving solution to your low-voltage capacitor problems. They
provide high capacitance in a case so small that it fits into the
tightest chassis lavouts. They’re only 74 inch in diameter and
34 inch long.

Compare these characteristics

of Type ALA Silverlytic Capacitors

Ratings available:

4 mfd. 4 volts DC max.
2 mfd. 5 volts DC max.
1 mfd. 10 volts DC max.
.5 mfd. 10 volts DC max.
.3 mfd. 10 volts DC max.
.2 mfd. 10 volts DC max.
.1 mfd. 10 volts DC max.

Temperature range: —30° to 4-65° C.
(other types for —55° to 4+85° C.
available)

Silverlytics can be mounted by their leads with complete assurance
of reliable operation. An improved method of attaching the axial
lead wires eliminates the danger of intermittent open circuits under
normal production line handling and service vibration.

An outstanding product of Mallory’s continuing program of
research in the field of transistor circuit components, Silverlytics
offer electrical characteristics comparable with those of larger
electrolytics. Our new Technical Bulletin gives complete data on
these newest members of the Mallory line of electroly tic capacitors
that have set the standard of the electronic industryv. Write for
vour copy today.

Expect more. .. Get more from MY

Parts distributors in all major cities stock Mallory standard components for your convenience.

MALLORY

INDIANAPOLIS 6, INDIANA

Capacity tolerance: —109% to + infinity
Max. leakage current: 2 microamps. after 5
min. at rated voltage

Serving Industry with These Products:
Electromechanical—Resistars *» Switches ¢ Televisian Tuners * Vibratars

Electrochemical—Capacitars ¢ Rectifiers » Mercury Batteries

Metallurgical—Cantacts » Special Metals and Ceramics * Welding Materials
P. R. MALLORY & CO., Inc.,
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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 484)

X-Band VSWR Meter

Laboratory or production-line testing
of waveguide components is performed
rapidly with the new Model 110\ CTI S-
Band Voltage Standing Wave Ratio Indi-
cator developed by Color Television Inc.,
E. San Carlos Ave., San Carlos, Calif. Cov-
ering a frequency band from 8,500 to 9,600
mc, the new unit is said to offer a number
of advantages over slotted-line measuring
techniques.

L

The instrument includes an oscillator,
a wavemeter to supplement the approxi-
mate direct-reading dial of the oscillator,
a forward and reversed directional coupler
with bolometer take-offs for source and re-
flected power, and a direct-reading ratiom-
eter having dual scales calibrated directly
in VSWR, 1.06 to 1.3 and 1.3 to 2.5.

Permitting continuous coverage of the
frequency band, the Model 110\ over-
comes the difficulty of missing points in-
herent in point-by-point measurements.
The simplicity of the unit facilitates its use
by unskilled personnel, making it excellent
for production go/no-go tests. Other ad-
vantages include, in addition to the speed
of operation, the absence of probe or slot
error, and the fact that no readjustments
are necessary for frequency changes, nor is
the reading affected by changes in rf
power.

Duo Channel Differential
Amplifier
Type 501, a wide-band amplifier which

will convert a differential signal into a sin-
gle-ended signal, is available from Advance

Electronics Co., Inc., 451 Highland Ave-
nue, Passaic, N. J.
(Continued on page 56A)
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2QA Relay

4BQA Relay -

3QA Relay

4QA Relay

4 .
-
IS THE REGISTERED TRADE MARK OF

PHILLIPS CONTROL CORP.

JOLIET, ILLINOIS

A THOR CORPORATION SUBSIDIARY
OFFICES IN ALL PRINCIPAL CITIES

' SMALL, LIGHT—CONTACTS

IN MINIMUM SPACE AND WEIGHT?

TYPE 4BQA
POWER D. C.

' HANDLE HIGH CURRENT

MULTI-CONTACTD. C.
SMALL, LIGHT
SENSITIVE

Among the wide variety of Standard Phil-Trol Relays
you will find many designed to solve your “special”
problems. .. like the types 4BQA and 4BQA POWER
shown above. While both are small, compact, light-
weight units, each is designed to perform its job best.
For example:

The 4BQA Multi-contact D.C. is used where very
sensitive or marginal operate and release factors are
required. This relay may be provided in multi-
contact combinations with as many as 12 contacts.

The 4BQA Power Type D.C. has the capacity to
handle large currents on the contacts. Standard con-
tacts are rated at 25 amperes.

These are but two of the many unusual Phil-Trol
designed relays that will help you solve the “tough”
application problems as well as the simpler ones . . .-
and with security in knowing you will always have
dependable performance. Send for a new Phil-Trol
Catalog — today!

27QA Relay

33AC Relay b
’,
¢

4BQA Power Relay Actuators

Hermetically
Sealed Relay

PHILLIPS CONTROL CORP,

Dept. Pt Jolist, Hllineis

Please send me a free copy of the new
Phil-Trol Relay and Actuator Catalog. Also, please ar-
range to have a Phil-Trol Sales Engincer call on me.
Name.. i
Company -
Street

Clyiicnii Zone State.

[
[
>
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That's what the Tech
Sergeant wrote after inspecting
this Servomechanisms, Inc. electronic

Sk computer that came out of a wrecked
£ fighter in Korea.

The specs didn’t call for operation after
i this kind of treatment — but we're not
surprised. We build reliability
L and ruggedness into all
b our equipment.

SERVOTIL2C/INISMS

INC.
PACKAGED FUNCTIONAL COMPONENTS

: 1«@‘?‘4“""-.

Sy &‘?.’A’-’t‘v b

L dntoib fowl’

3

Designed and Produced ot El Segundo, California and Westbury, New York
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News—New Products

These manufacturers have invited PROCEEDINGS
readers to write for literature and further technical

information. Please mention your 1.R.E. affiliation.
(Continued from page 55A4)

This amplifier consists of two identical
channels and an output voltmeter for indi-
cating the potential of the output signal.
Each channel has a high differential ratio
amplifier stage and a balance-to-unbalance
converter with no transformer. As a result,
the degree of rejection of the common-
mode signal can be made very high over a
wide frequency range.

The ratio of the amplification for differ-
ential signals to that of common-mode sig-
nals is over 38 X 10¢ from 8 cps to over 500
ke. The frequency response is flat within 3
db from 2 cps to 1 mc. The voltage amplifi-
cation is approximately 30. The input im-
pedance is 2.7 megohms shunted with 15
puf from any input terminal to ground; 5.4
megohms shunted with 10 uuf between two
off-ground terminals. The output imped-
ance is approximately 300 ohms. Power in-
put is 115 volt, +10 per cent, 50/60 cycles,
60 watts for both channels.

Price is $265.00.

Heat-Flow Transducer

Heat-flow measuring instrumentation
based on the Model 200 Heat-Flow Trans-
ducer which can directly drive indicating
or recording mieters, is announced by Beck-
man & Whitley, Inc., 963 San Carlos Ave.,
San Carlos, Calif. This is possible because
of the high linear electrical output relative
to the heat-flow gradient across the trans-
ducer. The high electrical output results
from a large area-density of silver-constan-
tan thermocouple junctions whose output
can be connected in various physical and
electrical configurations depending upon
| requirements.

Based on a unit ¢ by 4} by 44 inches
containing from 180 to 720 junctions plus a
thermocouple to check ambient tempera-
ture, the transducers are made in a range
of sensitivities up to 6 btu/ft?/hr/mv.
Each transducer weighs approximately one
ounce and has thermopile and thermocou-
ple terminals brought out to one edge.

Among the specific applications of the

| new transducers are total-hemispheric and
net-exchange radiometers, portable heat-
flow meters, and soil heat-flow recorders.

(Continucd on page 59.1)
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MECHANICAL FEATURES
OF 6CU6

‘I Heavier-gauge plote with large
* radiating fins.

2 Vents in beam plates and plate
* aligned for moximym radiation
of heat from grids.

Anti-arc rings for uniform dis-
tribution of electrostatic field.

Anti-arc mica eyelets.

Plate connection''hard-soldered"
and positioned to reduce heat
conduction and arcing.

3
4
5 T-12 transmitting-type bulb.
b

Monufacturers of
Receiving Tubes Since 1921

RECEIVING .

PROCLEDINGS OF THE I.R.E.

[IYTRO
¥

TRANSMITTING

o

~ GET LONGER . .. TROUBLE-FREE LIFE

AT NO EXTRA COST WITH CBS-HYTRON

CTS-RATED' Bcu 6

Why the CTS-Rated* 6CU6? The 6CU6
horizontal amplifier is rated the same as
the 6BQ6GT . .. is electrically interchange-
able with it. But . . . because the 6CU6 is
rated for continuous television service, it
will /ive under 6BQ6GT maximum ratings.

The 6BQ6GT is a good tube. (Heck,
CBS-Hytron originated it.) But, it was de-
signed for 10- and 12-inch TV sets. Today
it carries the load in 21-inch sets. Further-
more, it must combat the accumulated dis-
sipation caused by: 1. Line-voltage varia-
tions. 2. Faulty receiver adjustments. 3.
Shifting values of components due to age

o

and overload. Result: The 6BQ6G T isoften
operated above maximum ratings.

Obviously, a brand-new design . . . not
just an improved 6BQ6GT . . . was needed.
The husky CBS-Hytron 6CU6 (See
Mechanical Features) is the answer: a
premium-performance tube af no extra cost.
CTS-Rated.itoffersgenerous safetvmargins
for plate dissipation. .. high-voltage insula-
tion . . . and high-line protection. Note also
the bar graph showing much larger plate
and envelope areas of CBS-Hytron 6CUS6.

Inthe6CUS6. .. another CBS-Hytron first
... high voltage and heat meet their match.
You forget run-away plate current, high-
voltage arc-overs, and shrinking TV pic-
tures. You gain by longer life . . . mini-
mized service . . . happier customers. Try
the CBS-Hytron 6CU6 todav.

*Roted for Continuous
Television Service

GREATER DISSIPATION RESERVES

WITH 48.5% MORE BULB AREA

WITH 31.5% MORE PLATE AREA

6CU6 OFFERS

6BQ6GT

6BQ6GT

CBS=HYTRON Main Office: Danvers, Massachusetts

« SPECIAL-PURPOSE

June, 1954

A Division of Columbia Broadcasting System, Inc.

A MEMBER OF THE CBS FAMILY: CBS Radio
CBS Loboratories + CBS-Columbia -«

TV PICTURE TUBES

« CBS Television
CBS International

« Columbio Records, Inc,
and CBS-Hytron

CRYSTAL DIODES AND TRANSISTORS
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Makers of o complete
line of fuses for home,
farm, commerciol, elec-
tronic ond industriol

vse.

--------------------.---------------.
 BUSSMANN Mfz. Co. (Division of McGraw Electric Co.) .
University at Jefterson, St. Louis 7, Mo. .
Please send me bulletin SFB containing facts on :
TRUSTWORTHY NAMmES tn  BUSSsmall dimension fuses and fuse holders. .
ELECTRICAL PROTECTION .
Name______ S .
. )
5 Tie_ o _ .
] .
[ ] [ ]
" 3 . Company S _ M
For more information : .
7 b R c > a Address :
1
mai { s oapon a City & Zone o ___State IRE-634 :
PROCEEDINGS OF THE LR.E.

0

There’s BUSS — the one Source for

all FUSES.”

For your exact fuse needs, there's
a BUSS fuse. A complete line of fuses
for the Electronic Industries — in
sizes from 1/500 amperes up . . . plus
a companion line of fuse clips, blocks
and holders.

Besides meeting your specifica-
tions, BUSS fuses are known for their
ability to give accurate and depend-
able electrical protection under all
service conditions.

To make sure that a BUSS fuse will
never let you down — every BUSS fuse
normally used by the Electronic In-
dustries is tested in a sensitive elec-
tronic device that rejects any fuse that

is not correctly calibrated, properly
constructed and right in all physical
dimensions.

That's why manufacturers and serv-
ice organizations throughout the na-
tion rely on BUSS as the one source
for fuses of unquestioned high quality.

Should you have a special problem
in electrical protection, let BUSS save
you engineering time. The world’s
largest fuse research laboratory and
its staff of engineers are at your service
to help you select the fuse best suited
for your device — and if possible, a
fuse available from local wholesalers’
stocks.

June, 1954
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CLEVITE STABLE POINT |
CONTACT TRANSISTORS

as low as

QO EACH

IN PRODUCTION QUANTITIES

Immediately Available

2N32 Low Speed Switch
2N33 50 Mc. Oscillator
2N50 Medium Speed Switch
2N51 High Speed Switch
2N52 Low Speed Switch or Amplifier
2N53 Very High Speed Switch
2A 50 Kc. Amplifier, 1 Mc. Oscillator
2C Special Purpose Medium Speed Switch
2D 2 Mc. Amplifier, 10 Mc. Oscillator
2E 50 Kc. Amplifier
2G Ultra High Speed Switch
2H Special Purpose Audio Amplifier
Ideal for miniature remote radio control
systems.

Features

» Controlled production

« Uniform characteristics from unit to unit

. High stability of characteristics within
each unit

« Factory aging — life and pre-shipment
testing to ensure uniformity of product

» Fast rise time

. Resistant to unfavorable environment

Write for complete information on point

contact transistors Dept. P6.

TrRANSISTOR PRODUCTS, INC.

241-257 CRESCENT STREET, WALTHAM 54, MASSACHUSETTS

AN OPERATING UNIT OF
CLEVITE CORPORATION

PROCEEDINGS OF THE LR.E. June, 1954

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

(Continued from page 56A4)

Radiation Detector

A new, light-weight radiation detector
(PW 4010) that fits in a man’s pocket is
available from the Research & Control In-
struments Div., North American Philips
Co., 750 S. Fulton Ave., Mount Vernon,
N. Y.

The unit is approximately 1.7 inches
thick, 4.1 inches wide, 6.6 inches high,
weighs about 25 ounces, and is designed

for locating sources of beta and gamuma ra- |

diation. It is useful for measuring the ra-
diation exposure of laboratory workers and
for checking intensity levels during re-
search investigations.

The new radiation detector has a 1.3-
volt pen-light-type filament battery, two
30-volt miniature-type anode batteries and
a 15-volt subminiature-type grid bias bat-
tery.

The unit employs a halogen-quenched
counter tube (type 18502) that operates at
350 volts, and a special diode-pentode os-
cillator tube (type 95106). The main
switch has six positions: off, start, low sen~
sitivity, high sensitivity, anode voltage,
and filament voltage. Calibration switch
has four positions: anode battery off, anode
voltage 60 volts, anode voltage 35 volts,
and anode voltage 47.5 volts.

Bulletin on Balanced
Mixers

A new 6-page technical bulletin on the
relatively new art of microwave-balanced-
mixer design has been published by Air-
tron, Inc., 1103 \V. Elizabeth Ave., Dept.
A, Linden, N. J.

Designated Technical Bulletin T-2600,
the new publication provides much of the
basic theoretical and design information
needed by the radar or commercial micro-
wave relay engineer in choosing the proper
waveguide mixer for his particular applica-
tion.

Among the many balanced mixers de-
signed and developed at Airtron, the com-
pany has standardized certain basic types
which have demonstrated reliable per-
formance characteristics in the majority of

(Continued on page 60A)

TINY TRANSFORMERS

can pack a real wallop!

Ever wonder about Aladdin’s genii2
A lot of power to squeeze into one
tiny container, yet we're doing some-
thing almost as unbelievable at ADC.
| Take for example ADC's radically
new line of tiny, hermetically sealed
transformers and chokes. Measuring
only 3/4” x 15/16” x 1-3/8", these
tiny units have performance ratings
equal to transformers and chokes of
a far larger size. {Mu-metal cases.)

- 16
1 i
1
- 12 .
{ & e @
| 2 ? . ~ 05
1100 | 8 S s Q
2 od
B ) 6 ©
5 ¥
3 . @
| = -
2
| 1000 L1
| 0.01 0.1 10 10

VOLTAGE ACROSS THE WINDINGS

r

l AUDIO DEVELOPMENT COMPANY
2833 13th Avenue So., Minneapolis, Minn.
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design progress through
inter-company co-operation
l;m inc.

« « « coordinated by

MINIATURIZED

RADAR PLUMBING...

60\

Recently, Airtron was confronted with a difficult problem — how to
develop a radar plumbing system that was greatly reduced in size and
weight, yet capable of handling higher power and wider band width. The
solution not only necessitated redesign of the actual plumbing, but also
required a completely new design of existing crystals and ATR tubes.

Accordingly, a coordinated effort, set up between the cngineering staff of
Airtron and those of the crystal and tube manufacturers, resulted in the
development of new crystals with reverse polarization mountings . . .
and new higher power ATR tubes that were inherently pressurizable and
demonstrated low VSWR’s at high level operation.

As a result, by taking optimum advantage of these new components,
Airtron now offers radar designers and manufacturers radically improved
duplexers and balanced mixers that are only one-third the previous size
... yet capable of handling cight times more power . . . with a band width
three times greater.

This is just another concrete example of how Airtron’s creative engineer-
ing . . . and their close association with leading manufacturers in all phases
of electronics . . . can be of assistance to you . . . whether the com-
ponents you need are new in design or so-called “standard”’ plumbing.

i,

| New reverse

polarized crystal

and ATR tube cur-
rently uvsed in
many radar systems , . . and manu-
factured according to original design
suggestions of Airtron engineers.,

Free '""Microwave
Nomograms and
Charts”, new 20-page
handbook of wave-
guide engineering
data. Write Dept. |
for your copy today.

ﬂm«. inc. Linden, New Jersey

Manufacturers of a complete line of rigid and flexible waveguide components

Branch Offices: Albuquerque e Chicago e Dallas e Dayton e
Kansas City e Los Angeles e San Francisco o Seattle

/
/

pdus greater power and band width!

PROCEEDINGS OF TIHE LRI

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 594)

applications. Where the mixer crystals are
mounted directly in the waveguide struc-
ture, Conventional Magic Tee, Modified
Magic Tee, Folded Hybrid and Short Slot
Hybrid Mixers are offered. Where the crys-
talsarcmounted in a coaxial structure, both
Dual Balanced Mixers (two AFC crystals)
and Single Balanced Mixers (single ended
AFCoutput) are offered.

A general theory of operation in the
Bulletin covers the design principles on
which all these types are based. In addi-
tion, cach mixer is individually described
as to construction, operating characteris-
tics, and applications.

Copies of Technical Bulletin T-2600
may be obtained without charge.

Teflon-Rulon Sample Kit

For experimental use by designers and
engineers who are investigating the prop
erties of the new fluorocarbon plastics,
Dixon Corp., Bristol, R. 1., provides a
sample kit containing a pound or more of
the company’s products. Inchuded in the
kit are specimen shapes of both Teflon
(Du Pont trademark) and Rulon, a special
bearing material developed by Dixon to'be
“slippery throughout, from outer skin to
inner core.”

Contents of the sample kits vary from
box to box, but alwavs consist of at least
four inches of Rulon rod, a machined piece
of Rulon, extruded Teflon rod (including
one piece 12 inches long and one at least 1
inch in diameter), extruded Teflon tubing,
small Teflon molded and machined sam-
ples, and Teflon spaghetti tubing.

Sample kits may be ordered in any
quantity, at $10 cach. Also available free
on request are technical data sheets cover-
ing characteristics and typical applications
of Teflon and Rulon.

(Continued on page 62:1)
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GUARDIAN

CONTACT
SWITCH

ASSEMBLIES

ELECTRONIC ORGANS
TELEPHONE ANSWERING SERVICE

You’re looking at performance and low

ADDRESSING EQUIPMENT

LRI = t that have never been so efficient]
—_———= COS at hav % so efficien
- . (_':!_':'—4;%—: combiped when you .study these nevs:r BUSINESS MACHINES
M‘ \,JL —— Quardxan Contact .SW1tche§. Use them VENDING MACHINES
:;___‘k_-f_—_—-——j mdepepdently or in combmatxon. with COIN CHANGERS
*#==%——= Guardian Relays, Steppers, Solenoids, or
s @ special controls and you will soon dis- THERMOSTATS

SNAP-ACTION
REVERSING SWITCHES

~

cover these Guardian Contact Switches
make no compromise with quality and
performance despite their reasonable
price. They are quickly available in a
vast variety of contact combinations and
in all popular materials from Guardian’s
enormous stocks of standard and special
blades, lug adaptors, insulating separa-
tors and bushings ready for immediate
assembly, Fine silver, silver alloy,
platinum-ruthenium and Fasloy =7 con-
tacts with blade materials of all types
are available.

DICTATING EQUIPMENT

WIRE RECORDERS

AUTOMATIC RECORD CHANGERS

LIE DETECTORS

INTERCOM SYSTEMS

EMERGENCY PRODUCTION CONTROL
TAPE RECORDERS

CONVEYOR CONTROLS

FACSIMILE SIGNATURE TRANSMISSION

UNIT B GUARDIAN SNAP-ACTION REVERSING SWITCHES

“ Unit "A" controls reversing of 10 omp., 115 v,, non-
inductive loads in automatic equipment. 4 P.D.T. con-
tacts ore of Fasloy #7. Llife tests up to 5,000,000
operotions. Unit "B" hos automotic return with 3 P.D.T.
combination. Both units U. L. approved.

ANIMATED SIGNS AND DISPLAYS
TRAFFIC SIGNALS

ELECTRONIC BRAINS
TRANSPORTATION

AUTOMATIC SELECTION

GUIDED MISSILES

GUARDIAN ENGINEERS KIT

Indispensable to those who design, build or test elec-

trical controls. Kit contains o generous supply of stond- RADAR
ord Guardian contacts for various blode dimensions
ond includes all ports necessary for complete switch PHYSIO-THERAPY
assemblies. Order yours today.
GUN-FIRING

GET BULLETIN (S-? ROCKET-FIRING

It illustrates contacts, contact blades, lug adaptors and insulating
separators. Yours for the asking ... no cost. .. write today.

GUARDIAN\WELECTRIC

1628-G W. WALNUT STREET CHICAGO 12, ILLINOIS

A COMPLETE LINE OF RELAYS SERVING AMERICAN INDUSTRY
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| News—New Products

| (Continued from page 604)

n Non-Inductive Resistors
Available in exact resistance values to

VE accuracies of 1, 0.5 and 0.1 per cent, a new
| line of precision resistors is offered in a se-

ries of standard value ranges from 0.1 ohm

to 1 megohm, by the K-F Development
D EVE Lo P M ENT Co., 2689 Spring St., Redwood City, Calif.

Wheeler Laburatories is an engineeting organization offering consulting
and engineering services in the fields of radio and radar.

Our "Slide Rule Lending Library” shown above has proved to be a practical
method for providing our engineers with the most suitable tools for their
specialized problems, and for increasing thelr familiarity with a variety of
computing devices. '

At present, Wheeler Laboratories comprises a staff of twenty engineers
under the personal direction of Harold A. Wheeler, with supporting facilities
including a group of designers and a model shop. '

Wound noninductively on non-hygro-

A brief summary of our work will be sent on request, and comprehensive scopic ceramic bobbins and impregnated

engineering reports on some of our developments are available. Inquiries are for moisture protection, these units exhibit
welcomed regarding your particular problems in microwave design and low thermal emf and a temperature coef-
development. ficient of 0.000025 ohms/°C. Nine sizes are

supplied ranging in power capability from
4 to 1 watt; in diameter from % to § inches,

Wheeler Lahoratories, Illc. 1 and in length from % to 1% inches.

Iii the standard units, values under 800

122 Cutter Mill Road, Great Neck, N.Y. ohms are wound of Manganin wire while
HUnter 2-7876 | values over 800 ohms are supplied in Ev-
| anohm.

| (Continued on page 64A4)

- TEAMED T0 ExpPLoiT ACCORACY

Selective Amplitier High and Low Voltage
‘With Over 65 db Gain Current Limited D.C.
® Specifically designed to afford full util-

. ization of outstanding accuracy and
3eth Csciilalsy Aoy Fixed Frequency

from 100 CPS to 10 KC

20 db Rejection

of|3nd Harmodt D.C. Generol

Bridge Ope:

range of E S | Model 250-C1 Imped-

MODEL 855_A| ance bridge.

® Complete operation of the 250-Cl

osclllAToR Bridge from A.C. power.
AMPLIFIER ® hin 1% of nominet oty
® Maximum convenience. Visuval null in-
dication. No batteries.

MODEL ’250 - Cl @ Features E S | Dekadial for
accurate resistance, capoci-
IMPEDA"CE tonce, inductance, Readings to four

significont figures,

BRIDGE ® The most accurate, widest ronge Im-

pedance Bridge availoble,

® Compact, light, portable, 97 x 117 x
< ’3 = . 3 117 over all.

S s R B ’ # Model 855-A1 ® Wide range:
D E K A D l A l Oscillator-Amplifier ... ... Resi;tonce — 1 milliohm to 11 meg.
36 feet of scale length with 38,000 discreet increments & Model 250-C1 ohms.

ACCURACY — Resistance: ==0.1%; Capacitance: Impedonce Bridge . ... ... Capacitance — 1 A:‘M N: 1100 ufs,
-0.25 % ; Inductance: ==1.0%. $ Impedance — 1 h to 1100 henrys.

Write for Literature ELECTRO-MEASUREMENTS, INC. ———

o
and Nome of '~°_“" Formerly Brown Electro - Measurement Corp. e s l
FelesRepielentative 4312 S.E. STARK STREET -  PORTLAND 15, OREGON

4
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The Midland Factory shown above is the world’s largest
plant devoted exclusively to producing crystals for
frequency control. It is equipped with the finest and

most complete production and testing machinery

ever developed for this purpose. Here Midland pioneered
development of crystals for color television, and is

now ready for full-scale production.

All this is important to you for just one good reason:
Every Midland crystal you use has been produced by
such advanced techniques and under such rigid quality . -8
controls that you can be sure it will prove its Midland Critical Quality Con-
. . . trol extends through every step
completely reliable quality under every operating stress. of crystal production, and includes
precise angular control by X-ray.

Uniform accuracy is maintained
to the millionth part of an inch.

Whator o Gl nrd, ermetional o highly dpusibied,
Whaw i haa o e spactly night, omtack

[ 4
MANUFACTURING COMPANY, INC.
Fiberglas Road, Kansas City, Kansas

WORLD’S LARGEST PRODUCER OF QUARTZ CRYSTALS
PROCEEDINGS OF THE I.R.E. June, 1954 63a




TYPE 511-A POWER AMPLIFIER

YT Audio ® PHASE SHIFT COMPENSATION
Signal o 511-A :8,,;‘5,‘;",‘”‘” o NEGLIGIBLE DISTORTION
Oscillator e HIGH VOLTAGE OUTPUT LEVEL

. . . a general purpose laboratory power amplifier featuring low distortion, low
noise and excellent phase characteristics throughout the frequency range from 50 cps.
to 50 kc. A choice of four outputs available to match various loads (5, 25, 200 or
1200 ohms). The 511A Power Amplifier is especially useful as a test driving source
for tachometers, synchros, small motors, choppers, electro-mechanical devices and,
with an audio frequency signal generator,as a power oscillator.

At rated frequencies and gain settings the overall phase shift is small. A special
feature is the phase compensation circuit which permits the overall phase shift
to be maintained at a constant value with varying gain. Harmonic distortion and
intermodulation distortion are low. Output voltage up to 120 volts into a 1200 ohm
load. Operates into loads varying from pure resistance to pure reactance.

The flexible system of phase shift control makes the 511-A Power Amplifier ideal
for use in conjunction with phase measuring equipment as a power source in the
investigation of phase characteristics of transmission lines, transformers, filters or
equalizing networks, saturable reactors, magnetic amplifiers, and in acoustical
measurements.

SPECIFICATIONS:

Output Characteristics and Gain (for 0.5% max. allowable harmonic distortion):

OUTPUT SELECTOR E Out Max‘ VO]tage ) P out Max.
(Front Panel Control) Gain Optimum Load

Position 1 8 volts 14 5 ohms 128W
Position 2 18 volts 2.8 25 ohms 130w
Position 3 55 volts 8.0 200 ohms 151w
Position 4 120 volts 210 1200 ohms 120W

INPUT IMPEDANCE: 100 K ohms shunted by approximately 10 uuf.

FREQUENCY RESPONSE: At 10 watts or less output, essentially flat from 50 cps to
30 ke, down 0.5 db at 50 kc. At 10 to 16 watts, essentially flat from 50 cps to 30 ke,
down 1.0 db at 50 kc.

HARMONIC DISTORTION: At 10 watts or less output, less than 0.5% total harmonic
distortion (rms). At 10 to 16 watts output. less than 1.0% total harmonic distortion

(rms).

PHASE SHIFT: 1.0° *1.5° from 50 cps to 10 kc.
Phase shift may be compensated at any single frequency to remain constant for all
gain settings. Phase shift may also be made zero for a single frequency and a single
gain setting.

INTERMODULATION DISTORTION (rms): Less than 0.5% from 50 cps to 15 k¢ for
difference frequency of 150 cycles.

OUTPUT REGULATION: *5% of rated output voltage from optimum load to open
circuit on all ranges.

HUM AND NOISE: Less than 15 mv. with input shorted.

-

TECHNOLOGY TNSTRIVENT CORe.

. =

5§35 MAIN ST., ACTON, MA.SS., COlonial 3-7711

West Coast Engineering Facility 731 No. LaBrea Ave., Hollywood, Cal.
644
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News—New Products

These manufacturers have invited PROCEEDINGS

readers to write for literature and further technical

information. Please mention your |.R.E. affiliation.
(Continucd from page 621)

Miniature Power Wire-
Wound Resistors

Two miniaturized self-mounting wire-
wound power “Blue Jacket” resistors for
use in TV and industrial electronic produc-
tion where space is a factor have been an-
nounced by the Sprague Electric Co., 235
Marshall St., North Adams, Mass.

These new axial-lead vitreous enamel
Blue Jackets, Types 27K and 28E, are de-
signed for reliability. They are suited for
point-to-point  wiring, terminal board
nounting, and processed wiring boards,
fitting well in dip-soldered subassemblies.

These resistors meet RETMA and
MIL humidity specifications.

Coniplete performance data is given in
Engineering Bulletin 11-A.

Single-Sideband Filter

Manufacture of a new single-sideband
filter fot amateur receivers has been an-
nounced by Burnell & Co., 45 Warburton
Ave., Yonkers, N. Y. The new filter (type
S-15000) utilizes a toroid coil instead of the
crystal filters formerly required, and is
similar to the Burnell SSB filter. The S-
15000 is the first low-priced, mass-pro-
duced SSB filter for ham receivers.

This new filter features compact size
and case of installation. Fixed-tuned and
hermetically sealed, it requires no adjust-
ment. It may be installed in any existing
amateur receiver now in use, and is also
suitable for incorporation into new de-
signs by set manufacturers.

It is expected that it will convert tens
of thousands of hams to SSB reception.
The S-15000 makes possible long-range re-
ception with reduced interference and dis-
tortion, not only of SSB signals, but of any
ADM transmission. It utilizes 50 kc as a 2nd
IF and provides a narrow-band, sharp cut-
off response. Price is $35.00.

Descriptive  information, including
schematic and response curve, is available
on request. Write Dept. A3.

(Continued on page 66A)
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Hughes Fusion-Sealed Germanium Diodes

Hughes Point-Contact Germaniunt Divdes
are fusion-scaled in a one-piece, gas-tight
glass cnw'lopc . . . dmpervious to moisture,
fumesorother external contaminating agents.
The flexible dumet leads are especially suit-
able for spot-welding; or they can be iron-
or dip-soldered as close as % inch to the

diode body—without special precautions.

The germanium crystal is permanently
bonded to one lead, the cat whisker is
welded to the other, and the point of
the cat whisker is welded to the crystal.
Hughes diodes are highly resistant to
shock and vibration. Positive mechani-
cal stability is achieved without risking
contamination from fluxes, waxes or
impregnants. And—each diode is thor-
oughly tested to ensure the stability of

ACTUAL DIMENSIONS
DIODE BODY:

0.265 by 0.130 inches (maximum)
SHUNT CAPACITANCE:
0.5 BHf (maximum)

AMBIENT OPERATING
TEMPERATURE RANGE:

—78°C to +90°C

its clectrical and physical characteristics.
All this means: sturdy, highly reliable
diodes.

Types—The Hughes line of diodes
compriscs standard RETMA, JAN, and
many special types. Special types are
produced according to customer speci-
fications and are tested at high or low
temperatures . . . for specific recovery
time . . . for matching in pairs or quads.

‘ Absolute
RETMA Clip-1 Peak  Maximum
or Huipiwr; Inverse | Inverse
Tlughes T§ Voltaget | Working
Type Ll (volts) | Voltage
(volts) 5
150
100

80
80
80

850
50
80
60
60
60
60
60
60

6o

Maximum Inverse
Current

h[inimum
DESCRIPTION Forvard Other Characteristics

70‘(her
(mA)

0.500 @ 150V
0.625 @ 100V

0.005@ 5V
0.005@ 5V
0.00 @ 5V
0.008 @ 5V
0.008@ 5V
0.008@ 5V

@ — 50V
(mA)

IN55B | HD 2052
1N68A | HD 2053
|IN67A | HD 2054 |
1N99 HD 2055
1N100 | HD 2056

| IN89 HD 2057
1N97 | HD 2058
1N98 | HD 2059

| IN116 HD 2060

| IN117 HD 2061
IN118 HD 2062

| 1N90 | 1D 2063
I IN95 HD 2064
| 1N96

HD 2065

1N126*

HIGH
PEAK

1 MEG
TYPES

190
130

100
100

0.050
0.050
0.050

0.100
0.100
0.100
0.100
0.100
0.100
0.500
0.500
0.500
0.850

500K
TYPES

GENERAL
PURPOSE

= arsr s = e

o

Non-JAN equivalent, HD2070;
clip-in, HD2066

Non-JAN equivalent, HD2071;
clip-in, HD2067

Non-JAN equivalent, HD2072;
clip-in, HD2068

Back resistance recovers to
50K @ and 400K @ (200K @
for 1N192) in 0.5 usec and 3.5

| 10 and —50V @ 55°C§ usec max., respectively.}
30@1V&1@0.35V 0.120 @ —8V |0.2 usec recovery time.°
50@1V&1@0.35V | 0.60 @ —6V 0.2 uscc recovery time.®

- UHF HDg2016A | - UHIF MIXER DIODE

_MISCELLANEOUS | 11D2051 125 | 100 40 0.050 |

tThat roltage af sckick dymamic resistance is zero achen back voltage rises linearly at 90r/sec.
$Back Recorery Time is measured with a forward pulse of 30mA, followed by a reverse pulse of 35 rolts. Loop resistance of test circuit 2500  mar.

ORecovery time is that point at whick the diode voltage reaches — 1V after the initiation of a 6V back pulse through 20K Q from an initial 3 mA forward bias. Total shunt
capacitance s 30 puf.

’mf&:ﬁ mu a m!oi:c:::::ﬁfirp: sine wave, Peak Reverse Voltage across the diode is 70V, Peak Forward Voltage not less than +2V° or Peak Forward Cur-

*Formerly IN69A.

10050 @ 10V

i IN127**

—
%
38

0.025@ 10V
0.010@ 10V

0.300 ‘

IN128*** ‘

| 400K @ min. between }

4
<

IN191 | HD 2077 |
| —10 and —50V @ 55°C§
COMPUTER | 200K © min. between

TYPES

1N192 HD 2078 50

| HD2018
HD2014

T1N63 equivalent.

**Formerly IN70A. ***Formerly INSIA.

Descriptive Bulletin sp24 is available on request.
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versatile
high precision

To meet the ever-expanding need for accurate impedance and
VSWR measurements, Gabriel Laboratories has designed several high-
precision coaxial slotted lines. For VHF, models are available for
frequencies ranging down to 50 mc. These lines can be supplied with a
characteristic impedance of 51.1 or 50 ohms. Unique design of the center
conductor supports, permits accurate, adjustable centering of the line.
Residual VSWR is less than 1.02.

Two probe types are available: (1) RF output for use with
receiver, and {2) tuned probe with self-contained bolometer or crystal.
The lines are supplied with precision tapers for measurement in systems
employing either standard 7s-inch flanges or type N connectors. Tapers
for RTMA 3Vs-inch lines, 1%s-inch lines and RG17/U cable connectors can
be supplied. Standard models are 6-foot allowing for measurements
down to 100 mc., and 10-foot for measurements down to 50 mc. Both
models are efficient, rugged and come equipped with handles for
ease in handling.

For precision UHF impedance measurement in systems employing
RTMA standard transmission lines, a special slotted line is available.
It connects directly to RTMA standard flanges, 3%s-inch or 1%-inch.
Residual VSWR is less than 1.02. Standard lengths are 18 inches and
25 inches to suit the use of UHF TV measurements. The lines are supplied
with either RF or tuned bolometer probes. A single adaptor to a type N
connector simplifies connecting the signal generator.

For further information write Gabriel Laboratories, 135 Crescent
Street, Needham Heights, Massachusetts, or phone NEedham 3-0005.

THE GABRIEL LABORATORIES

THE GABRIEL COMPANY, 135 Crescent Street, Needham Heights, Mass.

SLOTTED LINES

|

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 644)

Power Connectors With
Bayonet Locks

DeJur-Amsco Corp., 45-01 Northern
Blvd., Long Island City 1, N. Y., hasa new
Continental Connector’s Series “E-Z 167

| with bayonet locks which provide a posi-
{ tive lock against accidental disconnection

PROCEEDINGS OF THE LR.E.

between plug and socket. The bayonet lock
is a stainless steel guide socket with a de-
tent for the bayonet guide pin andguide
socket for positive polarization.

The Series “E-Z 16” connectors are
available in 12, 18, 24, and 34 contacts
with bayvonet locks, either chassis or cable-
mounted. For illustrated engineering data
sheet, write: Electronic Sales Div.

Coaxial Attenuators

A complete line of coaxial attenuators
from 0.1 to 60 db, with a frequency range
at dc to 3,000 mc, has been announced by
Stoddart Aircraft Radio Co., Inc., 6644
Santa Monica Blvd., Hollywood 38, Calif.

The attenuators may be obtained sin-
gly or in a turret selector containing any
six values of attenuation, featuring a
“Pull-Turn-Push”  selection  sequence.
Small over-all size of turret selector is
276 X 24 X 5% inches.

A four-page pamphlet entitled “UHF
Attenuation” is available covering com-
plete line of coaxial attenuators from 0.1 to
60 db, power ratings, specifications, illus-
trations and other features. Back cover is
used for block diagram of lab set-up for
measurements of attenuation using com-
pany's equipment.

(Continued on page 744)
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INTERNATIONAL RECTIFIER

EL SEGUNDO
CALIFORNIA

7”-/”-/6’/'172/',5

Applications

from
—60°C 10+100°C

AVAILABLE NOW'!

\ INTERNATIONAL RECTIFIER
CORPORATION's newly
developed “"RED DOT" series
of germanium diodes with
superior forward and
reverse characteristics at
temperatures to 100°C.

For complete information
on “RED DOT" high
temperature germanium
diodes to meet your
particular specifications,
write Dept. C

for Bulletin ER-191.

Executive Offices: 1521 E. Grand Ave., El Segundo,Calif. - Phone: ORegon 8-6281
Chicago Branch Office: 205 West Wacker Drive: Phone: Franklin 2-3889
New York Branch Office: 501 Madison Avenue: Phone: Plaza 5-8665
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MODEL 802

MODEL 8078 12,400 to 18,000 mc

Features:

® Frequency range: 12,400

to 18,000 me

Accuracy: 0.1 %

Precision: 0.05%

Loaded Q: 4000

Reactive dip: 10 % mini-

mum

Insertion loss: 0.1 db

maximum

Waveguide: RG—91/U

® 0.05% accuracy avail-
able on special order.

FREQUENCY METER

2400 to 10,200 mc
0.2 % accuracy

$785.00 F.0.B.

MODEL 810
FREQUENCY METER

8200 to 12,400 mc
0.1 % accuracy

PRICE $150.00

EMAD
Legh et Write for complete $110.00 F.O.B.
PRICES IN U.S. ONLY bulletin TR-6

e e e = e e T e v v A . om0 T T AT T A e e e -

MODEL 333 THERMISTOR

ELIMINATES THE NEED FOR SPECIAL MOUNTS

¢ For measuring pulsed power ¢ May be used with all watt-
having low duty cycle. meters designed for thermis-
® Consists of a 32A5/32A26 tors.
thermistor element encapsu-
lated inacartridge havingthe ¢ Extremely high burnout
same size as a IN23 crystal. power due to self fusing.

$10.00

= . Also available as Model 334
Write for complete bulletin BR-6 for use in Barretter mounts.

n ﬂ R D H MICROWAVE TEST EQUIPMENT & BOLOMETERS
66 MAIN ST. « MINEOLA, N.Y. » GArden City 3-3570

Preferred for:

%orrosion Resistance
/Better Solderability

Suppression of Grid Emission

Improvement of Electrical
Characteristics

SINCE

190

GOLD, SILVER, RHODIUM,
PLATINUM and other metals,
applied to many different

X E types of wire to meet your
/ specifications. Uniform plat=

' ing, scientifically controlled.
Write forlatest list of products.

SIGMUND COHN MFG. CO.. INC.

121 So. Columbus Avenue . Mount Vernon, N.Y.

68a

MICROWAVE .-

The following transfers and admissions
were approved to be effective as of May 1,
1954:

Transfer to Senior Member

Bachman, C. H., Steele Hall, Syracuse University,
Syracuse, N. Y.

Backer, L. A., 2 Richwood Pl., Denviile, N. J.

Baldridge, B. H., 6125 Kratzville Rd., Evansville,
Ind.

Bonn, T. H,, 7966 Rugby St., Philadelphia 19, Pa.

Boothe, A, M., 1358 Grace Ave., Cincinnati 8, Ohio

Browder, J. W, Code 278, U. S. Navy Electronics
Laboratory, San Diego 52, Calif.

Bruck. L.. 19 Promenade, Ulm Donau (14a), Ger-

many
Buchholz, W, 24 Edge Hill Rd., Wappingers ralls,
N. Y.
Cameron, E. G., 1180 Hermosa Way, Menlo Park,
Calif.

Caplan, N., Stevenson, Md.

Cramer, L. F., 1329 Arlington St., Cincinnati 285,
Ohio

DeMers, E. F., 7201 \Watson Way, La Mesa, Calif.

Dillaby, E. F., 67 Corning St., Beverly, Mass.

Dressler. R.. 61 Hathaway Ave., Elmont, L. I.,
N. Y.

Fueci, S., 180 Ledyard St., New London, Conn.

Geppert, D. V., 4146 E. Turney, Phoenix, Ariz.

Gilmartin, T., 1873 E. 17 St., Tulsa. Okla.

Gregory, E. C., 1120 S.E. First St., Evansville, Ind.

Heintz, K. O., Box 2180, Houston 1, Tex.

Hopgood, R. C.. 277 Bay Ave., Glen Ridge, N. J.

Hoskins, E. E., 325 N. Halstead .Ave., Pasadena 8,
Calif.

Jacob, M. 1.. 1505 Tredegar Ave., Catonsville 28,
Md.

Joknson, W, C., 9084 Farnham St.. Elmira, N. Y.

Kaufman, S., 3737 Bellairc Blvd., Houston 25, Tex.

King, H. D., 89 Little Silver Pkwy., Little Silver,
N. L.

Knowles, W. S., 61 Spruce St., Princeton, N. J.

Kraus. C. R., The Bell Telephone Co. of Pennsyl-
vania, 1835 Arch St., Philadelphia 3, Pa.

Keeran, R. V.. 1055 Santa Barbara, San Diego 7,
Calif.

Lawrence, E.. 50 Borkwood Way, Orpington, Went,
England

Lilienthal, J. R., 1964 Juniper, Los Alamos, X. Mex.

Lissauer, S., 4054 W. 59 Pl.. Los Angeles 43, Calif.

Litchford, G. B., 18 Green Meadow La.. Hunting-
ton, L. I, N. Y.

Lloyd, L. H., 33 S, Cherrywood Ave., Dayton 3,
Ohio

MacKechnie, H. K., 12 Winthrop Rd., Lexington
73. Mass.

Martin, .. H.. New Zealand Broadcasting Service,
Box 888, Dunedin, New Zealand

Martin, W, R,, 331 N. Lincoln St., Burbunk. Calif.

McKey, D. B., RCA Victor Division, §22-33 For.
syth Bldg., Atlanta 3. Ga.

MeLennan, M. A, 304 Schenck Ave., Dayton 9,
Ohio

McRuer, D. T., 3306 \W. 73 St., Apt. 2, Los .Angeles
43, Calif.

Miller, E. A., 307 Letcher Ave., Lexington, Va.

O'Halloran, J F., 7422 Melrose Ave., Los Angeles
46, Calif.

Otto, E. D., 2t5 € St,, 8.E.. Washngton 3, D. C.

Pedersen, G., Hyrdevej 3, Hellerup, Denmark

Ratynski, M. V., 205 \W. Cedar St., Rome, N. Y.

Rhoad, E. J., 6051 Corbin Ave.. Tarzana, Calif.

Rich, C. E.. 63 Meadowbrook Rd., Hempstead,
L.I,N. Y.

Rohner, G. J., 536 S. Second St., Lindenhurst, L. I.,
N.Y.

Rosenthal, S. W., 783 Boulevard, Bavonne, N. J,

Rubin, L., Rua Belgica 188, Sao Paulo, Rrazil

Stewart, J. A., 20 Valley Rd,, Clifton, N. J.

(Continued on page 70.4)
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Note These Advantageous Properties

ALSIMAG 576

PROPERTY UNIT L-5A

\ Impervious

r GAS PRESSURE AND VACUUM TIGHT _ Water Absorption
Specific Gravity
“Density

standard Body Colors

Alternative Body Cotors
1 100

2012
e
9

.
Safe Temperature at
Continuous Heat

Mohs’ Scale

J Hordness
. Thermal Expansion > .
UNIFORMLY lOW THERMAL EXPANSlON Linear Coefficient er °C. 25-700 °C. 7.5x10
. § Tensile Strength Lbs. per 59 in- 20 000
EXCEPTIONAL STRENGTH Compressive Strength Lbs. per sQ. in- 140 000
Flexvural Strength Lbs. per 59 in. 40 000
Dielectric Strength
(step 60 :ycles) Volts per mil \ 250
Test discs 4”7 thick
25°C. > 10!
Volume 100°C. ‘ Ohms 1 2.0x10'%
Resistivity 300°C. \ per 5.0x10!Y
at Various 500°C. | centimeter 1 0:\0" -~
Temperatures 700°C. ‘i cube ‘ 3. 0:\0“
. o 900°C. | 4.0x10°
. ; °C. { 800
: 2 HlGH |NSULAT|NG RESISTANCE OVER A WIDE TEMPERATURE RANGE oF. | 1 472
AL 60 Cycles | ‘ 8.4
1 M.C. \ 8.3
\_———/
8.2
8.1

0013

: I V
i Vs | Dielectric
- A Constant 10 MC.
‘ 100 MC.
A > ; \ - ( 60 Cycles

Power 1 MC.
Factor 10 MC.
100 MC.

[ 60 Cycles
1 MC.
10 MC.

Factor
100 MC.

I g p y .

53RD YEAR OF CERAMIC LEADERSHIP
AMERICAN LAVA CORPORATION . :I:c:'::is“ eraiirre
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g Campany

.
C
OFFHK,:TTANOOGA 5, TENNESSEE
: METROPOLIT : BU enn 52' ent on eqUe I O
e T N:(Ne A:hi:,e 27;658610051 Street, Newark, N. ). Mitchell 2-8159
16685 ~ ‘ . (L " s | .- !
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The IMPROVED Model 310A

BALLANTINE
Sensitive Electronic Voltmeter

MODEL 310A
Price $235

To measure. ... ........40 microvolts to 100 volts

from.v.ovviieiena.s. 10 cycles to 2 megacycles

with accuracy (>100 pv)..3% to 1 mc¢; 5% above

Input impedance.........2 megohms shunted by 15 mmfd
below 10 mv; and by 8 mmfd above

Usable as null detector sensitive to 10 pv from 5 cps to 4 mc

Improvements include lower noise level; enhanced frequency
response; reduced susceptibility to line voltage variations: in-
corporation of premium tubes throughout amplifier system, ete.

Featuring Customary BALLANTINE
SENSITIVITY — ACCURACY — STABILITY

Write for catalog for more information about this and other
BALLANTINE voltmeters, calibrators, amplifiers and accessories.

BALLANTINE LABORATORIES. INC( B)
L 4

102 Fanny Road, Boonton, New Jersey

704

(Continued from page 68A4)

I Thomas, E. U., Specialties, Inc., Skunks Misery
Rd., Syosset, L. I., N. Y.

Tuttle, D. F., Jr., Electrical Engineering Depart-
ment, Stanford, Calif.

Uglow, K. M., Jr., 9119 Eton Rd., Silver Spring,
Md.

Whistler, J. P., 1491 Van Dyke Rd., S8an Marino 9,
Calif.

Williams, R. J., 47 Wyoming Dr.. Huntington Sta-
tion, L. I, N. Y.

Williams, S, H., 1123 Massachusetts Ave., Lexing-
ton 73, Mass.

Wolk, N. I, 1411 Avenue N, Brooklyn 30, N. Y.

Yaffee, P., 3010 Plyers Miil Rd., Kensington, Md.

Youngblood, L. J., 37 Arch St., Dover, N. H,

Admission to Senior Member
Ackerman, S. L,, 1307 Ballard Dr., Eau Gallie,

Fla.

Adamson, A, A,, 60 Evergreen Dr,, North Caldwell,
N.J.

Ashinead, H, E., Box 387E, R.F.D. 2, Baltimore 6,
Md.

Baller, H., 11 Welwyn Rd., Great Neck, L. I., N. V.

Berger, R. M., 201 Oakhurst Rd., Elberon, N. J.

Brown, R. W., 134 Parkhurst Blvd., Toronto 17,
Ont., Canada

Buffo, B.. 195 Broadway, New York 7, N. Y.

Clatfelter, A, C., 6325 Cherbourg Rd., E! Paso, Tex.

Coe, M. R,, 57-53--256 St., Little Neck, L. I., N. Y.

Crippen, C. E., 1890 Poli St., Ventura, Calif,

Dacey, G. C., Bell Telephone Laboratories, Inc.,
Murray Hill, N. J.

Eldredge, K. R,, Stanford Research Institute, Stan-

ford, Calif.

Harrison, P. W,, 7904 Springway Rd., Ruxton 4,
Md.

Haywood, O. G., 20-21 Francis Lewis Blvd., White-
stone 57, L. I.. N, Y.

Henderson, R. J.. 44 Dogwood Dr., Baltimore 20,
Md.

Hodges, H. T., Eastman Kodak Co., Camera
Works, 333 State St., Rochester 4, N. V.

Horak, F. A,, 2907 Carlson Dr., Dallas, Tex.

Kahn, M. B., 22 Birch Hill Rd., Great Neck, L. I.,
N.Y.

Levine, S. W., 12 Gordon Ave., Plainview, L, I,
BN

Lutz, C. H., 2915 Detroit Ave., Cleveland 13, Ohio

MacSorley, 0. L,, 31 Winnie La., Poughkeepsie,
N. Y.

Main, R. C., The Glenn L. Martin Co., (GLM

[ #3011), Baltimore 3, Md.

Mallinson, F, C., 1713 Kalorama Rd., N.\V,, Wash-
ington 9, D, C,

Nalos, E. J., Microwave Laboratory, Stanford,
Calif,

Newton, G. R., 2602 E, 14 Pl,, Tulsa 4, Okla.

Ogland, J. W., Westinghouse Electric Corp., Air
Arm Division, Friendship Airport, Balti-
more, Md.

Rogers, T. L., 336 Linwood Ave,, Ridgewood, N. J.

Saintesprit, G. L., 6, rue Emile Zola, Chaville (Seine
et Oise). France

Shea, R. A., 6 Perrin Dr., Wayne Township. R.F.D,
1. Paterson, N. J.

Shive, S. L., 19 Standish Rd., Little Silver, N. J

Thornhill, J. W., 3210 Hedgerow Dr.., Dallas 19,
Tex.

Wald, S.. 1707 Waverly Way, Baltimore 12, Md.

Transfer to Member

Altschuler, H. M., 160 W, 77 St., New York 24,
N.Y.
Axelby, G. S., 4240 Parkton St.. Baltimore 29, Md.
Barton, G. R., 4 Terrace Cir., Great Neck, L. I.,
| NV
! {Continued on page 72A)
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PR

offers
NEW SERVICES
to you...

Over forty years of preci-
sion engineering experi-
ence is now available to
you through new Special
Experimental & Research
Service facilities of Kahle
Engineering Company.
Kahle's cumulative knowl-
edge springs from its

pioneering successes in

electronics and allied
industries coupled with
vast experience with the
actual end products which
its machines produce.

NEW SPECIAL EXPERI-
MENTAL & RESEARCH
SERVICES FOR THE
ELECTRONIC INDUSTRY.

@ Special glass parts and

accessories

Special tools for researcin

Special models

Small-lot manufacture of

special itemsforresearch

or development

Regular industrial engi-

neering at regular fee or

contract rates

@ Special tubes,lamps, etc.
for research purposes
including efements and
parts

® Any special equipment
for manufacture or re-
search fortubes or lamps

fo take advantage of
these new services,
write Kahle today.

fealile

ENGINEERING
COMPANY

1312 SEVENTH STREET
NORTH BERGEN. N. J.
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LEDINGS OF THE I.RE

une

1951

°° e d 2

eaaoo@&o@‘

DO6OOLODOLHE

a0
Y LELY LXK

® * ¢ %

k']

-2

e e O & QO O by

2 ¢ @ &>
L N ®*O " -

PG s b o S C . E

>0 O >SoNeQ

_Cf:l;‘@“‘l}&lﬁ .o'
lOi
®

' 9%
Yy
@

syht aigral | generators

)

1he prfce of y

TEL-INSTRUMENT

offers you this

SIGNAL GENERATOR

at our standard price

$2100 EACH"

(half the cost of any other
unit of comparable quality)

Safeguard your operation with a
standby sync generator as well
as an operating unit for no more
than the price of any single com-
petitive equipment. This is the
high quality, TIC Type 2200 that
has won acceptance with the
nation’s leading TV broadcasters
and manufacturers.

*Less cabinet. F. O. B. plant.

SPECIFICATIONS:

Five output signals of either polarity at 5 volts peak-to-peak
across 75 ohms: (1) RETMA sync, (2) vertical drive, (3} blanking,
{4) horizontal drive, and (5) blanking plus bar and dot linearity.

High stability, unaffected by tube aging.

Binary dividers employed so that no adjustments are necessary
or possible for divider chain or RETMA sync.

Al leading and trailing edges of output signals controlled by

precision delay line.

Eight steps of vertical blanking instantly available as follows:
4%, 4.76%, 5.34%, 6.1%, 6.66%, 7.43%, 8.0% and 8.76%

of vertical period.

Means provided for compensation of signal delays for cable up

to a thousand feet.

] Built-in bar and dot generator provides 20 vertical and 15 hori-
zontal bars less those lost due to blanking in the whole period.
Signal generator can be locked to 60 cycle line, self-contained
crystal oscillator, or an external frequency source. Power re-
quirement approximately 700 watts, 105 to 125 volts, 60 cycles.
Supplied complete with heavy duty, electronically-regulated

power supply.

Deluxe steel cabinet, 83” H x 22" W x 18" D, can be supplied

at additional cost.

COMPLETE SPECIFICATIONS AVAILABLE
ON TIC’S COLOR-TV PACKAGE

Tol-Insirurmend Co. Jnc.

728 GARDEN STREET, CARLSTADT, NEW JERSEY

TYPE 2200 SYNCHRONIZING

71a



CUSTOM
BUILT

TRANSFORMERS

Here is an example of the type of
equipment we can build to specifica-
tions for research, laboratory or
experimental work, This Acme Electric
custom built transformer has a pri-
mary that can be varied from 12
volts thru 115 volts, with a frequency
range from 7 cycles thru 60 cycles.
Nominal output voltage, 33,000 volts,
This unit was built for use in connec-
tion with high voltage electrostatic
separation and collection of various
types of atmospheric particles.

Designing a Dry Type transformer in

this voltage class that provides safe
and efficient performance, is another
notable example of Acme Electric
transformer engineering.

ACME ELECTRIC CORPORATION
MAIN PLANT: 446 WATER ST., CUBA, NEW YORK

West Coast Engineering Laboratories: 1375 W. Jefferson Blvd.

In Canada: ACME ELECTRIC CORP. LTD.

round e
« oval
flat =
. grooved
ribbone

® Los Angeles, Calif.

50 Northline Rd. ® Toronto, Ontario

«+« wherever
the element calls
for PRECISION

Round Wire to 0.00015"
diameter. Ribbon rolled to
0.0001" in thickness. Close
tolerances held on all spe-
cifications.

SECON METALS CORPORATION

7 Intervale Street, White Plains, New York
WHite Plains 9-4757

Write for Pamphlet P

PROCEEDINGS OF THE LR.E.

(Continued from page 70.4)

Bevitt, W. D.. 5015—38 Ave., Hyattsville, Md.

Cook, C. E., 33 Hill Rd., Farmingdale, L. I., N. Y.

Creacy, J. N.. Field Engineering Department 08,
Hughes Aircraft Co., Culver City, Calif.

Davenport, F. 8., 651 N. Oleander Dr., Fort Walton
Beach, Fla.

Dayton, W. P.. 3060 N.\W. 35 St . Oklahoma City
12, Okla.

Feldman, L. L., 100 E. 18 St., Brooklyn 26, N. Y.

Felsen, L. B., Microwave Research Institute, 55
Johnson $t., Brooklyn, N. Y.

Funkhouser, R. E.. Jr, 136 Colony Rd., Silver
Spring. Md.

Gagnon, R. L., 36 Ocean Ave., Salem, Mass.

Grodzinsky, S., 394 Warwick Rd., East Meadow,
L.ILN Y.

Huber, C. E., JHU /APL, 8621 Georgia Ave,, Silver
Spring, Md.

Hurwitz, A. M., 239 Ocean Ave.. Brooklyn 25,
NOYL

Ingalls, R. S., 2803 Lancer Dr., Hyattsville, Md.

Javitz, A, E., 2515 Davidson Ave., New York 68,
N.Y.

King, R. W, Jr., 53 Shadyside .\ve., Port Washing-
ton, L. I, N. Y.

Kukel, J., 8279 Santa Gertrudes Rd., Downey,
Calif,

Lally, P. M., 41 Chickadee La., Levittown, L. I,,
N.Y.

Maguire, J. P., 91 Lawrence St.. Farmingdale, .. {.,
N.Y.

Maserian, L., 56 Blossom St., Arlington 74, Mass.

McEuen, A. H.. 713 W. Islay St., Santa Barbara,
Calif.

Miller, N. D., 6000 Lemmon \Ave., Dallas 9, Tex.

Pozdol, A. J., 15 N. Mayfield, Apt. 311, Chicago 44,
.

Pressel, P. 1.. 599 Northridge Rd., Columbus 14,
Ohio

Randolph, A, M., United Gas Corp.. Research De-
partment, Box 1407, Shreveport, La,

Rnse, R. D., 133 West 75 St., New York 23. N. Y.

Sims, B. 8., 75-B Readville St.. Hyde Park 36.
Mass.

Sluis, M. H., 80 E. Main St,, Sidney, N. Y.

Smith, R. R., 2547 El Sol Ave., \ltadena, Calif.

Tary, J. J., 708 AC&W Sqdn., APO 731, ¢ o Post-
master, Seattle, Wash.

Tyberg, \. H.. 1865 Ashbrook Dr., Cincinnati 38,
Ohio

Washburn, F, L., Jr.. R.F.D. 1, Altamont, N. Y.

Wright. P, H., Eberline Instrument Division. Box
1539, Santa Fe, N. Mex.

Wylie, J. E., 2701 N. Pierce, Little Rock, Ark.

Admission to Member

Abeyta. G. A., 400 Virginia. N.E.. Albuquerque,
N. Mex.

Anderson. N. E., Air Reduction Co., Clermont Ter.,
Union, N. J.

Anlt, C. E., 625 Laurel Ave., Menlo Park, Calif.

Barnes. S. H., Hughes Aircraft Co.. 5315 W, 102 St.,
Los Angeles, Calif.

Berthaud, M. C.. 23 rue Clairaut, Paris 17¢, France

Bivins, W. P., 807 Courtland St., Greensboro,
N. C.

Blanchard, J. T., 2 Cutting St., Winchester, Mass

Bogner, 1. Cook Research Laboratories. 8100
Monticello, Skokie, Ill.

Borg, W. N., 1177 N.E. 79 St., Miami 38, Fla.

Bostwick, L. 8., Jr., Box 421, Huatington, L. L.,
N.Y.

Bourke. W. A., 69 Harvard St., Raslyn Heights,
L.ILNY.

Brown, L. E,, U. 8. Naval Ordnance Laboratory,
Corona, Calif.

Byrod, R. B., 30tA Holly Dr.. Baltimore 20, Md.

Cartwright, V. F., ¢/o Ralph M. Parsons, Inc., 135
W. Dayton, Pasadena, Calit.

(Continued on page 744)
June, 1954



VAC-TITE COMPRESSION

To improve the quality of their products
and to keep them competitive cost-
wise, more manufacturers are turning
to HERMETIC SEAL...for headers
for critical applications, airborne use,
maintenance-free operation and for
the arc resistance of glass insulation.

With production and variety increasing stead-
ily, HERMETIC SEAL offers an unparalleled selection
of multi-terminal headers, miniature plugs, individual
terminals, rectangular plugs and connectors of every
shape and size . . . plus condenser seals and crystal
bases. These units are available in VACTITE: Com-
pression Seals as well as conventional kovar designs.
Try HERMETIC first because HERMETIC has always been
first and foremost in its field.

*VAC-TITE is HERMETIC's new, vacuum-proof, com-
pression-construction, glass to metal seal. In ad-
dition to special shapes, many standard sizes
such as .800 0.D. and .900 O.D. multi-terminal
headers and a large variety of individual termi-
nals are availablein VAC-TITE Compression Seals.

In addition to those shown, HERMETIC pro-
duces a wide variety of multi-headers with indi-
vidual glass insulations.

Write for samples, data, prices.
We welcome the opportunity to work with
you on special problems.

H-7100

HERMETIC SEAL
PRODUCTS CO.

HIGH FLANGE BODY NOTCH BOOY LOW FLANGE BODY 29 South Sixth St.
0.D. available—1.000, .966, 0.D. available — 1.000, .966, Also available with flange re- N
.900. .800, .750, .600, .500 900, .800, .750, .600, 500 versed. ewark 7, N. J.

0.D. available —1.062, 1.000.
.900, .730, .640, .600, .375

All parts shawn available up ta 21 terminals depending an O.D. Integral exhaust
tubulatian, calar cades, alternate terminatians may alsa be had. Terminal diameters
up ta .093 dia. depending an O.D.

FIRST AND FOREMOST I N MINIATURIZATION
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1 MEGACYCLE -
1 MICROSECOND

Universal Counter & Timer

Four extended-range precision instruments at the size
and price of one! Drives digital printer, IBM card punch
converter, or digital-to-analog converter!

CONDENSED

Berkeley's new Model 5510 Universal Counter and
Timer provides the functions of counter, time interval
meter, events-per-unit-time meter and frequency meter
in one compact instrument, It will:

— Count at speeds to 1,000,000 counts per second.

— Count events occuring during a selectable, precise time in-
terval.

l— Measure time intervals in increments of 1 microsecond over
a range of 3 microseconds to 1,000,000 seconds.

— Determine frequencies and frequency ratios, from 0 cps to
1 megacycle.

— Provide a secondary frequency standard (stability, 1 part
in 10%).

|— Operate directly into (a) the new Berkeley Model 1452
single-unit printer, (b) Berkeley digital-to-analog converter,
or (¢) Berkeley data processer driving IBM card punches,
electric typewriters, or teletype systems.

SPECIFICATIONS

Input Sensitivity: 0.2 v. rms (Freq. meas.); 1.0 v. peak to peak
(other functions)

input Impedance: 10 megohms shunted by 35 mmf,

Time Bases: 1 mc; 100, 10, and 1 kc; 100, 10 and 1 cps.

Gate Times: .00001, .0001, .001, .01, 0.1, 1.0 and 10 seconds

Crystal Stability: 1 part in 10¢ (temp. controlled)

Display Time: 0.2 to 5 seconds

Accuracy: =+ 1 count, + crystal stability

Power Requirements: 117 v, (+ 10%), 50-60 cycles, 400 watts
Dimensions: 203 ” wide x 1012” high x 15” deep; panel, 832" x 19”

L Price: Model 5510, $1,100.00 (f.0.b, factory).

Available for prompt delivery. Wire or write for

technical bulletin, application data; please address dept. N6.

Berkele
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BECKMAN INSTRUMENTS INC.

2200 WRIGHT AVE., RICHMOND, CALIF

Membership

(Continuced from page 72A4)

Cole, C. T., Jr., 2559 Prescott Rd., Havertown, Pa.

Cotton, T. D., 790 Grande Cote, Rosemere, Terre-
bonne, Que., Canada

Dean, J. \W., 1903—49 St., Lubbock, Tex.

Deutch, H. M., R.F.D. 2, Ithaca, N. Y.

Dewey, O. L., 221 North Ave., Weston 93, Mass.

Dickerson, D. H., 11027 Kling, North Hollywood,
Calif.

Ellis, R. L., Jr., 9330 TSU Ordnance, Redstone
Arsenal, Huntsville, Ala.

Fallik, J., 213 Elm St., Rome, N. Y.

Farrell, W. C., 320 St. Paul P1, Baltimore 2. Md.

Fermanian, A., R.F.D. 1, (Stamford), North Adams,
Mass.

Fletcher, E. E., 3209 Madeira Dr., N.E., Albu-
querque, N. Mex.

Forget, T. W., 25 Plummer Rd., Bedford, N. H.

Garber, J. F., Jr., 436 F St., \Vright-Patterson
AFB, Ohio

Glasheen, R. W, 79 Bradstreet Ave., Lowell, Mass,

Grant, L. P, 2121 B 33 St., Los Alamos, N. Mex.

Grubbe, V. P., 122 S. Broad St., Emporium, Pa.

Hagan, R. A, 212 Woburn, Reading, Mass.

Heart, F. E.. 6} Acacia St., Cambridge, Mass.

Hedgecock, E., 4198 W. 13 Ave., Vancouver 8,
B. C., Canada

Herbert, D. O., 133 S. Symington Ave., Catonsville
28, Md.

Hine, E. A., 47 Sea CIiff Ave., Sea Cliff, L. 1., N. Y.

Horman, F. L., 552829 St., N.W., Washington
15, D. C.

Janowsky, S., 310 Eighth Ave., Asbury Park, N. J.

Johnson, L. M., 16 Danbury St., SW., Apt. 4,
Washington 24, D. C.

(Continued on page 76A4)

News—New Products

PROCEEDINGS OF THE LR.E.

(Continued from page 66A4)

Power Resistor

Castohm, a new type of fixed wire-
wound power resistor has been developed
by the Shallcross Manufacturing Co., Col-
lingsdale, Pa. Through a unique process,
the windings of the new resistors are firmly
imbedded in a special ceramic which forms
an integral coating and core. By eliminat-
ing the heavy ceramic core, Castohm re-
sistors have been made in smaller diame-
tersand with almost 25 per cent less weight
than conventional tab terminal power re-
sistors of comparable wattage ratings.

The thin-walled ceramic core and coat-
ing has exceptional resistance to thermal
shock as well as good heat conductivity,
Resistors consequently, reach their operat-
ing temperature quickly, resulting in
faster circuit loading. In addition, Cast-
ohm resistors are rated at a hot-spot tem-
perature of 350°C, compared with 275°C
for vitreous enamel types.

Designed in accordance with Signal
Corps specification MIL-R-10566, the re-
sistors are currently available in styles
R-30, R-33, R-37, and R-46. \Wattage rat-
ings are 8, 28, 125, and 225 watts respec-
tively. Available resistance values range
from 100 to 160,000 ohms. Standard toler-
ance is 5 per cent, but tolerances as close as
1 per cent are available on order.

Engineering Bulletin 1.-29 giving com-
plete specifications, typical laboratory test
results, and physical and mounting dimen-
sions is available on letterhead request to
the manufacturer.

(Continued on page 1344)

June, 1954



MAGNETIC COMPONENTS
for Standard and Special Applicatiqns

SR R Paase

POWER TRANSFORMERS

Top quality Class A military type power
and pulse transformers —made to your electrical
specifications! Class A types meet Transformer
and Reactor Specification MIL-T-27.
Available in standard or special
MIL cases.

’ e

IO PR R s

v

The LFE Transformer
Division is superbly equipped
for designing and developing
numerous types of magnetic
components, including
solenoids, coils and trans-
formers. We can readily
accommodate your order
whether for custom-built
models or for limited or
large-scale production of
standard units.

. wu'.b-"‘i“
" CLASS A MOLDED
ENCAPSULATED TRANSFORMERS

Vacuum molded in a thermosetting resin of the
polyester type. Totally protected from humidity —
immersion in water will not impair operation.
This line includes small toroidal wound units.
Made in various ratios and inductances for
computer work and similar applications.

NS

S S T paye, o oo
,‘:;}. “r e A XS

]
OPEN-TYPE AIRCRAFT TRANSFORMERS
380-2400 Cycles

Lightweight, compact, high temperature open-

type units. Utilize Class H materials throughout.
Vacuum-impregnated with silicone resin. Hipersil

C type cores utilize 4 mil thick lamination material.

'
mrrw‘ﬁ-‘“‘"' — &

s LD

sayisavds

SOLENOIDS and BIFILAR R. F. COILS

Silicone-treated, vinyl-sleeved or molded.
Available in a wide range of types and sizes,

For data sheets and detailed information, write:

'LABORATORY for ELECTRONICS, INC.

75-4 PITTS STREET * BOSTON 14, MASS.

PRECISION ELECTRONIC EQUIPMENT o OSCILLOSCOPES ¢ MAGNETOMETERS o COMPUTERS o SOLID DELAY LINES

PROCEEDINGS OF THE LR.E. June, 1954 75A



measuring

re-trace time

assures
FLYBACKS designed to your
exact specifications —

built for EXTRA years of trouble-free performance.

FAST SERVICE

on your requirements: Heppner has

| 2 airplanes and 6 pilots in the

Sales and Engineering Departments.

3

SPECIALISTS IN ELECTRO-MAGNETIC DEVICES

Representatives: John J. Kopple

H E P P N E R B

James C. Muggleworth
506 Richey Ave., W. Collingswood, N. J.

Ralph Haffey
R.R.1, U. S. 27, Cotdwater Rd.,
Ft. Wayne8, Indiana

lrv. M, Cochrane Co.
408 So. Alvarado St., Los Angeles, Calif.

MANUFACTURING COMPANY

Round Lake, lllinois (50 Miles Northwest of Chicago)
Phone: 6-2161

=

=
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Johnson, P, S., 4645 Marble Hall Rd., Baltimare
12, M.

Kinnally, J. W., First National Bldg., San Diego 1,
Calif.

Kleppinger, R. E., 93 N. Munn Ave., East Orange.
N.J.

Kriensky, J., 129 Harvard St., Malden 48, Mass.

Krusos, D. A., 53951 St., Brooklyn 20, N Y,

Lee, A. St. ], Box 301, Belmar, N. J.

Lee, W. M., 706 Club Dr., Richmond, Va.
Lesch, S., Cantaloupe Ave., Van Nuys, Calif.
Levine, R. B., Physics Department, University of
Minnesota, Minneapolis 14, Minn.
Luttrell, J. A., Jr., 5231 El Cedral St., Long Beach
15, Calif.

MacDonald, H. E., 421 Pine St., Philadelphia 6,
Pa.

Martin, W, H., Box 30, Leesburg, Va.

May, K. S., 1401 Arch St., Rm. 210, Philadelphia
2, Pa.

Mayberry, H. P., Sylvania Electric Products Inc.,
Emporium, Pa.

McCollor, R. L., 129 E. Atlantic Ave., Audubon,

N.J.

McGrail, J. J., 20 Burnham Rd.. Ottawa, Ont.,
Canada

Middleton, F. H., 1810 Berrywood Rd., Baltimore
14, Md.

Millsap, W. J., 1708 Whitesburg Dr., Huntsville,
Ala.

Mintz, F., Armour Research Foundation, Technol-
ogy Center, Chicago 16, 111

Morey, F. C., 3947 Washington St., Kensington,
Md.

Munson, 1. K., C-16, 46 & High Sts,, Pennsauken 8§,
N T

Niklas, W\ F., CBS Laboratory Division, Columbia
Broadcasting Co., 485 Madison Ave., New
York, N. Y.

Ott, W. F., 1343 Michael St., Bossier City, La.

Pafford, W. B., 8423 Menaul Blvd., N.E., Albu-
querque, N. Mex.

Pearson, D. B., 404 Belgrove Dr., Kearny, N. J.

Percy, R. W, 3812 N. Pershing Dr.. Arlington 3,
Va.

Peterson, E. O.. 121 Kenwick Dr., Syracuse, N, Y.

Pierzchala, L. C., Kimble Glass Co., Box 1038,
Toledo 1. Ohio

Pionkowski, E. F., Herlec Corporation, Grafton,
Wis.

Plank, C.. 19114 Delano St., Reseda, Calif.

Purrington, R. L., 750 Main St., Winchester, Mass.

Reis, H. J., 17 Cedar Dr., Baltimore 20, Md.

Rhodes, H. A., Box 296, Houston 1, Tex.

Rhyins, R. W.. 218 Halstead Ave., Harrison, N. Y.

Ringrose. J. W., 98 Lyndhurst Dr., Hornchurch,
Essex. England

Sammis, S. L., Jr., 27 Trainer Ct,, Huntington,
L.ILNY,

Sayul, B, S., 33, Brampton Rd., London N.iV. 9,
England

Scherff, L. S., Wallace Barnes Co..
Bristol, Conn.

Seiberlich, J. S.. 6816 Blenheim Rd., Apt. C., Balti-
more 12, Md,

Sera, F., Greenbelt Rd., R.F.D. 2, Lanham, Md.

Setzke, H. A, 3625 Arden Ave., Hollywood, 111,

Sharp. F. R., 1882 Lampson Rd.. Cleveland 12
Ohio

Shin, E. M., Radio Section. Bureau of Telecom-
munication, Ministry of Communications.
Republic of Korea, Seoul, Korea

Simister, R. M.. 179 Renfrew S$t., \Winnipeg 9,
Man., Canada

Simoni, A., 10 Battersea Crescent, North Park.
Ont., Canada

Snyder, V. D., 322 E. Third St.. Emporium. Pa.

Sohlgren, C. E., 15127 Blackhawk St., San Fer-
nando, Calif.

{Continned on page 79A)
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[ ABSOLUTE MAXIMUM RATINGS —T-55°C — RESISTIVE LOAD
DIFFUSED JUN EC [t [ine2 [ inealinisifins LJIVN\Q{]
RMS INPUT VOLTAG | | | |
PEAX INVERSF an'l"iA 0 |
PEAK FORWARD CURRENT (Amps.)
D C OUTPUT CURRENT® (Mo.)
D.C OUTPUT CURRENT-
CAPACIIIVE LOAD (Me
| D.C SURGE CURRENT (Amps.) ["2s
| | FULL LOAD VOLTAGE DROP (veits peak] | 0.5 |
LEAKAGE (URRENT (Mo, @ rated P.1V)| 2.7 | 1.9 |

(ONTINUOUS REVERSE I
WORKIKG VOLTAGE (Volts 0.) |30 | 65 | 100

OPERATING FREQUENCY (KC ["so | so | so

XIORAQ.E T,“”J,“u,” Y __ as 75457735 &5 |
L e e, ] ORDER IN QUANTITY FOR
IMMEDIATE DELIVERY

ERE are just five of many severe criteria G.E. insists be met
before a diffused junction rectifier is shipped:

1. Life of every day’s production is evaluated by sample lot opera- [ e e e T T
tion at full current, full voltage, and at elevated temperatures Lt DEFUSED JoweTow || |
under stringent on-off cycle conditions. Acceptance is made only e sse

. . ! : 60 CRS
after compliance with 10,000 hour standards. .

2. 100% testing of specified characteristics.

3. Full load aging of all units.

4, Absolute hermetic seal is checked on a4/l units.

5. A 1% quality control level is imposed on each shipment.
Your rectifier applications demand nothing less than these stand-

ards. Specify General Electric and receive a custom shipment of
quality germanium products.

@ HERMETICALLY SEALED. @ VERY LOW LOSSES. Send for complete G-E Diffused
Junction Rectifier Information:
@ MINIATURE SIZE made possible by low internal losses. General Electric Co., Sec. X5264,
Electronics Park, Syracuse, N. Y.

@ DESIGNED to meet all military humidity tests and shock
and vibration requirements.

@ MULTIPLE ARRANGEMENTS for full wave or bridge circuits.

GENERAL &3 ELECTRIC -/
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LEE-PAC

PLUG-IN
TRANSISTOR
STAGES

ENGINEERED
CIRCUITS

series now available

AMPLIFIERS

SINE WAVE
OSCILLATORS

PULSE GENERATORS
CATHODE FOLLOWERS

SQUARE WAVE
GENERATORS

Save valuable engineering time. Use LEE-PAC
units to develop systems. Each stage is designed
to be used as a component either singly or in
chains. First series has standard miniature nine
pin bases. All units have standardized input,
output and power connections.,

Write today for data sheets
Application Engineering Dept.

LEE LABORATORIES, Inc. |

Genesee, Pennsylvania l

L
L

27” g-IEA\'/Z DUTY WORK!
everes ectrica

Services

JONES
PLUGS & SOCKETS 3

) )

P-506-CE—Plug with Cap

500 SERIES
Proven Quality!

’

For 5,000 Volts, 25 Amperes per Contact Alterable by
§-506-D8B Circuit Characteristics.

Socket with deep Bracket

Socket contacts of phosphor bronze, knife-switch type, cadmium plated. Plug contacts hard brass,
cadmium plated. Made in 2, 4, §, 8, 10, and 12 contacts. Plugs and sockets polarized. Long leakage
path from terminal, and terminal to ground. Caps and brackets, steel parkerized (rust-proofed).
Plug and socket blocks interchangeable in caps and brackets. Terminal connections most ac-
cessible, Cap insulated with canvas bakelite.

Write for Jones BULLETIN 20 for full details on line.

HowaRD B. JONES DIVISION

CINCH MANUFACTURING CORPORATION

CHICAGO 24, ILLINOIS
SUBSIDIARY OF UNITED-CARR FASTENER CORP.

78a

PR MALLORY & CO.Inc. \

ALLOR

M

SILVERLYTIC
CAPACITORS
and \
MERCURY
BATTERIES

-~ w -

for

Ideal
TRANSISTOR
CIRCUITS

If you are designing equipment
around transistor circuits, Mallory
Mercury Batteries will deliver the
constant-current, constant-voltage
needed for best performance.
There is no significant deterio-
ration or loss of energy even after
long periods of storage.

Mallory Silverlytic Capacitors are
also designed to meet the special
requirements of transistor and
other low voltage circuits.

For complete data, write to P. R.
Mallory & Co. Inc., Indianapolis
6, Indiana. i

P.R.MALLORY & CO.Inc.

ALLORY

June, 1954
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(Continued from page 76A4)

|
Spangler, S. T., General Electric Co., 570 Lexington
Ave., Rm. 3103, New York, N. Y.
Stevens, W. C.. 69 S. Walnut St., Mansfield, Ohio
Stout, D. J.. Salton Sea Test Base, Westmoreland, |
Calif.
Stout, K. D., 4807 Comanche Rd.. N.E., Albu
querque, N. Mex. |
Tindall, K. V.. 85 Manor Dr., Apt. 11], Newark, |
N J.

Trammell, A, K., 2625 Adams, N.E., Albuquerque,
N. Mex.

Umlauf, E. W., 630 Venice Way, Inglewood 2, Calif.

Uttall, J. A., 570 Lexington Ave., New York 22,
N.Y.

Veal, T. G., 81 Shelwood Dr., Rochester 18, N. Y.

Waldron, R. E., 55 Morgan St., Tuckahoe 7, N. Y.

Warshawsky, J., 6613 N. Francisco Ave., Chicago
45, 11l |

Watson, R. C., Jr., Box 1435, Anniston, Ala,

Weaver, T. H,. Ir.,, 1st AACS 1&M Sqd. Tinker
AFB, Okla. |

Weitzel, R. L.., 18 Brandon Pl, Williamsport, Pa. |

Wesenberg, C. M., 138 Stanley Rd., Burlingame, |
Calif.

Wilkinson, H. W., 15 Glendale Ave., Manchester,
N. H. |

Witherstone, E. D., 6 Cornwall Heights, St. Johns,
Newfoundland, Canada

Wood, R. L., 203 E. Marshall Dr., Midwest City 1,
Okla.

Wrye, W. F., Jr., 1103 Woodlawn Rd., Cocoa, Fla. |

Young, R,, 299 State Highway 17, Paramus, N. J. |

Younker, E. L., Bell Telephone Laboratories, Inc.,
Whippany, N. J. l

The following elections to the Associate |
grade were approved to be effective as of
May 1, 1954:

Adams, W. B., Rm. 211. Bldg. 3, Electronics Park,
Syracuse. N. Y.

Allsop, A. F., 2149 Fulton St.. Apt, 12, Toledo 2,
Ohio

Anderson, F. D., 3018 Barber Ave., Cleveland 13,

Ohio

Anderson, F. C., 2429 Lola Ave., Charlotte 5. N. C.

Anderson, H. W., 1318 N. Avon, St. Paul 13, Minn,

Anderson, J. R., 5025 Cobb Dr., Dayton 3, Ohio ‘

Andronaco, P. A, 3813—15 Ave., Long Island City,
L.I.N. Y,

Asawa, C. K., 12415 S. Woodruff Ave., Downey,

Calif.

H. C., 76 A, Landstr.

Switzerland

Axtelle, G, E., Jr., 73-53—260 St., Flora Park, L. L.,
N. Y.

Baker, R. L.., 106 Santa Fe Dr., Houston 17, Tex. l

Barczys, D. A, 2524 William St., Buffalo 6, N. Y.

Bartram, R. H., Sylvania Electric Products, Inc.,
83-23 Kew Gardens Rd.,, Kew Gardens,
L.ILN.Y.

Bass, S. D., 102-35-—-64 Rd.. Forest Hills 75, L.. 1.,
N. Y.

Batista, W. C., Caixa Postal 4465, Sao Paulo, Brazil

Beiser, L.. 3716 Tenth Ave., New York 34, N. Y.

Benamy, D. A, 166-05--88 Ave.. Jamaica, L. I..
N.Y.

Bennett, C. T., 220 N.Capito! Ave., Lansing, Mich.

Benoit, R. E., 22 Fountain Pl., Poughkeepsie, N. Y.

Benson, S. A, 557 Garren Ave., Norfolk 9, Va.

Berg. A. L., 350 Woodward St.. Wagan 68. Mass.

Berrier, J. J. Jr., FAETU-LANT. Naval Air Sta-
tion, Norfolk 11, Va.

Berry. J. E.. DCS Eng. AACS Hq., Andrews AFB,
\Washington 25, D. C.

Biondi E., 8 Via Vaina, Milan, Italy

Black, G. R., 17 Luzerne Ave., West Pittston, Pa.

(Continucd on page 82A) l
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compact,

THE JKO9
CRYSTAL OVEN

o Only 1,28" dia.x1.70" high
and weighs only 1.5 oz.

@ Minimum temperature gradi-
ent at crystal,

®Rapid warm up with no

overshoot,

o Will meet a specification of
75°+1°C over a temperature
range of —55°to +70°C,

® Economical and reliable be-
cause design permits tooling
for uniform production,

Thru *“Thermaflow’ Design*

Temperature, like water, seeks
its own level. Instead of trying
to ""dam up' heat within the
oven, by use of massive heat
retaining elements, the JKO9
oven is designed to permit a
uniform loss and uniform re-
placement of heat. Heat is
simply replaced as it is lost
from the low mass, high con-
ductivity shell. And within this
shell the crystal unit remains
wrapped in a blanket of warm
air. Because sufficient heat is
always lost by the shell none
need be yielded by the crystal

&
¢
'™
&
«

» e e
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JKO9 Heat Exchange Pattern

e

A COMPLETE LINE
The JKO9 is the newest of the

many frequency control units
that comprise the JK line of
Crystals for the Critical

* A James Knights Patent.

t11 2241

brings you a
light, economical

new oven

KNIGHTS €O

PRODUCTS

Symbol of Service

THROUGH RESEARCH
STABILITY
AVAILABILITY

The compact, light, inexpensive JKO9
matches the performance of many
ovens employing multistage heaters
and massive heat-retaining elements.

It houses one or two crystals, plugs into
an octal tube socket, is available with
a choice of heater voltage from 6 to 28
volts, It is another JK step in the
advancement of miniaturization and
extreme stability. Write us for complete
engineering information.

The James Knights Company Sandwich, lil.




RCA-6BC4

§
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T, 512 b A T ST

Here’s an excellent combination of
important tube characteristics for
UHF tuner designs. The new RCA-
6BC4, for rf amplifier service, pro-
vides high gain combined with low
noise factor . . . thanks to its high
transconductance of 10,000
micromhos at relatively low plate
current.

You also get the advantages of
low lead inductance, low lead re-
sistance, and low interelectrode
capacitances . . . plus good isolation

RCA-6U8
Triode-Pentode Converter Triode-Pentode Converter

RCA-6X8

. high gain, low noise RE amplifier

Medivm-Mu Twin Triode

Y

of input and load circuits. In addi-
tion, silver-plated base pins are used
to reduce UHF skin-effect losses.

A well-tried companion for top
UHF performance is the RCA-6AF4
for local oscillator service. This tube
features good frequency stability as
well as low lead inductance, low rf
lead resistance, and low interelec-
trode capacitances.

And, for your VHF tuner applica-

tions, you can make an excellent
choice of RCA tubes for this service

RCA TUBES FOR VHF TUNERS

RCA-6BQ7-A

RCA-6J6
Medium-Mu Twin Triode

RCA-6BC4
UHF Medium-Mu Triode
(actual size)

from the group shown below. Ask
your RCA field engineer for details.
Call your nearest RCA field office:

(EAST) Humboldt 5-3900
415 S. 5th Street
Harrison, New Jersey
(CENTRAL) Whitehall 4-2900
589 E. Illinois Street
Chicago 11, Illinois
(WEST) Madison 9-3671
420 S. San Pedro Street
Los Angeles 13, California
RCA-6AF4 for local ’
UHF oscillator service

RCA-6CB6
Sharp-Cutoff Pentode

RCA-6BC5
Sharp-Cutoff Pentode

(‘v”:] RADIO CORPORATION of AMERICA

&,
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EDITORIAL

JouN R. PieRrcE, EpiTor

Some editorials in the PROCEEDINGS are written by the Editor. These reflect the
present but by no means immutable editorial policy of the Institute. They inform the
members of the Institute about such policy and open the way for private or public
discussion or objection.

Some editorials are written by others. These discuss important but not strictly
technical matters which are judged to be of interest to members of the Institute,
matters such as engineering education, the relation of engineering to science, Profes-
sional Groups and their TrANsAcTIONS. Such editorials give the writer an opportu-
nity to express his personal views, which may or may not coincide with those of the
Editor and the Editorial Board.

Turning to another matter: In the future, discussions of papers will not appear in
a separate section, but will be treated as correspondence. When a letter discussing
a paper is received, a copy will be sent to the author. If his reply is received promptly
it will appear in the same issue as the letter of discussion; if his reply is long delayed
it will appear in a later issue. This change simplifies editorial procedure and should
result in earlier publication of discussions.

We are currently trying to reduce publication time, and we will report progress
when we have clearly made some. In this endeavor we need the help of authors in
writing papers well, clearly, and with some thought of our instructions to reviewers,
which appeared on page 264 of the April issue of the PROCEEDINGS. Authors should
submit three copies of papers to the Managing Editor. When revisions are necessary,
which we hope will be seldom, prompt publication can be assured only if the author
is prompt in revising.

Starting with this issue (page 1033), the PrOCEEDINGS will publish abstracts of all
technical papers appearing in the TrRANSACTIONS of the various Professional Groups.
This should help to bring papers published in the TRANSACTIONS to the attention of
all who may be interested in them.
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Reliability of Electron Tubes in Military Applications”

ERNEST R. JERVIS{, SENIOR MEMBER, IRE

Summary—Study by Aeronautical Radio, Inc., of electron tubes
removed from military equipments, discloses four principal con-
tributors to tube failure or removal: Maintenance and operating con-
ditions, environment, application, and basic tube weaknesses.
Examples of trouble caused by misapplication and environment are
presented. Over-all returns from various military bases show that
one tube in every three removed is not defective and should not
have been removed. Taking into account the ‘‘no-defect” removals
and gradual deterioration failures which could have been detected
by good maintenance procedures before they caused equipment fail-
ure, only one tube in six removed is of a type liable to produce equip-
ment malfunction. These facts point to shortcomings of maintenance
in the face of increasing equipment complexity, and emphasize the
urgent need for equipments designed for simplicity of operation and
servicing.

Laboratory analysis by Cornell University indicates that high-
operating temperature is the predominant basic cause of deteriora-
tion failures resulting from emission poisoning, interface, and leak-
age due to sublimation. Heater burnout and heater-cathode shorts,
the principal types of catastrophic failures, are traceable to high-
heater operating temperature.

Early results of ARINC tests on improved receiving-type tubes
indicate a removal rate only one-third to one-fourth that of their
prototypes, which show a rate between one and three per cent per
hundred hours of operation.

Correction of tube weaknesses appears to lie in diligent applica-
tion of solutions which are already known. The improvements must
be maintained by rigid quality control of the product and continuous
sampling of failures occurring under actual operating conditions.

INTRODUCTION

N APRIL, 1951, the military services authorized
I[ Aeronautical Radio, Inc. (ARINC) by contract! to
investigate the causes of premature failure of elec-
tron tubes in military equipments and to recommend
corrective measures. The task assigned by this contract
—specifically, to find ways of obtaining greater re-
liability in tubes—is far from simple. It has been ap-
proached by ARINC in the same way the commercial
airline program? was carried out, that is, by effecting
close collaboration between the ultimate user and the
groups directly interested in tube performance, namely,
the tube and equipment manufacturers.
For ease of explanation, the work of the ARINC
Military Electron Tube Project? can be divided into
three parts:

(1) Description of the tube reliability problem in
present military equipment;

* Decimal classification® R360 X R331.5. Original manuscript re-
ceived by the IRE, August 3, 1953; revised manuscript received, De-
cember 21, 1953. Some of the material in this paper was presented
first at the Electronic Components Symposium, Pasadena, Calif.,
April 30, 1953.

1 Engineering Mgr., Aeronautical Radio, Inc., Military Con-
tract Div., Washington, D.C.

! Bureau of Ships Contract No. bsr-52372.

2 E. K. Morse, “Long Life Tubes for Industry,” Electronics,
vol. 23, pp. 68-69; September, 1950.

4 See also ARINC Gen. Rep. No. 1 on this Project, which includes
a description of the origin and purposes of the program.

(2) Comparison of the performance of the new, im-
proved types of tubes with the performance of
their JAN prototypes; and

(3) Recommendation of ways and means of obtaining
a more reliable product.

DESCRIPTION OF THE PROBLEM

Data required for the first phase of the investigation
—description of the present reliability problem—are ob-
tained principally by collecting all tubes removed from
certain selected types of equipment at various military
bases. The bases have been chosen in such a way as to
provide a good cross section of various environments of
military electronic equipment. These range from fixed
installations to shipboard gear; from gun-mounted fire-
control systems to airborne radars and communication
equipments in jet aircraft as well as reciprocating engine
aircraft; and from vehicle-mounted communication sets
to pack and portable sets.

The ARINC field personnel who collect the tubes
also ascertain, if possible, the reason for removal of each
individual tube, the type of equipment and the socket
from which it was removed, and any special circum-
stances which might have produced its failure—such as
abnormal operating conditions, special overhaul and
repair practices, or other factors. The information ob-
tained is transmitted to the Washington office of the
Project, where it is coded on I1BM cards and analyzed
by modern statistical methods. The aim of this analysis
is to study in detail all the collected failures in order to
determine the causes that produced them.

Results to date indicate that the causes of tube failure
can be grouped into four broad categories: Maintenance
and operating conditions; environment; application;
and basic tube weaknesses. From the restricted point of
view of tube improvement, only the last of these cate-
gories is interesting ; the other three need be considered
only to eliminate inaccurate conclusions and mislead-
ing information. But, from the general standpoint of
electronic equipment reliability, all four categories are
extremely important and must be evaluated to obtain
a complete description of the problem. They also pro-
vide valuable information for the design of tests needed
to compare improved tube types with standard types
made according to the old JAN specifications.

TUuBE MISAPPLICATIONS

Misleading information is easily obtained in cases
where large returns are produced by misapplication in
the circuit or by severe environmental conditions.

An example of misapplication is presented in Fig. 1.
The histogram on the left gives the distribution of tubes
collected from six sockets of a rectifier chassis using
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type SR4GY; the diagram adjoining the graph shows
the position of the sockets in the circuit. It is apparent
that the parallel connection of several tubes is not bene-
ficial to the operation of a rectifier, especially if no pre-
caution is taken to balance the load among the various
tubes or to prevent the overloading of the other tubes
when one tube in the circuit fails to take its share. The
sockets for the two parallel tubes might have had far
fewer rejects if they had been connected one in each
half-wave circuit, thus reducing the peak-voltage strain
in the tubes. The one-tube removal from the single-
tube circuit was found to be due to a poor solder joint
in the base pin that had nothing to do with the circuit.

15 TUBES

SR4GY -
402

TOTAL TUBES REMOVED 36

405

40! 402 403 404 405 406
SOCKET NUMBERS

Fig. 1—Distribution by sockets of SR4GY removals
from rectifier chassis.

It is evident that if improved tubes had been inserted
in this circuit for comparison, there would have been no
difference in performance unless the improved version
had a very large margin over the prototype.

ENVIRONMENTAL CONDITIONS

A situation in which environmental conditions have
played a dominant part, thus masking the effect of tube
improvement, is shown in Fig. 2. This gives the number
of tubes of the 6AR6 and 6098 types collected from the
power-supply regulator for a bombing radar during four-
week intervals over a period of approximately two
years. The equipment was at first mounted in the non-
pressurized part of the airplane, where the ventilation
was inadequate. At that time, returns of the 6AR6 and
6098 types were four to five times greater than the
average for all other sockets. “Tempilaq degree” meas-
urements showed that uring flights above 30,000 feet,
the bulb temperature of the 6AR6 reached average
values in the neighborhood of 315 degrees C., or roughly
100 degrees C. above maximum rating. After this con-
dition was discovered, the chassis in question was
transferred to the pressurized section of the plane, and
more effective blowers were installed. A temperature
check made thereafter showed an average bulb tem-
perature of 181 degrees C. for all 6AR6 tubes and their
reliable counterparts, tvpe 6098, under flight conditions
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similar to those prevailing when the previous measure-
ments were taken.

The transfer of the equipment to the pressurized zone
was effected in most of the aircraft during the second
quarter of 1952. In Fig. 2 the gradual drop in returns
from an average of 57.1 for the first 4-week period to
8.8 for the last is readily apparent. Fig. 3, showing all
other tube returns from the complete bombing system
for the same period of time, indicates that there has
been no significant change in the activity of the system
as a whole.

100

° 2Nt 2 ) 4 5 &

7 8 ® WwN lZIJIlZJ‘Jé?I
w5 1952

1953
4&WEEK INTERVALS

Fig. 2—6AR6 and 6098 removals from power-supply regulator.

Fig. 3—Removals of all tube types except 6AR6
and 6098 from bombing system.

With the improvement in operating conditions of the
power-supply regulator, it will be possible to obtain
comparative data on the performance of the type
6AR6 and its improved counterpart, type 6098, in this
equipment,

l9|0|||7l3|17

| 7
1951 1952

4 WEEK INTERVALS

Fig. +—6AR6 and 6098 removals with electrical
defects from power-supply regulator.

Fig. 4, considered in conjunction with Fig. 2, presents
an interesting illustration of the effect of masking pro-
duced by maintenance. The environmental trouble
described above produced tube defects which were
essentially electrical in nature, such as gas and low
emission. Fig. 4 shows the distribution by 4-week inter-
vals of returns of the 6AR6 and 6098 types in this defect
classification. The reduction in the quantity of such
defects can be measured by the 18-to-1 ratio between the
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returns during the first 4-week period and those during
the final period; yet, the over-all improvement in the
return of tubes in all categories, as shown in Fig. 2, is
only 6.5 to 1. This difference is explained by the fact
that tube removals attributable to maintenance did not
decrease in proportion to the improvement obtained in
removals due to electrical defects.

GENERAL CLASSIFICATION OF RETURNS

Many other examples could be cited to show the
great variety of problems encountered in the ARINC
study of tube performance in military equipments.
However, locating and describing these individual
difficulties does not by itself accomplish the first part
of the task, which is to describe the general problem of
reliability as it now exists. What is needed is a way of
reducing the sum total of tube failures to a few simple
patterns showing basic trends. This can be done by
averaging out some of the variables, once they are
properly appraised, and by reducing the description to
figures that apply to all of the data collected.

Fig. 5 presents one type of general picture of the
tubes collected by ARINC. In this diagram, all returns
are segregated into four groups on the basis of the defect

NO
DEFECT
FOUND

ELECTRICAL:

Fig. 5—Distribution of total returns by defect classification.

findings reported by the ARINC field personnel, and the
quantity in each group is shown as a percentage of the
total. Three groups consist respectively of tubes with
mechanical defects, electrical defects, and miscellaneous
defects; the fourth consists of tubes in which no appar-
ent defect was found. Distribution includes tubes col-
lected from all military bases where the surveillance pro-
gram was conducted in 1952. Pattern of defects shown
here is repeating itself with the tubes collected in 1953;
accordingly, there is reason to believe that this pattern
provides a good description of data so far collected.

MAINTENANCE PROBLEM

The most striking fact revealed in Fig. 5 is that about
one tube out of every three removed is not defective
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and should not have been removed. Moreover, detailed
examination of those tubes which are defective has dis-
closed, among other things, that most of the electrical
defects are of the gradual deterioration kind which
could be eliminated by a good maintenance system be-
fore they produce malfunction of the equipment. Taking
into account the tubes with no apparent defect, this
leads to the conclusion that only one tube in six re-
moved is liable to produce an equipment malfunction.
It has been observed that this 1-in-6 ratio becomes even
larger if the tubes considered are improved tubes,
rather than of the JAN type.

The situation implicit in the foregoing conclusion
can be produced by one or more of the following condi-
tions: (a) The equipment is too complex for efficient
maintenance in the field; (b) the maintenance personnel
do not have sufficient time or training to do the job;
and (c) the maintenance shop does not have the proper
tooling to evaluate the faults in the equipment. All of
these conditions have been observed at one or more of
the bases participating in the surveillance program. The
converse situation has also been observed: That is, if
maintenance personnel have the proper training, tools
and time to do a good job, as at Army Radio Station
WAR, the most complex equipment (provided it is well
designed) can operate trouble-free for very long periods
of time. A reasonable inference is that in most cases
maintenance establishments and practices are inade-
quate to keep the complex, present-day equipments in
trouble-free operation.

EQUIPMENT REQUIREMENTS

It is proper here to consider that while the quality of
electronic maintenance probably can and will be im-
proved in peace time, in case of emergency, neither
maintenance nor operating personnel are likely to be
more skilled than at present, and they probably will be
less so. Yet, it is far more important that military
equipment operate properly under emergency condi-
tions than in peace time. The indication is, therefore,
that allowance must be made for the inadequacy of
maintenance systems and operating procedures, and
that real improvement in the reliability of military
electronic equipment will be obtained only if the pri-
mary emphasis is placed on the design of the equipment,
rather than on the improvement of maintenance. In
other words, in the design of highly complex equip-
ments, the most important aim should be simplicity of
operation and servicing.

This objective, which is not a novel idea, can be ac-
complished by careful consideration of each sub-
assembly as a separate unit and by inclusion of some
malfunction indicator or automatic device for eliminat-
ing the malfunctioning unit from the system. The com-
plexity of the equipment may well increase, but this in-
creased complexity will improve rather than decrease
the reliability, as can be proved by the experience of
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Station WAR and many other installations operating
with virtually no interruptions caused by tube failures.

RANKING OF RETURNED TUBES

Another general aspect of tube reliability is presented
in Fig. 6, which shows the tube types returned to
ARINC in the largest quantities, irrespective of the
number of equipments or sockets in which they are
used. The type 6AKS5 heads the list, followed by types
6]6, 12AU7, 6AQS5 and 6AR6. The ranking is not neces-
sarily an indication that these tube types are the most
unreliable, but it does show that, if the surveillance
points and the equipments have been properly chosen
to yield a representative sampling of tube removals,
these are the types that now contribute the most, nu-
merically, to the unreliability of electronic equipment.
This may be due to the fact that these types are used
in a very large number of sockets or to the fact that
they are failing very often.

WNUMBER OF TUBES
1000

TOTAL TUBES 5385

2 2 85 W o2 &5 & oA T v o0 X Ao o@a n &5 3 O 9

x a2 =3 a z - h - - -

3°33§83R%%9%°53¢432885 33
TUBE TYPE ®

Fig. 6—Tube types ranking highest in number of returns.

A ranking of this nature is important because it
identifies the tube types that should have first attention
in a tube-improvement program. Early and substantial
improvement in the over-all equipment reliability is
most likely to be obtained if priority is given to the
types at the top of the list, rather than to lower-ranking
tube types.

Causi:s oF TuBe FAILURE
The returns of all tube tvpes ranked in Fig. 6 have

been examined in detail for any indications of tube
weakness and, also, to determine whether some general
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causes of tube failure can be established. In this work,
ARINC has made extensive use of data supplied by the
Cornell University School of Engineering, which, under
another contract*—co-ordinated with the ARINC con-
tract through the Panel on Electron Tubes—is engaged
in measuring and dissecting tubes collected by ARINC
to determine internal causes of failure.

These continuing studies have resulted in some spe-
cific findings on individual tube-type weaknesses, which
are incorporated from time to time in progress reports
to the military services; they have also led to certain
hypotheses as to the general types and causes of failure.
Excluding tube damage caused by handling during
servicing, it is believed that all defects may be segre-
gated into two general classes: (1) those resulting from
gradual deterioration of characteristics; and, (2) those
which cause sudden or catastrophic tube failure.

In the first class are included such defects as emission
poisoning, interface formation, leakage due to sublima-
tion, and noise due to gradual wear of the insulating
spacer in environments characterized by continuous
vibration. The most prevalent cause of failure for all
of these types of defects except noise was found to be
high-operating temperature. This condition, in turn,
was found to be produced by several primary causes,
such as improper application, adverse environment,
high-voltage operation, and faulty tube design.

In the second general classification, the predominant
types of defects observed are heater burnout and
heater-cathode shorts. Both appear to be due to high-
heater operating temperature, accelerated by poor-
voltage regulation and, in some cases, by the use of
series parallel string connections of heaters of widely
different characteristics.

PERFORMANCE OF IMPROVED Tyris

The objective of the second phase of the ARINC pro-
gram is to compare the performance of the new, im-
proved types of tubes with that of their prototypes,
manufactured according to the old JAN specifications.

This problem of comparison can be likened to the
task of detecting a weak signal in the midst of a large
amount of noise; however, to carry this analogy a step
further, we have the opportunity of using frequency
modulation, rather than amplitude modulation, for this
task—by employing statistically designed tests. In such
a test, tubes of the improved and standard types—
usually in equal quantities—are installed in selected
sockets and equipments on the basis of a plan designed
to provide performance data in which spurious effects
can be evaluated. The actual difference in performance
will then be clearly evident and can be analyzed free of
extraneous factors.

In this second phase of the ARINC surveillance pro-
gram, more than 60,000 tubes are now installed in
equipments and operating under normal military usage.

¢ Signal Corps Tube-Analysis Contract DA-36-039-SC-15342.
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The collection of data is a slow process because of the

amount of operational time needed to obtain a signifi-

cant number of removals. This situation is aggravated

by the fact that most military equipments are not op-

erated full time.

Preliminary results of the tests indicate that, ex-
cluding tubes in stationary installations, regular type
receiving tubes are removed at a rate between one and
three per cent per hundred hours of operation, while
reliable types made under various Armed Forces im-
provement contracts are showing a removal rate which
is only one-third to one-fourth that of their prototypes.
In tests conducted in commercial airline equipment,
the ARINC reliable types have operated more than
3,000 hours with an average removal rate of 0.3 per cent
per hundred hours.

While these figures must be regarded, for the present,
as only approximate, the accuracy of the findings is
progressively improving as more and more information
is collected on the respective equipment types at the
various bases. Every new controlled test designed for
comparison of improved and JAN tubes provides more
information than the previous ones. The progressive
improvement in the results of the tests is due to in-
creasing knowledge of the conditions affecting behavior
of the tubes under surveillance. With continued im-
provement, it will eventually be possible to predict
accurately the performance of a given group of tubes
in a particular equipment and environment.

TENTATIVE CONCLUSIONS AND RECOMMENDATIONS

The objective in the third and last phase of the mili-
tary electron-tube surveillance program is to recom-
mend ways and means of obtaining more reliable tubes.
Specific recommendations will be presented in the
ARINC progress reports to the military services when-
ever it is considered that conclusive data have been ob-
tained regarding the problems in question. It is be-
lieved, however, that most of the tube deficiencies which
cause unreliability, and the solutions to these troubles,
are already known. The real problem is one of applying

OF THE I-R-I June
this knowledge. It is a matter, first, of painstakingly
examining every detail in tube construction in the light
of the specific findings in the surveillance program, as
indicated in the examples presented above; second, of
determining the best technique for improving each de-
tail that needs improvement; and, third, of spreading
this improvement to all similar tube types before the
particular detail can become a major problem.

This has not been done completely on well-known
problems for which solutions are already known. For
example, it is clearly established that a cooler heater
has lower probability of burn-out; yet, many tube types
are operated at dangerously high temperatures. It is
well known that active nickel in cathode sleeves induces
early formation of interface resistance; yet, this type
of nickel is still used in many tubes because of the
greater ease of processing. [t is common knowledge that
a high-cathode temperature results in shortened tube
life; yet, some tube types are made to operate with
very high-cathode temperatures just to satisfy some
peculiar circuit application. It is recognized that one
of the main degradation effects in long-life tubes is the
formation of leakage paths between electrodes, and
many ways of correcting this condition have proved
effective—for example, mica slots, shields, magnesia
coating, etc.; but not all tubes made for long life in-
corporate these precautions to the extent required.

The reliability of tubes will steadily and substantially
improve if the known solutions to tube trouble, such as
those itemized above, are vigorously applied to improve
tube design. These changes, of course, must be main-
tained under control by wisely-chosen statistical tests
on the product. In fact, no improvement program will
have lasting effect unless the quality obtained in the
product is maintained by a well-designed, rigid system
of quality control. This principle must be applied, also,
in the operation of the equipments in which the tubes
are used. To maintain a high standard of equipment re-
liability, it is imperative to conduct a continuous sam-
pling on the type and quantity of repairs and replace-
ments of all components during normal operation.
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The Effect of Junction Shape and Surface Re-

combination on Transistor Current Gain®
A. R. MOOREY} anp J. I. PANKOVE{, ASSOCIATE, IRE

Summary—An experimental and theoretical study is presented
which shows that the current gain of an alloy transistor is greatly
affected by the geometry of emitter and collector junctions and by
surface treatment of the base germanium, but is hardly affected at
all by bulk recombination (lifetime) in the base. The current gain is
computed for specific three-dimensional geometries by an electric
analog method which assumes that surface recombination is the
major factor in minority-carrier loss. By this method, a new way of
measuring surface-recombination velocity, s, from simple measure-
ments on transistors has been devised. The value of s is obtained
directly from a suitable calibration curve, and thus may be useful as
a quality control on surface condition.

The transit-time path-length dispersion of minority carriers in a
transistor structure with nonparallel junctions has been computed.
The results show that the effect is significant only above 1 mc/second
in a typical structure.

GENERAL DiscussioN
THE THEORIES of junction-transistor operation

given in the literature!-? are limited in certain ap-

plications because of two important approxima-
tions: (a) one-dimensional geometry is assumed, (b)
surface recombination is neglected or at best incorpo-
rated into a composite base lifetime. While it is true
that for many transistors these approximations are not
restrictive, some practical transistor designs violate
them. In particular, alloy-type junction transistors® may
make questionable the interpretation of results based on
infinite parallel plane geometry.

Since sectioned p-n-p alloy transistors of the RCA
2N 34 type generally reveal convex-junction shapes, a
solution of the diffusion equations in three dimensions
has been worked out which takes into account the
geometrical effects. This solution is based on an analogy
with current flow in a conducting sheet, under the
assumption that surface recombination is the dominant
factor in minority-carrier loss. The results are obtained
by plotting the hole-flow vector field on a scale model.

METHOD OF SOLUTION

The collector-to-emitter input current gain, a.., is
given by:

ac, = a*fy (1)

* Decimal classification: R282.12. Original manuscript received
by the IRE, September 3, 1953; revised manuscript received, Febru-
ary 19, 1954. Presented at IRE Transistor Res. Conf., July, 1953.

t+ RCA Laboratories Div., Princeton. N. ]J.

'\, Shockley, M. Sparks, and G. K. Teal, “P-N junction tran-
sistors,” Phys. Rev., vol. 83, p. 151; 1951.

2 E. Steele, “Theory of alpha for p-n-p diffused junction tran-
sistors,” Proc. LLR.E., vol. 40, p. 1424; November, 1952.

3 R. R. Law, C.\V. Mueller, J. I. Pankove, and L. D. Armstrong,
“A developmental p-n-p junction transistor,” Proc. L.R.E., vol. 40,
p. 1352; November, 1952,

where «- is the intrinsic current gain of the collector
junction, B is a survival factor which gives the ratio of
minority carriers arriving at the collector to that re-
leased at the emitter and « is the efficiency of emitter
as an injector of minority carriers. For transistors not
containing collector “hooks,” a* is 1. For alloy trans-
istors vy is very close to unity since Gemitter>>Obase: '
In this paper the concern shall be solely with the calcu-
lation of 8. By assumption a*=v=1, a..=f.

The minority-carrier current in the base obeys a flow
equation and an equation of continuity:

I, = qpusE — qD,Ve (2)
1 - d =
LR St (3)
q at T

Here p is the density, u, is the mobility, D, is the dif-
fusion coefficient, g is the charge, and 7 is the lifetime of
holes in the n-type material, pp is the equilibrium con-
centration of holes, and E is the electric field.

These equations are subject to boundary conditions
which define the hole density in the base at the emitter
and collector. It is generally assumed that the electric
field is negligible, i.e., diffusion currents dominate. It is
also assumed that the hole density in the base is small
compared to the electron density, so that all parameters
such as conductivity, mobility, and lifetime are inde-
pendent of injected carriers. In terms of the transistor,
this means that the analysis applies only for small
emitter currents. Equations (2) and (3) can be combined
to give:

dp p— P8
_— = - + D,v?p. 4
dt T
The steady-state equation is then
Pg
Dv*P — — =0 (5)

T

in which P has been written for p — ps, the excess hole
density above thermal equilibrium.

For the one-dimensional case this can be readily
solved!:? and yields an equation for P(x) which can then
be inserted into (2) to obtain I at emitter and collector.
Then

a1,
0 ,lve

can be evaluated with the result

a= —
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N\ 2
a=sech W/L,=~1—1/2 <P—> (6)
L,
V" is the width of the base layer and L, is the diffusion
length for holes (L,=+/D,r).

The three-dimensional problem is far more difficult.
A solution is possible only for restricted choices of the
boundary conditions. However, experience has shown
that transistor characteristics are not very sensitive to
variation in 7 provided 7 is greater than a few micro-
seconds, a condition easily achieved in practice. This
will be discussed in detail later, but for the present
simply assume that 7 is sufficiently large in the base
(W/L,<1) so that (5§) becomes

vipP = 0. (7N

This is a LaPlace equation solvable in two dimensions
by the well-known engineering method of analogy to
current flow in an electrolytic tank or conducting sheet.
With the proper symmetry conditions, also discussed
later, the solution can be extended to three dimensions.

The equation which will be solved in the analogy is
V2 =0, so that electric potential ¢ is equivalent to ex-
cess hole density P. Eq. (7) must be solved subject to
boundary conditions at emitter and collector which fix
the hole density for constant emitter and collector volt-
age. This means in the analogy that ¢ is fixed at ¢,
and ¢, on these boundaries, or in other words, emitter
and collector become equipotential surfaces. An addi-
tional boundary condition, not required in the one-
dimensional case, must be satisfied on all free surfaces
of the germanium, namely, that holes diffusing to the
free surfaces disappear there by recombination, and
thus constitute a hole current into the surface.4 More
precisely, the normal component of current density I
into the surface is

— —>

I = gPs (8)

where s is the surface-recombination velocity. s is the
average velocity into the surface of holes present at the
boundary. From (2), neglecting currents due to electric
fields,

I = —qD,VP (9)
so that
gPs = — qD,VP (10)
or
ve SR (11)
P D,

Therefore, provided s is constant over the surface, the
boundary condition can also be stated as: the ratio of
gradient P to P must be constant at all free surfaces.

4\, Shockley, “Electrons and Holes inSemiconductors,” Van Nos-
trand Book Co., New York, N. Y., p. 321,
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In the conducting sheet analogy, let the edges (which
correspond in two dimensions to surfaces in three di-
mensions) be bounded by a perfectly conducting bound-
ary broken up into many segments of length ¢ with
each segment connected to ground through a resistance
R as in Fig. 1. If the current density at the boundary
is z then each segment collects current 7a¢ from the sheet,
producing a voltage drop ¢ across R.

0¢
o0 XX

e
4

¢
CXKKXXXXX
ORHXXX

XXX
26 SXARXKKK

Q

Fig. 1—Boundary of a conducting region.
‘Then
(12)

Within the sheet

(13)

where p is the specific surface resistance of the sheet
(ohms/square). Equating (12) and (13),

E
S (14)
p aR
Since,
.
E=—Ve
\Y/
Ve _ . s)
¢ aR

Comparison of (11) and (15) shows that the analogy is
complete if

p s

aR

D, (16)

For maximum accuracy of the solution near the
boundaries the segment length a should be as small as
possible. However, it is not necessary to assume that
either s or ¢ be constant over the whole free boundary;
rather it is required that s does not change appreciably
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in a distance a so that (16) is obeyed. This will be uti-
lized later to improve the accuracy with practical choice
of a.

For convenience, the analogs are tabulated below.

TABLE 1

Quantity Representa- ‘ Quantity Representa-

in the tion in in the tion in

Map Map Transistor Transistor
Current % i Current I
Potential ¢ Excess Hole l P

Density

grad ¢ grad P

- o/aR - | s/,
¢ l ¢

The boundary conditions require that the emitter
and collector be surfaces of constant excess hole density.
No great error is introduced if it is assumed that ¢ at
the collector =0. This means that the collector is as-
sumed to be perfect, collecting every hole which drifts
into it from the semiconductor base. ¢ at the emitter is
held fixed by a battery. With the proper boundary con-
ditions established, the preparation of a rectilinear
square map of equipotentials and field lines gives the
required information about hole flow. While the discus-
sion has been given for hole flow in n-type material it
should be understood that the plotting method is
equally applicable to electron flow in p-type material
(n-p-n transistor), if the proper value of D, is used.

CONVERSION TO THREE DIMENSIONS

The current-carrying-sheet analogy solves V=0 in
two dimensions. The problem to be solved is a three-
dimensional one:

P
ar?

0P
+—=0.
022

1 9P

1 9P
r Or r?

06?

(17)

With cylindrical symmetry, the third term in (17) is
eliminated. In electrolytic tanks, this case can be
solved by tipping the tank and using wedge-shaped
electrodes as is done for axially symmetric, electron-lens
problems.® In the present case, this is not convenient,
nor, it turns out, is it necessary. The radii of emitter
and collector electrodes are large compared to the spac-
ing between them (along the z axis). In the map of P,
dP/dr is small near the origin where 7 is small. dP/dr
becomes appreciable only for r already large compared
to 1. Hence 1/r dP/dr is always small. The first and
second derivatives of P were evaluated numerically for
two geometrical cases. In a favorable case, 1/rdP/dr was
less than 0.1 per cent of d?P/dr?, while in a very un-
favorable case 1/rdP/dr never exceeded 4 per cent of
92P/dr?. Hence, it is justifiable to ignore the first deriva-
tive term. In the evaluation of total emitter and col-
lector current the conversion from x in (18) to r in (19)
is accomplished by numerically integrating over the

5 K. Spangenberg, “Vacuum Tubes,” McGraw-Hill Book Co., Inc.,
New York, N. Y., p. 80; 1948.
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clectrode surfaces with a weight factor for r. This
amounts to taking the area of an annular ring as 2mwrdr.

JUSTIFICATION FOR NEGLECTING
VALUE RECOMBINATION

For the one-dimensional case, 8 is given by (6). With
IV fixed at 1 mil, 8 is already 0.99 when 7=10 usec.
Germanium with bulk lifetime of 100 to 1,000 usec is
generally used as transistor-base material yielding
B8=0.999 to 0.9999. As previously explained, v is always
very close to 1 because g,.>>0;. Yet o, values of 0.95-0.98
are often found for alloy transistors. In a recent test of
a large number of transistors made from crystals with
measured bulk 7 from 1 usec to 1,000 usec, no correla-
tion of a with bulk lifetime could be found. The possi-
bility still exists that the alloying process reduces the
bulk lifetime of the germanium within the base layer of
the transistor. Then regardless of the quality of the
starting material, the bulk lifetime may be short
enough to effect 8. Presumably this could be due to heat
cycling during the alloying. Yet a piece of germanium
subjected to a similar heat-cycling treatment shows no
adverse bulk lifetime effect. On the other hand, « is
extremely sensitive to etching procedures after alloying.
[t seems reasonable to assume that at low currents the
main loss of holes is through surface recombination.

By means of calculations and measurements of a.
as a function of emitter current, Webster® has obtained
evidence which supports this conclusion.

Fig. 2—Dimensions of a typical TA-153 developmental
p-n-p junction transistor.

PROCEDURE

In order to illustrate the application of the principles
described above, the procedure for plotting the hole
flow and estimating 8 for a TA-153 (RCA develop-
mental-type number) type structure will be given. This
is applicable to other structures and has been utilized
with appropriate changes in geometry and constants.

For this example, junction geometry of the form
shown in Fig. 2 is utilized. This is based on observation
of sectioned TA-153 transistors. A convenient medium

5 \W. Webster, “On the variation of junction transistor current-

amplifications factor with emitter current,” Proc. .R.E., pp. 914~
920, this issue.



910 PROCEEDINGS
for field plotting is “Teledeltos” recording paper.” This
paper has a specific resistance of 2,000 ochms/square.
Equipotential electrodes can be applied simply by paint-
ing with air-drying silver paste. Lead connections are
made by fastening soldering-lug connectors directly to
the paper with eyelets and an eyelet punch, and then
painting silver paste over the connector and paper. A
scale of 3 inch=0.001 inch has been found convenient.

Suppose one chooses to find the hole-flow map with
s=5,000 cm/second. From (16), aR=D_p/s=40X2
X 103/5X103=16. For maximum accuracy the boundary
segments a should be as small as possible so as to most
nearly approach a continuous distribution. A value of }
to ¥ mil (}-} inch on the model) leads to negligible
error. Since this segment size would require hundreds of
segments to cover the boundary, use is made of the
fact that for s constant only the product aR need be
fixed over the boundary. Hence, a is chosen to be
smallest on that region of the boundary along which
the potential is changing most rapidly, or in other
words, where the tangential component of VP is largest.
Then the suitable value of R is chosen.

Q 2 4 6 8 r IN MILS
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To calculate 8, the current density must be inte-
grated across the emitter surface to give

that part of the total current which leaves the emitter

and arrives at collector

total current leaving emitter.

B =——o _

This is easily done by drawing a scale along the emitter
radius as in Fig. 3, and multiplying the number of
tubes of flow leaving the emitter per small increment in
r, by r, and summing over r. In the example chosen
B=79/89=0.89. Arbitrary units are used here since the
final quantity 8 is dimensionless.

Most of the holes are lost near the intersection of the
emitter junction and the free germanium surface. Both
P and VP are high in this region.

Fig. 3(b) shows the map obtained with emitter and col-
lector reversed. Then 8=0.38.

REsULTS
Effect of Emitter-to-Collector Area Ratio
It was recognized early in the alloy-transistor de-

velopment that the use of larger collector than emitter
diameters resulted in consistently higher values of «.

EMITTER 0I5'd

COLLECTOR 045" X0

7 XY

(A
X

s

e e T
) S

COLLECTOR .015"d

XK AN
(0% %S, N 5 ¢
EMITTER .045°d .40
ODOOEXKEA :‘-’-__/'-I X
(.v;.y\,f;.,‘,‘xlﬁ‘.\ XN

b

—

Fig. 3(a)-A hole-flow map for the TA-153 geometry of Fig. 2. Computed value of ac is 8. (b). Hole-flow map with emitter and
collector reversed. Computed value of ac is 0.6.

When the equipotential map has been obtained, the
field lines or hole-flow lines are drawn in using the
method of rectilinear squares.® The map of Fig. 3(a) re-
sults. It should be noted that although equipotential
lines are normal to flow lines, the equipotentials do
not intersect the free surfaces of the germanium at
right angles when s>o. It is just this departure from
normal incidence which accounts for the flow of holes
into the surface.

7 Obtainable from Western Union Telegraph Co.

Fig. 4 shows the results of experiments made on early
transistors to test this observation. Because of the un-
avoidable variance in this type of data taken on differ-
ent units, each of the experimental points represents the
average of a group of transistors with the same nominal
emitter/collector area ratio. Surfaces were etched or
otherwise treated in the same manner after junction had
been formed. a., the collector-to-base current gain, goes
through a maximum as collector /emitter area ratio gets
larger. This curve shows improved collection efficiency
obtained by enlarging collector diameter.
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In order to gain a more quantitative insight into this
design parameter, a series of hole-flow maps was made
using emitter and collector diameters within the range
covered by the above experiment. After some pre-
liminary trials, a value of s=5,000 cm/second was
chosen as that required to get the best fit to the data.
The calculated curve of ag vs area ratio is also in Fig. 4.

—

S« 5000 CM/SEC.
We2.2 MIL. —t

LARGEST ELECTRODE
DIAMETER=45MILS

CALCULATED

~

CURRENT AMPLIFICATION FACTOR, Q4
L3 o

ot 0.5 1.0 50 10
RATIO OF COLLECTOR TO EMITTER AREAS

Fig. 4 —Dependence of ac on the ratio of collector-
to-emitter area.

The maximum in the calculated curve comes about
in the following way: Consider the collector diameter
fixed. With a small emitter, collection is very efficient.
There is little loss to the surface near the collector,
while most of the holes are lost near the edges of the
emitter. As the emitter is made somewhat larger the
loss of holes to the surface near the emitter increases
roughly as the perimeter, but the total hole injection
increases as the area. The loss near the collector is still
negligible. The net result is that ae rises slowly. As
emitter diameter approaches and exceeds collector di-
ameter, hole loss to the surfaces near the edges of the
collector increases very rapidly, dominating all other
hole losses. Then «a.; decreases rapidly.

It is not known whether etching variables contributed
to the disagreement between theory and experiment.
Variations in the shape of the alloy junctions from the
assumed spherical form may also play a part. This
aspect will be discussed later. Yet the general nature of
the curves is reproduced well by the plotting method.
The maximum in « is broad enough, so that for prac-
tical purposes a choice of area ratio from 2 to to 9 is
satisfactory. A high ratio allows a greater emitter-col-
lector misalignment tolerance.

Variation of a.. with s for Plane Alloy Junctions

The effect of s on «. is shown in Fig. 5 in which s is
taken as a parameter for a., vs junction diameter, d.
In this case, equal diameter, plane-parallel junctions
were used at a fixed spacing of 1 mil but edge effects
were included. Under the assumptions made in the solu-
tion, neglect of edge effects results in «..=1 for all 4
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and s. Similarly, if s=0, a..=1 for all 4 even with edge
effects. The latter condition is shown as a dotted line in
the figure. As d gets larger, all curves approach a.,=1
asymptotically since the edge effects become of little
importance.
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Fig. 5—Dependence of a.. on junction diameter for plane emitter and
collector, including the edge effects.
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Fig. 6—Dependence of as on junction diameter for the same geome-
try as used in Fig. 5. Note the linear dependence of ason junction
diameter for this geometry.

The same information, plotted in terms of a. instead
of ooty = atce/1 —ex..) is shown in Fig. 6. The interesting
fact is that a. is directly proportional to d for this
geometry. This can be understood by the use of an argu-
ment similar to that used to explain the maximum in
Fig. 4. The collector collects holes in proportion to its
area. The emitter region must be divided into two parts.
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The central section emits proportionally to area. The
perimeter region, because of the high gradient of P con-
centrated there, emits proportionally to perimeter
length =d.

Let

collector current

K;a?
K.d? + Kid

e =

emitter current
It is known that lima.. . must be 1, hence K;=K..
Then
K
= —d.
K;

Qe
Qe =
1 — Qe

Comparison of Plane and Spherical Junciions

A direct comparison was made of plane-parallel alloy
junctions with edge effects and spherical alloy junctions
with the same diameter of emitter and collector. The
value of s and the minimum spacing were the same for
both cases. a.. was 0.92 for the spherical case and 0.97
for the plane case, and . was 11 and 32, respectively.
The advantage of the plane junction is clear. As a
further comparison, a grown junction geometry was
computed, again for the same s and W. A value of
a,=0.97 and ;=32 was obtained. Hence, grown-
parallel junctions and alloy-parallel junctions are com-
parable. Of course, this assumes perfect emitter effi-
ciency. This is less likely for the grown junction. Com-
parison of curved and plane junctions on a frequency
basis will be made in a subsequent section.

The Absolute Value of s

The curve of Fig. 4 was calculated in order to show
that the general form of a vs area ratio can be pre-
dicted by the plotting method neglecting volume re-
combination. The choice of s=35,000 cm/second may be
open to question, however. Surface-recombination
velocity has been measured on germanium bars by in-
dependent methods in various laboratories.® Table II
summarizes the results.

TABLE 11

1

Treatment ‘ s

Sandblast l
Chem. Etched

104 to 105 cm/sec
2)%10;:0 4X10% Depending on Specific
tc

Electrolytic Etch 2X10%

None of these measurements was made in transistor
structures. All measurements on etched germanium are
very sensitive to etching conditions, freshness of solu-
tion, and so forth. If it is assumed that the etching
processes carried out in the presence of indium during
fabrication of the transistor are the same as those on
germanium bars, the assumed value of s = 5,000 cm/sec-
ond appears somewhat high. Because of the variations

8 See E. M. Conwell, “Properties of silicon and germanium,” ’roc.
L.R.E., vol. 40, p. 1335; November, 1952.
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in surface treatment, alloying rate, and electrode cen-
tering likely during small scale fabrication of the special
units used for the area-ratio tests, an estimate of s
was attempted using only units processed according to
a set practice.? Even under these conditions, experience
indicates that there are variations in junction shape
and minimum spacing which could influence an ab-
solute determination. However, hole-flow maps show
that the ratio of a.. in the normal connection, ay,
(0.015” emitter, 0.045” collector) to a.. in the inverted
connection, ar, (0.045" emitter, 0.015” collector) is less
sensitive to junction shape than either ay or ar sepa-
rately. The average base-layer thickness, W, can be
estimated from emitter-input capacitance, since this
capacitance arises chiefly from diffusion of holes
through the base layer. Hence, a sample of 38 TA-153
transistors were selected with ay,>0.95 and average
spacing, W, of 2.240.2 mils. The value of ay/ar was
1.4110.1 Fig. 7 shows a calibration curve obtained by
hole mapping in which ax/ar is plotted against s for 2.2
mil average spacing (1 mil minimum assuming spherical
geometry). From the curve, it is estimated that s =460
cm/second. This value is in the range shown in Table 11
for chemical etching.

>
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Fig. 7—A computed calibration curve for the determination of sur-
face-recombination velocity s, from simple measurements on a
completed transistor. This curve s applicable to the TA-153
geometry of Fig. 2.

Another sample of 15 transistors was selected with
an<0.9 and the same base-layer thickness as before.
The value of anx/ar was 2.09+0.2, giving s=23,000
cm/second. It appears that many cases of low « can be
ascribed to improper surface treatment.

It must not be assumed, however, that all low « units
are the result of high s. The search for the low « sample
above disclosed many transistors with ay/ar >3, which
usually turned out to be due to large base thickness.
The calibration curve of Fig. 7 applies only to the 2.2
mil average base thickness. Larger thicknesses could be
calculated. They would yield similar curves lying above
the present curve, so that for a given s, ay/as increases
as IWand W increases. This is an important point which
argues in favor of three-dimensional theory without
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volume recombination. If a one-dimensional theory
with volume recombination dominant over surface re-
combination were applicable, ax/c; would be inde-
pendent of W.

The calibration curve of Fig. 7 can also be used to
follow changes in s due to various surface treatments on
the same transistor. To illustrate this application, a
group of unpotted transistors was made up from which
three units were selected which had average base thick-
nesses of 2.2 mils. They were then treated with various
solutions. After each treatment the units were washed
in distilled water, dried, and ax/a; measured. The cor-
responding value of s was then obtained from Fig. 7.
Typical data were as follows:

‘TABLE II1
TA-153 GEOMETRY, UNIT A,

Treatment | ayn/a1

i N I QN
Standard TA-153 Etching® | 1.35 | 400 cm/sec | 24
e T B SRt !
Electrolytic Etch in 19, NaOH |
solution 1.16 | 200 | a7
Etch containing Cu(NOs)5? 2.41 j 7,400 0.7
Etch for 10 sec. very slight de-
posit of copper on the Germa-
nium
Copper removed by Ammonia {
and Hydrogen Peroxide solu- ‘
tion 1.20 250 30
Distilled water which had been
boiled with a piece of brass
After 5 min. 1.13 180 | 28
After 10 min. [ 1.11 | 150 | 52
After 3 hours | 2.5 |10,000 0.5
Electrolytic etch in 19, NaOH l 1.25 | 280 Il 27
Saturated solution of ZaCl, | 1.64 | 880 | o
Electrolytic etch in 1% NaOH | 1.20 | 250 | 32

It can be seen that surface treatments vary s over
wide limits. Yet the processes are quite reversible;

? See S. Navon, R. Bray and H. Y. Fan, “Lifetime of injected
carriers in germanium,” Proc. I.R.E., vol. 40, p. 1345; November,
1952, The values of s given in this reference are not in conflict with
the present results because the etching conditions were different. The
presence of indium on the germanium causes a slight deposition of
copper which apparently greatly increases surface recombination.
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electrolytic etching always restores the surface to
s =250 cm/second approximately.

The significance of surface-recombination velocity in
device performance and the ease with which s may be
measured suggest that the method may have applica-
tion as a quality-control test in junction-transistor
manufacture.

Transit-Time Dispersion

The properties of junction transistors at the higher
frequencies depend on many factors such as diffusion
time through the base layer (diffusion capacitance),
junction capacitance of the collector, internal lead re-
sistance, etc. These have been discussed in the litera-
ture. Because transistor theories have been confined to
one-dimensional analyses, the factor of transit-time
spread due to path-length variation has been ignored.
This type of dispersion is similar to the path-length—
transit-time effect in electron-multiplier tubes, wherein
electrons which have traversed various paths through
the multiplier have a spread in transit time. This dis-
persion has been calculated for the TA-153 structure,
using the hole-flow map to estimate the path-length
distribution. Then, since ¢=x2%/D,, the relative number
of holes having transit times between ¢ and ¢+Atf is
obtained. An analysis of this dispersion curve indicates
that a.. will be down 3 db at about 1 mc due to this ef-
fect. A similar calcqlation in a plane-parallel alloy struc-
ture including edge effects shows that a.. is 3 db down at
5 mc. While at present the other limits to high-fre-
quency performance in the TA-153 are more important,
future design of special high-frequency transistors
should take the path-length dispersion into account.
This can be done by attempting to provide parallel
junctions.
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On the Variation of Junction-Transistor Current-
Amplification Factor with Emitter Current”

W. M. WEBSTERTY, SENIOR MEMBER, IRE

Summary—Existing theories of the junction traasistor fail to pre-
dict the very significant variation of current-amplification factor,
ac, as the emitter current is varied. This variation has been very
troublesome in power transistors, particularly at high emitter cur-
rents where the ., fall-off may be so severe as to limit usefulness.
At low currents, a.; also drops off, an effect of importance in very low-
power applications. By taking into account modification of the base
region by the injected charge carriers, an explanation is found for the
observed variation. Electric fields in the base region decrease the
mean transit time for minority carriers on their way to the collector.
This reduces the effect of surface recombination and increases cur-
rent-amplification factor as the emitter current rises. Another effect,
however, is in the opposite direction; this second effect is due to an
increase in conductivity of the base material which increases the rate
of volume recombination and also lowers emitter efficiency. The
combination of these effects yields calculated curves which show a
maximum and agree well with experiment. The work is applicable to
both p-n-p and n-p-n types, and it is shown that the latter is inher-
ently less sensitive to emitter current density.

INTRODUCTION

S THE emitter current in a junction transistor is i1-
A creased, the current-amplification factor is ob-
served to initially increase, go through a maxi-

mum, and finally decrease steadily. Iig. 1 shows this
variation for a typical p-n-p alloy-junction transistor. In
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Fig. 1—Variation of current-amplification factor, as, with emitter
current for a typical p-n-p alloy transistor.

this figure the ratio of collector-signal current to base
signal current is plotted as a function of dc emitter cur-
rent. For many applications, this variation is a severe
limit to usefulness. IFor example, it is a source of distor-

* Decimal classification: R282.12. Original manuscript received
by the IRE, September 3, 1953; revised manuscript received,
February 19, 1951,

This paper is based on a dissertation submitted in partial fulfill-
ment of the requirements for the degree of Doctor of Philosophy at
I'rinceton University, Princeton, N. J.

t Radio Corp. of America, RCA Labs. Div., Princeton, N. J.

tion which increases rapidly with signal level and, as
such, is a consideration in audio-output amplifiers. Even
small-signal operation may be affected since the gain of
an amplifier stage will vary appreciably with bias cur-
rents.

It is the purpose herein to show how the variation of
current gain with emitter current can be accounted for
by the change in the characteristics of the base material
produced by the injected carriers. Previous transistor
theory ignored such effects in that the injected-charge
density was assumed to be small compared to the den-
sity of ionized impurity atoms. This is not often the case.
A simple calculation will show that the injected-charge
density in the base region of a TA-153 transistor! is
about equal to the impurity-charge density when the
emitter current is of the order of one milliampere. (This
is a current density of about one ampere per square
centimeter.) Since similar transistors are sometimes used
at currents in excess of ten milliamperes, the injected
charge is rarely negligible.

The most important changes produced by the in-
jected charge are these:

a. A small field is developed in the base section which
aids the flow of injected carriers from emitter to
collector.

b. The conductivity of the base section is increased.
This decreases emitter efficiency and increases vol-
ume recombination.

The first sections of the present work briefly review
the aspects of transistor theory which need amendment
and the proper corrections are derived in simple terms.
The remainder consists of appendexes where more com-
plete derivations may be found.

Throughout, derivations apply to the p-n-p transistor.
The final equations have the same form for the n-p-n
transistor and are obtained by simply interchanging a
few subscripts. Data apply to germanium transistors.

CURRENT-AMPLIFICATION FACTOR

A current-amplification factor, o.., is defined as the
variation of collector current, I¢, in response to a change
in emitter current, Ig, with the collector voltage, Ve,
held constant. These currents are defined in Fig. 2.
This can be expressed mathematically as:

dlc

e = — (1
olg Ve

Another current-amplification factor, e, can be defined:

'R, R. Law, C. W. Mueller, J. I. Pankove, and L. D. Armstrong,
“A developmental p-n-p junction transistor,” Proc. I.R.E., vol. 40,
pp. 1352-1357; November. 1952.
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aIc [2 293

oy ==

615 1 Qe

If a.. is nearly unity, as is the case for a useful junction
transistor,

alg 1

Qep = —— = - (2)

dlg 1 — a.
o is @ more sensitive parameter than a.. and, since it is
casier to measure accurately, permits a more reliable
comparison between theory and experiment.

i

1 I
o—4 P N P —
EMITTER COLLECTOR

I,

BASE

Fig. 2—Current convention used to define a« and a...

Fig. 3 shows a sketch of the potential distribution
through a p-n-p transistor and, schematically, the paths
taken by the holes and electrons therein. The arrows
on the paths indicate the direction of particle motion.

~y T e
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FILLED BAND | ~so- RECOMBINATION
jo Iy ~=o—THERMAL GENERATION
b

Fig. 3—Potential distribution in a p-n-p transistor showing, sche-
matically, the paths followed by holes and electrons.

The emitter current is composed of holes injected into
the base (Ig,) and electrons extracted from the base
(Ik.). Some of the holes which constitute Ig, recombine
on their way through the base with electrons which
enter through the base lead. The recombination rate
defines a current Ip. The collector current is composed
of the holes which did not recombine and a “saturation”
current, I.,, composed primarily of holes and electrons
produced spontaneously by thermal energy in both the
base and collector region and possibly a lealage current
across the collector junction. For a good transistor, I,
Ir, and Ig. should all be small compared to Ig,. Now,

Ip=1Ip+ Ig.— L.
and

IE = IEp+ IEe = ]Epy

since I g,>3>1g.. The equation which describes the change
in Ip for an incremental change in Iz with collector
voltage constant is:

dlp g g, a1

alg  alp, = alg, Iz,

There is no physical reason why the thermal generation
or leakage should vary with Ig, so that d1.,/d1g, may
be set equal to zero. Thus,

alp alg al g, 1
— — = 3)
ol

aIEp allz']) Qep

This means that a., can be determined if it is known how
recombination and the fraction of emitter current com-
posed of electrons vary with the number of holes in-
jected.

The recombination term should be separated into two
parts, one due to surface recombination and the other
to volume recombination because the two mechanisms
obey different equations. If this is done, an expression
may be written for 1/aqs which contains three terms
which may be investigated independently.

al al dlg.
e = SEC @
g, 0lg, dlg,

Here, SR refers to surface recombination and VR to
volume recombination. The partial first-order theory
previously published? gives the following values:

dlve  Ive 1 /7107\2
- = — (—-) (5)
e, TIsy 2 \L,

and

e, Ig. oIV

— — 6
aIEp IEp o.lL. ( )

where W is the thickness of the base region (see Fig. 2),
L, is the diffusion length for holes in the base region,
gy and o, are the conductivities of base and emitter re-
gions respectively, and L, is the diffusion length for elec-
trons in the emitter region.

An expression for the surface-recombination term,
01sr/0IE,, is now needed to complete the first-order
theory. It may be derived as follows: Nearly all of the
surface recombination in an alloy-junction transistor
occurs in an area which is ring-shaped and surrounds the
emitter “dot.” The number of holes recombining de-
pends on the product of s, the surface-recombination
velocity; an effective surface area for recombination, 4,;
and the density of holes present near the surface, p.
This is expressed by the equation Isz =esA,p where e is
the electronic charge. Since the area where major sur-
face recombination takes place is very near the emitter,
one sets p equal to the hole density at the emitter junc-
tion which will be called p.. The first-order theory as-

* W. Shockley, M. Sparks, and G. K. Teal, “The p-n junction
transistors,” Phys. Rev., vol. 83, pp. 151-162; July, 1951.
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sumes that holes flow purely by diffusion according to
the law: J,= —eD, grad p =Ig,/A where J, is the hole-
current density and A is the cross-sectional area of the
conduction path (which is about equal to the emitter
area). For plane-parallel gcometry where volume re-
combination may be neglected as far as its effect on hole
density is concerned (the case for any useful transistor),
this may be integrated to yield p.=1Ig,1V/AeD, which
is substituted into the expression for Isz. The result is:

ISR SA,IV 6[51{,
== (7)

Ig,
Since electric fields in the base region were neglected in
solving for p., this expression is not exact. It is, in fact,
of approximation comparable to the terms quoted above
as (5) and (6).
Now the complete expression for 1/ay according to
the first-order theory may be written combining (5),
(6), and (7).

sd W oW 1 (W e o
DA + a,L,+ 2 L,,)' ®
None of the three terms depends on emitter current.
Thus, to explain experimental results, the basic assump-
tions which may be insufficiently exact must be further
investigated. Two assumptions require revision. One of
these states that electric fields in the base region may be
neglected, the other, that the change in base-region con-
ductivity due to injected charge is trivial. These are
both indirect consequences of the assumption that the
injected-hole density is small compared to the density
of ionized donor atoms which, as indicated above, is
not often the case.

l/acb =

FiELDS IN THE BASE REGION AND SURFACE
RECOMBINATION

In the first-order theory, where electric fields in the
base region are neglected, hole current density in the
base is given by:

Jp,= —eD,grad p (9)

where J, is the hole current density, ¢ is the electronic
charge, D, is the diffusion coefficient for holes in the
base region, and p is the hole density at any point. Elec-
tron-current density is assumed equal to zero.

To include effects due to the electric fields in the base
two equations are required:

Jo =
Ty =

(10)
(11)

Here, J, is the current density of electrons in the base,
n is the electron density, u. and u, are electron and hole
mobilities, D, and D, are electron and hole-diffusion
coefficients and V is the electric potential.

To these equations can be added n+N,=p+Ng4
where N, and N, are acceptor and donor ion densities.
This equation stems from the fact that the net charge
density in the base region must be essentially zero. In

— neu, grad V + eD, grad n.
— peu, grad V — eD, grad p.
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n-type material, N, may be set equal to zero without
serious loss of accuracy and N4 assumed to be a constant
throughout the base. Thus, n=p+ N4 and grad =
=grad p.

If the transistor is to be useful, J, must be very
small compared to J,. If J,=0, # replaced with Ny+7,
and grad n with grad p, Equations (10) and (11) may
be combined to vield:

J» = — (eD, grad p)(l + (12)

)
Na+ ¢
Also,

D, 1 kT grad p

gradV = ————gradp=——"—"-

e (Natp) e(Na+ p)
If p&KNg4, (12) reduces to the first-order equation given
as (9). However, as p increases, the current density in-
creases more rapidly than grad p until, when p>>Ny,
J,=~ —2eD, grad p. When this happens, half the hole
current is carried by diffusion and half by the electric
field. Under these conditions, reasonably accurate re-
sults may be obtained if the diffusion coefficient is
multiplied by two wherever it appears in equations de-
rived from the first-order theory. In the transition re-
gion where 0.01 <p/N;<100, more careful calculation
is required.

The origin of the electric field can be described in
physical terms as follows: In order to pass a certain hole
current, a hole-density gradient is required. The condi-
tion of space-charge neutrality stipulates an equal elec-
tron-density gradient. The electron-density gradient
would like to induce a flow of electrons in the same di-
rection as the flow of holes. This happens, momentarily,
until an unbalance of charge sets up an electric field to
hold the electrons in place against their density gradi-
ent. The same field, however, acts in a direction to en-
courage hole flow and, in the limit, doubles the hole-
current density for a given density gradient.

The field in the base region has a considerable effect
on the surface-recombination term. At low currents,
the expression given above applies, i.e., s4,W/D 4. At
high current density, however, D, is effectively doubled
and the per cent of the hole current lost by surface re-
combination is divided by two. The transition between
the two cases accounts for the initial rise in current gain
with emitter current. A calculation of the behavior in
the transition region is given in Appendix I.

The result of the analysis of Appendix I is:

dlsr sWWA,

Py = DA g(Z)

where the function g(Z), which will be called the “field
factor,” is plotted vs Z in Fig. 4 (opposite page) and
W,
Z = -
ADpUb

(13)

(14)

Ig.

Z is a convenient dimensionless parameter to use in the
analysis. It is the ratio of hole density in the base region
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at the emitter junction to donor density which one
would compute from the first-order theory.

For high values of Z, i.e., greater than about 20, g(Z)
approaches 0.5; for Z=0, g(Z) has the value of unity.
Thus, the loss in current-amplification factor due to
surface recombination decreases as emitter current is
increased and approaches a final value of one-half the
initial value. This causes the current gain to rise, ini-
tially, with emitter-current density at a rate which de-
pends on the base width, W, the impurity tvpe and con-
ductivity of the base material.
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Fig. 4—The field factor, g(Z), as a function of (Z).

In passing, it might be mentioned that the so-called
diffusion capacitance of a junction transistor is reduced
by the field in the base region by a factor of two as
emitter current is increased. This has been observed to
occur at about the same current as saturation of the
curve for g (Z), as it should, since it also depends in-
versely on the diffusion coefficient.?

MoDpULATION OF BASE-REGION CONDUCTIVITY
BY INJECTED CARRIERS

As pointed out before, the assumption that p<<K Ny is
incorrect in a transistor which is operating at a current
density in excess of about 0.1 ampere per square centi-
meter. It is usually assumed that the number of elec-
trons in the conduction band of the base region is N.
Instead, N4+p should be used. A reasonably good cor-
rection to the first-order theory consists of simply mul-
tiplying the base conductivity by the ratio (p+Ng)/Na
where it appears in the above equations for dc current
flow.* This ratio is that of the electron density in the
base with injected holes present to their density in the
absence of holes. One should use the value of p/Ny at
the emitter which, for large currents, is given ap-
proximately by Ig,Wu./2D,Ay=2/2. (See Appendix I.)
Thus, wherever ¢, appears in the dc equations it should
be multiplied by:

3 Private comnmunication from L. J. Giacoletto, RCA Labora-
tories, Princeton, N. J.

¢ The reader is cautioned that this substitution is not valid for all
transistor equations but only where ¢ has been substituted for the
density of conduction electrons (or holes, in p-type material). The
underlying physics should be examined for each equation to make
certain that this is the case.
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PN o,
EMmITTER EFFICIENCY

The partial first-order theory predicts
ge  Ipe oW

6[;;,, B IEp U,L,

(6)
This may be amended by writing instead,

G'bIV
o.L.

Iz,

1+ 2/2).

Tep

Since Z is a function of Ig,, one cannot simply equate
01g./01g, to this but must take the derivative as follows:

dlge. w Ik oz
DL <1+z/2+2 )
2 oIz,

als,

oL,

Ig,(0Z/01g,), however, equals Z since Z and Ig, arc
linearly related. Thus, the effect of differentiation is
simply to double the term in Z and

0lg., oV

o.L.

(1+2). (15)

g,

This equation states that the emitter efficiency de-
creases, and hence, the current-amplification factor
drops as emitter current is increased. Further, at high
currents, the current-amplification factor a. should vary
inversely with the emitter current as is observed experi-

mentally.
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Fig. 53— The fall-off factor, f(Z), and (14Z2) as functions of Z.
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A more exact calculation is made in Appendix II
which also takes into account the changing field in the
base region. The accurate calculation and the approxi-
mate one given here are both plotted in Fig. 5 against Z.
The difference between them is not great, being at most
about 25 per cent and less than 20 per cent for Z greater
than about 4.

VOLUME RECOMBINATION

The expression for the variation of base with emitter
current due to volume recombination (5) does not in-
volve g, explicitly
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aIVR IVR 1 <I;[/')2

ale, Iz, 2\LsJ

However, L, may be related to base conductivity
through the average hole lifetime since Ly*=D,r. 7,
when it applies to holes lost by bimolecular® recombina-
tion, is inversely proportional to the number of elec-
trons in the base region and, hence, inversely propor-
tional to . Thus, the expression for volume recombina-
tion may be corrected in the same way as the expres-
sion for emitter efficiency, i.e.,

olye 1 /W\?
<—> (14 27).
Ly

g, 2

(16)

The volume-recombination term shows the same de-
pendence on emitter current as the emitter-efficiency
term.

Actually, the volume-recombination term ought to
involve an integral of the base conductivity over the
entire base region, whereas simply the value of base
conductivity near the emitter was used. Such a calcula-
tion gives a result which is trivially different. This is
because most of the volume recombination takes place
near the emitter where hole and electron densities are
greatest. There is evidence that volume recombination
becomes mono-molecular at high values of Z8. In this
case, the variation with emitter current vanishes
and the volume-recombination term is replaced by
Iy r/01g, = W?/4D v where T, is the lifetime for mono-
molecular volume recombination at high injection levels.

CURRENT-AMPLIFICATION FACTOR vs EMITTER-
CURRENT THEORY AND EXPERIMENT

According to the preceding sections, the approximate
equation for current gain as a function of emitter current
can now be written by combining (14), (15), and (16):

1 sWA, gV W\?
L g(Z)+[ +<L—)]<1+Z) (17)

Qch DpA oel.. b
where
Wul
7 = ek (17a)
D, Ag,

and g(Z) is given by Fig. 4. The accuracy of this equa-
tion may be improved somewhat by using the calcu-
lated curve of Fig. 5 for the emitter-efficiency term but
the difference is not usually significant.

The above equation is for the p-n-p junction trans-
istor. To apply it to an n-p-n transistor, all that is re-
quired is to change the subscripts on mobility and dif-
fusion coefficients from e to p and vice-versa. Thus,

1 sWA, ootV 1 <W

2
—_ —|— 1427 18
Qcd zA ¢7¢L¢ 2 Lb) :I ( + ) ( )

s The use of the word bi-molecular in this case applies to recombi-
nation proceeding at a rate proportional to the product np. Mono-
molecular refers to a recombination rate proportional only to p. The
details of the recombination mechanism are not of concern at the
moment since capture cross-sections and the like may be lumped into
a single recombination coefficient.

¢ R. N. Hall, “Electron-hole recombination in germanium,” Phys.
Rev., vol. 87, p. 387; 1952,
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where
. Wuple

" Doy

(18a)

Into the expressions for Z (17a and 18a) may be sub-
stituted the Einstein equations D,=kTu,/e and
D.=kTu./e where k is Boltzmann's constant and T is
the temperature of the transistor. Also, p./u, may be
set equal to the constant b which has a value of about 2
for germanium. Then:

WeIE .
Z = ‘b for the p-n-p transistor and
kTAagy
WeIE 1
Z = -— for the n-p-n.
kTAgy b

One sees immediately that, if all quantities except the
conductivity type are the same (i.e., identical geometry,
diffusion lengths, and conductivities) @, should vary
less with emitter current in an z-p-n transistor than in
a p-n-p transistor by a factor of b2 ~4 (for germanium).

All the derivations above, and those in the appen-
dices, apply to a geometry wherein the emitter and col-
lector are assumed to be parallel planes and “end effects”
are neglected. The alloy-junction transistor is a reason-
able approximation to this case. Most of the quantities
involved in the expression can be measured fairly
exactly for the alloy transistor. A should be the actual
emitter area and W approximately the base thickness
measured by the capacitance method. ¢, and L; are
determined by the material used. D, and pu. are known
constants. However, no accurate method for measur-
ing the quantities s, 4,, ¢, and L, in alloy-junction
transistors has so far been developed. What is done,
then, is to use values for s4, and ¢,L, which give the
best agreement between theory and experiment. These
values are reasonable ones and the agreement is good
over a wide current range.
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Fig. 6 —-Comparison of theory and experiment for a
typical p-n-p alloy transistor.

Fig. 6 shows the variation of current-amplification
factor with emitter current for a TA-153 (p-n-p) trans-
istor. The solid line is the computed curve and the
points are experimental data. The following values



1954

Webster: On the Variation of Junction-Transistor Current-Amplification Factor with Emitter Current

919

ﬂ‘AdL d

COLLECTOR

BASE
REGION

Fig. 7—Analog map of hole flow in an alloy transistor.

were used for computations:

W=4.8X10"% cm, (mecasured by the capacitance
method)
A=1.1X10"% cm? (known emitter area)
0, =0.45 mho/cm (known base conductivity)
Ly;=0.14 cm (calculated from lifetime of 500 usec)
o0.L.=1.55 mho (obtained from best fit)
sA,=0.147 cm?®/sec (obtained from best fit)
D,=44 cm?/sec and u,= 3,600 cm?/sec volt (known
values).

From these:?

apll’ 1 /1\?
= (.0014, —(—) = 0.0006

a.l, 2

b
sA 1V
— = 0.014,
P
and
Wa, ..
Z = Ig = 8001z where I¢ is in amperes.
D,yAay

The value of s4, is quite reasonable. Fig. 7 shows the
paths of hole flow through a junction transistor as
calculated using an analog-mapping technique.® The
average TA-153 has a surface-recombination velocity,
s, of about 350 cm/sec. The analog map shows that
nearly all the surface recombination occurs in a ring
around the emitter whose width is about equal to V.
From this we estimate 4, to be 6X10~* cm? Using
5s=2350 cm/sec, s4,=0.2 cm3/sec. This is in very good
agreement with the value 0.147 cm?3/scc used to match
theory and experiment.

The value of ¢.L. seems to be a bit large. The existing
evidence indicates a value of ¢, of about 10®* mho/cm.
An intelligent estimate based on an extrapolation of L
from measurements made on relatively pure material
to this value of conductivity would suggest that L,

7 R. N. Hall, “Power rectifiers and transistors,” Proc. I.R.E.,
vol. 40, pp. 1512-1518; November, 1952. In this paper, Hall ascribes
the fall-off of current gain to the increase in volume recombination
only. For the transistors described here, the decrease of emitter
efficiency is more significant.

. #A. R. Moore and J. I. Pankove, “The variation of current gain
with junction shape and surface recombination in alloy transistors,”
Proc. LLR.E., pp. 907 913, this issue.

should be about 10~¢ cm. However, such an extrapola-
tion is probably to be questioned more than the result
obtained above.

Fig. 8 shows a similar comparison for a (n-p-n) trans-
istor of similar geometry. Here, the following values
were used:

W=4.6X10"% cm (measured as before)
A=1.1%X10"%cm? (known)
o5=0.33 mho/cm (known)
Ly,=0.28 cm (assumed)
c.L.=1.1 mho
sA,=.11 cm3/sec
D,=93 cm?/sec and u,=1,700 cm?/sec volt (known
values).

From these, ¢;W/o.L,=0.0014, sA,W/D,A =0.005,
W2/2L2=1.3%X10"4% and Z=215 Ig.

} obtained from best fit

]

= -0
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Fig. 8—Comparison of theory and experiment for
a typical n-p-n alloy transistor.

T'he values of ¢,L, and s4, are about the same as for
the p-n-p transistor, which is reassuring. However, the
agreement at low currents is not nearly as good for the
n-p-n as for the p-n-p. The authors interpretation is
that some mechanism exists in addition to surface re-
combination which becomes less detrimental as the cur-
rent density increases. It is quite conceivable that this
may be either the transition from bi-molecular to mono-
molecular volume recombination or evidence of a patch-
effect at the emitter. In all, however, the agreement be-
tween the analysis and experimental data is not too bad.
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CONCLUSION

A number of corrections to the first-order theory for
current gain are required to explain the variation of cur-
rent gain with emitter current. Three of these have been
obtained by considering the change in base material
conductivity with injected minority carriers and the
fields produced in the base region by the injected cur-
rent density. New terms for surface recombination,
volume recombination, and emitter efficiency have been
derived. The more complete theory gives reasonable
agreement with experiment.

In both cases (p-n-p and n-p-n), surface recombina-
tion plays the dominant role (by a factor of from 3 to 10)
at low values of emitter current. As emitter current is
increased, the emitter-efficiency term increases and
finally dominates the equation for ag.

APPENDIX |
Surface Recombination

From maps of hole flow in the alloy-type transistor
such as the one shown in Fig. 7 made by an analog
technique,® it has been determined that nearly all the
surface recombination takes place in a ring around the
emitter “dot.” If this ring has an area A,, the number
of holes recombining there per second gives rise to a
current Isg=esA.p. where s is the surface-recombina-
tion velocity and p, is the hole density at the emitter.
Further,

In the section on fields in the base region and surface
recombination the corrected expression for hole current
density was derived:

Jp = — eD,,(l + I ‘:_ P> grad p.
For the plane-parallel case then,
[1 + ﬂ]i B/ = —22
I+ p/Nyldx eD,N 4A
—Ipu. VA
= D,Aay - ﬁ/_

where A is the cross-sectional area of the transistor for
conduction and o, is the base-material conductivity
(without injected hole current). This equation assumes
Ie, is constant throughout the base region and is suffi-
ciently accurate for a typical transistor.

This equation can be integrated to yield:

2 4 gy = 2
—_— — In —_
Na PN =3

if x=0, when p =0 (i.e. at the collector). For p/N4small,
this reduces to p/Ny=Zx/W. For p/Ng, large, it be-
comes p/Ng=Zx/2W. The density of holes at the
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emitter, i.e., when x =W, is given by

Pe

d

2

—1In (14 po/Na) = Z.

In order to substitute this quantity into the expression
for 8Isr/d1g,, 0p./d1E, is required. This is obtained as
follows:

dpe Ope 0Z  d(p./Na) NaWp.
oIz, 9Z ols,  9Z  D,Acs
/N W
Tz DA

From the equation which relates p./N4 and Z, one ob-
tains,

aPe/Nd
dz

1+ po/Na

1+ 2p/Na

g(2) is plotted in Fig. 4 against Z. Combining, one ob-
tains:

g(2).

olsr  Wsd,
olg, Dpd

As shown in Fig. 7, the area 4, should be #dAd where
d is the diameter of the emitter dot and Ad is the width
of the “absorbing” ring. A fair estimate of Ad may be
obtained from analog maps. For the geometry studied,
Ad is about equal to W.

g(2).

APPENDIX 11
Emitter Efficiency

Since the effective diffusion coefficient is changing
with emitter current, p, is not a linear function of Ig,
as was assumed earlier. The more exact dc equation for
the ratio of electron to hole flow across the emitter junc-
tion may be written as:

Pe>
Na

asW (1 n

oL,
where p./Na is obtained from the equation 2p./N,
—In (14p./Ng)=Z. Now,

Is,

Ig,

alz. ( 3(pe/Na) 0Z >
= W else 1 + e N I —
ats, W/ /N + Ieo = oL,
a(p./N 1 o/ N YA
M; as before, = ——L and Ipp,—— =2
YA 14 2p./Na Ep
where Z =Wyl g,/D,Ac,.
Combining,
g, oW
= 1(2)
0lg, o.L.

where f(Z) =1+p./Na+Z(1+p./Na)/(1+2ps/Na). f(Z)
is called the “fall-off” factor and is plotted in Fig. §
where it may be compared to (1+Z2), the approximate
expression derived in the section on emitter efficiency.
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Methods for Measuring Piezoelectric, Elastic, and

Dielectric Coethicients of Crystals and Ceramics”
W. P. MASONTY, rELLow, IRE, AND HANS JAFFE]

Summary—This paper considers methods for measuring the
piezoelectric, dielectric, and elastic coefficients of crystals and ce-
ramics and recommends certain preferred methods of measurement.
Static measurements are not considered to be as satisfactory as dy-
namic measurements. Of the dynamic methods, measurements of
the resonant and anti-resonant frequencies, the low frequency
capacitance and the resistance at resonance appear to be the sim-
plest and most accurate method, provided that the ratio of Q/r is
high. Quasi-static methods are useful for crystals having a low ratio
of Q/r, for determining the sign of the piezoelectric coefficients, and
for production checks. Hydrostatic methods are useful for compli-
cated crystals such as monoclinic types and for measuring a sum of
two of the coefficients of electrostrictive ceramics. This measurement
can be carried out for odd-shaped samples.

I. INTRODUCTION
T}{E FUNDAMENTAL PROPERTIES of inter-

est in a piezoelectric crystal or electrostrictive

ceramic are the piezoelectric or “equivalent”
piezoelectric constant of the material, the dielectric con-
stant and dielectric loss of the material, the elastic con-
stants and elastic losses of the materials, and the
variations of these properties with temperature, hu-
midity and pressure, as well as frequency and amplitude
of signal. Dependence on the latter two is of signifi-
cance primarily in ferroelectric materials, whose proper-
ties moreover may show marked dependence on previ-
ous history. A number of methods have been used to
measure these properties and it is the purpose of this
paper to describe the advantages and disadvantages of
these methods and to recommend certain preferred
methods. By using such methods as fundamental stand-
ards it is the hope that the measured properties of new
crystals and electrostrictive ceramics made by différent
investigators will be more comparable and reliable.

II. METHODS FOR INVESTIGATING SMALL
S1ZE SPECIMENS

Since the time and effort necessary to measure and
grow large-sized piezoelectric crystals are very consider-
able, and since special growing techniques are often re-
quired for specific crystals, it is a matter of some im-
portance to obtain methods for eliminating nonpromis-
ing crystals in the small-grain size state, since these are
rather easily grown in beakers by spontaneous seeding.
Two methods have been used for this purpose, the click
oscillator and a balanced capacity bridge method.

* Decimal classification: R216.1 X R214.2. Original manuscript
received by the IRE, December 23, 1953.

t Bell Telephone Labs., Murray Hill, N. J.

1 Brush Laboratories Co., Cleveland, Ohio.

For the click oscillator,! a number of grains of the sub-
stance are inserted between two electrodes which are
placed across the plates of the oscillator as shown by
Fig. 1. The frequency of the oscillator is changed by
varying the tuning condenser C, and if a resonance of
one of the piezoelectric crystals occurs near the oscil-
lator frequency, the frequency of the oscillator will be
briefly controlled by the crystal resonances. As the con-
denser is turned further, the frequency jumps from the
crystal frequency to that determined by the condenser.

10,000 N
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Fig. 1—Click-oscillator circuit.

This jump in frequency is accompanied by a change in
the plate current, so that a pair of head phones or a loud
speaker attached to the plate circuit of the oscillator
will produce an acoustic click. By following the tube
with an audio amplifier, weaker clicks can be heard. By
changing the oscillator frequency over a wide range, a
number of possible resonances will be determined. This
is a qualitative method since the loudness of the clicks
cannot be related to the electromechanical coupling in
the crystal or the crystal’'s Q.

The bridge method, (Fig. 2, p. 922) consists in plac-
ing a number of crystal grains between two electrodes
which are in one arm of a capacitance bridge. An os-
cillator is connected to the input and a sensitive de-
tector to the outputof the bridge. The capacitance C; is
balanced outside the crystal-resonance range so that a
minimum of current occurs in the detector. As the fre-
quency is changed, the bridge becomes unbalanced as a
crystal resonance is approached and the amount of un-
balance can be shown? to be determined by the ratio of

1 This method was first discovered by W. G. Cady (“The piezo-
clectric resonator,” Proc. I.R.E., vol. 10, pp. 83-114; 1922) and has
been applied systematically by E. Giebe and A. Scheibe (“A simple
method for qualitative indication of piezoelectricity in crystals,” Zs.
Ph., vol. 33, pp. 760-766; 1925) to obtain a qualitative indication of
piezoelectric properties.

2 4Pjegoelectric Crystals and Their Application to Ultrasonics,”
W. P. Mason, D. Van Nostrand & Co., New York, N. Y., pp. 49-50;
1950.
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Fig. 2—Bridge circuit for detecting piezoelectric properties
of small size crystals.

the crystal Q to the ratio of capacitances existing for the
crystal in the electrode system. The current will vary
over a frequency range as shown by Fig. 3, and by
measuring the width of the resonance curve 3 db from
the peak current, the Q of the crystal can be determined
from the equation

Q = [r/Af (n

where fr is the resonant frequency and Af the frequency
width. The current at the resonant frequency can be
shown? to be equal to the quantity 4,=2FEfrCnQ/2r,
where Cy is the capacitance measured by the bridge at
low frequencies and r is the ratio of capacitances of the
crystal, which determines the coupling factor k accord-
ing to the equation

1
i opr

where p is a numerical factor depending on the mode of
vibration, but usually not far from 0.8. The couplings
for the various modes which may be excited in odd-
shaped crystal grains depend in a complex way on the

k=

(2)

tm

af

CURRENT =L

NN

FREQUENCY

Fig. 3-—Current in bridge circuit as a function of frequency.

piezoelectric coupling coefficients of the material but by
having a number of grains oriented in a random manner
and selecting the largest response, a good idea of the
maximum coupling can be obtained. At the same time,
the “Q” of the crystal can be approximated, and hence
the balanced bridge is taken as the proposed method.
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I11. MEASUREMENTS ON LARGE-SIZED CRYSTALS

A. Capacitance Measurements at Low and High Fre-
quencies

Probably the simplest of the fundamental measure-
ments on the crystal is the capacitance measurement.
This is usually made on a crystal cut at a definite orien-
tation and with closely adhering electrodes in a capaci-
tance bridge. If the frequency of the oscillator used on the
bridge is much lower than any of the resonances of the
crystal, the measurement determines the constant-stress
or “free” dielectric constant €7. In a crystal there may be
as many as six dielectric constants and by measuring
a number of selected orientations, all of the constant-
stress dielectric constants can be evaluated. As shown in
various books,?® the dielectric constant for any direction
of the crystal is a linear function of the six dielectric
constants and the direction cosines of the plate axes
with respect to the crystallographic x, ¥, and z axes as
defined in the 1949 IRE standard,* and by solving six
simultaneous equations, all six fundamental constants
can be obtained from six capacitance measurements of
six independent orientations.

As the frequency of measurement increases, the
measured capacitance varies in the neighborhood of a
resonance, as shown by Fig. 4. Below the resonance, the
capacitance increases as the frequency increases and
becomes very large near the resonant frequency. Between
the resonant and anti-resonant frequencies, the crystal
shows an inductive reactance. Above the anti-resonance
the reactance is again capacitative, and if the next
resonance is separated from the one under investigation
by a considerable frequency range, the capacitance
approaches a limit below the free diclectric constant. It
can be shown® that the ratio of the limiting dielectric
constant above the resonance to the dielectric constant
at low frequencies is

€lim
' L 3)

el

where k is the applicable electromechanical coupling
factor. For isolated simple resonances such as occur in
longitudinal crystals, the dielectric ratio is an accept-
able method for measuring the coupling factor.

At frequencies above the highest resonances and their
principal harmonics, the dielectric constant approaches
a steady value which corresponds to the constant stress
or clamped dielectric constant €5. In the most general
case, there are six such constants and for any orienta-

PW. Voight, “Lehrbuch der Kristallphysik,” pp. 410—468, 1928
Edition, Teubner, Leipzig. W. A. Wooster, “Crystal Physics,” chap.
1V, pp. 117-127, Cambridge University Press, London, Eng., 1938.
W. G. Cady “Piezoelectricity,” chap. VII, pp. 160-177, McGraw-
Hill Co.,’]\e\_v York, N. Y., 1946. W. P. Mason “Piezoelectric Crys-
tals and Their Application to Ultrasonics,” chap. V, pp. 59-78.

4 “Standards on Piezoelectric Crystals,” Proc. 1.R.E., vol. 37,
December, 1949.

8 W.G. Cady, “Piezoclectricity,” chap. XII, pp. 260-283, McGraw-
Hill, New York, N. Y., 1946, \W. P. Mason, “Piezoelectric Crystals
and Their Application to Ultrasonics,” p. 63,
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tion the dielectric constant is a linear function of these
fundamental dielectric constants. It can be shown that
the constant-strain and constant-stress dielectric con-
stants are related by the formulas

6
emns = emnT - Z [dnkemk] (4)

ka1
in rationalized MKS units, where €,,5 is the dielectric
tensor and d.; and e.; the piezoelectric coefficients as

defined in the 1949 IRE standard.* For the cgs system
the factor of 47 is inserted bhefore the summation sign.
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Fig. 4—Relative dielectric constant of a crystal having a
coupling £ =0.33 plotted as a function of frequency.

B. Static Piezoelectric Measurements

Most of the original measurements of the piezoelectric
constants of crystals were made by measuring either the
direct or converse effects by static methods. The direct
effect was measured by putting a weight on a crystal
and observing the charge generated by some charge
detector such as a quadrant electrometer. Due to elec-
trical leakage present even at low humidity, part of the
electrical charge leaks off before it can activate the
electrometer and hence a measurement of the direct
effect is usually not reliable. A modification of this
method has been used in which a known weight is sud-
denly lifted off a crystal and the generated charge is
caused to actuate an oscilloscope in which the input is a
condenser shunted by a high resistance so that the time
constant is large. This gives relatively accurate measure-
ments and for simple structures such as polarized ce-
ramics gives useful results.

The most promising method for static piezoelectric
measurements is a measurement of the amount of ex-
tension for a given applied voltage gradient, i.e., a meas-
urement of the converse effect. The amount of exten-
sion is usually too small to see with a microscope and
special means for measuring the extension are usually
employed. One method makes use of strain gauges for
which a measurable change in resistance occurs for a
very small strain. This method gives results that are
accurate to 5 per cent and is recommended as the best
static method. When the constant to be measured is a
shearing constant, a change in orientation of 45 de-
grees will usually result in an extension and allow the
shearing constant to be measured by extensional meas-
urements. It can be shown® that all the 18 piezoelectric
constants of the most general triclinic crystal can be
measured by extensional measurement only.

1. Nonresonant (Quasi-Static) Piezoelectric Measure-
ments: Since electronic circuitry permits convenient
production and detection of alternating electrical and
mechanical signals, low-frequency ac methods have
largely displaced static measurements of both the direct
and converse piezoelectric effects. It is essential for
these methods that stress or strain be uniform in the
tested sample. The operating frequency should therefore
be at least one order of magnitude below all piezoelec-
trically active resonances of the body. Low-frequency
limits are set by electric leakage or by amplifier specifi-
cations. Frequencies from 20 to 1,000 cps are used.

A precision apparatus of this type was used by Spitzer?
for measurements on several new crystals, with a
claimed accuracy of 1 per cent. To determine the force,
it was applied in series to the crystal and a diaphragm
forming one plate of a condenser.

In an apparatus for routine testing,®® a known one-
dimensional mechanical stress is provided by a force
applicator arrangement closely paralleling that of a
loud-speaker assembly. A coil is mounted in a strong
magnetic field and is free to move only along its axis,
being springloaded in this direction. An ac voltage ap-
plied to the force coil generator produces an alternating
force, and a standard crystal stack (usually ADP) and
the test crystal are mounted in series mechanically with
the force coil. A large blocking mass completes the
mechanical system.

A particular instrument of this type has been shown
to have a fundamental mechanical resonance at 250
cps. This was determined from a plot of output force vs.
frequency for a constant driving voltage to the fcrce
coil. It was found that the force actually applied to the

¢ See “Piezoelectric Crystals and Their Application to Ultra-
sonics,” p. 77.

*F. gpitzer, “Determination of the Piezoelectric Constants of
Some Isomorphous Crystals,” Dissertation, Goettingen, 1938, Elec-
trical Communications, vol. 28, p. 300, 1951.

8J. P. Arndt, Jr., “Direct reading microdisplacement meter,”
Jour. Acous. Soc. Amer., vol. 21, pp. 385-391; July, 1949.

9 H. G. Baerwald and D. A. Berlincourt, “Electromechanical re-
sponse and dielectric loss of prepolarized barium titanate under main-
tained electric bias,” part 1, Jour. Acous. Soc. Amer., vol. 25, pp.
703-710; July, 1953.
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Fig. 5—Block diagram for Brush displacement meter.

test crystal was greater than that applied to the stand-
ard crystal when operation was near this resonance, and
therefore normal operating frequencies were limited to
the range of 100 cps and below.

The waveform of the ac force for this instrument was
found to be dependent upon minor mechanical adjust-
ments, and therefore the waveform of the standard
crystal output voltage is checked occasionally with either
an oscilloscope or a wave analyzer.

Calibration of the standard crystal stack is necessary,
since the mechanical arrangement necessitates clamping
the stack in place, thereby affecting its sensitivity.
Calibration is checked periodically and is most conven-
iently accomplished using ADP Z-45 degrees expander
plates whose piezoelectric coefficients have been deter-
mined very accurately by the dynamic method.

ds’ = 24.0 X 1072 coulomb/newton.? (3)

The sign of the piezoelectric coefficients under test is
rcadily found by observing the phase relation of the sig-
nal from the test crystal and the series crvstal stack.

For determination of the g coefficients (open-circuit
field output per applied stress) the input capacitance of
the measuring circuit must be small compared to the
crystal capacitance; this requirement can be met readily
only with the ferroelectrics of high dielectric constant,
and even there requires a cathode-follower circuit.

The d coefficients (charge density per applied stress)
are found by measuring the voltage on a large capacitor
in parallel with the crystal.

The apparatus has given results with a reproducibility
of +3 per cent when applied to measurement of the
transverse effect on well-shaped blocks or plates. With
less accuracy, it can be employed for rapid production
testing. The method may be applied to measurement of
longitudinal compressional coefficients by pressing on the

¥ H. Jaffe, G. N. Cotton, J. E. Mumper, Final Report, to U. S.

Signal Corps Contract W28-003 sc-1583, Brush Development Co.,
April 1, 1948,

electroded faces,provided that the change in stray capac-
itance across insulator pads can be neglected. This can
be achieved in the study of high dielectric constant ce-
ramics. A strong warning must be given, however,against
making this measurement on plates whose thickness in
the field direction is considerably smaller than the lat-
eral dimensions. In such a case the electric effect of
lateral or bending stresses may grossly falsify results.
The difficulties just mentioned are entirely avoided
in the measurement of the response of a freely suspended
piezoelectric body to hydrostatic pressure. This response
is limited to 10 out of the 20 piezoelectric crystal classes,
and to polarized ferroelectrics. The crystal under test is
preferably placed in a liquid of good resistivity and low
compressibility such as kerosene, in order to minimize
adiabatic temperature changes. Moderate alternating
pressures—in the order of 1 Ib/inch®*—are obtained by
driving a diaphragm forming part of the container with
a motor-driven cam or with a loudspeaker coil. An ap-
paratus satisfactory for this measurement was described
in a previous report.!* Measurement of the pressurc am-
plitude is made with a piezoelectric crystal of known
hvdrostatic response, such as lithium sulfate.

(dp = 13.5 X 102 coulomb/newton).?

Study of the converse piezoelectric effect requires
measurement of motional amplitudes varying from 107
to 10~* inches. Piezoelectric coefficients on a number of
svnthetic crystals were obtained with an accuracy of 5
to 10 per cent using a sensitive Rochelle salt pickup
designed for the Brush Surface Analyzer.!?

More versatile “microdisplacement meters” evaluate
the change of capacitance of a minute condenser formed
by the surface of the moving crystal and a stationary
probe.!? In such an apparatus designed for highest sen-

1'N.D.R.C. Report. Low Frequency Hydrophone Calibration
Systems, Sect. 6-1-sr783-1308.

2 K. S. VanDyke, Seventh Semi-Annual Report on Contract
W28-003 sc1556, Wesleyan Univ., pp. 44-46; 1949.
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sitivity (Fig. 5) this modulated capacitance is con-
nected across the tank circuit of a 100-mc oscillator. The
frequency-modulated signal is applied to a sensitive FM
receiver, and the probe is driven mechanically by an
ADP expander stack. The null method is again used,
the ADP stack and test crystal being driven by separate
channels of a two-channel amplifier. The phase of one
channel and the magnitude for both channels are ad-
justed until the probe and test crystal are vibrating in
synchronism. Meter errors are eliminated by directly
measuring the ratio of the driving voltages applied to
the standard crystal and test crystal. The higher volt-
age is applied to an accurate linear potentiometer (such
as a 100,000-ohm Helipot) which is adjusted (Fig. 5)
until the comparison meter shows the reduced voltage
to be equal to the voltage from the other amplifier
channel.

In Fig. 5, “A” is a metal diaphragm having a low
compliance in the plane perpendicular to the line of mo-
tion of the stack, the purpose being to prevent breakage
of the stack by accidental side blows. The stack has suf-
ficient strength to resist straight compressional forces
and the diaphragm should have high compliance in this
direction to provide little restraint to the motion of the
stack. The probe wire is supported by “B,” which is
made of Mycalex and serves to insulate the wire from
the metal shield “C.” It should be noted in designing the
100-mc oscillator that although the inductance does not
enter the equation for Af there is a practical limit set by
oscillator stability on how high L, and therefore, how
low C, can be made. Another means of obtaining maxi-
mum sensitivity is to use a double superheterodyne FM
receiver, since by this means the precentage deviation
may be increased.

With this instrument it has been possible to measure
displacements down to 10~!° meters, although ultimate
sensitivity is somewhat dependent upon driving field.
The driving frequency is limited only by mechanical
resonances, and these can easily be found by plotting dis-
placement vs frequency first with only the standard
driven and then with only the test crystal driven. This
instrument may also be used to observe complex mo-
tions as a function of time, charge density, or driving
field by placing an oscilloscope or wave analyzer at the
output of the FM receiver.

C. Static Elastic Measurements

Most of the original elastic constant measurements of
crystals made by Voigt®® and his successors were made
by static elastic means such as measuring the deflection
of a crystal supported at its two end points when a
weight is applied at the center. This type of measure-
ment when performed on a long thin bar yields an eval-
uation of Young’s modulus for the direction of the length
of the cut. All of the elastic constants except the shear
constants can be measured in this way. To determine the
shear constant, circular rods were cut out of the crystal
and twisted in a torsional mode. The bending of plates

13 See “Lehrbuch Der Kristallphysik,” pp. 716-763, B. Teubner,
Leipzig, 1928 edition.
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and compressibility measurements have also been em-
ployed. By these means, Voigt and others have measured
the elastic constants for a number of crystals.

If the crystals measured have a high electromechani-
cal coupling, the elastic constants evaluated by this
method are rather indeterminate since they may depend
on how much of the charge generated has leaked off
during the measurement. Presumably most measure-
ments of this sort, since they involve considerable time,
will correspond most nearly to the constant field elastic
constants which are obtained when the voltage gradi-
ents are zero between the various faces of the crystal.
Furthermore, the measurement of the ratio between an
applied force and a resulting displacement cannot be
carried out as accurately as can a frequency measure-
ment, and hence this method is not suggested for general
use.

HIGH
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- auf apf
- — | , F—
| E | F \
OSCILLATOR | 10 “‘{ CERANIC éion ‘ gg:#:::s :</_/
1 l 1
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Fig. 6—Measuring circuit for measuring the properties of a
piezoelectric crystal or electrostrictive ceramic.

D. Dynamic Measurements of Elasticity

1. Resonant Frequency Measurements: Resonant fre-
quencies are readily excited in plated piezoelectric crys-
tals and since frequencies are very easily and accurately
measured, a good basis exists for measuring elastic con-
stants by dynamic means.

The simplest circuit for doing this is shown by Fig.
6. A crystal is placed in a point holder shown by the
photograph of Fig. 7 at a nodal point of the motion,
in order that the clamp will not change the frequency,

Fig. 7—Photograph of point holder for measuring crystal properties.

and placed between two low values of resistance. An
oscillator is attached to one resistance while the other
is connected to an amplifier detector. If the output of
the oscillator is not sufficiently pure, it may be necessary
to use a low-pass filter in the circuit to suppress harmon-
ics. The frequency of the oscillator is varied until the
maximum current is observed in the rectified current
output. For a high Q crystal, this frequency corresponds
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to the resonant frequency." In measuring the piezoelec-
tric constant, the anti-resonant frequency, which occurs
when the impedance is a maximum and the current a
minimum is also measured in the same circuit. To ob-
tain the most accurate result, the frequency of the os-
cillator is continuously checked with a standard fre-
quency such as obtained from a stable quartz-crystal os-
cillator.

In order to relate the measured frequencies to the:

desired elastic constants, a theoretical expression has to
be available which relates the measured frequency to
the dimensions, the elastic constants and the density
of the crystal. Probably the simplest and most accurate
expression is that for a long thin bar in longitudinal
vibration, given by the equation

e 0
= e )
21 suf'p

Jr

where for a plated crystal s, is the elastic compliance
measured at constant electric field, which is the inverse
of Young’s modulus along the length of the bar, [ is the
length of the bar and p the density. If the width and
thickness of the bar become appreciable with respect to
the length, the frequency is lower. The difference in
frequency between the finite bar and the infinitely thin
bar varies as the square of the ratio of thickness or
width to length. If the most accurate results are re-
quired, several width-length and thickness-length ratios
should be measured. When the frequency is plotted
against the squares of the width-length and thickness-
length ratios, then by extrapolating back to zero ratios,
the corrected value of fr can be obtained for insertion
in (6).

The frequency of resonance of fully plated crystals
determines the constant field elastic compliance. If the
plating is all removed except for a verv small spot, or if
the unplated crystal is driven by an auxiliary means,
the resonant frequency is determined by the constant
displacement elastic compliance s;? which has been
shown to be related to the elastic compliance at constant
ficld by the equation

su? = suf(l — &%) (7

where %k is the applicable electromechanical coupling
factor. A measurement of these two frequencies has
been used to evaluate the coupling factor, which, when
the elastic and dielectric constants are known, deter-
mines the piezoelectric constant.

Measurements of 18 independently oriented cuts in

uf a low Q is involved, it can be sh_own that the resonant fre-
quency is related to the frequency of maximum current by the equa-
tion

Iy =fﬂ1/1 L[l — 1/71 (‘7’7)_2]‘
+ P + 0
where 7" and Q' are the ratio of the capacitances and the Q measured

from the maximum and minimum impedances and frequencies as dis-
cussed in section II1E.
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longitudinal vibration will determine 9 of the possible
elastic comphances and will determine 6 relations be-
tween the other 12 constants. To determine the remain-
ing constants, measurements of shear modes of motion
are required. In making these measurements either face
shear or thickness shear modes can be employed. The
most complete theoretical solution for a thickness shear
mode is that of Mindlin. This, together with other
solutions of the problem, show that for all crystal classes
except the monoclinic and triclinic, the frequency for a
plate infinitely thin compared with its other dimensions
is given by

1 /e
fp=— = (8)
2{ p

where ¢ is the thickness of the plate cg’, the shear elastic
stiffness constant corresponding to the mode of motion
of the oriented plate, and p the density. Methods!® are
available for relating the value of ¢’ for an oriented
plate to those for the crystallographic axes and by tak-
ing 6 independent cuts the rest of the constants can be
determined.

For the finite plate, it can be shown that, midway
between couplings to flexural modes, the difference in
frequency between the finite plate and the infinite plate
varies in proportion to the square of the ratio of thick-
ness to length in the direction of particle motion. Hence,
if one takes plates having different values of the ratio of
thickness to length and extrapolates to a zero ratio, the
true value of ¢g’ can be obtained. An alternate method is
to measure a series of overtones for the plate. This cor-
responds to taking plates of 1/3, 1/5, 1/7, etc. values of
the thickness-to-length ratio and by measuring several
harmonics the true value cg’ can be obtained.

For one series of orientations for monochnic crystals
and for all orientations for triclinic crystals, there is
always a coupling between the longitudinal and shear
thickness modes. For such crystals both modes have to
be measured and a coupling equation solved.

Other modes of motion can also be used for determin-
ing elastic constants. Face shear, flexural modes and
torsional modes have been used.

2. Ultrasonic Pulsing Methods: Other dynamic meth-
ods are also available for measuring elastic constants.
One of the most accurate methods is the ultrasonic
pulsing method which has been employed principally in
measuring the elastic constants of nonpiezoelectric
crystals. It can be applied to piezoelectric crystals, how-
ever, and when used with an unplated crystal determines
the constant displacement elastic constants when the
electric polarization is parallel to the wave propagation.
\When the polarization direction is perpendicular to the

% R. D. Mindlin, “Thickness-shear and flexural vibrations of crys-
tal plates,” Jour. Appl. Phy., vol. 22, pp. 316-323; March, 1951,

18 W. Voigt, “Lehrbuch der Kristallphysik,” chap. VII, pp. 560-
596; Wooster, “Crystal Physics,” chap. VIII, pp. 231-273; Mason,
“Piezoelectric Crystals and Their Applications to Ultrasonics,” chap.
V and p. 457,
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direction of wave propagation, the zero field elastic con-
stants are obtained due to the almost complete neutral-
ization of successive strips of negative and positive
charges on the surfaces perpendicular to the wave di-
rection.!?

SPECIMEN X OR Y-CUT
N\ :
\

ELEClTRODE QUARTZ ,CRYSTAL

TO PULSED

0
OSCILLATOR DETECTOR

X p
4 A POLYSTYRENE SEALS

Fig. 8—Crystals and fused quartz buffer system used for
measuring the elastic properties of small crystals.

One of the most accurate methods,'® which is applica-
ble to small and large crystals, is shown by Fig. 8. In
this method longitudinal or shear waves are sent into a
fused quartz rod which is long enough so that reflections
in the rod do not interfere in time with a series of re-
flections within the smaller specimen to be measured.
Longitudinal waves are generated by X-cut quartz
crystals soldered to the ends of the rods while shear
waves are generated by Y-cut quartz crystals. For shear
waves the direction of particle motion is important and
the crystals on the two rods are lined up so that their
particle motions are parallel. By turning the specimen
to be measured through 90 degrees with respect to the
direction of particle motion, two independent shear
waves can be generated which in general will have dif-
ferent velocities.

The specimen to be measured has to be 20 wave-
lengths or more in its cross-sectional dimensions and for
greatest accuracy should be a number of wavelengths
thick. To obtain reasonable dimensions for the speci-
men, frequencies are used in the order of 10 mc. When
a short pulse is used, the first series of responses, as
shown by the curve marked gate no. 1 of Fig. 9 are due
to reflections back and forth in the specimen. To en-
hance these reflections, quarter wavelength seals of
polystyrene and liquid are used which have the effect
of transforming the high mechanical impedance of the
quartz buffer down to a low mechanical impedance of the
specimen face and hence to increase the amount of
energy reflected at the interface. Some idea of the atten-
uation in the sample can be obtained by the rapidity
with which successive reflections die down. However,
the amount of energy lost by transmission to the buffers
has to be evaluated and an accurate loss for high Q ma-
terials is difficult to measure.

The velocity can be measured very accurately by
using the phase-cancellation method shown by Fig. 9.
The mercury delay line is adjusted so that a phase bal-

17 F_Jona, “Elastizitat von piezoelectric und seignetteelektrischen
Kristallen,” Helv. Phys. Acta., vol. 23, pp. 795-844; July, 1950.

18 H. J. McSkimin, “Ultrasonic measuring techniques applicable

to small solid specimens,” Jour. Acous. Soc. Amer., vol. 22, pp. 413~
418; July, 1950,
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ance is obtained between the pulse from the delay line
and from the specimen, while the level of channel 2 is
adjusted so that a complete cancellation of the pulse is
obtained. A frequency change will not affect this bal-
ance since the phase shift in both circuits is proportional
to the frequency. Next the time position of gate no. 2 is
changed until it overlaps the second pulse. If only an
amplitude adjustment is required to balance out this
pulse, the direct wave and the echo are in phase and the
corresponding frequency corresponds to an integral
number of half wavelengths in the material. By varying
the frequency until a number of integral half wave-
length frequencies are obtained, the phase-shift fre-
quency curve of the specimen can be determined and the
velocity measured. Sensitivities in the order of 1 part in
10,000 are possible.

SPECIMEN
DETECTOR
——0
CONTINUOUS
WAVE
OSCILLATOR
[ eate | VARIABLE |
£ ———— MeRCURY ———
LNO- l DELAY LINE

1

I
I

Fig. 9—Pulsing system and phase-balance method for measuring
the velocity and attenuation of small crystals.
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Using this method the properties of a number of cubic
crystals have been measured. For a cubic crystal having
three elastic constants, all of the constants can be ob-
tained by measurement on a (110) crystal section. The
method can be applied to a crystal of any symmetry and
provides a very accurate method for measuring the con-
stant displacement elastic constants of a piezoelectric
crystal. Since this method requires more equipment
than does the resonant frequency method, it is not rec-
ommended for general use. Such methods are, however,
at least as accurate as the resonance method described
above. They have the advantage that no corrections
need be applied for the dimensional ratios. Hence the
velocities are determined by the infinite medium elastic
constants.

E. Dynamic Measurements of Piezoelectric Constants

Two methods have beenn described for dynamically
measuring the coefficient of electromechanical coupling
of piezoelectric crystals. One makes use of the differ-
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ence between the dielectric constants measured at con-
stant stress and constant strain, while the other makes
use of the elastic constants measured at constant field
and constant displacement. Since the electromechanical
coupling for a longitudinal mode has been shown to be

1
SIS ”“'Vﬁ
€33° 511

(in rationalized mks units), the piezoelectric constant
dy’, corresponding to a longitudinal vibration along the
X'’ axis for a field applied along the 2z’ axis, can be evalu-
ated when the constant stress dielectric constant along
the thickness and the elastic compliance at constant
field along the length of the crvstal are evaluated.

A simpler method for evaluating the electromechani-
cal coupling factor is to measure the resonant and anti-
resonant frequencies corresponding to a longitudinal
mode by means of the circuit shown by Fig. 6. The
resonant frequency corresponds to the frequency of
highest current value!® while the anti-resonant fre-
quency corresponds to the frequency of the lowest cur-
rent value. In order to obtain a true coupling value, care
must be taken to eliminate the effect of stray capaci-
tance on the position of the anti-resonant frequency.
This is done by using the holder of Fig. 7 which shields
the electrodes nearly up to the points where they touch
the crystal. All electrode capacitances are then capaci-
tances to ground, and since they appear across a low
resistance, their effect can be neglected.

(9)

(o]

|
/| FREQUENCY
fr |

¥

2

1

-
REACTANCE

(@) ()

Fig. 10—~Equivalent circuit and reactance of a piezoelectric crystal,

The resonant and anti-resonant frequencies deter-
mine a ratio of capacitances in the equivalent circuit of
the crystal shown by Fig. 10 according to the equation

fa? . , (.\f)
S

] =
flx’2 r
where 7 is the ratio of Co to Cy, and Af the separation of
resonant frequencies. This separation Af is related to the
electromechanical coupling as defined in (9) by a tran-
scendental equation. For couplings less than 50 per cent,

(10)

' For low ratios of Q/r, the resonant and anti-resonant frequencies
differ slightly from the frequencies of maximum and mlmmum cur-
rent. If the values determined by the latter are Q" and #’, the true
values are given by

ol 1+ ‘/17—_(/ r~,[1+2(Q’)2]'

r r’ 2

©Y~|
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which covers all cases except ferroelectric crystals, the
coupling can be calculated by the powkr expansion

pe w2 Af[ H (4 S w2>_&l'
n Jr + Jfr
+(EG) ) o
1 / ’
For couplings under 23 per cent, the simple formula
1
b= ————— (12)

,‘//1—}-%)’
s

is usually sufficient. The Q of the crystal can be deter-
mined by measuring the equivalent resistance at the
frequency of maximum current, R;. From this measure-
ment and the measurement of the resonant frequency,
static capacity Cp and ratio of capacitances,

r

- —. (13)
2fuCoR,

By using eighteen independently oriented cuts in
longitudinal vibration, it is possible to evaluate all of the
possible 18 piezoelectric constants of the most general
crystal. Since the dvnamic method does not evaluate the
sign of the constant, separate polarity tests have to be
made. These may be made either by squeeze tests which
employ the direct piczoelectric effect or by extension
tests which emplov the converse piezoclectric effect.
The relations between the piezoelectric constants for
oriented crystals and the fundamental piezoelectric con-
stants which refer to the crystallographic axes are given
in standard texts.2? On account of the unavoidable errors
in measurement, it is desirable to measure as many con-
stants as possible along crystallographic axes.

Other modes of motion such as flexure, torsion, face
shear, and thickness shear modes can also be used to
evaluate the coupling coefficients. For thickness modes,
one usually encounters a number of resonances driven
by a single piezoelectric constant and hence it is diffi-
cult to ascribe a coupling to any particular resonance.
Hence, simpler modes are to be preferred, and the longi-
tudinal modes are recommended for standard measure-
ments. Since resonant and anti-resonant frequencies are
the most accurately measured quantities, and since
equipment for measuring them is widely available, it is
suggested that this method be the standard for measure-
ment of piezoelectric coefficients.

IV. MEASUREMENTS oN CERAMICS

Ceramic materials made by fusing together a large
number of small crystallites of such ferroelectric ma-
terials as barium titanate are becoming increasingly

20 \V. Voigt, “Lehrbuch der I\'ristallphysik," chap. VIII, pp. 801-
944, ibid.; Wooster, “Cr)stal Physics,” chap. VI, pp. 188-223, ¢bid.;
Cady, “Ple7oelectnc1ty, chap. VIII, pp. 177—199 ibid.; Mason
“Piezoelectric Crystals and Their Apphcatlons to Ultrasomcs chap.
V, pp. 59-77, ibid.
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used in electromechanical transducers. These materials
can be made to have properties similar to piezoelectric
crystals by poling, i.e., by subjecting these ceramics to a
high dc voltage for a period of time, or by cooling the
ceramic under an applied field from temperatures higher
than the “Curie point” to room temperatures.

In general, the measurements made on such ceramics
are similar to those made for piezoelectric crystals but
certain additional measurements are often made.

Such ceramics are isotropic until an electric axis is
established by the polarizing field. After poling, three
“effective piezoelectric constants” are operative whose
values depend not only on the material but also on the
degree of polarization. \When the electric driving field is
applied in the same direction as the residual polariza-
tion, one constant, the d; constant, determines the con-
traction in all directions perpendicular to the applied
field while the dj; constant determines the expansion of
the ceramic in the direction of the field. When the elec-
tric driving voltage is applied at right angles to the
residual polarization, a thickness shearing motion is ob-
tained whose effective piezoelectric constant is the da
constant. This is nearly equal to the difference between
d33 and d:u.

To measure dj, the simplest method is to use a long
thin bar of the material plated on its major surfaces.
After it is poled, a piezoelectric resonant and anti-
resonant frequency can be determined and from (9),
(10), and (11), the elastic compliance and piezoelectric
ds constant can be determined. Another mode that is
often used is the radial vibration of a circular plate. For
this mode, the resonant frequency and coefhcient of
coupling are related® to the measured frequencies by the
equations®

: < R, ) : 1
e 2wr _p(l — o)1, F '

—
ds I
S11 (1 - 0)633T

where &, is the “radial electromechanical coupling coefti-
cient” and is related to the measured frequency separa-
tion by the equation

po [R_l—“:f?)_][l Y (R_—Lﬂﬂ _
Tr 1+o fa\ 140 .

In these equations ¢ is Poisson’s ratio, » the radius of
the disk, p the density, si1F the elastic compliance at
constant field, ex” the constant stress dielectric con-
stant and d3; the effective piezoelectric constant.

The variation of d; with polarizing voltage can he
measured by using the circuit of Fig. 6. Here a steady
polarizing voltage is applied to the ceramic through a

ke

(14

Il

(15)

M See “Iliezoelectric Crystals and Their Application to Ultra-
sonics,” chap. XII, pp. 280-309 and appendix A-9, pp. 186495,

2 R, is the first root of the equation RJo(R)=(1—o)J(R). This
varies from R, =2.03 for ¢=0.27 to R, =2.049 when ¢=0.3.
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high resistance so that the impedance at the terminals
of the ceramic will be the ac impedance of the ceramic.
Large condensers that will stand a high voltage are con-
nected between the ceramic and the measuring circuit.
By reversing the applied voltage with respect to the
static polarizing voltage, one can determine the amount
of reverse voltage required to take off the initial polari-
zation. This varies depending on the composition of the
ceramic and provides a measure of the stability of the
locked-in polarization.

The second constant d3; is more difficult to measure by
dynamic methods, since a number of resonances are
usually driven by this constant. One simple dynamic
method is to measure the ratio of capacitances above
and below the thickness resonance and apply (3) and
(9) with the appropriate constants. Reliable values of
k33 mav be obtained from resonant and anti-resonant
frequencies of a bar polarized and electrically driven
parallel to its length. Due to the high dielectric constant
of the ceramic, the stray capacitance of this arrange-
ment is tolerable.

V. SELECTION OF METHODS

The methods described in the preceding sections may
be applied separately or in combination, depending on
the scope of the measurement program.

Determination of the piezoelectric coefficients by
measurement of the resonant and anti-resonant fre-
quency combines simplicity of apparatus with high ac-
curacy under favorable circumstances. It is an absolute
method, not requiring calibration standards. The piezo-
electric coupling coefficients are obtained in a straight-
forward manner whenever a single piezoelectric co-
efficient relates expansion stress along one axis with an
clectric field at right angles thereto. This is true, for in-
stance, for the 45 degree bars of Rochelle salt and ADI.
Since the difference between resonance and anti-reso-
nance depend on the square of the coupling coefficient,
the method tends to become less accurate when the
coupling coefficient is very small. Considerable accumu-
lation of errors may occur if some of the piezoelectric
coupling coefficients are obtained only by a combination
of measurements on several expander bars. This is the
case especially in crystals of monoclinic symmetry such
as DKT and EDT.

The quasi-static methods can supplement the dy-
namic methods where the latter arc difficult to apply.
Since the measured magnitudes are proportional to the
piezoelectric coefficients, these can be determined down
to a limit of less than 1 per cent of the coefficient dq; of
quartz. An especially useful application of the micro-
displacement meter is the direct measurement of shear-
ing strain. To carry this out, the body under study is
cemented or clamped on a side which is perpendicular to
the plane of shear, and the motion probe is set against
one of the free corners to measure motion parallel to the
plane of clamping. Force applicator methods have also
been used to obtain shear coefficients by applving the
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alternating force to one corner of a body clamped along
one plane.

Determination of the hydrostatic piezoelectric co-
efficients is especially useful for the monoclinic crystals
of class C; for which dy=ds+dsa+da. das is not readily
determined separately by the other described methods.
In polarized ceramics, d, = 2dy +d3, so that knowledge
of ds and of dj-—the latter best obtained by dynamic
measurement of radial resonance—determines dg;.
Measurement of response to hydrostatic pressure is also
a means to obtain at least one piezoelectric coefficient
on crystals and especially ceramics available only in odd
shapes.

Motion measurements are readily extended over a
wide range of driving amplitudes. This is of importance
in the study of ferroelectrics, where it permits the direct
measurement of electrostrictive coefficients of the un-
polarized material, as well as the study of nonlinearity
in the response of polarized ceramics.

OF THE ['R-I June

Static methods are at present applied for the study of
response over a wide range of stress. A combination of
all methods is needed to investigate the dependence of
piezoelectric coefficients on frequency and amplitude,
and to test the equality of the coefficients for the direct
and converse piezoelectric effect. These relationships are
still in question for ferroelectric ceramics. While linear-
ity and reciprocity is usually found good from the audio-
frequency range up into the megacycle range, it is
not found for static conditions, especially under high
loads. Piezoelectric coefficients for the latter condition
may be more than twice as high as the well established
values obtained at audio and radio frequencies.
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Analysis of the Backward-Wave Traveling-Wave Tube”

H. HEFFNERT, ASSOCIATE, IRE

Summary—A traveling-wave tube whose circuit supports a back-
ward wave having oppositely directed phase and group velocities has
been found to exhibit narrow-band regenerative-type gain. For low
beam currents the tube acts as a high-gain, high Q, voltage-tunable
filter. As the beam current is increased, the tube breaks into oscilla-
tions whose frequency may be shifted to any point in the structure
pass band merely by changing beam voltage. An analysis is carried
out which predicts some of the small-signal operating characteristics
of the backward-wave tube, Numerical solutions are presented for
the start-oscillation conditions including circuit loss and space
charge.

INTRODUCTION

ECENTLY a new type of traveling-wave tube
operation has been observed at the Bell Tele-
phone Laboratories.! Instead of employing a
helix or filter structure having forward group and phase
velocities, a circuit which supports a mode having the
direction of energy propagation opposite to that of in-
creasing phase is used. For example, certain of the space
harmonics in a periodic structure exhibit this property.
The name backward wave has been given to this mode.
When an electron beam is sent along a terminated
* Decimal classification: R339.2. Original manuscript received
by the IRE, Sept. 11, 1953. The analysis and results presented here
were carried out for the most part while the author was a Research
Associate at the Electronics Research Laboratory, Stanford Uni-
versity, Calif., and were reported in ERL Technical Report No.
48, “Analysis of the Backward Wave Traveling-Wave Tube,” June
18, 1952. A great portion of this work was supported by the Office of
Naval Research under Contract N6ONR-25132-(NR-078-362).
1 Bell Telephone Labs., Murray Hill, N.J.

! R. Kompfner and N. T. Williams, “Backward wave tubes,”
I’'roc. LR.E., vol. 41, pp. 1602-1611; Nov., 1953.

structure capable of supporting such a backward wave,
spontaneous oscillations may be observed. These oscil-
lations are unique in that:

1. By varying the electron velocity they may be
made to tune continuously over the structure pass
band.

2. Their existence is not dependent upon reflections at
either end of the circuit.

3. As current is increased, other frequencies of oscil-
lation appear and exist simultaneously with the
initial oscillation.

4. Below the starting current large narrow-band gain
may be obtained.

5. For a considerable range of currents above the
starting current, gain in the presence of oscillation
at the signal frequency is obtained.

It is the purpose of this paper to present a method for
analyzing quantitatively the behavior of backward-wave
interaction and to derive some of the more important
operating parameters.

Before the description of the detailed solutions of
backward-wave interaction, it is perhaps appropriate to
indicate qualitatively why the backward-wave tube os-
cillates. Let us assume that we have a backward-wave
circuit and an adjacent electron beam as shown in
Fig. 1. At the risk of oversimplification we shall assume
that the operation can be described in terms of a simple
feedback mechanism in which a wave energywise trav-
els from right to left on the circuit, induces modulation
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on the electron stream which travels from left to right
and which in turn induces the original wave on the cir-
cuit. Now one of the conditions for feedback oscillation
is that the total phase shift around the loop is an in-
tegral number of cycles. Let us add up these phase
shifts. Energy traveling from right to left on the back-
ward-wave circuit of length L experiences a phase ad-
vance of BL where § is the wave-propagation constant.

3L PHASE ADVANCE

BACKWARD WAVE CIRCUIT
ENERGY FLOW

Ny
Ry

AC FIELD l T AC FIELD

AC CURRENT AC CURRENT

fBel PHASE LAG

Fig. 1—The feedback loop of a backward-wave tube.

The electric field of this wave induces velocity modula-
tion of the electrons in the adjacent stream. One-quar-
ter cycle later this velocity modulation has been con-
verted into current modulation so that this conversion
process introduces a phase delay of m/2 radians. This
ac current drifts down the stream and suffers a total
phase delay of B.L where 8,=w/uo. The conversion of
ac current in the beam back to electric field on the cir-
cuit again involves a 7/2 phase delay. Adding up the
total loop phase shift and equating it to 2nm we find
one of the conditions for feedback oscillation is

(B — B)L = (2n + Dm.

The other condition for oscillation is that the loop gain
must be unity. Because of circuit losses and the in-
efficiency of the conversion processes we shall require a
certain amount of traveling-wave-type amplification to
be present. Since the amount of gain per wavelength in
a traveling-wave tube depends upon the impedance
parameter, C, and the relative velocities of electrons and
wave we must have

CN = constant

where N is the total number of wavelengths in the tube
and the constant depends upon which value of # in the
preceding equation is used.

Since for a backward wave the phase velocity, vy, is an
increasing function of w, the phase relation tells us that
as the beam velocity, o, is increased, the frequency will
increase. Then, if the impedance is sufficiently high,
the backward-wave oscillator will be continuously
voltage tunable. If, however, the impedance is close to
but below the value necessary to start oscillation, the
device will act as a high-gain regenerative amplifier.
The frequency range over which the feedback will be
positive will in general be small so that the bandwidth
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of amplification will be narrow, but its center frequency
may be tuned by varying beam velocity.

With this qualitative picture of the mechanism of the
backward-wave tube, let us now proceed to a more
rigorous analysis of its behavior.

METHOD OF ANALYSIS

The combined circuit-beam interaction will be broken
into two problems: (a) the current induced in the elec-
tron stream due to a field on the circuit, and (b) the
field induced on the circuit due to a current in the
stream. These two relations are then combined to obtain
a solution to the problem of simultaneous interaction
between beam and circuit. Small-signal conditions are
assumed throughout.

The method of analysis differs somewhat from that
employed by Pierce.? The difference lies principally in
the manner in which space charge is taken into account
and in the derivation and utilization of the circuit equa-
tion. These differences will be made clearer as the analy-
sis progresses.

THeE ELECTRONIC EQUATION

The problem considered here is, given an arbitrary
field on the circuit, determine the form of the ac current
produced in a stream flowing adjacent to the circuit.
The stream is assumed not to interact back on the cir-
cuit.

We start with the force equation:

du e

—='_Eonl-
dt m o

(1

(See list of symbols for explanation of notation.) This
relation determines the rate of change of velocity of an
individual electron under the action of a field Etotar. If
space-charge fields are present, E.ota1 is made of two
parts, the exciting field, E, which exists on the circuit,
plus a space-charge field, E,, due to the effect of all
adjacent electrons. Since the left side of (1) involves a
total time derivative, the equation may be written, as-
suming all quantities vary as e/*!, as:

du dv v v

—=— 4 wg — = jwv+ to—
9z

-+ 2 E+E] @
ot 0z 0om *

where the total velocity has been split into a dc and an
ac term, namely,

n = up + 0. (3)
From the continuity equation,
a1 ap .
2 2o e 4)
0z ot

and the small-signal definition of current

(5)

i = pity + vpo,

2 J, R. Pierce, “Iraveling Wave Tubes,” D. Van Nostrand Co.,
New York, N.Y., chap. 2; 1950.
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where the total charge density has been broken up into
a dc term po and an ac term p, (2) may be written:
%t Jwepo

— = Beli=
9z ’Mlllo

[E+ E.] (6)

where

1o
The time-varying portion of the space-charge field, E,.
may be obtained from Poisson’s equation. For the one-
dimensional case
oL, P
el (®)
dsz €
From the continuity relation (4), assuming the ac cur-
rent to be zero at the entering plane, (8) reduces to

i

©)

E, = —
jwe
Insertion of (9) into (6) yields the final differential equa-
tion for current induced by a circuit field E:

% Jwepo

_._(62_112)1'..

E  (10)

Miy?
where the plasma wave number %, is given by:

€
pr= P (11

metty”

To include the effect of a finite beam size and the effect
of the adjacent metallic walls of the circuit, we may
with good accuracy replace % in (10) by an effective
plasma wave number obtained by considering a beam
within a drift tube having the same or similar configura-
tion as the circuit actually used.

OUTPUT APFF:IE:.EDD
FIELD :
E(0) Eqe L

( BACKWARD WAVE CIRCUIT ]

[ —= GROUP VELOCITY

GROUP VELOCITY -—1 -
>
gt ‘W dE | =— PHASE vELOCITY

PHASE VELOCITY —»

’
L(Lrde

Fig. 2—Excitation of a backward-wave circuit by a modulated
clectron stream.

Tue CirculT EQuATION

We shall now consider the problem of determining the
field impressed upon a circuit due to ac current flowing
in a stream adjacent to the circuit (see Fig. 2). The
method of analvsis is similar to that used by Bernier?
and Pierce.?

_ 3 ]. Bernier, “Essai de theorie du tube electronique a propaga-
tion d'ondes,” dnn. Rudioelect., vol 21, pp. 87-101; 1947,

* Appendix Aof J. R. Pierce Fheory of the beam type traveling-
wave tube,” Proc. I.R.E., vol. 35, pp. 111-123; Feb., 1947.
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Suppose we have a small element of current #({)d{
impressed upon a transmission system which supports a
single wave having group and phase velocity of opposite
sign. The current element will induce two waves on the
circuit, one traveling to the left and the one to the
right. Since the circuit is symmetrical the amplitudes
of the waves must be equal.

— — )
dE = dE. (12)
The power flowing from the current element is
*(O)didE
P = — —(%5— : (13)

Thus, since half of this power flows left and half right

*(O)dedE
(‘”‘)=_1(§)§
4
(14)
*(¢)dedE
ﬁ=_t—4—'

(The asterisk indicates complex conjugate.)

Considering the amount of circuit power flowing across a
transverse plane we may write

- e ok
S _ PN
2
EEYy
2

(15)

-
P:

where ¢ is twice the peak power carried across the
plane in one direction by a unit peak field.

. (E)de
dF = — 1(25)*3

: ¢d (16)
e “$ds

29*

To calculate the resultant induced field at a point z we
must add up all the contributions from current elements
to the right of z which flows energywise toward the left
and contributions from elements to the left of z which
flow to the right. The total field then will be the sum
of applied field and the induced field. Thus for the case
of opposite phase and group velocities, that is, assuming
a wave which carries energy from left to right varies as
e’ot+if and one carrving energy from right to left as
e’'=i8 we have:

1 z
E@) = B = o <cfﬂ= fo i(§)em98dg

L
+e.,d:f i(;—)iﬂ-"d_(‘>. (17)

This expression gives the tield at any point on the cir-
cuit due to the effect of an applied field and an ad-
jacent alternating-conduction current density. Because
of the awkwardness involved in utilizing this definite
integral expression directly we shall differentiate it with
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respect to distance twice to obtain a second-order dif-
ferential equation

a’L(a)

+ﬁu)————w (18
! )

Solutions of this will involve two arbitrary constants
which may be evaluated using above integral relation.
THE COMBINED EQUATIONS

We now have two differential equations which must
be solved simultaneously to give the combined effect
of beam and circuit interaction. They are

9%i(z) 9i(z)
dz®

+ 2j8. (10)

— (B2 — I? )l(Z)

62E(z) (18)

+ B2E(z) = — j‘pﬁ* i(2).
These equations would have exactly the same form for
the more usual cases of forward phase and group ve-
locity if (—B*) were substituted for 8.

The equations may be advantageously solved by
means of:the Laplace transform since this allows direct
insertion of the initial conditions. As the beam enters
the circuit we assume that it has no ac velocity or cur-
rent modulation. Then letting

3(I) =fwi(z)e‘l“dz

} (19)
Er) = f E(z)e T4z,
0
E(0) = the value of the circuit field at z = 0
E'(0) = %h?dvalue of (}he derivative of the circuit (20)
eld atz =
the transformed equations become
[T+ 2j8, — (82 — 19)]5 = j €,
matg?
8 (21)
(I'2 4+ B2)E — TE(0) — E'(0) = —]ﬁs
Solving for € we obtain
_ L+ j8)r + 1) [PEG) + B E'(o)J o
(T + 78¢)% + h2)(I* + B7) —
where
K — Io Ll 3 323
- :17 67;6 ﬁe Cﬁﬁe (23)

From (17) we find E’(0) = —jBE(0).
Letting the roots of the denominator of (22) be I',
and taking the inverse transform of this expression, we

N3 — N2 n — N3

o eivn(zllz) + [
m N2

(@) = ——

N3 — N2 LM
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ein(z/L)

have
E(z) = L) [(I'1 — jB)kient 4+ (Ta — jB) kaets?
+ (Ts — jB) kserst + (I'y — jB) kuetee} (24)
where
b= (Ty — jBo)* + I?
(I'y = Ty)(Iy — Ty)(T1 — Ty)
by = (T2 —jB* + 12
(I = I')(Ty — Ta)(T'2 — Ty)
b= (Ts —jBa)* + A (25)
(P3 — T)(T's — T2)(Ts — Ty)
A (T — jBo)* + A2
(P4 = I)(Py — T2)(Ty — Ty)
and
(T + jBo)* + B2](Ta? + 6% = K (26)

We must now evaluate the constant E(0). To do this
we obtain 7(z) from (24) and (18) and substitute it in the
definite integral (17) evaluated at z=0. This procedure
yields the result:

£(o) (I — jB) [1 — emridrr]

28 <<F1—r2><r1—r§(f—r—o<i+;a)
(T2 — jB)[1 — etratim L]

(D= Ty)(Ca—Tg)(Toa—Tg)(T2478)

(Ts — j8) [1 —etrsti®L]

T (Ts—T3)(Ts—T2) (s~ (Ta+78)

E(0) = Ey———

1— e(r +iB) L
(Ta—jB) [1—etritid L] ) @
(T'4— 1) (T4—Ta)(Te—Ts)(Tat78)
where L is the active length of the circuit.
If we let
[123l = — JBL ‘.+‘]771,2,3 (28)
L= ]ﬁL + N4,
and notice that under the usual operating conditions
K LB, (29)
we find that
1 K B (30)
and
N K M1,2,3. (31)

Under these circumstances, the amplitude of the wave
traveling as e+ is negligible with respect to the others.
Neglecting this wave in (24) and performing some
algebraic manipulation on (27) leads to the final expres-
sion for the circuit field:

(2 eins(z/L)

- Eoe"fﬂ:, (3 2)

ein +

n1 N2
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where from (26) and (23) the #'s are the three roots of

7%+ 209 + (62 — II*)y + (22CN)3 = 0, (33)
where 6 has been defined as
6 =(B.—B)L
and,
i = IL. (34)

Note that at z=1, the input of the tube, the field is
exactly equal to the applied field.

Formally, at least, the problem has been solved.
Equation (24) shows the existence of four waves, the
propagation constants of which are given by the four
solutions of (26). At this point it is interesting to note
that the root of (26) differs from the usual forward-wave
root equation only in the sign of the parameter K. This
means that tabulated values of the usual traveling-
wave-tube-propagation constants for the lossless case
could be used for the backward-wave tube if only the
circuit impedance is considered to be negative, that
is, if Pierce’s parameter.

(= — — (35)

is chosen negative.

It was found as in the forward-wave case that one of
the waves is excited to a negligible extent. Dropping this
wave results in a field expression given by (32).

OscILLATION CONDITIONS

The possibility of oscillation exists if the denominator
of (32) goes to zero. Thus, the start oscillation condi-
tions are

L + L RS + e 0, (36)
m n2 13
where as before 7, 9,3 are the three roots of
7 + 26n° + (6 — H*%)n + (2xCN)® = 0. (33)

In general 8 and hence 6 will be complex, indicating
cold circuit attenuation. Because of the backward
energy flow corresponding to forward progression of
phase, the cold circuit wave travels as e(—#+®z g0 that
when loss is present, § in the above equations should
be replaced by (8’4 ja).

Let us consider first the case of the lossless guide so
that we neglect the effects of attenuation. Since pre-
sumably the backward-wave oscillator would not have
the intentional internal loading which is placed in usual
TW tubes to prevent oscillation, the assumption of no
loss will often give sufficient accuracy.

If no loss is present, one of the roots of (33) will be
entirely real. Let us call this root ;. We may then ex-
press 1, and 73 in terms of #y, 0, and H.

ne= —0— 291 + 75V 4 + 302 — 4H?
) (37)
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m 6
N3 = —0——9——]%\ 49m + 3m? — 4H>
The start oscillation condition (36) then becomes on
equating real and imaginary parts to zero

3
COS <0 + '—711‘>_2ﬂ0—+-1“)' -
2 /(6 + n)2 — H?

-cosh
3
sin (a + —;2> +

We are led to expect multiple roots of these equa-
tions from the qualitative lumped-feedback considera-
tion, and indeed, in the absence of space charge their
values agree remarkably well with those predicted by
the relation

o + 32— H2 =0

06 + n) + H? m

(38)

O+ n)? — H?

— sinh /@9, + 392 — H? = 0.

B —BJL = (2n + )m.

Table I gives the exact solutions for the start
oscillation conditions of the first four oscillation points
in the absence of space charge and loss.

TABLE 1

StarT OsciLLaTioN CoNDITIONS FOR THE FIRST FOUR OscILLATION
PoINTS 1N THE ABSENCE OF SPACE CHARGE AND Loss

n B—BoL CN
0 3.003 0.314
1 9.860 0.588
2 16.388 0.762
3 1.046

21.403

The form that the start oscillation conditions take,
that is, (8—B.)L a constant and CN a constant, indi-
cates that there is a value of frequency and current for
a given beam velocity which first allows finite fields to
exist on the circuit in the absence of any applied field.
As velocity is changed, frequency must also change in
order to keep (8—B.)L a constant. In this way elec-
tronic tuning is accomplished.

The amplitudes of the oscillation field are deter-
mined by nonlinear effects which could be determined
accurately only by a large-signal analysis. It is im-
portant to emphasize that the oscillation level does not
build up to saturation, but only to that level for which
the incremental propagation constants are such that the
oscillation conditions given by (38) are satisfied. It is
this mechanism which allows the tube to give signal
gain even though it is oscillating at the same frequency.

The accuracy of the higher oscillation conditions is
questionable since they occur when the tube is already
oscillating at some other frequency with a considerable
amplitude. This large-signal oscillation will tend to
change the incremental propagation constants which
can exist for the new oscillation point thus changing the
starting current and frequency for successive oscillation
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points. It should be pointed out that since for a back-
ward-wave circuit § is a decreasing function of fre-
quency the successively higher values of (8—f,)L re-
quired for the higher oscillation points indicate that
these oscillations occur at successively lower frequencies.

THE EFFECT OF SPACE CHARGE

So far we have been concerned with the oscillation
parameters under the condition of zero loss and no
space charge. As has been indicated, the assumption of
zero loss is to some extent justified for practical back-
ward-wave tubes. \What loss is unavoidably present is
probably small enough to have negligible influence on
the operation. However, the assumption of zero space
charge is often unjustified.

The start oscillation conditions as a function of space
charge can be determined from (38). The space-charge
parameter, I, it will be remembered, is the number of
effective plasma wavelengths existing in the active
length of the tube. H may be related to Pierce’s space-
charge parameter QC by the following expression,

H 2
oC = I::hrC V} (39)

SECOND
o OSCILLATION J’_ ! /
—~— | 1
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Fig. 3—Variation of (8—8)L required to start oscillation for the
first two oscillation conditions as a function of space charge.
Circuit loss assumed zero.

Figs. 3 and 4 show the variation of the start oscillation
conditions for the first two oscillation points in the
absence of loss as H is increased.

These curves were obtained by solving the start
oscillation equations (38). It is interesting to note that
for II greater than two, the oscillation conditions are
such that all three waves propagate down the guide
unchanged in magnitude, showing neither growth nor
attenuation. At the collector end they add up to zero
while at the gun end their phases are such as to give a
net field.

As has been pointed out, the interaction equations
for forward- and backward-wave circuits differ by merely
a sign reversal and a change of direction of energy flow.
The input becomes the output, and vice versa. Thus, the
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start oscillation conditions for the backward-wave tube,
that is, the conditions of finite output for zero input, be-
come the zero gain conditions for the forward-wave
tube, the point of zero output for finite input. Hence, the
zero gain conditions for a lossless forward-wave tube as a
function of space charge may also be obtained from
Figs. 3 and 4 if only the sign of the quantity (8—8.)L is
reversed.

C. C. Cutler in unpublished work has measured QC
by this zero gain method and found substantial agree-
ment between his measurements and Fletcher's theo-
retical values,® precluding an extra term, due to velocity
distribution of the large magnitude proposed by Parzen
and Goldstein.®

Returning to the start oscillation conditions, we find
that for large space charge the starting conditions for
the first oscillation point approach asymptotically

(B - Be)L = ]I

HN\'3
CN = <—> .
167
This last condition was first pointed out by R. Grow of
Stanford.

(40)

)
1.0} t -+ - - + = *I— ——*—
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Fig. 4—Variation of CN required to start oscillation for the first two
oscillation conditions as a function of space charge. Circuit loss
assumed zero.

The fact that (8—8,)L for the first oscillation point
is an increasing function of current indicates that as
current is increased the frequency of oscillation is de-
creased. Since it is the difference between two large num-
bers which is changing slightly, the percentage fre-
quency shift is usually slight indeed.

It is of some interest to obtain the form of the field
and current variation along the tube at start oscillation.
We already have the expression for the circuit field in
(32). Using this in conjunction with the differential (18)
we may obtain an expression for the current.

8 R. C. Fletcher, “Helix parameters in traveling wave tube
theury” Proc. I.R.E. vol. 30, pp. 413-417; April, 1950.

¢ P. Parzen and L. Goldstein, “Effect of hydrostatic pressure in
an electron beam on the operation of traveling wave devices,” Jour.
Appl. Physics, vol. 22, pp. 398-401; April, 1051,
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Fig. 5~—Relative values of ac electric field on the circuit and ac
current in the beam along the tube at start oscillation. Zero
space charge, zero circuit loss.

24*
i(2) = 7 — =
( T M= M 1
—— e+ -

Using (32) and (41) we can plot the relative values of
field and current along the tube at start oscillation for
different values of space charge. This has been done
in Figs. 5 and 6 for I7=0 and II=3.1. I‘or large space
charge put in the asymptotic starting conditions, namely

B—B8JL =1
N3
CN = (—)
167 (42)
7’1”_277’2“:'2'1 ny = 4 +~2’
and hnd
E(z) T3
- C0S —
L) 2L
. (43)
i(2) . om
———— —>sin —— -
i(L)

Tue EFFECT oF l.oss

Equations (33) and (36) which together give the
start oscillation conditions are valid when both loss and
space charge are present. One may add to the propaga-
tion constant 8 a quadrature component and solve for
the incremental propagation constants as functions of
CN and (8—8.)L. Certain of these values will satisf{y
(36). A process similar to this has been carried out by
Ward Harman at Stanford. For his results in slightly
different notation see Figs. 7, 8, opposite. These curves
show the effect of distributed loss on the start oscillation
conditions for first oscillation point in the absence of
space charge. Notice, with addition of 30 db cold loss,
starting current has increased only by a factor of five.
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Fig. 6—Relative values of ac electric field on the circuit and ac cur-
rent in the beam along the tube at start oscillation. Finite space
charge, zero circuit loss,
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BeEHAvVIOR BELOW THE OSCILLATION LLEVEL

In a preceding section we have shown that the field
as a function of distance, neglecting the small contribu-
tion due to the fourth wave, is of the form

I,

E@) = — [giems + goer + ggers], (44)

G
where E, is the applied field and G, g1, g» and g; are
functions of the incremental propagation constants,
hence the operating parameters of beam current, beam
velocity, frequency, impedance and length. Taking the
field at 2=0, the output of the tube, we find that the
form of the gain expression is

2
Power gain ratio = [i] (45)
G
Large gains arise when the function G approaches zero.
At the point where G equals zero the tube breaks into
oscillation.

In the region of high gain around the oscillation point
the denominator of the gain expression, G, is a rapidly
varying function of the operating parameters while the
numerator, g, is nearly constant. Thus, we may apply
a Taylor expansion of the denominator around the
oscillation or G=0 point and determine the form of the
gain variation with current. This procedure shows, to
first-order approximation,

k 2
IO - Iu ] ,

where I, is the start oscillation current. This expression
indicates gain for currents above the start oscillation

Power gain ratio = [ (46)
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Fig. 7—Variation of (8—8,)L required to start oscillation for the
first oscillation condition as a function of total circuit loss. Space
charge is assumed zero.

current as is observed. Moreover, it predicts that the
output signal changes phase by 180 degrees upon cross-
ing the oscillation point.

It has been mentioned that the gain of a backward-
wave tube is confined to a narrow band of frequencies.
An estimate of the gain variation with frequency may
be made in the same manner to obtain

SR
1+ 0(f — fo)®
where a? is the gain when f=f,.

An idea of the extreme narrowness of bandwidth
over which amplification takes place may be gained
from the result of an experimental tube which in the
range of 3,000 to 9,000 mc had an equivalent Q in excess
of 2,000.

Power gain ratio = [
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e=the charge of an clectron=—1.602X10-1?
coulomb
C=gain parameters. C3=(Io/8V)o(F2/B%p)
E =circuit field
E,.=space-charge field
Eota1=total field acting on an electron

h=plasma wave number. 2 =ep,/me
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Fig. 8—Variation of CN required to start oscillation for the first
oscillation condition as a function of total circuit loss. Space
charge is assumed zero.

H=number of plasma wavelengths in a length L.
H=hL
t=ac conduction current density
Iy=total dc beam current
K=2C3%34%..
L = the total active length of the circuit
m = the mass of an electron
N =number of wavelengths existing within the tube,
2rN=8.L
P =complex power
u = total electron velocity
uo=dc electron velocity
v=ac electron velocity
v, = phase velocity of the cold circuit
Vo=dc beam voltage
B =propagation constant of the cold circuit. The
cold circuit waves travel as e/«!=#9
Be=w/uo
I'.=the propagation constant of the interaction
waves. In the presence of the beam, the waves
travel as eivt+ ne
e =dielectric constant of free space
n=incremental propagation constant. I'L= —jBL
+Jjn
0=(B.—BL
p =ac charge density
po=dc charge density
w=angular frequency
¥ = twice the peak power carried across a plane by a
unit peak field
E(I) = Laplace transform of F£(z)
3(T") = Laplace transform of i(z)
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The Transient Response of Transistor
Switching Circuits®
I. L. LEBOWY anp R. H. BAKERfT

Summary—A model is presented for the interpretation of point-
contact transistor switching phenomena. The assumption is made
that the frequency cut-off is high when the transistor is not saturated
and low when saturated. The low-frequency response in saturation
can explain qualitatively the anomalous pulse requirements for
switching transistors from saturation to cutoff. Some switching cri-
teria are derived and the one-shot multivibrator is discussed.

I. INTRODUCTION!

N THE DESIGN of transistor switching circuits,
the usual approach is to make use of the input char-
acteristic of the transistor circuit. As an example,
let us consider the circuit of Fig. 1. This is a typical
“grounded base” connection where an external base re-
sistance R, has been added between base and ground
to provide additional positive feedback. The static input
characteristic of the circuit of Fig. 1 is shown in Fig. 2

Lot

1

Ve

~
\/

Re R.

Ry

L S

Fig. 1—Basic transistor switching circuit.
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Fig. 2—Input characteristic of basic transistor switching circuit.

which is the familiar “N” curve. The type of operation
obtained from the circuit will depend upon the values
of the parameters R, and V,,. Fig. 2 shows a “bistable”
load line that would be employed in a flip-flop design.

From the point of view of the characteristic of Fig. 2,
the trigger voltage required to switch the transistor
from the “off” state to the “on” state is that voltage

* Decinal classification: R282.12, Original manuscript received
by the IRE, April 3, 1953; revised manuscript received, Jan. 7, 1954.
The research in this document was supported jointly by the Army,
Navy and Air Force under contract with the Massachusetts Institute
of Technology.

t Staff Members, Lincoln Laboratory, Massachusetts Institute
of Technology, Cambridge, Mass.

! For a more detailed discussion, see I. L. Lebow, R. H. Baker,
and R. E. McMahon, “The Transient Response of Transistor Switch-
ing Circuits,” Tech. Report No. 27, Lincoln Lab., M.I.T., July 7, 1953.

[ 4
which will just raise the load line above the peak point
— V,. Similarly, to switch the transistor from “on” to
“off,” the trigger voltage must be sufficient to drop the
load line below the valley point — V,. It has been found
experimentally that the trigger voltages required are,
in general, greater than the static picture presented
above would indicate. Moreover, it has been found that
the trigger voltage requirements depend upon the trig-
ger pulse width, and that this dependence in triggering
from “on” to “off” is considerably different than in
triggering from “off” to “on.” Such phenomena cannot
possibly be explained by using a static model. Further-
more, the static model provides no information on the
details of the actual switching.

3
9
r,~5080
of

rb=1oon a ® 2.5 ig> 0

a = 0 i°<0

b

Fig. 3—Large signal equivalent circuit.

ig—>

T =RC

S e

Fig. 4.-—A representation of transistor frequency response.

In this paper, we shall consider the transient response
of the circuit of Fig. 1. We shall first discuss the trig-
gering of the circuit from “off” to “on.” Next, we shall
describe the triggering from “on” to “off” of the circuit
with bistable load line. We then generalize the pro-
cedure for the case of the monostable one-shot multi-
vibrator which is triggered from “off” to “on” and then
turns itself off. Finally, we present a comparison with
experiment,

1. FUNDAMENTAL ASSUMPTIONS

In the discussion that follows, we shall assume the
linearized equivalent circuit of Adler? shown in Fig. 3.
t R. B. Adler, “A Large Signal Equivalent Circuit for Transistor

Static Characteristics,” Research Laboratory of Electronics Transis-
tor Group Report T-2, M.I.T., Aug. 30, 1951.
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When the static case is considered, the current in the
constant-current generator across the collector diode,
a.i, becomes a.i.. In the dynamic case, 7, is related to
i. as in Fig. 4. It is evident that 7, satisfies equation
+i, = s (1)
Fig. 4 and (1) indicate the fact that we are inserting the
frequency dependence of the transistor into the cur-
rent i,, and maintaining a frequency independent a.
This is completely equivalent to the assumption that
the generator current is equal to a.i., where a. is equal
to ao/1+7s.

Qe Lg

A
%

t ——

Fig. 5—Typical waveforms in triggering from “off” to “on” at
emitter with wide input pulse.

In order to explain experimental measurements, it
is necessary to assume that 7 has a value 7,(~0.1 usec)
when the collector diode is open, and value 7o(~1 to
10 psec) when the collector diode is closed or the tran-
sistor is in the “on” or saturated condition (sec. ;WEh,
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[1I. SwitcHING FroM “OFfF” TO “ON"34

\We shall consider triggering the circuit of Fig. 1 from
the “off” to the “on” state by application of a voltage
pulse to the emitter through a very large coupling
capacitor. If the trigger voltage V, exceeds AV, the
voltage separation between the “off” point and the peak
point, the circuit switches instantaneously into the ac-
tive region. The circuit currents will then increase cx-
ponentially with the positive frequency,

Y- i (ce _1)’i Ry ‘ 2)
T1 re + R.
The transistor will, of course, reach saturation when
a.i, reaches 7, as shown in Fig. 5.
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Fig. 6—Typical waveforms in triggering from “off” to “on” at
emitter with pulse removed before switching is completed.

If the trigger pulse is removed at some time ¢ before
the transistor has reached saturation, the currents are
of the form of Fig. 6. The currents may continue to

3 For a similar discussion of some of the material in this section,
see A. W. Carlson, “A Discussion of Switching in Point Contact
Transistors,” Air Force Cambridge Res. Center Rep., Sept., 1952.

4 B. G. Farley, “Dynamic of transistor negative-resistance cir-
ewits;” Proc. L.R.E., vol. 40, pp. 1497-1507; Nov., 1952.
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increase (curves a), in which case the transistor will
switch “on,” or the currents may decrease (curves c), in
which case the transistor will return to cutoff. The limit-
ing case (curves b), where currents remain constant, pro-
vides triggering criterion of pulse height vs pulse width,

Al
1 - exp [—wlo]

Ve (3)
IEquation 3 implies that if a pulse of width ¢, is applied,
the amplitude V, must be at least that given by the
above expression. It will be noted that as the pulse be-
comes narrower, the required amplitude increases. How-
ever, no matter how narrow the pulse, the transistor
may be switched, provided the amplitude is sufficiently
large. This is in contrast to the reverse process of trig-
gering from “on” to “off” discussed in the next section.
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Fig. 7-—Emitter input characteristic showing locus of dynamic

valley points.

IV. TricGeRrING THE BisTABLE CIircuiT FrRoOM
((()N” TO ((()FF”

In the discussion of the previous section, it was dem-
onstrated that, in the calculation for switching a
transistor from “off” to “on,” it is necessary to consider
only the transition through the negative-resistance re-
gion. This is due to the fact that the equivalent cur-
rent generator is inoperative in the “off” region, and
hence the transistor is switched into the negative-re-
sistance region at the instant the trigger pulse is ap-
plied. In the saturation region, the current generator is
in operation. Consequently, upon application of a trig-
ger pulse, a delay is encountered before the generator
current can decrease to a value less than the collector
current and therefore switch the transistor out of the
“on” region and into the negative-resistance region.
This delay can be quite large since the generator time
constant 7, in the saturation region is considerably
larger than 7, the time constant when the transistor is
not saturated. Finally, when the transistor has been
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switched out of the saturation region, the problem of
the transition of the negative-resistance region becomes
similar to the reverse process of sec. IIL

We shall first consider the case where the transistor
has been in the saturation region for a time long compared
to 72. This means that before the turn-off pulse is ap-
plied, 7, is equal to 7.. The input characteristic is shown
in Fig. 7. As in sec. III, we make the simplifying as-
sumption that the input time constant is large com-
pared to the time necessary to switch the transistor out
of saturation. When the switch is opened, the emitter
voltage drops to a value —(Vo+V,), and the emitter
current drops to a value 7p. The collector current also
drops accordingly. The generator current cannot change
instantaneously, hence the transistor cannot become un-
saturated instantaneously. Another way of visualizing
this is evident from Fig. 7. The dashed curve represents
the transistor input characteristic when the collector-
diode is closed. Hence, before the collector-diode opens,
the operating point must be on this curve. If we define a
dvnamic valley point as that point in the V,—1, plane
at which a.7, becomes equal to 7., then the locus of dy-
namic valley points must also be on this curve. The
transistor will go out of saturation when the dynamic
valley point and the operating point coincide. The sig-
nificance of this will be shown later.

1 Y

Vo

¥ e
RN
Vt l

Fig. 8—Typical waveforms showing circuit being
switched out of saturation.

Let us suppose first that the trigger pulse is not suf-
ficient to open the emitter diode. The current 7, de-
creases exponentially with the frequency —7,7'. The
waveforms are shown in Fig. 8. The time T elapsed
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before the transistor becomes unsaturated is given by

AV
auRo+ R) =8
— — ~exp [—T/72)

" (@, — DRy + a.Ry

Vg="—

This is the approximate triggering criterion for switching
from “on” to “off.” Actually, V, must be slightly larger
than the above value to complete the switching. The
correction term is dependent upon 7; and is very small
compared to the expression of (4).

If V. is large enough to open the emitter diode, (4)
is replaced by
exp [(1"=T)/r:]—1

Vl=Vl’+rerieV — =7 (5)

TP e —T/r
(de— 1) Rota.RyL exp [~ 7/7:]

where V' is that trigger voltage which will just open
the emitter diode, and T’ is the solution of (4) with V,
equal to V. It is evident from (5) that V, increases very
rapidly as the pulse width is decreased. We may define
a minimum pulse width Tia as that value of T which
makes the denominator of the second term of (5) van-
ish. However, T sets a practical minimum pulse width
since V, increases so rapidly for T" smaller than T7.
Equations (4) and (5) determine, therefore, the re-
quirements for triggering a circuit from “on” to “off.”
These requirements are very different from the reverse
process because of the existence of a minimum pulse
width which is given by
aRy + Ry)

- : (6)
(¢ — 1)Rp + a.Ry

Tmin =7 1n

and by an effective minimum pulse width T” given by

a,ic(RE—}— Ri) 0

]" = 75 In

Vc c

where i1, is the “on” emitter current. 77 may be of the
order of several microseconds and increases as the
transistor becomes more saturated.

We mayv now give an interpretation to the dashed
curves of Fig. 7, which we interpret as the locus of dy-
namic valley points. Suppose that a pulse of magnitude
V, and of duration T is applied. No valley point exists
unti! after the time Tmin when the valley point occurs
at an infinite emitter voltage. From T, to T’, the
valley point moves up along the dashed curve until it
reaches the voltage axis. As T becomes greater than 77,
the valley point continues to rise toward the static val-
ley point. When the dynamic valley point reaches the
load line, the collector-diode opens.

V. MORE GENERAL TRIGGERING “OFr” CRITERIA

In the previous section, we have derived the trig-
gering “off” conditions for the special case of the tran-
sistor reaching equilibrium in the saturation region be-
fore application of the pulse. It is evident that the
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triggering requirements depend upon the length of time
the transistor has been in saturation, since 7, is a func-
tion of time until saturation is reached.

The exact behavior of the circuit will depend upon the
manner in which the circuit was triggered “on,” i.e., the
height and width of the trigger “on” pulse and the time
constant of the input circuit. These conditions deter-
mine the value of 7, in the saturation region. To observe
the qualitative behavior of the circuit, let us make the
following assumptions: (a) the trigger “on” pulse is re-
moved at the instant the transistor reaches saturation;
(b) the input time constant is large compared to the
switching times; (c) the static load line is almost flat. Re-
ferring to Fig. 9, these assumptions require that the emit-

b
3 by Y
1 * e

t Vo

Fig. 9—Emitter input characteristic.

ter voltage remain constant at a value V,— V, until the
transistor switches to point a. At this instant, the pulse
is removed and the operating point shifts instanta-
neously to point 0. Under these conditions, when the
transistor is at point a, the emitter current is 7, the
collector current is i, and 2, has the value ic./a.. The
emitter current then drops to 7o while i, remains at its
original value 7,./a.. In Fig. 10 are shown curves of 7,
and 4, as functions of time. The scale is deliberately
distorted to show details. Two cases are shown, one in
which 4, is greater than 7, the other in which 7, is less
than 4,. In the former case, i, continues rising to ap-
proach 45 Here, the longer the interval T before the trig-
ger “off” pulse is applied, the greater the minimum pulse
width. In the second case, 4, is less than 7,, and 7, de-
creases to approach 4o Here, the longer the interval
T, the smaller the minimum pulse width. Thus for a
flip-flop to be independent of repetition rate, conditions
would have to be adjusted such that io=1ca/co.

Under the conditions imposed above, the expression
for T”, the effective minimum pulse width described in

sec. IV, becomes
aio(Ry + R))
exp [17/7:] = ,‘l(?"’__ .

ik, et K]

Vd r
‘cc I/CC

+ exp [_T/TQJ l:l -
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This expression (previous page) reduces to (7) when T
becomes large compared to 7.

It must be emphasized that (8) is valid only under
very specialized conditions. If, for example, the trigger
“on” pulse were to be removed before the transistor
switches, or if the input time constant were small
enough to allow the emitter voltage to decay appreci-
ably before saturation is reached, then at the instant of
switching 7, will be smaller than in the above case. This
means that, if the trigger “off” pulse were to be applied
shortly after saturation is reached, the turn “off” time
would be considerably smaller than that calculated
above. We use this property of transistors in the design
of one-shot multivibrators giving narrow output pulses.

4

t—»

bt <

;
:

Vi
Fig. 10-—\Waveforms showing time dependence of 7, between
turn “on” and turn “off” trigger pulses.

VI. THE ONE-SHOT MULTIVIBRATOR

The bistable flip-flop type transistor circuit suffers
from the difficulties described in secs. IV and V. It turns
out experimentally that 7, not only varies widely from
transistor to transistor but is usually of the order of
several microseconds. This means that the pulses used
to trigger such circuits from “on” to “off” must be
relatively wide unless AV is small. The latter is imprac-
tical because of parameter variations in transistors.
Morcover, the pulse widths needed depend upon the
repetition rate of the flip-flop.

The one-shot multivibrator, which is turned “on” by
a pulse and then turns itself off, bypasses the triggering
“off” difficulty. However, the rate at which a one-shot
multivibrator is capable of turning itself off is still de-
pendent upon 7,, the so-called hole-storage effect. It is
7, that determines the minimum-width pulse that can
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be obtained from a one-shot multivibrator. The results
of sec. V offer the general criteria necessary for narrow
pulse widths (~0.5 usec). If the maximum value that 1,
assumes is kept small, then the time required to open
the collector diode is diminished and the output pulse
may be narrow. In sec. V, the assumption was made
that the emitter voltage remained constant during the
switching “on” and the pulse was removed at the in-
stant of switching. Under these conditions, the maxi-
mum value of 7, is 7./a, (Fig. 10), a relatively high
value for reasonable trigger-pulse amplitudes. There-
fore, in order to maintain (4,)msx at a low value, it is
necessary either to remove the pulse before the trigger-
ing takes place or to differentiate the pulse by using a
low-time-constant input circuit. In this way, one-shot
multivibrators may be designed to give narrow output
pulses.

VII. EXPERIMENTAL EVIDENCE

The foregoing theory has been developed in an at-
tempt to explain the experimental results obtained here
and in other laboratories that it is relatively easy to
switch a transistor from “off” to “on” with narrow
trigger pulses, but difficult to accomplish the reverse.
Furthermore, it is possible to design one-shot multi-
vibrators that turn themselves off rapidly compared to
the time required to switch a transistor from “on” to
“off” with a trigger pulse.

HEWLETT - PACKARD
PULSE GENERATOR
MODEL 212A

C
Il
A

C) R. é " Ry,

v VCC

T+

Fig. 11—Circuit for determining pulse height vs pulse width
curves at emitter,

Measurements were made using the circuit of Fig. 11.
Variable-amplitude and variable-width pulses, either
positive or negative, are applied to trigger the circuit
“on” or “off,” respectively. In this way the triggering
criteria may be measured. The results obtained agree
qualitatively with theory, but differ in quantitative de-
tails. This is, of course, to be expected because of the
very simplified model used for the calculations. In Fig.
12, p. 943, are some typical measurements for a Western
Electric 1698 transistor. Curves a, b and ¢ represent
V/AV for triggering from “on” to “off,” and curve d is
the same function for triggering from “off” to “on.” It
is evident that the curves correspond qualitatively to
the theoretical expressions of (3), (4) and (5). Curves q,
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Fig. 12—Typical measurements for a Western Electric 1698
transistor.
b and ¢ approach definite minimum pulse widths, while
no such effect is evident in curve d above 0.1 usec.

The values of 7, computed from curve d using (3),
are, in general, larger than predicted from frequency-
response measurements. Estimates of 7, may be made
using (7). The latter predicts that the minimum pulse

width T is proportional to the logarithm of the quies-
cent emitter current. The experimental results indicate
that T increases linearly or even more rapidly rather
than logarithmically.

VIII. CONCLUSIONS

The simple model of sec. II has been found to give
qualitative agreement with measurements on transistor
switching circuits. The basic assumption that the
transistor frequency response T has two discrete values
depending upon the state of the collector equivalent
diode seems, therefore, to be a reasonable first approxi-
mation to a description of transistor switching phe-
nomena. It has been demonstrated that the saturation
frequency response 7; is the parameter that limits the
speed of operation of a switching circuit by tending to
keep the collector equivalent diode in its forward state.
This corresponds physically to the effect that the ac-
cumulation of holes in germanium tends to maintain the
low saturation voltage at the collector—the so-called
“hole storage” phenomenon. The fact that 7, is so large
in most available transistors seriously limits the appar-
ent versatility of transistors in switching circuitry.
While the present theory cannot furnish precise switch-
ing-circuit design criteria, it can predict, in a semi-
quantitative manner, the behavior of such circuits.
Also, it can serve as a helpful guide in determining the
practicality and reliability of various types of circuits.



944

PROCEEDINGS OF THE I-R‘E

June

An Analysis of Dual Diversity Receiving Systems”

ARTHUR H. HAUSMANT, ASSOCIATE, IRE

Summary—A method is presented for evaluating dual diversity
receiving systems by relating the characteristics of the receiving
equipment to the signal levels at both receiving antennas. The char-
acteristics of the receiving equipment are described by relating the
quality of the output traffic to the input signal level. The input signal
levels are in turn described in terms of the bivariate Rayleigh prob-
ability distribution function. The method is sufficiently general to
enable extension to evaluate triple diversity systems and is independ-
ent of the frequency range over which diversity fading phenomena
occur. The method can also be simplified to examine the over-all
effectiveness of a nondiversity receiving system.

I. INTRODUCTION

HE EFFICIENCY of both the dual receiver selec-
T tion system and the dual antenna selection system

are determined in this paper with reference to a
simple nondiversity receiving system. In addition, the
efficiency of the antenna selection system is determined
with reference to the receiver selection system.

The method for determining receiving-system ef-
ficiency which is outlined in this paper is particularly
applicable in the case where consideration is being given
to modifying a diversity receiving system to improve the
quality of received traffic. The question which immedi-
ately arises in such a case is whether or not the modi-
fication will result in a significant improvement in re-
ceived traffic. By following the procedure outlined be-
low, it should be possible to estimate the degree of im-
provement to be expected from a given system change
without actually making it and without undertaking
time consuming field tests to evaluate the modified sys-
tem.

II. ANALYSIS
A. General Discussion

The dual diversity receiver selection system consid-
ered in this paper employs two antennas, two receivers,
and either a combining unit for combining the outputs
of both receivers or a comparator-selector circuit for
comparing the relative amplitudes of the detected sig-
nals and selecting the stronger signal. The dual diver-
sity amtemna selection system considered employs a
single receiver, two antennas, and an antenna selector
switch. The output from the receiver is used to control
the antenna switch when the output level falls below an
arbitrarily set threshold. This system is described in
more detail in Section C below.

Both the receiver selection system and the antenna
selection system depend for their performance on three
parameters of major importance: (a) the explicit rela-
tionship which exists between the quality of received

* Decimal classification: R428. Original manuscript received by
the IRE, April 10, 1953; revised manuscript received December 30,

1953.
1 Department of Defense, Washington 25, D. C.

copy and the received signal-to-noise ratio, this rela-
tionship being determined primarily by the character-
istics of the receivers and their associated terminal
equipments; (b) the description of the fading phe-
nomenon at each antenna, such fading being described
by one or more probability distribution functions; and
(c) the correlation exhibited between the fading signals
at each antenna position. Consider each of these parame-
ters in turn.

With regard to the first parameter, observe, as in
Fig. 1, that for a given signal-to-noise ratio, say (S/N)i,
we have a given value of received copy, 0. Now if we
assume that the noise level on each of the two antennas
are equal, so that we can refer only to relative signal
levels rather than to relative signal-to-noise ratios, we
can say that a signal level of X; on antenna 1 will
yield a quality of copy @, and if antenna 2 should have
a signal level of Y}, at that same instant, then we can
say that by switching to antenna 2 we will realize an
improvement in the quality of copy of AQ, where

AQ = Q2 — Q1 (1)
100%}-~~-— ST —
o
//
I :
b /
&
(XY
Q
y
3 0"
M i
"3 )
S 7200
N }
M
5
o
4
%5 (50, 15/%i2 i

SIGNAL-TO- NOISE RATIO ——

Fig. 1—Quality of received copy as a function of received
signal-to-noise ratio (hypothetical relationship).

Thus, we can utilize Fig. 1 to plot AQ as a function
of X and Y. This has been done as shown in Fig. 2. As
can be seen along the line ¥=X in the X —Y plane,
AQ=0; i.e., switching from one antenna to the other
when the signal levels are equal will not improve the
quality of the received copy.

The description of the fading phenomenon at each
antenna is given approximately bv the Rayleigh prob-
ability distribution.

ELe *rm? (‘2)
ro

p(r)

where p(r)dr =the probability that a signal amplitude
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lies between 7 and r-+dr and r,=the r.m.s. value of
the signal amplitude as measured over a long period
of time. Therefore the fading phenomena at both an-
tennas, parameter (2), along with the correlation which
exists between these phenomena, parameter (3), are
completely defined by the bivariate Rayleigh distribu-
tion, p(x;y). This latter distribution represents the

SIGNAL LEVEL X,
| J ARBITRARY UNITS

Fig. 2—Three-dimensional plot illustrating improvement realized by
switching from a signal of level x to a signal of level y when
¥>x, or, vice versa, when x>y (extremes truncated).

joint probability of having a signal level on one antenna
lying between x and x+dx and, simultaneously, having
a signal level on the other antenna lying between y and
y+dy. The correlation of fading, pz, which may range
from +1 to —1, is completely contained within the
expression p(x;y). An example of a bivariate Rayleigh
distribution for p, <0 is plotted in Fig. 3.

To evaluate a dual diversity system, it is now neces-
sary to combine these three parameters. This is done
in Sections B and C below.

B. The Receiver-Selection System

Assume, initially, that the receiver-selection diversity
system operates such that the stronger of the two sig-
nals in the output of the receivers is always selected.
We will modify this condition to comply more with
practical cases later, Then the average improvement
realized in the received copy is given by

= 0 f 80(x, 3)p(=; y)dxdy @3)

where

AQ =the average improvement, per cent,
AQ(x, y) =the received copy improvement surface,
per cent (for example, see Fig. 2),
p(x; y) =probability density distribution function
(for example, sce Fig. 3).
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Note that the average improvement, AQ, is a statis-
tical average obtained by weighting the improvement
surface, AQ(x, ¥), with the probability function, p(x; 3).

Next, we note that had we not had diversity recep-
tion, but instead had only a single antenna receiving
position, then the average quality of the received copy
would have been

0- f 0(x)p(x)dx, )
where

O =average quality of received copy, nondi-
versity reception,

Q(x) = quality of received copy as a function of sig-
nal level (for example, see Fig. 1),
p(x)dx = probability of having a signal level between

x and x +dx.

Now, if we refer to the diversity action, we observe
that we get an average improvement of AQ expressed
by (3) over the average copy expressed by (4). The
average quality of copy from the diversity system is thus
given by Q+AQ. Therefore, we can define the efficiency
of the diversity system in terms of the ratio of the
average quality of copy from the diversity system to the

Fig. 3—Joint probability distribution function for Pxy <0.

average quality of copy from the nondiversity system,
This efficiency is expressed by &, where

£ = w X 100, per cent. (5)
Q

If we now consider a practical case where the di-
versity selector does not select the stronger signal unless
it is, say 6 db greater than the weaker signal, then (5)
will still apply, but the surface AQ(x, y) must be modi-
fied to reflect the fact that there is no improvement ob-
tained for certain values of signal level x and signal
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level y. Fig. 4 illustrates the surface AQ(x, y), from
Fig. 2, when there is no selection unless x and y differ
by at least 6 db in signal level.

It is to be noted that the effect on the over-all opera-
tional efficiency of the system, as the result of modifica-
tions to the receivers or their terminal equipments, can
be judged in terms of the effect on the surface AQ(x, y)
in conjunction with (5).

a0(x,y)

Fig. 4—Illustration of the effect on AQ(x, y) when selection does
not occur for values of x and y within 6 db of each other.

C. The Antenna-Selection System

To evaluate the dual diversity antenna-selection sys-
tem, we again combine the three parameters of Section
A above. However, before examining this combining
process, a more detailed description of the antenna sys-
tem is in order. A block diagram is shown in Fig. 5, the

ANT 2 ANT 1

| S
| anrEmva

SELECTOR |— ~——— RECEIVER ourruT
S— = H Sswiren
]

]

| cowrmor
VOLTAGE |

| S— — —

Fig. 5—Block diagram of dual diversity antenna-selection system.

operation of which is as follows: The incoming signal
is received on antennas 1 and 2 and fed to the antenna
selector switch. This selector is an electronic switch
which alternately connects one antenna and then the
other antenna, to the input of the receiver, continuing
to oscillate between these two until the signal level from
one antenna rises above an arbitrarily set threshold
level. The output from the receiver is fed back to the
switch to serve as a control voltage to stop switching ac-
tion if signal level rises above the threshold.
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The problem with this type of diversity lies in the set-
ting of the threshold level. If the threshold level is set too
high, the switching unit is almost always in a searching
condition, looking between the two antennas, and there
is little diversity action achieved. If the threshold is set
too low, the switching unit is almost always locked to
one of the antennas, even when the signal level is quite
low, and again there is little diversity action achieved.

To obtain the optimum threshold, observe that for a
given threshold setting, T, an improvement in the re-
ceived copy will be realized only when x>T and y<T
or when y>T and x<T; otherwise, when x> 7T and
y>T or when x<7T and y<T, selection cannot take
place even though one signal may be stronger than the
other. Therefore, we can write that the average im-
provement AQ;, to be realized will be

fAdexdy—i—f AQpdxdy
1 11
— (6)

AQ; =

f pdxdy + pdxdy
1

111

where AQ represents AQ(x, v), p represents p(x; y), and
J1, Jun represent the integrals over the base of the re-
gions illustrated in Figs. 6 and 7. Similarly, the average
improvement which could have been realized had we
had a dual receiver diversity system, but which we lose
with the simple antenna diversity system due to the
fixed threshold, it is given by AQ; where

AQpdxdy
- — o
fpdxdy—i— pdxdy

11 v

f AQpdxdy +
11 v

AQ,

Thus we see that to compute AQ;, and AQ:, we again
take the weighted average of the improvement from
Fig. 2, where the weighting factor is the probability
density distributing function. Pictorially, this is shown
in Fig. 6, which is Fig. 2 expanded to illustrate how
volumes I and III represent AQ;, and volumes Il and IV
represent AQ;. Fig. 7, which is Fig. 3 expanded, shows
the weighting functions of volumes I, II, IIT and IV,

We can define the efficiency of the dual diversity an-
tenna-selection system in terms of the ratio of the
average quality of received copy from the diversity
system to the average quality of the received copy from
the nondiversity receiving position, all other factors
being equal. Thus, by using (4) and (6), the efficiency,
7, can be expressed by

0 + AQ:
n = Q_*_—GQ X 100, per cent. (8)
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Fig. 6—Illustration of the effect of the threshold superimposed
on the improvement surface of Fig. 2.

D. Comparison Between Receiver-Selection and Antenna-
Selection Systems

We can measure the efficiency of the antenna-selection
system relative to the receiver-selection system by de-
fining the efficiency, o, as

0 +30.

X 100, per cent. 9)

o= =
Q0+ aQ
We see that the efficiency of the dual antenna-selection
system is measured with reference to a dual receiver-
selection system which (a) is operating on the same sig-
nals, i.e., p(x; ) is the same for both systems; and () is
operating with the same receiving equipment, i.e., the
surface AQ(x, y) is the same for both systems. Observe
that for a given surface AQ(x, y), the efficiency is a func-
tion of T, the threshold setting, and of p(x; ¥), the joint
probability distribution function. To actually compute
o as a function of T and p(x; y) would be mathematically
involved. However, consider the special case where
(a) £=5=T, that is, the average signal levels at each
antenna are equal and the threshold is set at this level,
and (b) the correlation coefficient p., = —1; that is, the
fading patterns at each antenna are perfect reciprocals
of each other so that when the level at one antenna
rises above the threshold, the level on the other antenna
falls below the threshold. Under such conditions, the
weighting function, p(x; ¥) is such that volumes II and
IV, as in Fig. 7, have reduced to zero, and hence AQ.:=0.
Therefore, AQ;=AQ and the efficiency, o, equals 100 per
cent. That ¢ would equal 100 per cent under these
conditions could have been seen intuitively from the
first, but working through the example may have
served to emphasize the physical meaning of the equa-
tions.
III. CoNcCLUSIONS

The procedure to be followed in computing the
efficiency of a dual diversity system would be as follows:
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Fig. 7—]Joint probability distribution function for Pxy <0,
separated at the threshold level.

(e) Using simulated signals and noise with the actual
complete receiving system, empirically determine the
relationship between the quality of the received copy
and the input signal-to-noise ratio. This will result in a
plot similar to Fig. 1.

(b) Utilizing Fig. 1, plot AQ(x, ») as shown in Fig. 2.

(c) At the receiving site determine the probability
distribution functions which describe the fading at the
two antennas and the correlation between the fading at
these antennas. This will result in a surface similar to
Fig. 3. A basic procedure which can be followed to deter-
mine such functions is contained in an article pub-
lished in 1941.! However, a more suitable procedure
would be to employ an equipment similar to that which
has been built at the Massachusetts Institute of Tech-
nology for the study of speech probability distribu-
tions.2

(d) Utilize (5), (8), or (9) to compute the efficiency.

It should be pointed out that the surfaces AQ(x, y)
and p(x; y), corresponding to the dual diversity receiv-
ing systems, can be extended to AQ(x, ¥, 2) and plxsys
z) for triple-diversity reception. The basic concept of
computing the efficiency of operation as well as studying
the effects of changes in the improvement surface, AQ,
or the probability surface, p(x; y; 2), remains un-
changed. Similarly, a nondiversity receiving system can
be examined by relating an improvement, AQ, brought
about by a contemplated change in the receiving sys-
tem, to the Rayleigh probability distribution describing
the input signal level.

1 M. M. Sen Gupta and S. K. Dutt, “Application of the theory of
random scattering on the intensity variations of downcoming wire-
less waves over long transmission paths,” Indian Jour. Physics, vol.
15, p. 447; 1941,

1 W, B. Davenport, Jr., “A Study of Speech Probability Distri-

butions,” Report No. 148, Research Laboratory of Electronics,
Mass. Inst. Tech., Cambridge, Mass.; August 25, 1950.
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The Response of a Panoramic Receiver
to CW and Pulse Signals”

H. W. BATTENY, ASSOCIATE MEMBER, IRE, R. A. JORGENSEN{, A. B. MACNEEf, MEMBER, IRE,
AND W. W. PETERSONY, ASSOCIATE MEMBER, IRE

Summary—An analysis of the response of a panoramic receiver
to cw and pulse signals is presented. The receiver’s response is
studied quantitatively as a function of the parameters: signal-pulse
length and frequency, receiver bandwidth, sweep-rate, and type of
IF amplifier. The effect of these parameters on the relative output
amplitude, output pulse width, and apparent bandwidth is empha-
sized. Two specific cases are considered. An electronic differential
analyzer is used to study the response of a receiver with a single-
tuned IF amplifier to pulses having rectangular envelopes. Theo-
retically the response of a receiver with a Gaussian shaped IF pass-
band to pulses having Gaussian envelopes is derived. This answer is
given in closed form. The agreement between these two cases justi-
fies the application of the Gaussian case to most practical design
problems.

1. INTRODUCTION
jﬂ HE RESPONSE of a linear-resonant system to a

sinusoidal-driving function, having a linear vari-

ation of frequency with time, is of importance in
many fields of engincering. This problem is encountered
when an engine is accelerated uniformly through a criti-
cal frequency.! The same situation occurs in the analysis
of records of ocean waves by means of vibration gal-
vanometers.? A panoramic superheterodyne receiver,
which also presents this problem, is the subject of this
paper.

SIGNAL INPUT
TO RECEIVER

FM SIGNAL

AWl

The receivers considered in this paper are idealiza-
tions of conventional superheterodyne receivers. A block
diagram is shown in Fig. 1. The function of the mixer is
to convert an incoming signal of fixed instantaneous
frequency to one with an instantaneous frequency
changing linearly with time. It is assumed that the en-
velope of the incoming signal is not distorted by the
mixer. The filter of Fig. 1 merely selects the desired
frequencies, and the detector operates on the output of
the filter to obtain the envelope. These assumptions re-
duce the problem to that of obtaining the response of a
filter to a particular FM signal. This is illustrated graph-
ically by the time-frequency diagrams of Fig. 2 opposite.
The fAgure also indicates the parameters used to de-
scribe the receiver and the incoming signals.

The response of a filter with a Gaussian-amplitude re-
sponse and a linear phase-response curve to a cw signal,
and to sinusoidal pulses with Gaussian envelopes, has
been examined theoretically. These cases are important
because answers in closed form can be obtained. The
Gaussian filter is not physically realizable; however, if
the time delay is neglected, the transfer function of =
single-tuned circuits all at the same frequency ap-
proaches the Gaussian function as # becomes large.® A

DETECTOR OQUTPUT

J

FILTER OUTPUT

f\'ﬁ‘m

TRANSMITTER MIXER

UV

FILTER DETECTOR

MWita

Fig. 1—Block diagram of idealized superheterodyne receiver.

An analogous second problem is the response of a
system whose resonant frequency varies linearly with
time to a fixed-frequency sinusoidal signal. This problem
is encountered in various types of spectrum analyzers
and in panoramic-radio receivers.>=* For the high-Q or
very much underdamped system, the two problems
prove to be essentially equivalent.>#

* Decimal classification: R361.121 XR161. Original manuscript
received by the IRE, September 22, 1933. This rescarch was sup-
ported by the Signal Corps under Cunliact No. DA-30-U3Y.

t Dept. of Elec. Eng., Univ. of Michigan, Ann Arbor, Mich.
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1948,
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I. R.E,, vol. 34, pp. 18-22; January, 1946.

4+ G. Hok, “Response of linear resonant systems to excitation of
a frequency varying linearly with time,” Jour. Appl. Phys., vol. 19,
pp. 242-250; March, 1948.

study of the response of 1, 2, and 4 synchronous single-
tuned circuits to cw signals and pulses having rectangu-
lar envelopes was made with an electronic differential
analyzer. Over six hundred solutions were obtained.
Over-all agreement with the Gaussian case was good.!®
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Constable & Co., Ltd., London, Eng., pp. 320-332; 1950.

¢ C. G. Montgomery, “Technique of Microwave Measurements,”
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II. THE GAussiaN CASE

The transfer function assumed is

H) = —— exp {— - a)ﬂ}. (1)
\ 21 b?

The center frequency of the filter is a radians per second,
and the bandwidth between e~V/4 points is b radians per
second. Note that the phase delay is completely neg-
lected here. The introduction of a linear-phase delav
would not significantly change the answers.

w
@)
t
[ ]
'-I «| b f=-FiLTER Pass BanD
ER
AT
|
t=cl- — | i d
SLOPE =l7Z | | l
s 20 L
SR e
[ 1!
I
|||
| ]
w:=a w
®
Fig. 2—(a) Time-frequency diagram before mixer.
(b) Time-frequency diagram after mixer.
The signal assumed for the cw case is,
st?
f({)y = cos | at + > | (2)

and for the pulse case is,
t — ¢)? st?
0 =eo[- S w[a+ %] @

The center-time of the pulse is ¢, the pulse width be-
tween e V4 points is d, and the sweep-rate is s radians per
second per second. The answer is derived first for the
pulse case, and the cw case is obtained from it by letting
d approach infinity.

The analysis is given in the Appendix. The signal
function is transformed to the w-plane, multiplied by
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the transfer function H(w), and transformed back to the
t-plane. The envelope of the output for the pulse case is,

|50 =10 exp §-— [ﬁ;’—"‘)] —é(%)} @

—

where 4y, B, W, and #,/c are functions of s, b, and das
follows:

b -
Ao = — 4 5 7 ) (D)
[Ge o+ o) + 0]
1 4
- 71/ bt ©)
14 V_Az
) /(&-2— + b2> + 452
s
W=
W
E + b2 + s%d?
sd 1 @
= 7 A02B’ and
b a2t
S . (8)

4
_E + b2 + 522

The envelope response in the cw case reduces to

sol=deew - [2]} @

where
Ay = —~b_: and 1)
(b* + 4sH)U/¢
and
W=i\m=—l—- (11)
b? Ag?

The quantities Ao, W, and B describe important fea-
tures of the response: (1) its peak amplitude, (2) the
width of the response in time, and (3) the width of the
peak-amplitude curve plotted as a function of sc, the
difference between the filter frequency and the signal
frequency at the center of the pulse. Ao, IV, and B are
all expressed in dimensionless form; 4, is the peak am-
plitude of the response relative to the response to a cw
signal of fixed frequency a; W is the width of the re-
sponse in time relative to the time necessary for the
receiver to sweep through its IF bandwidth, b; and B is
the apparent bandwidth of the receiver when sweeping,
relative to its steady-stage bandwidth 4.1

11t can be shown for the case of pulse signals that A@B(Wb/sd)
=1 (7) regardless of the type of IF filter or the pulse shape, and for
the casc of the cw input signal AW =1 (11) regardless of the type of
IF filter. See reference 10.
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Fig. 3—The relative amplitude of the response for the Gaussian case.

Fig. 4—The output pulse width for the Gaussian case as a function of sweep-rate.
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Fig. 5—The apparent band width of a Gaussian filter as a function of sweep-rate.

For the Gaussian case, graphs of 4,, W, and B as
functions of s/b% are given in Figs. 3, 4, and 5. 4, is de-
fined so that it has the value one for an infinite pulse
length and zero sweep-rate. 4, is affected little by sweep-
ing until s/b2 is of the order 1+ [4/(bd)?], and drops off
rapidly for higher sweep-rates.!?

By definition, the output pulse width, W, approaches
unity for a cw signal as the sweep-rate approaches zero.
The curves in Fig. 4 never fall below W=2s/b% which
is the output pulse width corresponding to the impulse
response of the filter (bd=0). For low sweep-rates the
output pulse width is between the value for the cw sig-
nal and that for the impulse response. For high sweep-
rates the output pulse is essentially the impulse re-
sponse of the filter and is independent of bd.

The apparent bandwidth, B, is defined so that it is
unity when the sweep-rate is very low and the pulses
very long. For short pulses, B is greater than one even
for zero sweep-rate. As the sweep-rate increases above

1 1/1 n 1
bd bd?

the curve rises sharply and approaches B=s/b% bd
asymptotically.

The results of (5) and (7) can be plotted in a variety
of ways which may be convenient for the engineer faced
with a particular problem. Two such plots are shown in
Figs. 6 and 7. The question of what IF bandwidth
vields the optimum resolution for a radio-frequency

125/b?=1 corresponds to a sweep-rate of 2rmc/u sec. for an IF
bandwidth of 1 mc.

1000 - —_— —T T

o [oX] 10 100
b

Vs

Fig. 0 —Output pulse width as a function of filter
bandwidth for the Gaussian case.
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spectrum analyzer arises frequently. From Iig. 6 it is
apparent that for cw signals the minimum output pulse
width occurs for b=+/2s radians per second.” Iig. 7
illustrates the fact that the minimum apparent band-
width always occurs for a pulse length d=+/Z second.™

111. SoLutioNs BY DIFFERENTIAL ANALYZER

An electronic differential analyzer was used to study
the response of a panoramic receiver, employing a syn-
chronously tuned IF amplifier of one, two, and four
stages, to cw signals and pulses having rectangular en-
velopes. Over six hundred solutions were run; typical
outputs taken from the analyzer are shown in Figs. 8
and 9. The effect of varying the IIF bandwidth of a
panoramic receiver, sweeping at a fixed rate on the re-
sponse to a cw signal (d = ) is shown in Fig. 8. Clearly,
there is an 1F bandwidth which gives the minimum out-
put pulse width. This is the same effect illustrated by
Fig. 6 for the Gaussian case.

3 SECONDS
[ e

PUT SIGNAL
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Fig. 9—Responses for 1, 2, and 4 circuits.

Fig. 9 shows the response of 1, 2, and 4 circuit filters,
all having the same bandwidth, to an input pulse having
a center frequency somewhat above the resonant fre-
quency of the filters. There is an increase in the delay
of the output pulse relative to the input pulse as the
number of circuits is increased ; but otherwise, increasing
the number of circuits has little effect on the relative
amplitude and output pulse width. Note the envelope
of the output pulse tends towards a (GGaussian shape as
the number of circuits increases.

13 This corresponds to a bandwidth of 2y/7 mc for a sweep-rate
of 1 mc/usec.

" This corresponds to a 1/4/7usec. long pulsc for a sweep-rate of
1 mc/usec.
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IV. CoMPARISON OF SOLUTIONS

Figs. 10, 11, and 12 give a comparison between the
(aussian case and some of the data taken from the dif-
ferential analyzer for the response of 1, 2, and 4 circuit
filters to rectangular-envelope pulses. In general the
agrecment between the Gaussian case and filters using
two or more circuits is good. Some features of the re-
ceiver response in the differential-analyzer solutions dif-
fer considerably from the solution of the Gaussian case.
For example, the time of maximum response can hardly
be expected to agree since the Gaussian filter is assumed
to introduce no phase delay.

The solution of the Gaussian case gives an under-
standing of the nature of the response of a panoramic
receiver. Moreover, the Gaussian case is guantitatively
consistent enough with the other cases studied to be
used in many design problems involving peak ampli-
tude, output pulse width, apparent bandwidth, and
resolution.

APPENDIX
Derivation of the Response of a Gaussian Filter

In this appendix the formulas are derived for the
response of a filter with a Gaussian-shaped tranfer func-
tion to a signal which is changing linearly in frequency
and has cither a constant amplitude or a Gaussian-
shaped envelope.

Assume the filter transfer function is

— (w — @)
H{w) = _,e\p|:~ e :|, (12)
\ 2w :
and the input signal is (the real part of)
st? (t — ¢)?
() = C\])|: — + (/l> - —— —-—] (13)
2 d?

The procedure is to find the Fourier transform f(w) of

f(¢), multiply it by I{(w), and transform back to the ¢-

plane. The filter response is the real part of the result-
ing function g(¢). The calculation is simplified by using
the convolution formula:

0

ﬁ —mH(w) Fw)el“tdw

_ ,__f SOOI —Ndx (19)

where h(2) is the Fourier transform of H(w)!16

Two preliminary remarks will make the derivation go
smoothly. In the first place, the envelope of the real
part of a complex function of time is just the absolute
value of the function. This can be seen as follows: Let
Z(t) be any complex function of ¢. It can be written,

5 E, C. Titchmarsh, “Introduction to the Theory of Fourier
Intezrals,” Oxford University ress, New York, N. Y., p. 51; 1937.

16 The use of complex functions for the signal f(t) and the lmpulse
response (f) is justified if the response of the filter is negligible at
zero frequency.
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| S I I S [ l‘ L will be made of the following formula:
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Fig. 11—Output pulse width for the Gaussian case and
differential-analyzer solutions.

Z(t)=|Z(t)] exp (jO(t)), where 8(¢) is the argument of
Z(1). The real part of Z(¢) is then |Z(£)| cos 6(¢), and the
envelope of this is [Z(f)].

» /7'.- v'.!
exp (— ut> + vh)dt = —exp— - (19
f,,,e P ‘ 1/ i [ 41
The integration is along the real axis in the t-plane,

and « and v are complex numbers, with the real part of
u positive. This formula can be derived as follows:

f exp [— uf* + of|dt

FHIRR AL
= exp | — exp| —ult — t.
p4u A,,] 2

Letting Z=u(t—v/24),

f exp (— ut® + vb)dt

—x

1 9?
—exp —
Ve 4

T 2?
— exp -
i 4u

noexp (— Z2%dZ = 1/

Note that the path of integration in the Z-plane is
not along the real axis, but along a line which may be
oblique to the real axis. From the requirement that the
real part of # be positive, it can be shown that the path
of integration in the Z-plane makes no more than a 45-
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degree angle with the real axis. With this restriction the b [ ¢? b'~’t2+ . t:l
. =——exp| ——— ja
integral N 42 4

+e0
f exp (—Z2%dzZ

is independent of the angle of the path and thus equal
to v/m, which is given by integration along the real axis.

Now the calculation of g(¢) can be carried out. Before
use is made of (14), k(¢) must be calculated.

1 0
h(t) = \/2me () exp (Jot)dw
1 = —a)*
= Z—;I‘wexp [L-jwl - (@ ” & ](1»

1 I:—(I?]f” [—w2+<‘1+2u :|d

— <D

> exp T rwcx[ T J b'—') w [dw
which vields, after application of (15) and simplification

b . b2
h(ty = ; exp [_](Il o ]
AN &

The expressions for f(¢) and k(t) can now be substi-
tuted in (14):

(16)

g(t) = f wf()\)lz(t—)\)d)\

1 @ CSAT (A—c¢)?
= _i:f exp | J—+jar — ]
\ 2rd 2 d?
— h2

b
’\*E exp ['—4' (l_)‘)2+j"(1_)‘):l d\

f”— [ x2<1+b2 js>+x<26+b2)]dx
el 24 2 a2

and using (15) again;

b
g()= T
AN
4 2
( 2 b2
J o v 5] -
exp {—— ———+jl+—— —1}.
: | d? ! [1 b? ]s:|
_+____
( a4 2

As has been remarked, the required answer is the abso-
lute value of g(¢), which can be obtained by taking the
absolute value of the first factor and keeping only the
real part of the exponent.

b

|g(l)|=’—T pNE gEia
2[(E+T>+T]

2¢ bUT?

¢t b2 [E+7}

w5

Iil_{_b2
7t

(18)
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The exponent of (18) can be put into the following

form:
4 E
— b2
‘ [d? * ]

4
— B2 I:E + b2 + sﬁ’d?il

i_*_b?_*_ 242
22 $-d

(19)

Referring to the definitions of A, W, and B, and re-
calling that in the Gaussian case the width of a curve
is taken to the e™'* points, it is clear that

(20)

] —
B = 7 E + 8% 4 s2d?, (21)
and
S B
= b2 452
) /<d2+)+s sd 1
IV —_ __; —_——— - = — (22)
b b A3B

The time of maximuin response is given by

Mutual Coupling

OF TIIE [‘R-L. June

(23)

Now |g(#)| can be written

‘ 1 s(t—~tm) 1 1 [sc]?
g(t) | =doexp {_I_V? [—b_]_-B;? I:?J } . (29

For a cw input the signal is
[st?
exp J -2— + at],

and the output can be obtained from (18) by taking the
limit as d approaches infinity.

Bb2s2?
Jg{: le)| = T+ ast]in exp {— 1)4_;—45} . (18a)
In the notation of (20) to (24),
Ay = ———b—— (20a)
(6% + 4s2]1re
W = ib“ + 45 = -—1—: (22a)
b? Ag?
and
lim |g(t)| = A, exp {— ! [i:r} 3 (24a)
- w2L b

Considerations 1n

Linear-Slot Array Design®

M. J. EHRLICH,} SENIOR MEMBER, LR.E., AND JOANN SHORTT}

Summary—A study was made of the mutual coupling between two
resonant waveguide fed slots on a finite ground plane. The size of the
ground plane and the relative spacing of the slots were such that the
geometry corresponded to that of a pair of adjacent longitudinal shunt
slots on the broad face of a rectangular waveguide. A null bridge
method of measurement was used to determine accurately the rela-
tive field strength excited in the second waveguide by mutual
coupling between the slots when the generator was applied to the
first waveguide. The change in input slot admittance of the driven
slot arising from the presence of the parasitic slot was also measured
for matched terminations of the ends of the parasitic slot waveguide.
The changes in slot input admittance and excitation arising from
mutual coupling were determined. It is shown that the changes may
be neglected in the design of the great majority of linear-slot arrays.

* Decimal classitication: R118.1 X R142. Original manuscript re-
ceived by the IRE, May 18, 1953; revised manuscript received,
QOctober 15, 1953.

This technical memorandum is one of a series of reports which will
provide tinal information available on ’roject 532-A.

t Hughes Aircraft Co., Research & Development Labs., Culver
City, Calif.

INTRODUCTION

HE DESIGN of linear-slot arrays whose radiat-
T ing elements are shunt slots cut on the broad face

of a rectangular waveguide is usually executed
without consideration of the effects of mutual coupling
between the elements.! The mutual coupling is defined
as that coupling which occurs in the free space exterior
to the waveguide. The magnitude of this coupling and
subsequently the evaluation of the validity of its neglect
in design have been determined in this study.

NATURE OF THE EXPERIMENT

The particular external slot geowmetry that is con-
sidered in this experiment corresponds to two adjacent
clements of a longitudinal shunt-slot arrav on the broad

YW, H. Watson, “Waveguide Transmission and Antenna Sys-
tems,” Clarendon Dress, Oxford, England, chap. 8; 1947,
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face of a rectangular waveguide. Each slot is centered
longitudinally on the narrow face of a length of one
inch by one-half inch RG-52U waveguide as shown in
Fig. 1. One end of cach of the guides is bent to provide

Fig. 1—Geometry of two slots in separate waveguides.

waveguide flange-input connections. The two guides are
then soldered with their broad faces together such as to
give a spacing of \,/2 between the transverse center lines
of the slots. Extension pieces one-half inch wide are
added on each curved end in order to locate the slots
on the same one-inch wide ground plane as that of the
broad face of a single length of rectangular waveguide.
The complete unit is shown in Fig. 2. The geometry of
the experiment and the use of separate guides to feed
each slot was originally proposed by Dr. R. S. Wehner.

Fig. 2— Experimental two-slot array.

The experiment is simple in concept. A generator is
coupled to one waveguide and drives the slot cut in the
narrow wall of the guide. The slot conductance is such
that the slot radiates approximately half of the energy
incident upon it, the remainder being absorbed in the
matched termination. The field radiated by the driven
slot couples energy to the parasitic slot cut in the nar-
row face of the second guide. The field excited in the
second guide by the parasitic slot is compared in phase
and magnitude by use of a directional coupler to the
field incident in the guide on the driven slot. Separate
measurements are made of (1) the input admittance of
the driven slot, normalized to the waveguide, when both
ends of the waveguide excited by the parasitic slot are
terminated in matched loads; and (2) the self admit-

Lhrlich and Short: Mutual Coupling Considerations in Linear-Slot Array Design
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tance of the single slot in the finite ground plane.

These data are then used to determine the changes in
slot excitation and admittance, normalized to the wave-
guide, arising from the mutual coupling.

CALIBRATED [ _ |
ATTENUATOR

SLOT

GENERATOR [—=fO'RECTIONAL | |
ARRAY

COUPLER

MATCHED

MAGIC
L0AD T

[—— BOLOMETER

CALIBRATED
PHASE
SHIFTER

CALIBRATED
ATTENUATOR

Fig. 3—Block diagram of experimental setup.

EXPERIMENTAL DETAILS

Fig. 3 is a block diagram of the bridge network used
for the accurate measurement of the field excited by the
parasitic slot in its feed guide.

Each slot was cut to be resonant at 9,350 mcs in the
absence of the other slot and measurements were made
at this frequency.

The generator was a stabilized X-band supply which
used a 2K39 klystron as the source of RF power. The
output of the supply was fed through an attenuator, a
directional coupler and then to the waveguide which
contained the driven slot. A reference signal, which was
furnished by the coupler and was —20 db with respect
to the main signal, was fed through a calibrated preci-
sion attenuator and phase-shifter to one of the arms of
the magic-T bridge. The other input arm of the bridge
was connected to the waveguide fed by the parasitic
slot. The signal from the difference arm of the bridge
was brought to a bolometer amplifier. The sum arm of
the bridge was terminated in a matched load. A matched
load was seen looking into the symmetrical arms of the
T. It is to be emphasized at this point that all measure-
ments of the backward scattered waves in the wave-
guide are measured relative to the field incident on the
driven slot and not to the total field.

The self admittance of a single slot in the finite
ground plane, normalized to the waveguide, was meas-
ured with the second slot filled with a metal plug sol-
dered to the slot so that an unbroken metal surface was
presented on the exterior of the waveguide.

The parasitic slot was then opened and the input ad-
mittance of the driven slot was measured as a function
of frequency when both ends of the parasitically excited
waveguide were terminated in matched loads.

ANALYSIS OF EXPERIMENTAL RESULTS

The experiment is designed to measure the backward
scattered waves 40and 4., (Fig. 4, p. 938), relative to
the unity amplitude TE;, wave incident in the wave-
guide upon the driven slot.

An analysis of the admittance and impedance proper-
ties of shunt and series slots cut in the broad face of a
rectangular waveguide has been formulated by Steven-
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son.? The backward scattered wave excited by a longi-

tudinal shunt slot cut in the narrow face of a rectangular

waveguide for the TE;p dominant mode case is given as:

A10=70I(2/wb)(k/B10)? cos (B10A/4) and for the shunt
slot

= Bie the forward scattered waveasshown in Fig. 4.
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Fig. + ~(a) Waves scattered in waveguide by slot radiators.
(b) Slot geometry.

where
d =slot width
E¢=celectric field across the center of the slot
a = width of broad face of the waveguide
b=width of narrow face of the waveguide
k=2m/\
N\ =free space wavelength
Bro=+ [k —(r/a)? ]
The “voltage” across the slot is defined as the integral
of the field across the slot at its center, i.e.,

Vo = 0E,.

Ao is measured by determination of the reflection
coefficient I' in the guide containing the driven slot
when the guide is terminated in its characteristic im-
pedance, Zo. A1’ is measured in the parasitically excited
guide by the use of the null bridge method in which 4,
is compared directly to the unity amplitude incident,
TE,p wave in the driven guide.

The field excited in the parasitic slot Ey/, relative to
the field excited in the driven slot E,, is given by the
relation

EO, “1 10,

EO A4 10

This relation is approximate in that it neglects the
change in the admittance of the first slot arising from

2 S. Silver, “Microwave Antenna Theory and Design,” M-97
Radiation Lab. Series, McGraw-Hill Book Co., New York, N.Y.,
vol. 12, pp. 286-300; 1949,
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the presence of the parasitic slot. This change is, how-
ever, very slight as it arises principally from the sec-
ondary scattering of the parasitic slot.

Measurements were made of the driven slot admit-
tance for two cases and the results are shown in Fig. 5.
The first has the parasitic slot completely covered with
metal sheet. The second has the parasitic slot opened
and with its waveguide terminated in matched loads.
The ratio of the measured reflection coefficient for the
two cases is |I/I'| =0.98. Thus the variations of the
driven slot admittance may be safely neglected.

The measured values of 410 and A 1o’ give a value

Vo’ 5Eo’ 4 10’
Vo Ao

= = (0.087 exp—7164°
6F,

for the ratio of the coupled ficld to the excited field.
The total field at cach slot when both are driven by
equal generators is

Vo' = Vo + V) = Vo[l + 0.087 exp /18]
VOII

- = 0.916 exp~71-%°

Vo

and

=~ ().916.

0

It is now desired to interpret the experimental results
for the two shunt slots on the narrow faces of the wave-
guides so as to apply to two shunt slots cut in the broad
face of the same rectangular waveguide.

The shunt slot on the broad face of the waveguide is
excited by the transverse component of current, and is
represented as a pure two-terminal element in shunt
across the equivalent t(wo-wire line specified by the
dominant TE,, mode. The shunt slot on the narrow
face, when aligned parallel to the longitudinal axis of
the waveguide, i.e., inclined at an angle of 90 degrees, is
also excited by the same current component. The con-
ductance of the slot on the broad face is made equal to
that of the slot on the narrow face by increasing its
transverse displacement. When the conductances are
thus made equal it is found that spacing between the
slots on the broad face is very necarly equal that of the
two slots on the narrow faces of the adjacent waveguide
of the experiment for the specified dimensions and fre-
quency. The external slot geometry and the ground
planes are then identical in the two cases. Both tyvpes of
slots are excited by the same transverse current com-
ponent and are pure two-terminal shunt elements. The
internal coupling arising from higher-order modes be-
tween the two shunt slots cut on the broad face is
negligible. Therefore on a dominant mode representa-
tion the two configurations are wholly equivalent as far
as regards the admittance and excitation changes of the
slots arising from external mutual coupling between the
slots.
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® Parasitic slot—completely covered
@ Parasitic slot—open and waveguide terminated in matched loads
Fig. 5—Admittance of driven slot-—normalized to waveguide.
1, Yi2 12 11 = (YH - le + YO)Vl + Y12(V1 - V2)
o—— —0
| -
l Ii = (Yu+ YoVi— ViVe
Yo E:] [:]"""2 L | L_I'O Lo v 0=1I= V.= V)V + (Yoo — V1o + 2V) V>
YooY,
o 0=—VYuVi4 (Yt 2V)V:
[og —0
Fig. 6—Equivalent circuit of two-shunt slots in s Ve = K_z (Vo + 2Y0)
separate waveguides. v,

Consider equivalent circuit of configuration used in
experiment, where the two slots are cut in the narrow
faces of separate waveguides, as shown in Fig. 6. Yy =Y, Vo=1

for
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Vi = V2 (Y + ’7)
12 V. 11 2
and

14 —Il—(Y + 1) (VZZ(Y 42
I_V_ 11 VI) 11 )

1

and as the measured value of (Vy/V)=0.042 exp—/1!
Y= (V;41) which confirms the results obtained by
measurement as shown in Fig. 5 where V;;=1.10
and

Va\?

Yu' =t~ <—‘> (Yu + 2)-
Vi
The case of interest is when both slots are cut in the

broad face of the same waveguide. The equivalent cir-
cuit for this configuration is shown in Fig. 7.

Yi2
|
|

Yii =Yz I l ! Y22-Yi2 1.0

Fig. 7—Equivalent circuit for two-shunt slots in same waveguide.

Vi and V' are the applied voltages and as V' =1,
due to the slots being spaced \,/2 apart along the line,
the series arm of the IT is removed. Thus,

Vio = (Yu - Vi) + (Yzz — V12) + Vo where, 1"}y = Vo,

Iyiu = 2(lfll - }’12) + 1.0 I’I:_, = Y21
o= 1.

Y. is the admittance of one slot normalized to the

waveguide and is given by

’%(Yin e 10) e (1711 - 1’12).

171’ L)
Then Y.’ for the measured case is given by
V) = 11— 0.042(1.1 + 2) exp 7164° = 1,22 exp?-7°

and

| ¥1'/Y1] =1.11 a change of 11 per cent in the slot
admittance, as compared to the change when the slots
are in separate guides.

The 11 per cent represents an extreme change as the
bulk of the slot arrays which have been designed have
had far smaller values of Yi; for the most strongly
coupled slot.

EXTENSIONS OF THE RESULTS TO THE LIGHTLY
CouPLED CASE

A survey of the conductances of the slots in the great
majority of the arrays previously built shows that the
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maximum slot conductance is less than 0.1, normalized
to the waveguide. The experimental results for the
strongly coupled slot, i.e., g> 1.0 must now be extended
to the lightly coupled slot.

The fraction of the power incident upon the slot in-
side the guide, that is radiated by the slot, is given by
the relation in Fig. 8, where ge =conductance of the rest
of the array on the load side of the slot position on the

line.
§—
Prad 8slot l |
Pinc ~ Prad 82 \_I_l l_I__I
0s Qs+t Os+2
Fig. 8

The power that is radiated by the slot may be ex-
pressed as:

Prad = %VOZ Yr

Vo=equivalent peak voltage of the slot

Y, =radiation admittance of the slot.

As the driven slot conductance is reduced by the
factor A4, the voltage V, is reduced by the factor A2
and the field excited by mutual coupling in the neighbor-
ing slot is reduced by the factor 4¥2. If, in addition,
the neighboring slot’s conductance is reduced by the
factor B, then by reciprocity the field excited in the
neighboring slot will be reduced by the factor A'2X B2
For the symmetrical case, i.e., 4 = B, the applied volt-
ages are reduced by the factor AY2 while the coupled
voltages are reduced by the factor 4. The slot voltage
variation due to nearest neighbor mutual coupling is
readily derived.

For the measured case of one adjacent slot

Vet = [1.0 + 0.087 exp~it64].
The largest conductance likely to be encountered is 0.1

0.1
A = —— = 0.091;
1.1

accordingly

Varor = [I'O(A)”2 + (0.087 exp“i164+¢»)11]
= 0.301 4 0.0079 exp—i(164+¢)
= 0.301 exp“-°°‘
Valot. .
Then = 0.972,
7o
where

Vo= voltage for zero mutual coupling
¢ =change in the phase angle of the mutual admit-
tance due to the decreased path length between
the slots.
From the geometry of the array ¢ =33 degrees at the
measurement frequency, and the change in Vo is neg-
ligible.



1954

When both nearest neighbors are considered

| Vslot |

— 0.96.
[ Vol

This represents the greatest excitation change to be
expected and in itself may be safely neglected in design.
It has been stated that as the conductances are reduced
by the factor 4, V,, the coupled field in the guide is re-
duced by the same factor. In addition, the applied field
2t the driven slot V= Vine/(1+T). The new slot admit-
tance Y’ for the lightly coupled case when both nearest
neighbors are considered is readily derived from the re-
lations

Vo = Vaa — Vo — Vo,
where
Vie= Yo
Vo)) = Vo — 2V
Vig= — I:”V—Z (Yn + 2):|
Vi
then
Ve
V) = Vg — 2[ —(1+ I‘)A:I [V + 2]

The numerical value, for g=0.1, is
Yy = 0.1 — 2[0.031(1.13) X 0.091] exp—164[2.1] expi*
YV, = 0.108 expi*®

Y ’
—2 = 1.08.

Y,

The admittance change of 8 per cent is the largest
to be expected and for the majority of the slots in the
array will be slightly less.
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CONCLUSION

The changes in the relative excitation and input ad-
mittance of the shunt slot radiator cut in the broad face
of a rectangular waveguide excited in the TE; mode,
arising from external mutual coupling between the
slots, may be neglected in the design of most linear shunt
slot arrays. Both the excitation and admittance changes
are small and of the same order as those produced by
dimensional variation within standard manufacturing
tolerances.?

If the array is designed for extremely low side-lobe
levels, say —30 or —40 db, and fabricated with great
care such that dimensional variations are minute, then
some compensations for the effects of nearest neighbor
mutual coupling may be made in order to achieve mini-
mal side lobes with the greatest aperture efficiency. Pre-
cision fabrication is quite costly and it is far simpler to
obtain low side-lobe levels by some over-design, which
would introduce a slightly reduced aperture efficiency.

One other case in which compensation may be re-
quired is for the short array of a few slots which are
strongly coupled to the feed and where some beam shap-
ing is specified. In this instance, correction will have
to be made for the coupling arising from all the slots
rather than from the nearest neighbor only. Such cor-
rection is feasible only in a relatively small array as it
requires a large amount of numerical computation.
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Transient Response of Glow Discharges
with Applications”
R. S. MACKAY?t axp H. D. MORRISY}

Summary—The transient responses of a number of glow dis-
charges were observed. From the response time of several micro-
seconds, and the characteristic overshoot, they can be described as
having an inductive component approaching a henry. This is con-
sistent with the observed frequency response.

It is shown how standard neon lamps can be used as fast and
noiseless coupling elements for voltage level changing in direct
coupled circuits, in spite of the above.

* Decimal classification: 621.327. Original manuscript received by
the IRE, December 17, 1953; revised manuscript received, Jan-
nary 13, 1954,

t Division of Elcctrical Engineering, University of California,
Berkeley, Calif.

INTRODUCTION

HERE FOLLOWS the description of some ex-
Tperiments which measured the way in which a

glow discharge responded to a sudden change in
conditions. This procedure yields a valuable technique
for the study of fundamental discharge processes. The
present study was mainly concerned with rise time and
bandwidth measurements. These measurements also
have immediate application to practical electronic cir-
cuits. Glow discharge tubes make useful voltage level
changing devices (for taking in a signal at one level and
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TEKTRONIX 513D
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Fig. 1—FExperimental set up for observing the transient response
of a glow discharge.

giving it out at another), e.g., as coupling elements in a
multistage dc amplifier. Practical methods of use and
limitations are discussed. Their effect when included
in a feedback loop is also considered. From these con-
siderations one is also better able to predict the per-
formance of regulated power supplies.

METHODS AND RESULTS

In essence, the method used involved a glow dis-
charge (in series with some resistance) maintained by
means of a fixed bias source. Superimposed on this
fixed voltage was a signal, the response to which was
observed across the resistor. The investigation was
carried into both the time and frequency domains so

(c)
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that any unusual aspect of the response would be com-
pletely described.

Fig. 1 shows the method of determining transient
responses. The oscilloscope used had a flat response to
20 megacycles and a useable response to 30 megacycles
so that oscillations other than the primary one would
have been visible up to the nominal limit. The signal
used in producing Fig. 2 had rise and fall times of less
than 0.3 microsecond with no overshoot. The lamp
whose response was photographed was a representative
1/25 watt neon, type NE-2, with characteristics taken
over its useful range of currents, 150-300-500 micro-
amperes. The response was approximately independent
of signal amplitude. The sinusoidal response of Figs. 3
and 4 was observed by substituting a sine-wave genera-
tor for the square-wave generator and using the oscillo-
scope as a voltmeter.

Numerous tests have shown that all neon and argon
lamps display these phenomena. All lamps tested ex-
hibited at least 10 per cent overshoot. Over a current
range of 3 to 1, the magnitude of the overshoot remains
approximately constant while the frequency scale shifts
higher with increasing current. One-quarter watt lamps
were found to have a definitely greater damping factor
than the corresponding 1/25 watt bulbs, and also a

)

Fig. 2—Response of a discharge to a sudden step up or down. The first pair is for a bias current of 150 microamps, the second for a cur-
rent of 300 microamps, and the last for a current of 500 microamps. Time scale of 5 microseconds per division and vertical sensitivity

of 6.6 volts per division.
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Fig. 3—Frequency response of a glow discharge
to a sinusoidal signal.

higher frequency of oscillation. Argon lamps (3 w) had
about 40 per cent shorter rise time to the 75 per cent
output level than the } watt neon lamps (1.1 micro-
seconds compared with 1.7 microseconds), though it
should be pointed out that the voltage drop in the argon
bulbs was about 30 per cent higher. Tripling the bias
voltage and increasing the size of the series resistor so
that the bias current remained the same decreased the
damping (increased the overshoot) but did not change
the time scale. Doubling the capacity increased the
overshoot by 10 per cent of the signal height, and
lowered the resonant frequency as expected. It should
be pointed out that the entire region of measurement
lay outside the region of negative incremental resistance
on the static E-I curve (Fig. 6, p. 964).

12db PER OCTAVE

T T

10 20 40 70 100
SIGNAL FREQUENCY IN KILOCYCLES

200 400

Fig. 4—Data of Fig. 3 replotted on a decibel scale.

Taken together, the experimentally determined
transient and frequency responses are logically coherent,
i.e. one implies the other through a Fourier transforma-
tion. Another circuit composed of linear passive ele-
ments (Fig. 5) exhibits the same transient and sinu-
soidal response, and so for some purposes the lamp may
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be considered as replaced by a combination of resistance
and inductance, the magnitude of the latter approaching
a henry. Fig. 5 also contains a representation of the
transfer function of the linear passive network, showing
an asymptotic phase shift of 7 radians, since two differ-
ent energy storage elements are present, This network
exhibits a cutoff characteristic of 12 db/octave as does
the neon circuit in the curves of Fig. 4.

In any multistage circuit with limited overshoot,
where each stage takes the signal from the previous one,
the rise time of the combination is the square root of the
sum of the squares of the individual rise times. The rise
time of several bulbs placed in series (to give a larger
over-all voltage drop) is longer than any one alone,
and seems to follow this rule.

Ein E:R (o} Eo
m{

*— 4

QUIVALENT GIRCUIT
€ TRANSFER FUNCTION

Fig. 5--A network equivalent to a glow discharge under the present
conditions. This network displays the observed transient response,
phase shift characteristics, frequency response, and the effects of
variation of circuit constants. At 90-degree phase shift there is
roughly no attenuation (Q approximately one) and this places a
severe restriction on the types of time constants that could be
considered as cascaded.

One might think of a sudden increase in applied
voltage as momentarily producing an “abnormal glow"
until the discharge can redistribute itself. (It might be
expected that this process take a time comparable with
the “burning time” in some Geiger counters.) The
photographs show that the transient following a sudden
drop in voltage (voltage too small for existing current)
is quite similar, and indeed, the transients become prac-
tically identical as the signal becomes smaller. During
these transition states there is undoubtedly a transient
redistribution of light intensity (e.g. a moving striation)
that might profitably be studied with photomultipliers
in a larger tube.

Quite aside from the above, there is an effect that
should be mentioned because of its consequences. With ca-
pacitive loading there is some critical frequency at which
the current available to the discharge must go to zero
once each cycle (the discharge periodically goes out).
This frequency can easily be shown to be approximately:

4

S =g srer

As an example, if the current through the bulb is 300
microamperes, the rms signal is 7 volts, and the load is
100 pf, this comes out to be 48 kilocycles. It would be
expected that distortion would appear at somewhat
lower frequencies, and it was actually observed to start
at about 20 kilocycles.
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APPLICATIONS

The problem of taking a signal (change in potential)
at one voltage level and converting it to the same change
at some other level is well known. The classic example is
the direct coupled amplifier where the fluctuations in
plate potential of one tube must be conveyed to the
grid of the next without the help of a blocking condenser
to take out the large average component. Any resistive
network attenuates the useful signal as it changes the
level and so some constant voltage device is needed.
The use of “VR tubes” has often been suggested but
has never met with much favor. The tiny neon lamps
that are now so readily available display constant
voltage properties (Fig. 6) adequate for many purposes.
They are physically very convenient and they display
a low capacity to ground.

704
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Fig. 6—Static current-voltage characteristics of a typical neon
lamp type NE-2. (Note suppressed zero on the voltage scale.)

The disadvantages of such tubes are drift, noise gen-
cration, and inherent phase shift. The previous curves
depict the rapidity of response of a pulse circuit coupled
by such a tube, or the high frequency response of an
amplifier so coupled. The noise characteristic of such
lamps is about ten millivolts, and they are slightly
microphonic.

All but the first disadvantage, drift, may be elimi-
nated by shunting the lamp with a capacitor and damp-
ing resistor, as shown in Fig. 7. With this arrangement
one speeds the transient response and filters all noise
before the next grid without creating a tendency
toward oscillation (which would be observed if the lamp
were only paralleled with a condenser). No net current
flows in R and so the condenser voltage is the same as
that of the neon bulb, whereas almost any other con-
figuration will require compensated voltage dividers.
The worth of this system was checked experimentally
with a dc amplifier utilizing a neon bulb for coupling in
the forward direction and another in the feedback path.
Without shunting capacitors around the neons, the
amplifier was permanently unstable (it would oscillate).
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With one neon bypassed, a 50 per cent rise was still ob-
servable around 300 kilocycles. After both neons were
bypassed the amplifier had a normal cut-off character-
istic that was easily extended to 5 megacycles.

The remaining factor of drift may be reduced in im-
portance by aging the lamps at maximum rated current
for several days. Where the problem is significant it can
thus be minimized providing the lamps are used fairly
continuously. If a lamp is left idle for long time inter-
vals, its characteristics will change markedly between
periods of use. Care must be taken to use a lamp with
the same polarity as used in aging it, unless alternating
current was used. For the more critical applications the
voltage reference tube type 5651 will be found to be
much more stable and still quite convenient. They are
also more reproducible from tube to tube.

Neon coupling units are therefore quite advantageous.
Without bypassing, the neon circuit can be used
wherever the signal noise ratio will allow it, e.g. in non-
feedback amplifiers, in computers to change gating sig-
nal levels (one might use the plate swing of a trigger
pair to activate the grid of a gate tube at a lower po-
tential), and wherever phase shifts are not critical to
operation. With bypassing the coupling units can be
used anywhere with drift as the only limitation. An ex-
ample from the field of pulse techniques is the construc-
tion of fast multivibrators having small plate resistors.
The whole plate swing can be conveyed to the opposite
grid with such coupling units, thus making operation
possible though the swing be small.

B8+

—ir

Ne-2

Fig. 7—Method of coupling components with a discharge tube or
tubes for optimum results. The unlabeled resistor puts the neon
lamp in its operating range, C removes noise, time delay, and
overshoot, and R prevents oscillation as well as helping with the
noise filtering. Ra~50K, C>0.001 mfd.

Another aspect is regulated power supplies. The regu-
lation of a simple VR tube is not instantaneous, and
thus their performance in pulse circuits may be poor.
A condenser of limited size may be placed in parallel
with the tube without oscillations developing. In those
circuits where the VR tube is used as a reference voltage
for an electronic regulator, care must be taken in view
of the inductive action of the tube. This can cause the
whole circuit to oscillate.
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Foreword

This standard replaces the corresponding Sections 11, 111, and 1V of Standards on Ab-
breviations, Graphical Symbols, and Mathematical Signs issued by the IRE in 1948. It has
been adopted by the Symbols Committee and is published with the approval of the
Standards Committee and by authorization of the Board of Directors.

A task group set up by the Sectional Committee on Graphical Symbols of the American
Standards Association prepared this standard. The task group operated under the chairman-
ship of Allen F. Pomeroy, representing the Symbols Committee of the IRE. Its persistent
efforts for more than two years brought about the coordination of many diverse views that
had previously compelled the issuance of five separate American Standards on electrical
graphical symbols. Some of these disagreements concerned the basic symbols for capaci-
tors, inductors, and resistors.

Many symbols in this report concern things that are obviously not within the scope of
the normal interests of the IRE. Representatives of the IRE acted as observers while these
symbols were considered by the task-group members who were experts in the particular
field. Consequently, the IRE does not consider these symbols to be within its control but,
having great respect for the care and the competence with which they were processed,
considers it a privilege to recommend them to the membership for use, as needed, or simply
as educational material. The principle of having a single standard for the entire electrical
field is too important to risk publication of the report in specialized sections, for this
would inevitably encourage a resumption of divergence rather than the continued co-
ordination that is the objective of all true standardization.

Certain fields have not been as fully covered in this document as may be desired by
IRE members specializing in them. An evident example is semiconductor devices including
transistors; however, continuing work by the IRE will result in the issuance of supplement-
ary reports at a later date in such cases.
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Graphical Symbols for Electrical Diagrams

for use on electrical diagrams.

Graphical symbols for electrical engineering are
a shorthand used to show graphically the interconnec-
tions and functioning of a circuit. A graphical symbol
represents the function of a part in the circuit. Graph-
ical symbols are used on either single-line (one-line) dia-
grams or on complete diagrams. Designations provide a
means of correlating graphical symbols with parts lists
and descriptions of, and instructions concerning, the cir-
cuit represented.

V‘ﬂ'jllls standard provides a list of graphical symbols

A single-line (one-line) diagram indicates by means
of single lines and simplified symbols the course of an
electric circuit or system of circuits and the component
devices or parts used therein. A single-line diagram may
be used to show essential components and functions in
simplified form.

A complete diagram indicates by symbols the com-
plete electric circuit or system of circuits and the com-
ponent devices or parts used therein. In a complete
diagram, coaxial and waveguide components are shown
by single-line (one-line) symbols.

An application is an example of a combination of sym-
bols in the list. No attempt has been made to list all
possible applications. Additional applications may be de-
vised provided they are a reasonable and intelligible use
of the symbols in the list.

0.1 Arrangement

Symbols are arranged in the alphabetical order of the
nouns in the terms they illustrate. Preferred terms are
given first. The main headings list first the term in pre-
ferred usage, and any current alternate term follows. All
terms appear in the index. In the index, “Item” refers
to a numbered paragraph in the list of symbols.

In the list, graphical symbols appear directly under
their respective item names. Single-line (one-line) sym-

* The standards herein are the same as those in American
Standard Graphical Symbols for Electrical Diagrams, Y32.2-1954 of
the American Standards Association.

bols appear at left, complete symbols at right, and sym-
bols suitable for both are centered in each column.

Typical single-line (one-line) diagrams are given at
the end of the list of symbols.

0.2 Drafting Practices Applicable to Graphical Symbols

The orientation of a symbol on a drawing does not
alter the meaning of the symbol.

b. The weight of a line does not affect the meaning of
the symbol. In specific cases, a heavier line may be
used for emphasis.

¢. A symbol may be drawn to any proportional size that
suits a particular drawing, depending on reduction
or enlargement anticipated. If essential for purposes
of contrast, some symbols may be drawn relatively
smaller than the other symbols on a diagram. It is
recommended that only two sizes be used on anyv one
diagram.

d. Details of type, impedance, rating, etc., may be
added when required, adjacent to any symbol. If
used, abbreviations should be from the American
Standard Abbreviations for Use on Drawings. Letter
combinations used as parts of graphical symbols are
not abbreviations.

e. The arrowhead of a symbol may be = or - unless
otherwise noted in this standard.

f. Associated or future paths and equipment shall be
shown by lines composed of short dashes: — — — —

g. The standard symbol for a TERMINAL (0) may be
added to each point of attachment of conductors to
any one of the graphical symbols, but such added
terminal symbols should not be considered as part of
the individual graphical symbol itself.

h. A symbol shall be considered as the aggregate of all
its parts.

1. For simplification of a diagram, parts of a symbol for
a device, such as a relay or contactor, may be sepa-
rated. If this is done, provide suitable designations to
show proper correlation of the parts.

j. In general, the angle at which a connecting lead is
brought to a graphical symbol has no particular sig-
nificance unless otherwise noted in this standard.

CT2NE=TO
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LIST OF

1. ADJUSTABLE
CONTINUOUSLY ADJUSTABLE (Variable)
The shaft of the arrow 1s drawn at about 45 degrees
across the body of the symbol.

/

2. AMPLIFIER

See also MACHINE, ROTATING (items 35.9.20
to 35.9.23).

2.1 General
The triangle is pointed in the direction of transmis-
sion.

Amplifier type may be indicated in the triangle by
words, standard abbreviations, or a letter combin-
ation from the following list.

BDG Bridging MON Monitoring
BST Booster PGM Program
CMP Compression PRE Preliminary
DC Direct Current PWR Power
EXP Expansion TRQ Torque
LIM Limiting

_D_

2.2 Applications

>

2.2.1 Booster amplifier with two inputs

2.2.2 Monitoring amplifier with two outputs

—

MON

PROCEEDINGS OF THE I-R‘E
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SYMBOLS

{ 2.2.3 Bridging amplifier with adjustable gain

BDG
/]

¥

2.2.4 Program amplifier with associated attenuator

X/

\/

2.2.5 Amplifier with associated power supply

=

VA

PS

2.2.6 Amplifier with external feedback path

>

3. ANTENNA

3.1 General
Types or functions may be indicated by words or
abbreviations adjacent to the symbol.

_é

3.1.1 Dipole

—J
1

Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are

centered in each column,
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3.1.2 Loop
—]

3.2 Counterpoise

—
=

—+

4. ARRESTER (Electric Surge, Lightning, etc.)
GAP

4.1 General

4.2 Carbon block
The <ides of the rectangle are to be approximately in
the ratio of 1 to 2 and the space between rectangles

shall be approximately equal to the width of a rec- |

tangle.

~00—

4.3 Electrolvtic or aluminum cell
This symbol 1s not composed of arrowheads.

—»—

4.4 Horn gap

4.5 Protective gap
These arrowheads shall not be filled.

—D —

4.6 Sphere gap

—

I-R-E Standards on Graphical Symbols
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4.7 Valve or film element

—il—

4.8 Multigap, general

4.9 Application: gap plus valve plus ground, 2 pole

'_“—‘H}_‘
I
— o]

—= |

S. ATTENUATOR
See also PAD (item 42)

5.1 General

=

5.2 Balanced, general

%

5.3 Unbalanced, general

%

6. BATTERY
The long line is alwavs positive, but polarity may
be indicated in addition.
Example:

-

=

e

6.1 Generalized direct-current source

—{—

Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are

centered in each column.
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6.2 One cell

6.3 Multicell

—1|—

6.3.1 Multicell battery with 3 taps

6.3.2 Mlulticell battery with adjustable tap

=5l

7. BREAKER, CIRCUIT
If it is desired to show the condition causing the
breaker to trip, the relay-protective-function
svmbols in item 48.8 may be used alongside the
breaker svmbol.

7.1 General
Note 1—Use appropriate number of single-line
diagram symbols.

| |>

SEE NOTE 1|

7.2 Air or, if distinction is needed, for alternating-
current circuit breaker rated at 1,500 volts or less
and for direct-current circuit breaker.

1 4
’ /

SEE NOTE |

PROCEEDINGS OF TIHHE I'R-E

June

7.3 Circuit breaker, other than covered by item 7.2,
The symbol in the “complete” column is for a
3-pole breaker.

Note 2—O0n a power diagram, the symbol may be
used without other identification. On a composite
drawing where confusion with the general symbol
(item 23) may result, add the identifving letters
CB inside or adjacent to the square.

| |

SEE NOTE 2

| l

7.3.1 Ona connection or wiring diagram, a 3-pole single-
throw circuit breaker (with terminals shown) may
be drawn as shown below.

o o o
o o o
SEE NOTE 2

FOR CONNECTION OR WIRING
DIAGRAM

7.4 Applications

7.4.1 3-pole circuit breaker with thermal overload

device in all 3 poles.

) .

| 7.4.2 3-pole circuit breaker with magnetic overload

device in all 3 poles.

) -

Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are

centered in each column.
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7.4.3 3-pole circuit breaker, drawout type

A

AN

AN \[/ /77
] N\

e
A\3
/4
V4

R\

8. CAPACITOR
See also TERMINATION (item 59.4).

8.1 General

If it is necessary to identify the capacitor elec-
trodes, the curved element shall represent the out-
side electrode in fixed paper-dielectric and ceramic-
dielectric capacitors, the negative electrode in
electrolytic capacitors, the moving element in ad-
justable and wvariable capacitors, and the low-
potential element in feed-through capacitors.

3

8.1.1 Application: shielded capacitor

F;"‘ 1
L4
8.1.2 Application: adjustable or variable capacitor

If it is necessary to identifyv trimmer capacitors,
the letter 1" should appear adjacent to the symbol.

H-

8.1.3 Application: adjustable or variable capacitors
with mechanical linkage of units

I-R-E Standards on Graphical Symbols
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8.2 Continuously adjustable or variable differential ca-

pacitor
The capacitance of one part increases as the ca-
pacitance of the other part decreases.

8.2.1 Phase-shifter capacitor
1
5 -
T

8.3 Split-stator capacitor
The capacitances of both parts increase simul-

taneously.

e

8.4 Shunt capacitor

T
T

8.5 Feed-through capacitor (with terminals shown on
feed-through element)
Commonly used for bypassing high-frequency cur-
rents to chassis.

o—o0

T

8.5.1 Application: feed-through capacitor between 2
inductors with third lead connected to chassis

LYY Y e Y Y Y

A

Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are

centered in each column.
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8.6 Capacitance bushing for circuit breaker or trans-
former

MLy

8.6.1 Application: capacitance-bushing potential device
8.7 Application: coupling-capacitor potential device

9. CELL, PHOTOSENSITIVE (Semiconductor)
See also PHOTOTUBE (item 64.11.6).

A indicates that the primary characteristic of the
element within the circle is designed to vary under
the influence of light.

9.1 Asymmetrical photoconductive transducer (re-
sistive)

This arrowhead shall be solid.

_®_

9.2 Symmetrical photoconductive transducer; seleni-

um cell

PROCEEDINGS OF TIIE I‘R‘E

June

9.3 Photovoltaic transducer; barrier photocell; block-

ing-layer cell

10. CHASSIS
FRAME
(See also GROUND (item 28)
The chassis or frame is not necessarily at ground
potential.

—&

11. COIL, BLOWOUT!

Ny
|

12. COIL, OPERATING
See also INDUCTOR; WINDING (item 31).

Note 3—The asterisk is not a pargof the symbol.
Always replace the asterisk by a device designation.

() or > or

%* SEE NOTE 3

13. CONNECTION, MECHANICAL
MECHANICAL INTERLOCK
The preferred location of the mechanical connec-
tion is as shown in the various applications, but
other locations may be equally acceptable.

13.1 Mechanical connection (short dashes)

13.2 Mechanical connection or interlock with fulcrum
(short dashes)

——
13.3 Mechanical interlock, other
INDICATE BY A NOTE

! The broken line ~— - indicates where line connection to a
symbol is made and is not a part of the symbol.

Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are

centered in each column.
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14. CONNECTOR
DISCONNECTING DEVICE
The connector symbol is not an arrowhead. It is
larger and the lines are drawn at a 90-degree angle.

14.1 Female contact

14.2 Male contact

—

14.3. Connector assembly, movable or stationary por-
tion; jack, plug, or receptacle

Note 4—Use appropriate number of contact
symbols.

—

OR SEE NOTE 4

—

14.3.1 Commonly used for a jack or receptacle (usually
stationary)

—

SEE NOTE 4 OR D

14.3.2 Commonly used for a plug (usually movable)

-

SEE NOTE 4 OR G

14.4 Separable connectors (engaged)

—>— SEE NOTE 4 OR CD

14.4.1 Application: engaged 4-conductor connectors;
the plug has 1 male and 3 female contacts

=T,
<t

1l

—>—
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14.4.2 Application: engaged 4-conductor connectors;
the plug has 1 male and 3 female contacts with
individual contact designations shown in the
complete-symbol column

—ﬁAh—

B OR
—< o+
_1_<DeL_

>

OO @ P

14.5 Coaxial connectors

14.5.1 Engaged coaxial connectors
Coaxial recognition sign may be added il neces-
sary. See PATH, TRANSMISSION (items 43.1
and 43.8.2).

_%>_

14.5.1.1 If it is necessary to show that the outside
conductor is carried through

i | | |
14.5.1.2 If coaxial is connected to a single conductor

14.6 Communication switchboard-type connector

14.6.1 2-conductor (jack)

jv—

14.6.2 2-conductor (plug)

Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are

centered in each column,
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14.6.3 3-conductor (jack) with 2 break contacts (nor-
mals) and 1 auxiliary make contact

Fat-

14.6.4 3-conductor (plug)

i

14.7 Communication switchboard-type connector with
circuit normalled through

“Normalled” indicates that a through circuit may
be interrupted by an inserted connector. As shown
here, the inserted connector opens the through cir-
cuit and connects to the circuit towards the left.

Items 14.7.1 through 14.7.4 show 2-conductor
jacks. The “normal” symbol is applicable to other
types of connectors.

—_—

14.7.1 Jacks with circuit normalled through one way

VI
—0

+

14.7.2 Jacks with circuit normalled through both ways

R
—TT

14.7.3 Jacks in multiple, one set with circuit normalled
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