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Fabrication of Airborne Electronic Equipment
Color Balance for Television
A Triode Useful to 10,000 Mc¢

Equalizing Network for Feedback Control
Systems

Radio Scattering in the Troposphere
Bidirectional Diode Gates

Base-Contact Overlap of Junction Transistors
Traveling-Wave Tube Experiments

Radiai Line Discontinuities

FM Interference Rejection

Beam Focusing by Periodic Fields

Charging and Discharging Nonlinear Capaci-
tors

Displacement of Zeros Due to Parasitic Dis-
sipation

Wave Scattering by Wires and Plates
Electrical Analog for Waveguides

Color television receivers require a greater variety and number of controls than
do black-and-white sets. Shown in front of the test pattern above is a complete
set of color TV controls, many of them mounted in pairs on concentric shafts
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OUR 10 MILLIONTH MILITARY UNIT SHIPPED THIS YEAR

Military Components
FOR EVERY APPLICATION

A HUNDRED STOCK UNITS inour catalog B...30,000 special designs (qg,,' ‘}
U
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AUDIO
COMPONENTS

UTC military audio units range from
1 ounce subminiatures to high power
modulation transformers, Standard,
high fidelity, sub-audio, and super-

sonic types.

b

.

FILTERS

UTC filters, equalizers and discrimi-
nators are produced in designs from
.1 cycles to 400 mc. Carrier, aircraft,

— and telemetering types available in
e —— ’ standard designs.
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ENCAPSULATED PULSE

UNITS TRANSFORMERS

8 years of encapsulaticn experience

assure maximum reliability in this UTC pulse transformers cover the

class of UTC material.
range from molded structures weigh-

MOLDED

UNITS ing a fraction of an ounce to high
UTC molded units range from % oz. ok
miniatures to the 100 Ib. 3 phase power moculator applications.

unit illustrated.

MINIATURIZED
COMPONENTS  on

UTC H-30 series audios are the small-
est hermetic types made. Class A, 8,

and H power components of maximum

miniaturization are regular produc- TN‘
tion at UTC.

A";W(\p

HIGH Q
COILS

Unequalled stability is effected

in UTC high Q coils thru special

processes and materials. Toroid,

mu-core, and variable inductors

are available to military standards.

UNITED TRANSFORMER CO.

150 Varick Street, New York 13, N. Y. EXPORT DIVISION: 13 E. 40th St., New York 16, N. Y. CABLES: “ARLAB"




Blun Now
for _the

I R E National Convention
an

d
RADIO ENGINEERING SHOW

March 21-24
New York City

National Convention

Once again, you'll soon have the

opportunity of appraising all of ,;l < At both the Waldorf-Astoria (con-
. F vention headquarters) and Kingsbridge Armory, you'll
the important new developments ; I attend what actually amounts to 22 conventions fused
of the pas? year in radio and elec- - I}] i into one. Hundreds of scientific and engineering pa-
tronics. In 4 d § March 21 ) ;U; idl‘i pers will be presented during the many technical
ronics. In ays, from marc 1 K i) sessions, a large number of which are organized by
through 24, the IRE National Mlagigan X I R E professional groups. You'll meet with the indus-

. . . ; — try’s leaders—enjoy the finest meeting and recrea-
Convention and Radio Engineer and tional facilities in New York.

ing Show will give you the com-

plete picture of significant R d'

developments in the industry a Io

achieved during the past year. n ]
Engineering Show

You’ll hear the presentation of

scientific and engineering papers ) At the I_(ingsbridge Armory and
of vital interest to you, carefully 3 5 Kingsbridge Palace, you'll walk t‘hrough
arranged into related groups of - =, AR a vast panorama of over 700 exhibits, displaying the

.g . group S . LAs N AT // latest and the newest in radio-electronics. You'll talk
technical sessions. T shop with the industry’s top manufacturers —enjoy

the conveniences provided for you in the world’s finest

TN exhibition halls, easily reached by subway and special
You’ll see more than 700 exhibits T

in a 4-acre panorama of all that's
new in the radio and electronics
field, at Kingsbridge Armory and
at Kingsbridge Palace.

Admission by registration only. $1.00 for I R E mem-
bers, $3.00 for non-members. Social events extra.

The Institute of Radio Engineers
1 East 79 Street, New York

The Institute

of Radio Engineers
1 East 79th Street,
New York- City

Proceepings ofF THE L.R.E. January, 1955, Vol. 43, No. 1. Published monthly by the Institute of Radio Engineers, Inc., at 1 East 79 Street, New York
21, N.Y. Price per copy: members of the Institute of Radio Engineers $1.00; non-members $2.25. Yearly subscription price: to members $9.00; to non-
members in United States, Canada and U.S. Possessions $18.00; to non-members in foreign countries $19.00. Entered as second class matter, October
26, 1927, at the post office at Menasha, Wisconsin, under the act of March 3, 1879. Acceptance for mailing at a special rate of postage is provided for
in the act of February 28, 1925, embodied in Paragraph 4, Section 412, P. L. and R., authorized October 26, 1927.

Table of Contents will be found following page 80A
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gives you:

® A wide band sweep with choice of two center
frequencies for aligning radar IF amplifiers.

® Provides variable marker and choice of
eight narrow, pulse-type, crystal-controlled

markers.

The RADALIGNER is a two-band sweeping oscillator, for use in conjunction
with an oscilloscope, to determine the frequency response characteristics of
circuits in the HF and VHF (range 310-90 mc). To identify specific frequencies,

the RADALIGNER

includes any eight specified narrow crystal-controlled

markers and a single variable marker covering both sweeping oscillator
ranges. On special order, up to two crystal-controlled CW oscillators may be

provided in the equipment.

FEATURES:

Entire bandpass of any equipment in the 10-90 me range may be checked

instantaneously.

Individual marker circuits provide marks independent of test circuit

characteristics,

Sweeping oscillators completely electronic, with no mechanically-

driven elements.

Phasing problems eliminated by using single sawtooth voltage for de-
flecting oscilloscope and driving the sweeping oscillator.

SPECIFICATIONS:

Sweep: Regular sawtooth, adjustable
around or synchronized with 60
cps power line.

Frequency Range: Center frequen-
cies may be selected, to your spec-
ifications, at any two points in the
15 to 80 mc band.

Wide Narrow
Sweep Width:

Band Band
Center Frequency

below 30 mc. 4+ Sme -40.5mc
Center Frequency g

above 30 mc: +10me 4-1.5me

Amplitude Modulation While Sweep-
ing: Less than 0.05 db/mec.

RE Output Voltage: 250 millivolts
into 70 ohms.
RF Output Control:
Switched attenuators: 20 db, 10 db
and 3 db.
Continuous attenuator: approxi-
mately 6 db.

Markers: Fixed—Eight, narrow pulse

type, crystal-controlled markers,
positioned at customers' option.
Available singly or in any combin-
ation through individual switches,

Variable—Frequency continuously
variable throughout selected
Sweep ranges. Frequency calibra-
tion accurate to within 0.5%.

Marker Output Voltage: Positive
pulse, approximately 10 volts peak.

Marker Output Control: Continuous-
ly variable, zero to maximum.,

Power Requirements: 105 to 125
volts; 50-60 cps. approx. 110 watts,

Dimensions:  With standard rack
mounting panel, 10!%" high x 19*
wide x 1615 deep. With cabinet,
12" x 28" x 17,

Weight: 50 lbs,

Catalog No. 511-A.

Price: $795.00 (rack-mounted), f.0.b.
factory. Cabinet $35.00 extra.

WRITE FOR 1954-55 CATALOG

KA

PRECISION TEST AND MEASURING INSTRUMENTS FOR LABORATORY, PRODUCTION AND FIELD

ELECTRIC COMPANY

14 MAPLE AVE, . CAldwell 6-3000 . PINE BROOK, N. J.

|

WHEN WRITING TO ADVERTISERS PLEASE MENTION — PROCEEDINGS OF THE IR.E.

Meetings with Exhibits

4 <
Wi\
@ As a service both to Members and the
industry, we will endeavor to record in
this column each month those meetings of

IRE, its sections and professional groups
which include exhibits.

A

February 10, 11, 12, 1955
Seventh Annual Southwestern IRE
Conference, Baker Hotel, Dallas,
Texas
Exhibits: T. W. Sharpe, Collins Radio
Co., 1930 Hi-Line Drive, Dallas 2.

March 1-3, 1955
Western Joint Computer Conference
and Exhibition, Hotel Statler, Los
Angeles, Calif.
Exhibits: Mr. William L. Martin, 5230
Norwich Ave., Van Nuys, Calif.

March 21-24, 1955

Radio Engineering Show and LR.E.
National Convention, Kingsbridge
Armory and Kingsbridge Palace, N.Y.C.

Exhibits: Mr. William C. Copp, Institute

of Radio Engineers, 1475 Broadway,
New York 36, N.Y.

April 27.29, 1955
Seventh Regional Technical Confer-
ence & Trade Show, Hotel Westward
Ho, Phoenix, Ariz.
Exhibits: Mr. George McClanathan, 509
East San Juan Cove, Phoenix, Ariz.

May 9-11, 1955
National Conference on Aeronautical
Electronics, Biltmore Hotel, Dayton,
Ohio
Exhibits: Mr, William Klein, 1472 Earl-
ham Drive, Dayton, Ohio

May 18-20, 1955
National Telemetering Conference,
Morrison Hotel, Chicago, III.
Exhibits: Mr. Kipling Adams, General
Radio Company, 920 S. Michigan Ave.,
Chicago, Il

May 1921, 1955
Armed Forces Communication Asso-
ciation Global Communications
Conference, Hote] Commodore, New
York, N.Y.
Exhibits: Mr. William C. Copp, 1475
Broadway, New York 36, N.Y.

Aug. 24-26, 1955
Western Electronic Show & Conven-
tion, Civic Auditorium, San Francisco,
Calif.
Exh‘bits: Mr. Mal Mobley, 344 N. La-
Brea, Los Angeles 36, Calif.

Sept. 12-16, 1955
Tenth Annual Instrument Conference
& Exhibit, Shrine Exposition Hall &
Auditorium, Los Angeles, Calif.
Exhibits: Mr. Fred J. Tabery, 3443 So.
Hill St., Los Angeles 7, Calif.

Working committeemen on IRE groups con-
ducting meetings with exhibits are in-
vited to send data to this column.
Address IRE Advertising Department,
1475 Broadway, New York 36, N.Y.

January, 1955



THIS IS IT!

This is the actual size
of the newest, small-
est Blue Jacket —
ready now to help
solve your produc-
tion problems!

NEW...a 3-watt

miniaturized axial-lead wire-wdund resistor

This power-type wirc wound axial-lead Blue Jacket is hardly

larger than a match head but it performs like a giant! 1t’s a

rugged vitreous-enamel coated job—

and like the entire Blue Jacket family, ?:::G:é wl:V':gE ?'“:f:ﬂ?':,s ;2:"5‘;:‘:?5

it is built to withstand severest humid-

ity performance requirements. 151E 3 % % 10,000
Blue Jackets are ideal for dip-sol- 27E 5 i % 30,000 ¢

dered sub-assemblies . . . for point-to- =

point wiring . .. for terminal beard

mounting and processed wiring boards. They're low in cost,

eliminate extra hardware, save time and labor in mounting!
Axial-lead Blue Jackets in 3, 5 and 10 watt ratings are

available without delay in any quantity you require. * *

18E 10 13 e 50,000

Standard Resistance
Tolerance: =5%

WRITE FOR ENGINEERING BULLETIN NO. 111B

SPRHGU%-

SPRAGUE ELECTRIC COMPANY - 235 MARSHALL ST. * NORTH ADAMS, MASS.

PROCEEDINGS OF THE I.R.E. January, 1955 3A



FOR TV...IT DODGES gk
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Radio Relay station on route between Chicago, 111.,
and Des Muoines, lowa. Ecery fifth or sixth relay-
ing tower is a control station, where high-speed

There’s no way to stop atmospheric changes that
threaten television with “fade.” But, for TV that
travels over Bell's Radio Relay System, Bell Lab-
oratories engineers have devised a way to side-
step Nature’s interference.

When a fade threatens — usually before the
viewer is aware—an electronic watchman sends
a warning signal back by wire to a control station
perhaps 200 miles away. An automatic switching
mechanism promptly transfers the picture to a

BELL TELEPHONE LABORATORIES

Improving telephone service for America provides careers for creative men in scientific and technical fields.

switching equipment enables a TV picture to skip
out of a troubled channel and into a stand-by
protection channel faster than the eye can wink.

clear channel. The entire operation takes 1’500
of a second. When the fade ends, the picture is
switched back to the original channel.

This is an important addition to the automatic
alarm and maintenance system that guards Bell’s
Long Distance network for television and tele-
phong calls. It marks a new advance in Bell
Laborgtgries’ microwave art, developed to make
your Long Distance telephone service, and your
TV pictures, better each year.
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A new precision instrument
—the 501 Time Rate Indicator—
combining speed and accuracy
with direct numerical readout
through its entire 10 Mc./sec.
range. Compare these
features against your counting
or time-rate measurement
possibilities:
frequency measurement to 10 M:./sec.;
20 millivolt sensitivity
=% 1 count £0.3 ppm per month
absolute accuracy
Automatic decimal point
Remote, local, continuous or manvual
measurement cycle cortrol
Measures directly:
Frequency, Period, Elapsed Time,
Ratio of two Frequencies.
Dimensions: 194" w x 15” b x 18" d

Inquiries on export sales should be
addressed to:

|5 ) ANDREW S. SZUCS, Inc.
50 Broad Street, New York 4, N, Y.

l

Creative developments in the field of electronics . . .

LABORATORY for ELECTRONICS, Inc.

75 PITTS STREET, BOSTON 14, MASSACHUSETTS

PROCEFEDINGS OF THE IL.R.E. January, 1955
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fi ratio
your quality
insurance

® 21 INSPECTORS to each
100 production workers—
a 1 to 5 ratio.

@ ALL units thoroughly
inspected on exacting
custom equipment.

® UNIQUE inspection procedure
for each application.

EXTREME MANUFACTURING ACCURACY

® EVERY gear cut with an AA hob and
rolled against a master.

e EVERY final grind on every shaft run
through a Sheffield comparator set by
“j0"”" blocks.

e EVERY bearing bore checked with an air
gauge and XX plug gauge.

A wide variety of rotating electrical components for

etectramc and arrborne applications . . . designed and
produced to your specifica-
tions. Send your requirements
to OSTER design engineers.
Wnte for “The Oster Story of

s Quahty’ today,

MANUFACTURING CO.
AVIONIC DIVISION
RACINE, WISCONSIN

Your Rotating Equipment Speeialist

AT UL 40 SONIFITI0Nd —— NOILNAW ISVIATA SYASILATAAY OL HNILINM NIHM




how to stop an h-blast

WANTED: a camera to stop the action of
a nuclear explosion at a pre-selected
microsecond, with high quality image-
definition .. . that was the problem
handed by the AEC and its Los Alamos
Scientific Laboratory to the Boston firm
of Edgertor, Germeshausen & Grier,
Inc. EG&G solved it by inventing the
non-mechanical Rapatronic shutter ...
employing the Faraday Effect of mag-
netically rotating the plane of polarized
light as it traverses an optical element
...and relying on HELIPOT* precision
potentiometers and DUODIAL* turns-
counting dials for sensitivity setting and
calibration.

A light-pulse from the blast falls on a
photocell . . . generates a signal that
passes through a variable time-delay to
trigger a condenser-discharge circuit. ..
releasing energy which surges through
a coil wound around a lead-glass lens.
The resulting magnetic field rotates po-
larized light from the blast as it passes
through the lens. .. effecting a one-
microsecond exposure.

PROCEEDINGS OF THE LR.E.

Sensitivity of the photocell circuit is
controlled by a standard-linearity
Model A 10-turn HELIPOT, calibrated
with a Model RB puopiaL. Time-delay
from photocell pick-up to shutter oper-
ation . . . continuously variable from 0
to 100 microseconds . .. is controlled
by a Model A 10-turn HELIPOT of 0.1%
linearity, calibrated with a Model W10
DUODIAL.

The coil of the HELIPOT is wound with
more than 10,000 turns of resistance
wire . . . the DUODIAL is settable to a

e e e e S a e
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fraction of any of its thousand scale-
divisions . . . and the Rapatronic shut-
ter can be tripped at any preselected
fraction of a microsecond.

For complete details of this and other
HELIPOT applications, write for Data
File 102

B @

MODEL A HELIPOT W10 DUODIAL

. t
I p 0 first in precision potentiometers

Helipot Corporation/South Pasadena, California
Engineering representatives in principal cities

a division of BECKMAN INSTRUMENTS, INC.

January, 1955
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TRIAD
INSTRUMENT
TRANSFORMERS

POWER SUPPLIES

« « « Very High Frequencies

RADIO INTERFERENCE
and FIELD INTENSITY *

measuring equipment

AILABLE FROM STOCK

Triad Transformers
ESPECIALLY DESIGNED for
regulated supplies employ

multiple static shields,
isolated filament windings,
special values of high
voltage, and low flux
density, to insure

optimum performance.

Stoddart nm-30A . 20mc to 400mc

Commercial Equivalent of AN/URM-47

IPRINTED CIRCUITRY. .. Modern printed circuits offer many advantages over con-
iventional wiring, lighter weight, more compact units and freedom from many of
he troubles normally encountered in conventionally-wired electronic equipment.
Wibration becomes even less of a problem with printed circuits, adding to the many
portable features already available with Stoddart equipment.

ADVANCED DESIGN . . . Specialized engineering and modern production techniques
ave produced one of the most advanced instruments for the accurate measurement,
Goolysis and interpretation of radiated and conducted radio-frequency signals and :
ferference ever manufactured. Designed to laboratory standards, rugged, and ]
fvith matchless performance, the versatile NM-30A is an outstanding example of

T i H H Plate Supply

odern instrumentation. lts frequency range includes FM and TV bands. e —— ) Filament Windings

DMALLER SIZE ... A wider frequency range and higher standard of performance _No.  Price  ACVolls DCMa Volts and Amperes
incorporated into an equipment whose size is one-third that of any similar equip- R-TOA 1125 880 C.T. 51 foveen Sgv.an

Qent ever manufactured.

NSITIVITY. . . Sensitivity ranges from one to ten microvolts-per -meter, depending )
bpon frequency and antenna in use. R-28A 3250 1250 C.T. 300 63CT-8A  63V.3A

R-26A 2150 880-720 C.T. 200 63CT.-8A 63V.-3A,
63V.-1A SV .3A

JAPPLICATIONS . . . Field intensity surve s, antenna radiation pattern studies, inter- - Savess pVeAS
y H v 4 3 aAn0 P 9 R-4 1250CT. 350 SV.-4A 6 3v-5A
gerence location ond measurement for checking radiation from virtually any B | o AN ol o eV A,
Smechanical or electrical device capable of generating or radiating radio-frequency 6.3V.-1A
Msignals or interference. R-46A will supply 550 V. D.C. using 2 SR4G rectifier tubes, chohe input.
| Will also supply 130 V. for bias using Selenium rectifier.
toddart RI-FI* Meters cover the frequency range 14kc to 1000mc | Rez7a 4s00 150087 400 5V-64 a3
HF nm-208, 150ke to 25mc UHF
1 -'10A, 14ke to 250ke Commercial Equivolenf. of NM-50A, 375mc to 1000mc
mercial Equivalent of | AN/PRM-1A. Self-contained | Commercial Equivalent of >
URM-6B. Very fow frequen- batteries, A.C. supply optional. AN/URM-17. Frequency range Write for
Includes standard broadcast | inclydes Citizens band and
. band, radio range, WWYV, and UMF color TV-band. catalog TR-54H
- communications frequencies. |
Has BFO. I |

STODDART AIRCRAFT RADIO Co., Inc. [l J fAIRDY

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

ice, Calif.

8A WHEN WRITI G TO ADVERTISERS PLEASE MENTION — PROCEEDINGS OF THE 1.R.E January, 1955



.. » ONE source
to meet all your
Fuse Needs!

PROCEEDINGS OF THE I.RE.

January, 1935

TRUSTWORTHY NAMES IN
ELECTRICAL PROTECTION
Address

- 1RE

CONSISTENT PIONEERING in the develop-
ment of fuses that meet the most exacting
standards has helped BUSS keep apace with
the Electronic Industries expanding need for
fuses.

The complete BUSS line of fuses includes:
— dual-element (slow blowing), renewable
and one-time types . . . in sizes from 1/500
ampere up . . . plus a companion line of fuse
clips, blocks and holders.

It's convenient to get all your fuses from
one source. Purchasing, stock handling and
records are simplified.

And to make sure that the BUSS reputation
for quality is maintained, every BUSS fuse
normally used by the Electronic Industries is
tested in a sensitive electronic device that
rejects any fuse not correctly calibrated,
properly constructed and right in all physical
dimensions.

If you are designing a new device — or have
a special problem in electrical protection —
BUSS may be able to save you considerable
engineering time. To help you determine the
right fuse or fuse mounting for the job, BUSS
places at your service the world’s largest fuse
research laboratory and its staff of experienced
engineers.

MAKERS OF A COMPLETE LINE OF FUSES FOR HOME,
FARM, COMMERCIAL, ELECTRONIC AND INDUSTRIAL USE

For More Information Mail this Coupon v

BUSSMANN Mfg. Co. (Div. McGraw Electric Co.)
University at Jefferson, St. Louis 7, Mo.

Please send me bulletin SFB containing facts on BUSS
small dimension fuses and fuse holders.

Name Title

Company.

hed
>



wHEN You sPeciFy ... MAGNETIC SHIELDS

SPECIFY .

f MAGNETICS inc. |

|
|
|
f

HERE'S WHY . ..

Shielding is a vital element in circuit design, and the Mag-
netics, Inc. “Performance-Guarantee™ on yvour shields is
your assurance that they have been designed and manu-
factured to meet your performance specifications. You then
know, whether your shields have been made frem Mumetal,
AEM. 1750, or from any other commercially available
magnetic or non-magnetic material sclected to meet your
needs, they will make money for you on the assembly line
by eliminating waste.

You also know that these Performance-Guaranteed Mag-
netic Shickls cost no more—indeed, despite the fact that you
have a guarantee of performance, they are sold at prices
standard in the industry. Let our Engineering Department
design your shields and production engineer to your cost
requirements . . . one more important Magnetics, Inc. serv-
ice 10 our customers.

How Do You Like Your Shields? . . .

Painted, lacquered . . . or unfinished? Painted . . . to match
any equipment shade you select? From any commercially
available material to meet your performance and cost
needs? That's exactly how they're furnished by Magnetics,

Inc. . . . to meet your specifications.
WANT THE COMPLETE STORY? F“-/",.;’TT',‘F'T., e
Write us . . . on your company By e LT
letterhead . . . we'll be dclighted
to answer your questions. No obli- m”G”ErIcs IIID
. ; A gation, of course. . . . %7 j
° _ TN i A
: ¥ - . A\ DEPT. |-14 BUTLER, PENNSYLVANIA

10A WHEN WRITING TO ADVERTISERS PLEASE MENTION — PROCEEDINGS OF THE L.R.E. January, 1955



Presenting (» AC-4A

DECADE COUNTERS

120 kc counting rate
Will operate recorders

Low cost, high reliability

Write for details

HEWLETT-PACKARD COMPANY
3218D Page Mill Rd. * Palo Alto, Calif., U.S.A.
Export: 275 Page Mill Road, Palo Alto, Calif.

Cable: '"HEWPACK"

Sales engineers in all principal areas

1

The unique design of -hp- AC-4A
) Counters enables these remarkable units to

establish new standards of reliability while
offering the convenience of continuous
counting to 120 kc. Etched circuits give
excellent balance and uniform incidental
capacities for the high 120 kc counting
rate. A staircase output voltage propor-
tional to count is available to operate re-
corders or external equipment using coin-
cidence detectors. The circuit is completely

Brilliant numerals

Labeled, etched circuits
Low temperature operation
Fits all standard counters

Ideal for special

purpose applications

visible, accessible, labeled and arranged
diagrammatically. Mechanical layout per-
mits maximum ventilation—lower temper-
atures and longer life. Optically engineered
illuminated numerals are clear, bright, easy
to read under all conditions.

-hp- AC-4A Countersare recommended
replacement units for -hp- 522 and 524
series Electronic Counters; and are ideal
for experimental and special applications.

SPECIFICATIONS

Counting Rate: 120 ke max.

Double-Pulse Resolution: 5 jisec

Input: Approx. 80 v neg.; 1 Hsec rise
time

Output: Approx. 80 v neg. to drive suc-
ceeding counter

Reset: To 0 or @

Staircase Output: 135vat 0, 55 v ot 9.
Internal resistance 700 K

Size: 5% " deep, 1%, wide, 6'" high.
Weight 1 Ib,

Mounting: Stondard. Fits octal socket

Price: $45.00.

Data subject to change without notice. Prices f.o.b. factory

INSTRUMENTS Complete Coverage

PROCEEDINGS OF THE I.R.E.

January, 1955
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Standard
of the

Industry =

()-max

A-27
RADIO FREQUENCY
LACQUER

.__\..LUE. AR == mrteirerad A

< its Properties, Applications
A and Suggestions for Using

i

I'# |

asnialon Pt Compaop Juc 'ﬁl’

e ——
Write today for the new Leading manufacturers specify Q-Max—the finest coil
Q-Max bulletin containing lacquer for VHF and UHF service. Q-Max is practically loss-

lete application data. . : AT .
e T i free, seals out moisture, increases rigidity and electrical

stability, adheres to practically any material, dries fast!

124 WHEN WRITING TO ADVERTISERS PLEASE MENTION - PROCEEDINGS OF TIHE I.R.E
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N E w-’ Two more PLUG-IN UNITS for
Tektronix type 531 and 535 Oscilloscopes

A new micro-sensitive preamplifier,
Type 53E...2and a new wide-band
differential preamplifier, Type 53G
... greatly expand the working range
of Type 531 and Type 535 Oscillo-
scopes. Application areas entered with
these new plug-in units ordinarily require the acquisition of
cumbersome auxiliary equipment or separate specialized
oscilloscopes. But you can equip your Type 531 or Type 535
for either or both types of work for just the cost of the
plug-in unit... without loss of performance in its other appli-
cations. Your Type 531 or Type 535 becomes potentially
more useful to you each time Tektronix announces a new
plug-in unit,

Type 53E Low-Level
Differential Preamplifier

50 microvolt/cm to 10 milli-
volt/cm calibrated sensitiv-
ity. Frequency response, 0.06
cycles to 60 ke. Rejection ra-
tio, 80,000 to 1 for in-phase
signals at full gain. 7uv rms
maximum combined noise
and hum with input grids
grounded at the input con-
nector .............. $165

Type 53G Differential
Wide-Band DC Preamplifier

DC to 10 mc, risetime 0.035

OTHER PLUG-IN UNITS

Type 53A —DC to 10 mc, 0.035 usec risetime; 0.05 v/cm to 50 v/cm,

psec. 0.05 v/em to 20 v/cm calibrated .. ... $85
calibrated sensitivity. Sepa- Type 53B — Same as Type 53A with additional calibrated ac-sensitivit

Y
rate step attenuators for both 105 mv/em o $125

inputs. Better than 100-to-1
common-mode rejection at full
gain for the entire

passband . ........... $175

Type 53C — Dual-trace unit. Two identical omplifier channels, dc to 8.5 me,
0.05 v/ecm 1o 50 v/cm. Electronic switching triggered by oscilloscope
sweep...or free running at about 100 ke ............000uvo. ... $275

Type 53D — Differential input, high gain. DC to 350 kc at 1 mv/em —
passband increasing to 2 mc at 50 mv/cm. Full range — 1 mv/cm to
125 0/Em o $145

OSCILLOSCOPE CHARACTERISTICS

Advanced Cathode-Ray Tube Balanced Delay Network
Entirely new metollized crt pro-  0.25 usec signal delay in vertical
vides full 6¢m x 10cm undistorted amplifier.

viewing area...50% more verti-  gengitive Horlzontal Amplifier
cal deflection than previous high- 02 y/cm 10 20 v/cm sensitivity.

sensifivity tubes. 10 kv occeler-
ating potential permits single-
sweep photography at the fastest
sweep speed.

Wide Range of Triggered
Sweeps

0.02 psec/cm to 12 sec/cm, con-
tinvously variable. 24 calibrated
sweeps from 0.1 usec/cm to
5 sec/cm, accurate within 3%.
Accurate 5-x magnification.
Wide-band Qutput Amplifier
DC-coupled amplifier designed
for use with all Type 53-series
Plug-in Units.

Your Tektronix Field Engineer or Representative will gladly
arrange o demonstration at your convenience...call him today.

Tektronix, Inc.

P.O. Box 831B « Portland 7, Oregon
CYpress 2-2611 « Cable: TEKTRONIX

WHEN WRITING TO ADVERTISERS PLEASE MENTION — PROCEEDINGS OF THE LR.E.

Versatile Triggering

Internal or external, with ampli-
tude level selection or automatic
triggering.

Square-Wave Amplitude
Calibrator

0.2 mv 1o 100 v in 18 steps, accu-
rate within 3%.

DC-Coupled Unblanking
CRT Beam Position Indicators
Electronic Voltage Regulation

Write for A-101, free 12-page
specification booklet

TYPE 535

Type 531 — $995 plus price of desired plug-in units.

Type 535 —Same characteristics— plus delayed sweeps.
1 usec to 0.1 sec calibrated delay in 12 ranges, incre-
mental accuracy within 0.2% of full scale. Conventional or
triggered operation....... $1300 plus price of desired
plug-in units. Prices f.o.b. Portland (Beaverton), Oregon.
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MISSILES IN
PERSPECTIVE |

The design and building of guided missiles requires a rare

combination of talents—each in proper perspective.

Fairchild’s Guided Missiles Division, one of the principal
producers of guided missiles, is an organization which has
this perspective. Its engineering teams are skilled in the fields
of electronics and aeronautics—and in the required propul-
sion systems. Its production team has built, in substantial

volume, several fundamentally different missiles.

* are directed by a management which has

These “teams
broad knowledge of missile requirements— and are supported

by a facility built specifically for work on guided missiles.

—a |

Fmizﬁé"ﬁci"i:‘i;
Guiated Mesoiler Deiririsne

WYANDANCH, N. Y.

Other Divisions:

Aircraft Division, Hagerstown, Md.
American Helicopter Division, Manhattan Beach, Calif.
Engine Division, Farmingdale, N, Y.
Kinetics Division, New York, N. Y.
Speed Control Division, St. Augustine, Fla.
Stratos Division, Bay Shore, N. Y.




NEW PRODUCTS

A NEWS and

January 1955

San Francisco Medical
Electronics

Interested members of the medical pro-
fession through the San Francisco Bay
Area are urged to participate directly in
the Professional Group on Medical Elec-
tronics of the San Francisco Section In-
stitute of Radio Engineers through a new
program of affiliate membership presently
being introduced. Doctors in practice and
research capacities are being invited to be-
come affiliate members at a membership
fee of $3.50 which provides the affiliate
with continuing notifications of regional
meetings as well as two important publica-
tions covering papers from the medical
electronics sessions of the 1954 national
convention and including the TRANSAC-
TIONS of the IRE Professional Groupon
Medical Electronics.

Medical people interested can obtain
further information from Lee B. Lusted,
M.D., Chairman of the group, University
of California Hospital, San Francisco 22,
California.

Toroidal Inductors

Freed Transformer Co., Inc., 1713
Weirfield St., Brooklyn (Ridgewood) 27,
N. Y., manufacturer of transformers and
laboratory test instruments, now has
available for immediate delivery a wide
variety of standard and sub-miniature
toroidal inductors.

All types of Freed toroidal inductors
have a standard tolerance of 1 per cent
with frequency ranges up to 200 kc and
inductance values up to 50 HY. They are
available in stabilized and nonstabilized
types.

These sub-miniature toroidal inductors
feature four types covering frequency
ranges from 500 cps to 200 kc with in-
ductance values to 2 HY. These arc sup-
plied cased or uncased. All of these in-
ductors can be supplied in tolerances of
closer than 1 per cent on special order.

For further information on toroids and
the complete Freed catalogs covering
transformers and laboratory test instru-
ments, write directly to the manufacturer.

1955 IRE-AIEE Conference
on Transistor Circuits

The IRE Professional Group on Cir-
cuit Theory, the Science and Electronics
Div. of the AIEE, and the University of
Pennsylvania are jointly sponsoring a Con-
ference on Transistor Circuits, to be held
on Thursday and Friday, February 17 and
18, 1955 at the University of Pennsylvania
in Philadelphia.
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These manufacturers have invited PRO-
CEEDINGS readers to write for literature
and further technical information. Please
mention your L.R.E. affiliation.

Rapid strides have been made in the
transistor art since the last Circuits Con-
ference held in Philadelphia early this
year, and the 1955 Conference will at-
tempt to cover this broad advance. ’apers
dealing with current trends in both linear
and pulse circuit techniques as they effect
various fields of application will be in-
cluded. As in the past, the Conference is
designed to appeal primarily to engineers
working actively with transistor circuits.

Registration material for the Confer-
ence will be ready for mailing early in
January, and details of the registration
procedure will be announced at that time.

Recording Totalizing
Densitometer

Functionally, the Analytrol, Manufac-
tured by Specialized Instruments Corp.,
589 O'Neill Ave., Belmont, Calif., is a
null or unbalanced device utilizing a sys-
tem of two barrier-layer photocells il-
luminated from a single light source. The
material to be scanned is passed before one
of the cells, causing an output current
drop and unbalancing a bridge circuit.
The unbalanced signal is amplificd and
used to drive a motor which interposes a
light-shielding cam in front of the other
photocell until balance is restored. This
same mechanism drives the curve-drawing
and integration pens.

Because of this light-shielding cam
principle, various mathematical functions
can be introduced to accommodate for
differences in response between the optical
density and the actual concentration of
material. Maximum width of the curve-
drawing paper-feed is 12 inches. Maximum
width of the scanned strip is 2 inches.
Maximum height of the finished distribu-
tion curve is 6} inches. The integration
curve is drawn in such a way that every
tenth pip in the saw-tooth configuration
is extended for convenience in counting
and tabulation. The complete instrument
has dimensions of 16§ by 15} by 101
inches; weighs a total of 50 pounds. Op-
eration is from a standard 115-v 50/60 cps
source drawing 125 watts.

Klystron Tube Mount

The Electronics & X-Ray Div., F-R
Machine Works, Inc., 26-12 Burough P1.,
Woodside 77, N. Y., announces the new
Type N761A Klystron tube mount. This
new unit provides safe power connections,
forced air cooling, and shock mounting for
the tube.

The mount was designed particularly
for use at the bench with the 2K 39, 42, 43
and 44 series klystron tubes and all power
supplied through a type P-2410 DB re-
cessed Jones plug. A type N connector,
mounted three inches above the table
level, provides rf power and a neon lamp
indicates when beam voltage is applied. A
protected fan, rated at 200 cubic feet of air
displacement per minute, accomplishes full
rated cooling for the tube. Housing for the
entire mount is made of aluminum and
permits convenient seating of the Klystron
in a shock mounted octal socket. Data
sheet available on request to F-R.

Selenium Rectifiers
and Diodes

\\\\\\ |

o

B

«

1

International Resistance Co., 401 N.
Broad St., Philadelphia 8, Pa., has released
a new 8-page Catalog Data Bulletin SR-
1A, describing their new Microstak Selen-
ium Rectifiers and Selenium Diodes. Com-
prehensive data on construction, applica-
tions, types, ratings, reference curves, spe-
cifications, dc characteristics, and so forth
are given.

(Continued on page 184)
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| Senies 550-RE Atteniaton

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

B e c a U s e /'-'-\;7‘[_‘ / /'L-/’; /] 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

m a k e s t h e m o s t f;?;se ’{rl;z }lxjaéet(:;zzezrg il\n{s(c::-nion loss and a frequency
Standard imped are 50 and 73 ohms, with
complete, the most e e s Rediomse

curacy is within £ 2% at DC. An unbalanced circuit
is used which provides constant input and output

a c c u r a t e l i n e o t impedance. The units are supplied wich either
UG-58/U* or UG-185/U* * receptacles.

ATTENUATORS

in the world!

LSS 0B MPEDAR

|TOTAL‘ STANDARD

RFA* & RFB540°*| 1,2,3,4 DB 50/500 2nd 73/73Q

RFA &RFB 541 | 10,20, 20, 20 DB 70 |50/50Q and 73/73Q

RFA & RFBS42 | 2,4,6,8D8B 20 |50/509Q and 73/73Q

RFA &RFB543 | 20, 20,20, 20 DB 80 |50/500Q and 73/73Q2

e RFA &RFBSS0 | 1,2,3,4,1008 20 |50/50Q and 73/73Q
,_,_ﬂ,-“,m% 3 3 RFA &RFBS5I | 10,10,20,20,2008 | 80 |50/509 and 73/73Q
1o AT CoPanY RFA &RFBSS2 | 2,4,6,8,20 DB 40 | 50/500 and 73/73Q

” .

A1TERATION N DECIRELS —————
3 4 I

A : ~ O

>, ‘, L/}

l 3 These units are now being used in equip-

fr o = mant manufactured for the Army, Navy
S and Air Force.

Write for Catalog Data.

«DAVEN-

195 CENTRAL AVENUE
NEWARK 4, NEW JERSEY
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POWER SUPPI.lES

N [l IMMEDIATE
DELIVERY!

WIDE VOLTAGE RANGE
5-32 volts @ 15 amps. (cont.)

REGULATION: = 1% (a) from
5-32 V. D.C. (b) from 1.5 to 15
amps. (¢) from 105-125 V. A.C.
(Single phase, 60 cps.)

RIPPLE: 1% rms @ 32 V. and full
load, increases to max. of 2%
rms @ 5V, and full load.
RESPONSE: 0.2 Seconds
MOUNTING: Cabinet or 19
Rack Panel WEIGHT: 150 Ibs.
METERS: 44" AM and YM
FINISH: Baked Grey Wrinkle
DIMENSIONS: 22"x17x14,"

Price: $524 w/o cabinet, $549 w/cabinet

MODEL

MR532-15

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

(Continued from page 16A4)

Vector Display Equipment

The Model VDE-3A Vector Display
Equipment announced by the Wickes En-
gineering and Construction Co., 12th St. &
Ferry Ave., Camden 4, N. J., is a com-
pletely rack-mounted vector-display mon-
itoring and test instrument. The Model
VDE-3A displays in vector form the
chrominance components of standard color
bar signals, or the prominent chrominance
components of any composite television
signal. The VDE-3A also checks the ac-
curacy of the color signal, the drift in color
coders and associated equipment, and the
alignment of color coders. Self-calibrating
and checking circuits are incorporated.

All prices F.O.B., El Segundo, Terms: 1%-10 days, ner 20
Phone collect for quantity discounts.

NO TUBES TO REPLACE - LONGER LIFE « WIDE VOLTAGE
RANGE « LOWER MAINTENANCE COST

MODEL

MR1040-30

10 to 40 VOLTS
@ 30 AMPS. (CONT.)

REGULATION: =+
D.C. (b} From 100 to 130 V. A.C. (c) From
3 to 30 Amps. D.C.

RIPPLE: 1% rms .

MOUNTING: Cabinet (or 19" rack panel}
A.C. INPUT: 100-130 V., 1 Phase, 60 Cycles
FINISH: Baked Grey Enamel
RESPONSE: 0.2 Sec.

WEIGHT: 200 Ibs.

METERS: 44, AM and YM

DIMENSIONS: 22"'x15x23"

1% (a) From 10 to 40 V.

Price: $792 w/o cabinet,
$827 w/cabinet

All prices F.C.B., El Segundo, Terms: 1%-10 days, net 30

Phone collect for quantity discounts,

ALSO AVAILABLE: Standard 6 and 115 volt models; Ground and
Airborne Radar and Missile Power Supplies—Prompt De-

livery!

WRITE: On company letterhead for free subscription to technical
periodical PERKIN POWER SUPPLY BULLETIN.

WRITE FOR BULLETIN MA 54
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PERKIN ENGINEERING CORP.

345 KANSAS ST. EL SEGUNDO, CALIF. » ORegon 8-7215

GUARANTEED i
|

The display oscilloscope overlay is ac-
curately calibrated in degrees and ampli-
tude. Vectors are displayed corresponding
to the chrominance components and the
color burst. Also displayed are a calibra-
tion reference circle, and a center dot rep-
resenting a no-signal condition.

The VDE-3A comprises a DK-1 De-
coder and Keyer, a BCO-2 Burst-Con-
trolled Oscillator, an RS-1 Display Oscillo-
scope, and a I’S-2 Regulated Power Sup-
ply. The mounting rack and set of inter-
connecting cables are included.

Capacitor Catalog

A new 4-page catalog (Bulletin GC-1),
describing hermetically sealed high-voltage
glass-encased GC-type paper dialectric dc
capacitors is now available from the Gude-
man Co., 340 W. Huron St., Chicago 10,
Il. Operating temperature of the units
ranges from —55°C to +105°C. Data in-
cludes explanation of catalog numbers,
high altitude application, lead specifica-
tions, ripple voltage and complete engi-
neering specifications. Illustrations consist
of GC45 series, GC46 series, dimensional
drawings, and typical performance curves
for power vs temperature, insulation re-
sistance vs temperature and change of ca-
pacitance vs temperature.

(Continued on page 20A)
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Series No. 1

KOVAR BASES

WITH NICKEL
SILVER CASES

Three electrode her-
metically sealed

Kovar bases supplied
with closures. Lead
lengths and pin lay-
outs as illustrated.
Cases are available
in three types.
Closures are press-
fit to bases.

Series No. 3

COMPRESSION
TYPE BASES
& CLOSURES

WITH NICKEL
SILYER CASES

Compression type
bases available in
two, three and four
lead types. Type TC-3
or TC-3A cases, illus-
trated, can be sup-
plied. Cases are
press-fit to bases.

Series No. 5

COMPRESSION
BASES

WITH NICKEL
SILVER CASES

Available as illustrat-
ed. Cases are press-

fit to bases.

Type TB-6
TRANSISTOR

BASE

AVAILABLE WITH
TC-6 CLOSURE

Type DC-5
GOLD PLATED

With welding projec-
tion. Available as
DC7 without welding
projection.

IN LENGTH &~

6 TC-1A ﬂ’
b plain @ i
1C-1B ?
with hole lo-

&
— I TC-1C 4
= ! — = =
P ‘ i with hole @4

and dimple

ALL CASES .300" g

e} |o2184] fo 155+

K

v

(-:!

1

CASES AVAIL- _ 8
ABLE WITH OR &4,
WITHOUT 6
DIMPLE

TC'3 - ey
wilhdiniple l ‘ %

.300” long =)

1C3An 9§

l plain g\
.340" long & I3
€,

Where Special cases 1%
are required, £} will @
quote on your re- %
quirements on re- &
geipt of your #
rawings or speci- g
fications. @ Q-h-
b

g

®9

1C-5 't @
with dimple l | %
r TC-5A @b

| plain x %Q
TC-58 ‘?

All .325"long & ©

TC-5C

plain .240" long :
0%
W

-

-

TC-6 CLOSURE "
Plain case .300" &
in length.

*PATENT PENDING ALL RIGHTS RESERVED

2

HEADQUARTERS
FOR YOUR
HERMETICALLY
SEALED
MINIATURE

TRANSISTOR

and DIODE
BASES and
CLOSURES®

Electrical Industries is your
dependable source of supply
for all hermetically-sealed
miniature components. Minia-
turized transistor and diode
bases with closures and sealed
components for speciclized re-
quirements can be supplied
quickly and economically. For
samples and quotations on
standard components or recom-
mendations on “‘specials”, call
or write E-[, today!

| ELECTRICAL
with 025" hole — » INDUSTRIES
S

44 SUMMER AVENUE
NEWARK 4, NEW JERSEY

DIVISION OF AMPEREX
ELECTRONIC CORP.

= El ;,.,




&

All Types -
in Stock ) \\

Everything in
Electronics
from ONE RELIABLE SOURCE

Send for
FREE CATALOG
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send for the most widely vsed
Electronic Supply Guide

ALLIED’S 308-PAGE CATALOG

Simplify and speed all your electronic
supply purchases. Order from the 1955
ALLIED Catalog for fast shipment
from the world’s largest stocks

of electron tubes (all types), test in-
struments, audio equipment, electronic
parts (transformers, capacitors,
controls, etc.)—everything in electronic
supplies for research, development,
maintenance and production.

Our expert Industrial supply service
saves you time, effort and money.
Send today for your FREE 1955 ALLIED
Catalog—the complete up-to-date
buying guide to the world’s largest
stocks of quality Electronic Supplies
for Industrial and Broadcast use.

SPECIAL PURPOSE ELECTRON TUBES

WE STOCK all types of RAYTHEON
special-purpose tubes for industrial,
broadcast and government use:
Subminiatures, Reliable Subminiatures,
Reliable Miniatures, Rugged, Crystal
Diodes, Transistors, Radiation
Counter, Rectifiers, Thyratrons,
Voltage Regulators, etc. To save time
and money—phone, write or wire us
—and we’ll have your RAYTHEON
tubes on the way to you in just hours.
Remember, RAYTHEON special-
purpose electron tubes, diodes and
transistors are always in stock

at ALLIED for quick delivery.

ALLIED RADIO

100 N. Western Ave., Dept.35-A-5
Chicago 80, lllinois

ews-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 184)

Hot-Wire Switch Used
as Current Limiter

Thomas A. Edison, Inc., Instrument
Div., West Orange, N. J., has introduced a
new SPST normally closed hot-wire type
of switch for use as a current limiter. It is
designed to limit the current flow in a cir-
cuit to its nominal critical value, and
serves, in a typical application, to protect
the input coils and other components in
radio receivers from over-currents in-
duced by nearby transmitting equipment.
Engineering work has been completed on
one model to operate at 125 milliamperes
with a tolerance of +25.0 ma. Other
models may be developed to higher or
lower operating values.

. .4

This switch is hermetically sealed and
compensated for an ambient temperature
range of 0 to 90°C. [t has been subjected to
60g shock in all directions without damage
or change in calibration, and has passed
the vibration and shock requirements of
BuShips spec. No. 40T-9. It is 9/16 inches
in diameter and 2} inches in length.

Los Angeles Hosts Computer
Conference

The Joint Western Computer Confer-
ence and Exhibit will be held at the Statler
Hotel, Los Angeles, California, on March
1, 2, and 3, 1955, sponsored by the I.R.E.,
A.LE.E., and Association for Computing
Machinery. Pre-registration fee is $2.50
and covers admittance to lectures and ex-
hibits and a copy of the Transactions.
The motif of the Conference is “Functions
and Techniques in Analog and Digital
Computers.” Technical papers and discus-
sions will include descriptions of existing
systems and techniques, methods of match-
ing digital tapes and cards, language and
communication problems between ma-
chines, the possibilities of managerial and
computer systems revision to achieve
rapid and lasting marriage, and new de-
velopments in analog computers and
analog computing methods. The exhibit
will be limited to the products of manu-
facturers who make computers or major
computer sub-assemblies and will be open
during the day and evening hours so that
all may visit. In addition to the technical
sessions and exhibit, there will be evening
field trips to major Los Angeles electronic
firms, a cocktail party and luncheons.

(Continued on page 114A4)
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RAYTHEON MAGNETRONS

AND KLYSTRONS
MEET EVERY FREQUENCY
AND POWER NEED

Two of these tubes just declassified

RK6230/QK299B — tunable
pulse magnetron (8900-9400
Mc), 1 Kw average peak power

filli

|

RK6410/QK338 —
fixed frequency, pulse
magnetron (2750-

I

WHH'HH’IHl']HIIlHnumnm;uw"

VELOCITY VARIATIOl:
REFLEX OSCILLATOR

ified
2racteristics of Unclassif

Tube Types

Ch

reque
Complete data on tube type -available upor T

2860 Mc), 5mega- =
watt average
peak power

Raytheon Manufacturing Com
s P
’ Pouer Tube Diviteos

WarTnam 34

RK2J51 — tunable
pulse magnetron

T

MAGNETRON OSCI LLATORS

Chzractcn'stics of Unclassifieqd
Tube Types

Complete dusty o ube type availapte “pon requess,

Walthiay 34, Massachugessy

H]H“\W (1 TTTTTTTTTTTTTTTT YT

(8500-9600 Mc), 50

Kw average peak

RK597 6—mechanically
tunable klystron (6250-
7425 Mc), average
power 100 milliwatts

(IR

|
I

RK6116 — thermally tuned
ruggedized klystron (8500-
9660 Mc), average power 25 /
milliwatts

(A

i

I

\

RK5721 —klystron tunable with
external cavities from 3600 to
s 10,500 Mc. Average power 125
4 5= milliwatts in the 2% reflector mode

Raytheon also manufactures
transmitting tubes, storage tubes
and square law tubes

ARG

o

CONSOLIDATED DATA BOOKLETS FOR
RAYTHEON MAGNETRONS & KLYSTRONS

WRITE FOR YOUR COPIES TODAY

These valuable data booklets, which
we will be glad to send you, list most
principal unclassified types now
manufactured — give maximum rat-
ings, typical operating values, fre-
quency ranges. Indispensable to
every microwave engineer’s file.
Raytheon is the world’s largest pro-
ducer of CW and pulse magnetrons,
many tunable mechanically or elec-
trically. A compact, efficient source of

WRITE TODAY for your data booklets.

power, magnetrons are being used in
an ever increasing number of appli-
cations.

Raytheon klystrons, which can be
tuned mechanically or thermally, fit
the widest range of requirements with
tubes available from 550 to 60,000 Mc.

Please feel free to call on us for
Application Engineering Service on
your microwave problems. There is,
no cost or obligation.

Please

address Raytheon Manufacturing Co., Power
Tube Sales — Section PL-10, Waltham 54,
Mass., or telephone Waltham 5-5860, Ext. 2443.

Raytheon Manvfacturing Company, Power Tube Division, Waltham 54, Mass.

PROCEEDINGS OF THE I1.R.E. January, 1955
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CUT CORES
TOROIDAL
SQUARE
RECTANGULAR

Anything You May Need in

—— e T - T . s S g il 3 e —

TAPE-WOUND CORES

RANGE OF MATERIALS

Depending upon the specific
properties required by the applica-
tion, Arnold Tape-Wound Cores
are available made of DELTAMAX
... 4-79 MO-PERMALLOY . ..
SUPERMALLOY . .. MUMETAL
... 4750 ELECTRICAL METAL...
and SILECTRON.

RANGE OF SIZES

Practically any size Tape-Wound
Core can be supplied, from a frac-'
tion of a gram to several hundred
pounds in weight. Toroidal cores
are made in twenty-seven standard
sizes with protective nylon cases.
Special sizes of toroidal cores—and
all cut cores, square or rectangular
cores—are manufactured to meet
your individual requirements.
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RANGE OF TYPES

In most of the magnetic materials
named, Arnold Tape-Wound Cores
are produced in the following
standard tape thicknesses: .012",
.004”, .002", .00 1",, .0005”, or

.00025", as required.

For complete details, write for Bul-

Jetins TC-1014 and SC-107.

Applicitions

Let us help with your core prob-
lems for Pulse and Power Trans-
formers, 3-Phase Transformers,
Magnetic Amplifiers, Current
Transformers, Wide-Band Trans-
formers, Non-Linear Retard Coils,
Reactors, etc.

ADDRESS DEPT. P-51

WAaD B463

Tﬂ}: ARNOLD ENGINEERING COMPANY

SUBS!DIA&Y OF M.I.EGHENY M‘DI.UM STEEL GO%MON*
Generol Office & Plant: Marengq, %dn
~ DISTRICT SALES OFFICES . . . New York: 350 Fifth Ave.

" Los Angeles: 3450 Wishire Bivd.  Boston: AM

January, 1955



+

Microwave

;Ls.l‘

‘ WRITE FOR

NEW CATALOG

Address reo-
quests for your
copy of the
new eatalog to
Department
R-1 = no obli-
ratlom,

PROCEEDINGS OF THE I.R.E.

LS.

When you test,
- use the best=

oulput constant for slew variation in
r-f power source; low input noise level
of 0.03 microvolts; wide YSWR ranges
of 1:1.3, 1.3, 3:10, 10:30, ond 30:100;
grealer accuracy because VSWR scale
on meter is linear.

January, 1955

TYPE 275 VSWR AMPLIFIER -
Featuring high geoin; A.G.C. to maintain

MPONENTS

Y PRD offers a complete line of test equipment
" for precise measurements in the Microwave region.

This equipment, the finest obtainable anywhere,

includes Frequency Measuring Devices, Signal

Sources and Receivers, Attenuators and Terminations,
Impedance Measurement and Transformation

Devices, Detection and Power Measurement

Equipment, Bolometers and Accessories.

QUALITYV WV VV VWV VWV VNV
DEPENDABIITYVV/VVVVVVVVV
ACCURACY\ V'V V'V VWV VNN

TYPE 250-A BROADBAND PROBE — Frequency
range of 1 to 12.4 Kmc/s; two tuning knobs permit
precise adjustment for maximum power transfer from
the probe tip to the crystal or bolometer detectory
third knob controls depth of probe tip insertion.

SLOTTED SECTIONS—The mechanical and electrical
design of PRD slotted sections emphasizes these im-
portant features: Instrument accuracy assured indef-
initely by virtue of three bearing carriage suspension
to minimize wear; waveguide section mochined from
solid oluminum alloy stock, to avoid worpage no
costings are used.

G0 507%

RESEARCH

& DEVELOPMENT CO., INC.

{ I' 202 TILLARY STREET, BROOKLYN 1,

NEW YORK — Ulster 2-6800
CHICAGO SALES OFFICE:

k 1 SO. NORTHWEST HWY., PARK RIDGE, ILLINOIS — TAlcot 3-3174

LOS ANGELES SALES OFFICE:
741Y; NO. SEWARD ST., HOLLYWOOD 38, CAL.-—HOllywood 5-5287
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RAYTHEON FLAT PRESS SUBMINIATURE TUBES provide freedom from
catastrophic glass failures. The Flat Press is your Seal of Reliability.

Raytheon has 15 years experience in manufacturing over 10,000,000 Flat
Press Subminiature Tubes.

The Record shows:

Operation Life. Only 0.0017% glass failures per hundred hours life —
only one failure per 6,000,000 tube hours in 4,200 Raytheon Flat Press Sub-
miniature Tubes operated for 10,000 hours each during the past nine years
as part of Raytheon’s quality control procedures.

Shelf Life. Less than 0.05% failures for glass envelopes and seal defects out
of 151,600 Raytheon Flat Press Subminiature Tubes subjected to six years of
shelf life. No other known tube design has equalled this performance.

RAYTHEON'’S FLAT PRESS SEAL sealed into the glass thus eliminating
offers these time-proven advantages over once of the major sources of button
conventional miniature tube metal-to- cracks.
glass scals. e Flexible leads on Raytheon’s Flat Press
e Longer length of lead sealed to glass. Subminiatures permit socketing with-
e The lead material matches the coeffi- out stressing the glass seal.
cient of expansion of the glass through- e This eliminates glass button fatigue
out the entire seal length. No nickel is failure.

WHEN WRITING TO ADVERTISERS PLEASE MENTION — PROCEEDINGS OF TIHE I.R.E.
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Note these advantages over subminiature button types:

,Longer glass to metal seal

Glass heated only once

/ — no button
ey — no glass strain
VA — no lead burning

Reentrant seal eliminates
breakage from short bends

Leads completely tinned
/right to glass seal by
dipping in hot solder pot —
an automatic glass strain
test — no lead corrosion

Flat press with in-line lead
arrangement means easier
socketing, easier wiring, and
adaptability to printed circuits

* Raytheon makes all varieties of reliable, high
quality tubes yet countless users testify that none

have the reliability of Raytheon Flat Press Sub-

miniature Tubes with the Seal of Reliability.

RAYTHEON MAKES ALL THESE
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. . . and this amazing sensitivity is only
one of many outstanding characteristics of the
entirely new DuMont Type 324 cathode-ray
oscillograph. New standards of stability,
' low noise and hum level assure full use of the
N ,“ R /L Type 324 for d-¢ to 300 ke measurements even in
. the microvolt region. Furthermore, the Type 324
is completely calibrated to read time and amplitude
directly. There are so many features incorporated
in this new instrument we can’t begin to give you
the whole story here. Write us for complete specifications,
or better still, ask for a demonstration of the

NEw DUMONT TvPE 324

For further information write to:
Technical Sales Department - ALLEN B. DU MONT LABORATORIES INC. 760 Bloomfield Ave., Clifton, N. ).
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Aetual Seze
SIZE 10 HAetwal Sze Hetual S¢ze
937" diameter SIZE 11 SIZE 15
1,062" diameter 1.437" diameter

m CLIFTON PRECISION now offers these high accuracy, low
I : weight synchros in practically every type of size 10, 11 and

I 15 as stock, off-the-shelf items for immediate delivery.

Also, virtually any variation of these same units is obtain-
able. For example:

® Synchros wound to customer’s specific requirements

© Special shaft lengths and shapes

® High impedance units

® Feed back windings

® Special core materials

® Linear generators
For customer’s special application:

® Flux valve couplers—very low flux levels

® 30« to 5000 use (phase shifters)

® sawtooth wave use—usable up to 100,000« or higher with special windings

© Computer elements with high accuracy, high linearity
Although we are prepared to serve your special needs, we
urge the use of standard units wherever possible for speed
of delivery and economy to you.

SEa

SIZE 22

2.161* diameter

Waon oo om con an om e con e on S oo o=

For full information, drawings etc., write or telephone:
T. W. Shoop, Sales Mgr., Clifton Heights, Pa. MAdison
! 6-2101 (Suburban Phila.)
West Coast Rep. Wm. J. Enright, 988 W. Kensington
Rd.;, Los Angeles. MUtual 6573,

PROCEEDINGS OF THE I.R.E. January, 1955 27A



COMPLETELY
SELF-CONTAINED
FIELD TEST INSTRUMENTS

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.

MODEL

912-4
1217-4
1723-4
23354
3545.4
4458-4
5882-4

FREQUENCY RANGE ACCURACY

900-1200
1200-1700
1700-2300
2300-3500
3500-4500
4400-5800
5800-8200

ILLUSTRATED
BULLETINS
SENT ON
REQUEST

MC
MC
MC
MC
MC
MC
MC

SPECIAL
CAVITY
DESIGNS

01,
029,
.02,
.02%,
.01%,
01,
.01,

Frequency Standards maintains
complete facilities for the de-
sign and manufacture of Refer-
ence Cavities, Preselector Cavi-
ties, and Filters to customers'
specifications or blueprints. Our
facilities also permit quantity
production of complex wave-
guide assemblies.

Address inquiries to

BOX 504

WHEN WRITING TO ADVERTISERS PLEASE MENTION — PROCEEDINGS OF THE I.R.E.
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the world’s no.' producer
of semi-conductors

presents GOLD BONDED DlODES of
“GOLD STANDARD” PERFORMANCE

Look at the “‘specs’’! Look ar the actual,
unretouched oscillograms. These pre-tested
Raytheon Gold Bonded Diodes have the
characteristics and the uniformly dependable
performance to make them your No. 1 choice. Many
other Raytheon Gold Bonded point contact

and silicon diodes are available. Write for data.

“NThese are unretouched
photographs taken in the
Raytheon Semiconductor
Diode Laboratory.

—80v

"OSCILLOGRAM of typical IN312 (CK748)
Diode Characteristics at 25°C, 55°C, 75°C

0

|
+4v

-—200 pa

~4 1.0
+——0.5 mA (80K
1.0 mA (40K)

40 80 usecs.
OSCILLOGRA M of Diode Currentin *'On-

CLOSE-UP

Off"" Application (5 mA forward switched
to —40V) showing reverse transient re-
sponse in modified 1BM circvuit

FORWARD REVERSE
Representative Gold o
Bonded Types 25°C 26EC 55°C
ma. at +1 volt ua at volts ua at volts
1N308
{CK741) e o
with 50% higher conduction than its o A o gt
/ nearest competitive type
ghs ] e i
1 —_ Y
for high voltage, high resistance ey, SR04 el
/ 1N309
(CK747) : 7 pax
with unbeatable transient 100 100 at —20 350 ot —20
/ characteristics
i 1N312
{CK748) 50 at —50 200 ot —50
100% tested for forward and re- “n ¢ d
/ / verse transient response
. 1N313
e (CK749)
Y — 20 10 at —20 50 ot —20
. high voltage, extra hlgh reslstance 50 at —100 200 ot —100

PROCEEDINGS OF THE I.R.E
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Get more microfamds in less space...with
MALLORY SILVERLYTIC® CAPACITORS

For transistor circuits and other miniaturized electronic
equipment, Silverlytic capacitors will simplify vour
problem of getting maximum capacitance into minimum
space. These subminiature electrolytics offer the high-
est available ratio of capacitance and voltage to
case size.

Made with tantalum anodes, they operate with excel-
lent stability over wide temperature ranges. They are
so small they can be mounted readily by their axial
leads without danger of vibration troubles. A unique,
rugged seal protects them against moisture. In low
leakage current and long shelf life, theyv equal or exceed
the performance of most conventional-size capacttors.

Type TAP Silverlytics are rated for temperatures from
—55 to +85° C. Their case measures only 7%’ in
diameter by 34"" long. They are supplied in values from

2 mfd at 100 volts to 30 mfd at 6 volts.

Type TAW Silverlytics are available in a case only

0.145" in diameter by 34" maximum length. They are
supplied in two standard ratings of 4 mfd at 4 volts and
6 mfd at 4 volts, for temperatures from —55 to

+65° C.

Silverlytic capacitors are backed by the vears of pio-
neering research, precision manufacturing and intensive
quality control which have made Mallory capacitors
the leaders of the industry. For complete technical infor-
mation, write or call Mallory todayv.

Long-life Mallory Power Supplies
for Transistorized Equipment...

Mallory Mercury Batteries and Power-Paks provide
the constant energy characteristics essential to efficient
transistor operation. Made by Mallory, the original
producer of miniature mercury bat-
teries, they are available in a range of
sizes and types. Write for data.

Expect more...

Get more from MATtorY

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

Serving Industry with These Products:

Electromechanical —Resistors ® Switches e Television Tuners ¢ Vibrators
Electrochemical —Capacitors e Rectifiers o Mercury Batteries

Metallurgical— Contacts ® Special Metals and Ceramics ¢ Welding Materials

*Trade Mark

30a WHEN WRITING TO ADVERTISERS PLEASE MENTION — PROCEEDINGS OF THE I.R.E.
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January, 1955



TWICE
Actuol
Size

Here's the new Simpson Core-Type Meter
Movement. It's a more compact, more sensitive,
self-shielding movement that gives electrical
measurements with loboratory accuracy, yet

has the ruggedness to withstand severe

shocks. Its accuracy specifications are so rigid
that Simpson engineers had to devise
unusual production techniques.

Let Simpson engineers design panel meters
using the new core movement to your
special instrument requirements, Simpson
continues to maintain its large stock of
standard panel meters in over 700 sizes and
ranges, available through distributors.

RUGGEDIZED METERS

Simpson's 22" and 3V:” Panel Meters are
available in sealed, ruggedized models to
meet specifications MIL-M-10304-(Sig. C).
Movements are sealed against moisture and
other adverse atmospheres, and are
spring-mounted to absord excessive vibration,

SEND FOR NEW CATALOG 17

INSTRUMENTS THAT STAY ACCURATE g ELECTRIC COMPANY

5201 W. Kinzie St., Chicago 44, lllinois, Phone: EStebrook 9-1121t
In Canada: Bach-Simpson, Ltd, London, Ontario

PRQOCEEDINGS OF THE IL.R.E. January, 1955 3ia
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AN INTEGRATED LINE
OF EQUIPMENT FOR
STUDIO AND LABORATORY

Fully integrated units that combine ease of
operation with maximum stability. No additional
accessories or power units required for operation.

Especially designed for:

o Testing receivers, transmitters, and
terminal equipment.

o Laboratory test standards for
development of color TV equipment.

o Checking components used for color TV.

o Alignment and adjustment of colorplexers
or encoders.

o Testing convergence of tri-color

kinescopes. volts 7 amps., 60 cps.
p R
OVFN QE‘|A“L\
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COLOR BAR GENERATOR — MODEL PT-203

A complete instrument with a color bar pulse forming
unit, 2 complete colorplexer unit and’regulated B+ and
filament supplies. Provides NTSC color TV test signals,
for receivers, transmitters, networks and components.
Internal switching provides 19 different test patterns in
the form of a composite NTSC video signal. Special
self-balancing colorplexer provides exceptional stabil-
ity over long periods of operation without readjustment,
with “I”" and “Q" outputs. (See colorplexer details.)

COLORPLEXER — MODEL PT-205

Incorporated in the Model PT-203 Color Bar Generator,
available as a separate chassis for rack mounting.
Designed for high stability and negligible drift, this unit
replaces old encoder units of early design. This instru-
ment multiplexes three simultaneous color video sig-
nals (R, G, B) and properly encodes them into color in-
formation and then combines them with sync pulses
and color sync signals to form a standard NTSC color
TV signal. Pulse or video signals to drive colorplexer
may be obtained from special (R, G, B) pulse generators,
color camera or color slide scanner. Subcarrier balance
is stable and dynamically independent of signal level
changes over long periods of operation. Driving signals
are Subcarrier, Blanking, Sync and Vertical pulses. Full
bandwidth “i" and “Q" modulation is used in the
chrominance channel of the co'orplexer. “I" and “Q"
or “B-Y” and “R-Y" video test signals are available for
receiver and monitor matrix alignment. Both positive
and negative polarity signals are available at high and
low impedance.

.
BRI

COLOR BAR GENERATOR—
MODEL PT-203

Output Signals: NTSC Composite
Video 2 Qutputs 0—1.4 v. pk-pk
Output Signal Information:
Color Bars—6 Bars of Color (R, G,
B, C, Y, M) plus Blk/Wht
Gamma Bars—10 step grey scale
Black to White
Dots—White dots on a black field
External Video—Positive or
negative (Provision for mixing
ext. video with above).
System Bandwidth: Luminance
Channel 6 mc
Chrominance: *“I'" and "'Q"
Channel per NTSC standard
Subcarrier balance stability: Drift
not greater than 6 mv (1.4

v. pk-pk signal), 8 hour operation.

Residual Subcarrier Unbalance:
1% Signal Leve!
Power Requirements: AC 105-125

COLORPLEXER-MODEL PT-205 .

Output Signals: NTSC
Composite Video 2 Outputs
0-1.4 v. pk-pk

Available Test Signals: I, Q, Y,
R-Y, B-Y, (Neg. and Pos.) Video

Input Signals: Subcarrier
20-30 v. pk-pk, 3-579545 mc
Sync 3.0 v. pk-pk, negative
Vertical Drive 3.0 v. pk-pk
negative, R, G, B; 1 v. pk-pk

System Bandwidth: Luminance
Channel 6 mc
Chrominance: *“'I'" and Q"
Channel per NTSC standard

Subcarrier Balance Stability:
Drift not greater than 6
mv (1.4 v. signal), 8 hour
operation

Power Requirements:

AC 6.3 v. @ 12 amps.,
DC 280 v. @ 425 ma

ELECTRONICS CORPORATION

:. January, 1955



SYNCHRONIZING GENERATOR — MODEL PT-201

Compact unit provides RTMA standard driving, blanking and syn-
chronizing pulses, as well as a composite video signal compris-
ing vertical and horizontal dots for receiver tests (positive and
negative). Used to drive color bar generators, or any other
NTSC color TV generating equipment. Utmost stability assured
through use of delay lines and by driving all pulses from leading
edge of a crystal controlled oscillator. Unit may also be locked
to synchronize with 60 cps line. External drive input jack
permits operation with Color Subcarrier Generator. Complete
with power supply.

COLOR SLIDE SCANNER — MODEL PT-210

A complete equipment integrated into only two racks which
provides a high resolution NTSC composite color video signal
obtained from standard 2 x 2 (35mm) transparencies. Designed
for maximum stability and high signal to noise ratio. The optical
head is complete with lenses employing V-type dichroic mirrors
and Fresnel condensing lenses. The R, G, B signals obtained from
three channel photo amplifiers are gamma corrected to give
proper rendition to high lights and shading. Utilizes a highly
stabilized colorplexer. (See complete description of Model PT-205
Colorplexer above.)

The scanning kinescope has fine resolution and is combined
with the deflection and high voltage unit. The remaining chassis
components contain a regulated low voltage power unit, a regu-
lated filament power unit and a regulated photo multiplier
power supply.

COLOR SUBCARRIER GENERATOR AND FREQUENCY DIVIDER UNIY
— MODEL PT-202. This rugged unit complete with regulated B4~
and filament power provides standard NTSC subcarrier frequency
with dual outputs and includes a frequency divider to provide a
sync generator driving signal (31.5 KC) to convert standard B/W
sync generators for color TV use. High stability achieved by
temperature controlled crystal oscillator. All adjustments access-
ible at front of unit. Adapts any sync generator to NTSC color
operation.

COLOR TV VIDEO MONITOR — MODEL M-200

Two portable units supplied with brackets for standard rack
mounting. High definition color picture with exceptionally good
color rendition is displayed on a 15 inch tri-color kinescope.
Excellent for checking the quality of NTSC color video signals
in the studio, on transmission lines or in the receiver factory.
Special test jacks and switches are provided for analyzing R, G,
B signals, matrixing and phase of color signals. Exceptionally
good synchronizing capabilities over a wide range of signals.
Special convergence circuits are employed to give maximum
utilization of color kinescope. Model M200 has good color stabil-
ity and is relatively insensitive to line voltage changes. Excellent
dynamic circuit linearity assures good color stability over a wide
range in signal level.

SYNCHRONIZING GENERATOR—
MODEL PT-201

Output Signals: Sync. (Neg.
and Pos.) 4 v. pk-pk across
75 ohms
Blanking (Neg. and Pos.) 4 v.
pk-pk across 75 ohms
Horiz. Drive (Neg. and Pos.)
4 v. pk-pk across 75 ohms

Vert. Drive (Neg. and Pos.) 4 v.

pk-pk across 75 ohms

Composite Video Output (Neg.

and Pos) 1.4 v. pk-pk across
75 ohms
Internal Dot Pattern or
External Video—1.4 v. pk-pk
across 75 ohms

Input Power: 105-125 v. 4.5
amps., 60 c¢ps.

COLOR SLIDE SCANNER—
MODEL PT-210

Output Signals: NTSC Composite
Video 2 Outputs 0—1.4 v. pk-pk
Optical Head: Lens—F. 2.0
50 mm, Xenon lens in tractica
mount
V-type dichroic mirrors
Cofor Slide 2 x 2 color
Transparencies
Gamma Amplifier:
Three Channels (R, G, B)
Input Signal-1.4 v. pk-pk
across 75 ohms
Output Signal—1.4 v. pk-pk
across 75 ohms
Colorplexer: (See Model PT-205
above)
Deflection and High Voltage Unit:
Kinescope type 5AUP24;
Operating Voltage: 27 KV
Linearity: 2% across raster
Horizontal and Vertical
Photomultiplier Power Supply:

COLOR SUBCARRIER GENERATOR
AND FREQUENCY DIVIDER
UNIT—-MODEL PT-202

Subcarrier Frequency Dual Qutput:
3.579545 me/sec. = 0.0003%
with maximum rate of
frequency change not exceeding
1/10 cps./sec.

Subcarrier Qutput Voltage: 25 to
40 volts

Frequency Divider Output:

31,468 cps.

Dlvldﬁr Output Voltage: 0 to 100
volts

Ambient Temperature: 40° F. to
110° F

Power Requirements: AC 105-125,
2A, 60 cps.

COLOR VIDEO MONITOR—MODEL 200

Input Video Signal: 0.25 to 2.0
volts, pk-pk

Signal Polarity: Pos., Neg., Bal.

input Impedance: 66 mmf across
2.2 megohms or 75 ohms

Resolution: 250-300 lines min.
Full utilization of NTSC Color
ignal Bandwidth)

Linearity: (Hor. and Vert.) 2%
across raster

Tricolor Kinescope: 15”

Focus: Electro Static

Net Weight: 175 Ibs. )

Power Requirements: 105-125 v.,
4 amps., 50/60 cps.

Electrically regulated. Filament
Supply—-AC line Regulated
Input Signals: Hor. Drive—3 v. pk-pk
Ver. Drive—3 v. pk-pk. Blanking
Drive—3 v. pk-pk Sync. 3 v. pk-pk
Power Requirement: AC 105-125 v.,
10 amp., 60 cps.

AVAILABLE ON
EQUIPMENT LEASE PLAN

43-20 34th STREET, LONG ISLAND CITY 1, N. Y.

REPRESENTATIVES « Albuquerque e Atlanta  Baltimore ¢ Boston s Chicago e Cleveland ¢ Fort Worth o Kansas City « Los Angeles  New York
Philadelphia « San Francisco » Seattie e St. Paul e Syracuse » Washington, D. C. » Canada, Arnprior—Export: Rocke Internationa! Corporation
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Another G-E Capaci- %
{
|

tor First for the Elec-
SOLDERLESS DOUBLE-ROLLED COVER SEAM

tronics Industry

makes a mechanically strong, hermetic seal.

“‘}L by o &
gt e el Bl ;
new...G-E CAPACITORS IN |
DRAWN-RECTANGULAR CASES | = |

BOTTOM OF CASE IS INDENTED to permit mount.
ing in inverted position.

e
{,

.

L s
e |
15

* Solderless, double-rolled cover seam

* Seamless case with standard dimensions - . - =

General Electric is now producing fixed paper-dielectric P—&—&_ﬁ |

capacitors in seamless, solderless cases with standard
dimensions that comply with or exceed MIL specifications.
For complete information contact your G-E Apparatus
Sales Office or write for Bulletin GEC-809A to Section
442-24, General Electric Co., Schenectady 5, N. Y.

Progress /s Ovr Most /mpor/anf Product ‘ r?J) ?

GENERAL @ ELECTRIC  vroron mvenreo mouwms i pessie

using either spade lug, or footed brackets (above)

o —

v il - 9

FOUR BUSHINGS STYLES are available for applications below STANDARD CASE SIZES are interchangeable, making it une
2000 volts d-c, special skirted bushings for higher voltages. necessary to change drawings or circuit layouts,
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POTTED
AN

CONNECTORS 4

gain greater
electrical reliability
with moisture-proof
AMPHENOL

Potted AN Connectors

At right are listed the outstanding features of aAMPHENOL
Potted AN connectors. What is Potting and how can it offer
these advantages to AN users? Potting simply replaces the
usual backshells of any AN3106, AN3101 and AN3100 plug
with a hemispherically shaped synthetic rubber sealant. It
completely encloses the contact terminals in an AN cable
assembly with a rugged moisture-proof housing.

The primary achievement of AMPHENOL Potting is an elec-
trically reliable moisture-proof connector—but its other ad-
vantages are almost as desirable and open the possibilities of
the use of Potted A Ns in applications where moisture-proof-
ing is not important. For not only is the Potted AN completely
resistant to salt water but also to stronger fluids such as fuel
oil and gasoline. Elimination of the usual backshell and cable-
clamping components reduces both the size and the weight of
an AN connector—and weight reduction is all important to
engineers in every field of electronics today. Potting also
provides a resilient mass at the wire terminals of the con-
nector which not only isolates each individual contact and
its wire lead in a sealed resilient chamber but permits the AN
assembly to withstand severe vibration and to operate ef-
ficiently under unusual conditions. And, finally, if these were
not enough reasons for specifying AmpHENOL Potted AN con-
nectors, a Potted connector is not only more efficient, lighter

in weight and smaller, but costs far less than so-called me- REQUEST BULLETIN 2555

Full details on Potting of AN
connectors

1830 South 54th Avenue, Chicago 50, Illinois P ——=
AMERICAN PHENOLIC coRPORATION @124y 1 []"

In Canada: AMPHENOL CANADA LTD., Toronto

chanically sealed connectors which are dependent upon aux-
iliary parts for moisture sealing!




Death-defying performance

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

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
Blated brass; ring type terminals are silver plated

rass. All units include slugs and mounting hard-
ware. Onpe style (Type C) available with retaining
collars of silicone ﬁgereglas which permit 2 to 4
terminals. Windings can be coated with resin
varnish, wax or lacquer.

CAMBRIDGE THERMIONIC CORPORATION

makers of guaranteed electronic components,

custom or standard
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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 tunabie element of unusual design practically
eliminates losses due to air dielectric giving large
minimum to maximum capacity range (1.5 to

12MMFD).




MILLIONS of crystals made to ANY
specifications but only ONE standard quality e

Midland frequency control units are on the job in two-way communications &
on land, sea and in the air throughout the world. Now they're playing a leading
role in color television. The range of applications Midland serves is wide, but

every Midland crystal has one thing in common: a single level of quality.

That one quality is simply the highest that modern methods and machines
can produce. It's assured by Midland’s system of critical quality control—

exacting inspection and test procedures through every step of processing.

Result: Your Midland crystal is going to give you the best possible service in
frequency control—with stability, accuracy, and uniformity you can stake your

life on ...as our men in the armed forces and law enforcement do every day.
Wlmtwmw(’www. eonovntiinal, o1 highly
thersaliad, Vo bhas t e spactly gt omfact

xR

MANUFACTURING COMPANY, INC,
3155 Fiberglas Road. Kansas City, Kansas 4

4
/

¢

WORLD'S LARGEST PRODUCER OF QUARTZ CRYSTALS

\c A —
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RESISTORS WITH PERFORMANCE
ADVANTAGES THAT MAKE POSSIBLE
WIDER RANGE APPLICATION

%oé/éﬂe e

and 4 A
oblols,

METAL FILM RESISTORS

Most important performance advantages are—stability
throughout its long life—low inductance—initial ac-
curacy and excellent resistance stability under adverse
operating conditions.

A trial will convince you why they are now preferred
by many outstanding electronic design engineers, and
why you can always make your choice Noblette Y5,
1 and 2 watt with axial leads or Nobleloy %5, 1,2 & 5
watt with radial leads.

WM WIRE WOUND RESISTORS

For low power application. Composed with a minimum
of .0015 inch wire that is wound automatically for true
parallel winding to prevent shorting at turns. Terminals
are securely bonded to permanent connections to the
winding. They are moisture resistant and recommended
for circuits requiring very low resistance, which is not
ordinarily available in the carbon style. (Write for
technical data and catalog on all Continental products.)

Represented in leading cities from coast to coast

CONTINENTAL CARBON, Inc.

13900 LORAIN AVE. QYA AV LI MBI CLEARWATER 1-6500

1RE People

Mrs. J. A. Short was born in Houlton,
Me., on February 20, 1924. She received the
B.S. degree in electrical engineering from

Antioch College in
1946. She joined the
quality control de-
partment of Western
Electric Corporation,
L and then the televi-

k i iy sion research depart-

<r’ ment of the Columbia

./" Broadcasting Corpo-

{ ration. In 1947 she

‘ L held a graduate as-

sistantship in the

Mrs. J. A. SHORT electrical engineering

department of Ohio

State University, subsequently becoming a

research associate with the Antenna Labora-

tory, engaged in microwave impedance
measuring work.

From 1949 to 1952, Mrs. Short worked for
Hughes Aircraft Company, doing research
associated with microwave slot-antenna de-
signs.

For a photograph and biography of I. L.
LEBOW see page 1191 of the September,
1953 issue of the PROCEEDINGS OF THE
LR.E.

°
o

R. H. Baker was born on February 15,
1928 in Dowagiac, Mich. He received the
B.S. degree in Electrical Engineering from
Texas A. and M. Col-
lege in June 1949,
Thereafter until June
1950 he worked at
the Servomechanisms
Laboratory of the
Massachusetts Insti-
tute of Technolo-
gy. Since September,
1950, he has been

W employed as a re-

search engineer at

RicHARD H. BAKER  the AF Cambridge

Research Center,

currently on loan to the Lincoln Laboratory

M.LT. Mr. Baker received an M.S. degree in
electronics from M.L.T. in June 1953.

o

The Board of Directors of Varian Asso-
ciates, Palo Alto electronics firm, at a Sep-
tember meeting, elected E. G. Cameron
(A'42-M'48-SM’54) Vice-President for
Production.

Mr. Cameron, Works Manager of the
Varian manufacturing plant in San Carlos,
joined the company in April 1953, and was
elected to the Board of Directors at the an-
nual stockholders meeting January 26,
1954. He has previously served as Works
Manager with Sarkes Tarzian, Inc., as
Chief Engineer at Federal Telephone and
Radio Corp., and as Production Manager
of Heintz and Kaufman, Ltd. Mr. Came-
ron is a native of San Francisco and a Uni-
versity of California graduate in electrical
engineering.

(Continued on page 47A4)
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e High power gain of 53db
o UHF operation — 960-1400mc

20kw
modulating anode
pulse klystron

§ «_;‘. g?f’.

EIM_AC X566 UHF klystrons have consistently obtained
peak pulse power outputs of more than 20kw with over
40%¢ efficiency at 960-1400mc. Many times more power-
ful than any other tube intended for similar operation,
such as aircraft navigational aid Distance Measuring
Equipment, the air-cooled X566 requires only 100 milli-
watts driving power for a 20kw output — a power gain
of 53db with bandwidth adequate for most pulse ap-
plications. Of special significance is the high average
power capability of one kilowatt, allowing the duty
cycle to be raised to 5% with a 20kw peak output, or
1047 with 10kw output, and so on. Outstanding pulse
capabilities of the X566 are made possible through the
use of the Eimac modulating anode — an insulated
anode between the cathode and drift tube section —
permitting the klystron to be pulse modulated with

EITEL-McCULLOUGH, INC.

SAN BRUNO ¢ CALIFORNIA

low pulsing power. In Eimac high power amplifier kly-
strons using ceramic and copper construction, the reso-
nant cavities are completed outside the vacuum system,
which is left free of RF tuning devices — permitting
easy wide range tuning and uncomplicated input and
output coupling adjustment. This simplicity of design
and rugged construction minimize replacement costs
as well as making the Eimac X566 suitable for mass
production techniques.

The X566, another Eimac high power klystron achieve-
ment, is now available with circuit components for ex-
perimental purposes.

o For additional information, contact
our Technical Services Department.

®

THE WORLD'S
LARGEST MANUFACTURER OF
TRANSMITTING TUBES



FREQUVENCY
/TANDARDS

DESIGNED AS A /C}W(J/Z_élﬂ

:E‘he ;I;)ygg 20011-2 sefi;:s provides freqtfjencielsq fr(()m WHICH WILL MEET YOUR

to 30,000 cycles with an accuracy of .001% (at

room temperatures) in units suitable for integration C U STOM N E E DS
with instruments of your own design — or for panel FROM A COMBINATION OF

;?;:: :;::g:ﬁ with your own power sources — or ff)f ST O C K U N IT S
N .

TYPICAL COMBINATIONS

2001-2 20012+ M

2001-2 + L 200024+ M+ P
20012+ L4 P 20012+ L4+P+R
20012 + H 2001-24+H4+P+R

2001-24+H+P 2001-24+ M+ P+ R

TYPE *'2001-2"

FREQUENCY STANDARD
Frequencies, 200 to 3,000 cycles. Out-
3 put, approximate sine wave at 5 volts.

B——— ACCESSORY UNITS

[
"L" UNIT. "M" UNIT
DIVIDER, (MULTI-VIBRATOR TYPE) AMPLIFIER

Provides trequencies from 30 to 200, Provides 2 watts at & and 110 volts.
controlled by the 2001-2 unit.

Output, approx. 5V. Approx. sine wave.

"P" UNIT

POWER SUPPLY

Provides power for combinations of
‘ units illustrated, if other sources are in-
— convenient or not available.

"D" UNIT.

DIVIDER, (COUNTER TYPE)

Provides 40 to 200 cycles controlled
by the 2001-2 unit. (fail safe)

"H' UNIT

MULTIPLIER

Provides frequencies from 3,000 to
30,000 cycles, controlled by the 2001-2
unit. Output, approximately 5 volts.

"R" UNIT

PANEL MOUNTING
Accommodates up to three
units. Standard size is 83/ inches
high, 19 inches long.

For details, please request our “Type 2001-2” Booklet.

American Time Products, Inc.

580 Fifth Avenue New York 36,N. Y.
OPERATING UNDER PATENTS OF WESTERN ELECTRIC COMPANY

W mecs
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latest result of RADIO RECEPTOR |research

|  Now...HIGH TEMPERATURE

RECTIFIERS in the LARGER

PROCEEDINGS OF THE IL.R.E.

RADIO RECEPTOR high temperature rectifiers when first
introduced less than three years ago were expensive and
limited to 3” x 3”. Now intensive research has brought the
cost down and the cell sizes UP. That means the field is
wide open for their use in many applications once considered
prohibitive because of size and price.

At 125° C. these rectifiers have a minimum life of 500
hours without derating and at normal temperatures their
span is almost indefinite...They can be hermetically sealed
without derating, too.

That’s why RRco. high temperature rectifiers are selected
more and more for military and special industrial require-
ments by such blue-chip comparies as Aeronautical Division
of Minneapolis-Honeywell, Motorola Inc., Hamilton Stand-
ard Division of United Aircraft and many others.

If you have one of those “tricky” applications where high
temperature rectifiers are needed, take advantage of RADIO
RECEPTOR’s continuing research and development in this
field. Write now for full details about these as well as em-
bedded rectifiers to section P-3.

We also manufacture transistors
and silicon and germanium diodes

January 1955

L

CELL SIZES up to 5"x 6"
(to operate without

derating at 125° C.) and...

AT !

Also
available in
cartridge type

; —

| AMBIENT TEMPERATURE  POTENTIAL LIFE WITHOUT DERATING/’
125° C 500-1000 hours 2

100° C 1500-2500 hours
85°C 2500-4000 hours
g | G [ USNGE P | M
TYPE (Inches) Bridge or |RMS VOLTS
Half Wave Center Tap | PER CELL
X V4 (Diam.) .005 010 24
Y x4 .025 .050 24
J W x s .065 130 24
M 1x1 075 .150 24
P ¥ x 13, 150 .30 24
Q 1%x1) 30 .60 24
S 2x2 .50 1.0 24
u Ix3 12 2.4 24
w 4x4 2.25 4.5 24
T 4% x 6 3.35 6.7 24
H 5x6 4.0 8.0 24

Semi-Conductor Division

RADIO RECEPTOR COMPANY, INC.
In Radio and Electronics Since 1922

SALES OFFICES: 251 WEST 19TH STREET, NEW YORK 11, N.Y., WATKINS 4-3633, FACTORIES IN BROOKLYN, N.Y.

41a



Relay Engineering Principles . . . #4

~ IMPROVE !

Component Density and
Ease of Application

ENGINEERS KNOW that successful designs...

. vtilize every inch of space to fullest advantage.
. stress convenient mounting and wiring of components.
. reduce labor, production and equipment costs.

- .. provide high reliability thru simplicity.

It’'s NORTH RELAYS in your
designs that provide —

1. minimized 2-hole mounting.

2. relicble operation in any position.

3. convenient grouping of coil and contact spring terminals.

4. clean uncluttered space below spring pile-up terminals
for wiring cable.

5. easy accessibility for wiring, testing, and inspection.

6. decades of experienced know-how for proven high

reliability.

NORTH'S
STANDARD
3600 TYPE

A multi-contact control relay thot provides up to 215 times the
switching capacity of other relays requiring the same mounting
space. Up to 24 contact springs distributed over as many as
5 pile-ups; not to exceed 8 springs in any one pile-up. In-
corporates all the principles of good design mentioned above.
AC or DC operated. It has two breaks on each pile-up—a total
of 12. Standard specifications provide a variety of coils and
contact materials to meet your particular requirements. Over-
all dimensions 478" x 14" x 2)4". Weight 12 oz.

Have you received your copy of
NORTH'S NEW RELAY CATALOG?

THE NORTH ELECTRIC
'MANUFACTURING COMPANX

Originators of ALL RELAY
Systems of Auvtomatic Switching

541 South Market Street, Galion, Ohio, U.S.A,

Toroids
Tiny in Size!
Light in Weight!

Envision the potentialities of
these bantam coils in solving
space and weight problems! Sub-
miniature toroids from the
BOESCH Model SM reveal a new
horizon in equipment design.

Write for detailed information
on the NEW Model SM Sub-
miniature Toroidal Coil Wind-
ing Machine.

Model SM

Makers of the world’s most versa-
tile winding machines.

BOESCH

MANUFACTURING CO.,INC.
DANBURY, CONN.
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INSTRUMENTATION AND CONTROL

Some time ago Revere ran an advertisement
featuring Crescent Armored Multitube for use
in pneumatic and hydraulic instrumentation
and control systems. The advertisement created
so much interest that we thought you might like
to see a photograph of an actual installation.
The Control Board Junction Box shown here
has 22 runs of Multitube coming into this box
comprising 224 Revere Copper Tubes of 1 /4"
O.D. The picture was taken in the Glenwood
Landing, N.Y. Power Station of the Long Island
Lighting Company. The tubes go to instruments
that report information on temperature, main
and reheat steam pressure, boiler feed and
condensate pump pressure, fuel oil and gas
pressure, liquid levels, tide level and for the
control of fuel feed, draft dampers, boiler drum
water level and various control valves.

This is a relatively new use for Revere Copper
Tube, but it is an important one in these days
when new ways are being found to obtain
process information more quickly and ac-
curately, or to achieve automatic control.
Crescent Armored Multitube is made by
Crescent Insulated Wire & Cable Co., Inc,
Trenton 5, N.J., in lengths up to 1,000 feet.
It consists of a group of long tubes twisted
together in cable form, protected by a flexible
interlocked galvanized steel armor,or by plastic,
or both. As many as 19 tubes, 1/4” O.D., can
be cabled, with one tube in each layer color-
coded. Larger tubes can also be cabled,
. including 5/16”, 3/8" and 1/2". This construc-
tion affords protection during shipment,
installation and use, and speeds up installation
greatly. For further information, write Crescent,
and for tube in copper and aluminum, see the
nearest Revere Sales Office.

REVERE

COPPER AND BRASS INCORPORATED

Founded by Paul Revere in 1801
230 Park Avenue, New York 17, N. Y.
Mills: Baltimore, Md.; Chicago and Clinton, 111.; Detroit, Mich.;

Los Angeles and Riverside, Calif.; New Bedford, Mass.; Rome,
N.Y.Sales Offices in Principal Cities Distributors Everywhere.

Control Junction Box at Power Station -
of Long Island Llighting Company,
showing use of Crescent Armored
Multitube, Note that relatively sharp
bends can be made without damage
to the cabled copper tube.

TR

Construction of Crescent Armored ’
Multitube,

PROCEEDINGS OF THE I.RE January, 1955 43A



On this specially designed pneumatic comparator gage, the operator can check dimen§ions of
elliptical cathodes to an accuracy of .0001” major axis and .00005" minor axis on mass production runs.

SUPERIOR TuUBE dimension control
means better fitting cathodes

We were called upon to mass manufacture high performance seamless nickel alloy
elliptical cathodes (shown above) with major and minor axes of .048” and .025"
respectively, only 12 mm. long.

During the formation of the tiny beads shown above, the cathode underwent
microscopic dimensional distortion of ne more than .00125”.

The development of this cathode required us not only to change to novel manu-
facturing methods and new processes, but to design new machinery.

Precision, accuracy and speed were also required in the functioning of a start-to-
finish dimension control system. The pneumatic air comparator has proved that
cathodes produced at Superior are now free from distortion, and 99% of the entire
production is well within the tolerance limits specified even on repeat orders running
into the millions.

The resultant cathodes offer a better fit for the heater, less likelihood of heater-
cathode shorts, reduced microphonics, and improved electrical characteristics for
the vacuum tube.

We are willing to go a step or two beyond the accepted and established practices
to solve problems in electronics involving the use of cathodes and fabricated parts
for the industry which are made from small metal tubing. This extraordinary attention
to detail is given to many types of Superior specialty tubing and parts. We are equipped
to manufacture products controlied to the most modern standards of variation. This
elliptical cathode is one such product. We invite requests for Data Memorandum #5
on Cathode Materials and for Bulletin £40, a guide to the selection and application
of small diameter tubing. Superior Tube Company, 2508 Germantown Avenue,
Norristown, Pa.

75 to I diameter vs.
length comparison plot
illustrates the improved
bead conformity in new
Superior Tube cathodes.

|
OLD cathodes. Note
distortion near
beads.

J
NEW cathodes.
Note uniform bead

heights and cathode
diameter.

5{/&5//&/' Jznbe

The big name in small tubing

All analyses .010” to %" 0.D. — Certain analyses in light walls up to 2%” 0.D.
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THE PRODUCTION UNIT

IS LIKE THE ENGINEERING

SAMPLE a«« EACH PRODUCTION
UNIT IS LIKE THE OTHER. ..

electnically and mectanically

Available in a complete line of types,

sizes and shapes for today’s engineer-
ing needs. Write for Bulletin RC-9A

FERROMAGNETICZCORES

Electronic Components Division
STACKPOLE CARBON COMPANY, St. Marys, Pa.

AVAILABLE THROUGH PARTS DISTRIBUTORS: For name of nearest distributor stocking Stackpole resistors, switches
and “EE" iron cores, write Distributors’ Division, Stackpole Carbon Compeny, 2 Rittenhouse Place, Ardmore, Pa.



EXCLUSIVE
BLILEY
DESIGN

RANGE:
| 800 kc -
2000 kc

1 n—

FOR
MILITARY
| AND
COMMERCIAL
~ APPLICATION

The Bliley BH6A, with Molded Nylon
Bumpers, assures dependable performance in
range 800 k¢ — 2000 kc. This new design
mects the exacting requirements of MIL-C-
3098A as applied to types CR-18, CR-19,
CR-27, CR-28, CR-35 and CR-36. It includes
the supplemental specification calling for
tests under 100 G’s in three planes.

Another example of Bliley leadership—for
25 years the top choice in crystals.

g&'&q
ELECTRIC COMPANY

UNION STATION BUILDING
ERIE, PA.

{7

CRYSTALS

WHEN WRITING TO ADVERTISERS PLEASE MENTION
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(31D SHAV-PAK

NE

, LOW PRICE!

I\"'\t‘(/ 2
&F \Ws

SHAVE IN THE COMFORT
OF YOUR CAR,
Boat or Plane!

*Q9s

Specially Designed fop
Operating Standard A.C.
Electric Shavers in
Automobifes, Buses,
Trucks, Boats, and
Planes.

Plugs into
Cigarette Lighter
Receptacle on Dash

INPUT AL
QUTPUT st
et DC. oUTPUT
vouls | socvcues | WATTAGE | PRICE
6:58 [ 115 volts 15 995
‘ 125P8 7 fns ] 9ss
1

Dutnoducing . |
' MIGHTY MIDGET
potae INVERTER

WITH GREATER OUTPUT
DICTATE REPORTS ACCURATELY-PROMPTLY?

make your car, boat or plane

a “rolling office’’
with ATR INVERTERS

for changing your
storage bottery
current to A. C.

Wowsetold

ELECTRICITY

Angule™

in_your own car?
AND UP

%

QY jﬁf—
; \;}}- |
| LIST PRICE E= <

! ATR INVERTERS . . ,

especiclly designed for operating
‘ : standard 110 volt A. C.

o DICTATING MACHINES o TAPE RECORDER
o ELECTRIC RAZORS e WIRE RECORDERS

Plugs Into
Cigareite Lighter
Receptacle on Dash

$'|9_5

ol A | ot | wst
TYP C. oureut
"™ | volis | sworeles | WATAee | pice
6-DME 6 |15 volts | 30-40 | 19.95
6H-DME 115 volts | 60-75 | 29.95
Above Iaverters olso available for 12-volt operation.
See youn Jobber ot write factory today

2
(| for complete dnformation ]
American Tetevision & Raoio Co. |

2uatity Praducts Siace 1937
‘ L_. _ A tll'ﬂ PAUL I, MINNESOTA—U. $. A, l

January, 1955



IRE People

(Continued from page 384)

Election of E. W. Engstrom (A25-
M'38-F'40) to the Board of Directors of
the Radio Corporation of America has
been announced. He fills a vacancy caused
by the retirement of Walter A. Buck and
now has broad responsibility for all re-
search and engincering activities of RCA.
In addition, he is head of RCA laboratories
and a member of the Board of Directors of
RCA Victor Company, Ltd., Canada.

Associated with the electronics indus-
try since his graduation from the Univer-
sity of Minnesota in 1923, Dr. Engstrom
joined RCA in 1930. First as an engincer
and then as a research administrator, Dr.
Engstrom has had a role in the develop-
ment of radio, sound motion picture appa-
ratus, electronics, and television. In 1945,
Dr. Engstrom was elected Vice-President
in Charge of Research of the RCA Labo-
ratories Division. Subsequently, he be-
came Vice-President and then Executive
Vice-President of RCA Laboratories Divi- ‘

|
|

sion.

A native of Minneapolis, Minnesota,
Dr. Engstrom is the recipient of the Uni-
versity  of Minnesota's Outstanding
Achievement Award, an honorary degree
of Doctor of Science from New York Uni-
versity, and a silver plaquette from the
Royal Swedish Academy of Engineering
Research. He is a Fellow of the American
Institute of Electrical Engineers, Chair-
man of the Technical Advisory Panel on
Electronics, Office of the Secretary of De- ‘
fense, and a member of the AIEE Techni-
cal Advisory Committee to the National |
Bureau of Standards. |

The Board of Directors of National
Electrical Machine Shops, Inc., has elected
A. S. Clarke (\’25-SM'47) president of the
corporation to suc-
ceed the late E. M.
Nevils, Jr.

Mr. Clarke, who
was formerly Vice-
President in Charge
of Engineering, has
had wide experience
in the manufacture
of electronic equip-
ment. His radio ex-
perience dates back
to 1913 and he is
well known in the |
broadcasting industry. During World War [
IT he was senior technical aide to the Chief
of Division 4 of the National Defense Re-
search Committee with headquarters at
the Bureau of Standards. He was responsi-
ble for setting up production facilities for
classified ordnance developments. For his
war work received the Presidential Certifi-
cate of Merit and the Naval Ordnance De-
velopment award.

A. S. CLARKE

(Continued on page 484)
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Precision

Phasemeter

for precise measurement of phase difference at

$3990% Net F.OB.

Long Island City, N. Y.

audio frequencies

0.1° absolute
accuracy

0.01° incremental
accuracy

(30 ¢ps to 20 kc)

X

ok ——

THE MODEL P-1060 PHASEMETER is invaluable wherever precise
knowledge of phase relationships in the audio-frequency range must be obtained.
It has found increasing acceptance in the design of reactive components or of
equipment using them, and in such analytical applications as measurement of
residual inductance in “non-inductive” resistors, measurement of stray capacitance
across resistors, and investigation of phase relationships in navigational and data-

transmission systems.

Employing the phase-comparison method, the instrument exhibits a high
degree of accuracy and incremental discrimination. The calibration may be
checked with auxiliary equipment available in most laboratories. Even-order
harmonic distortion is cancelled and odd-order distortion up to 1% will nof affect

accuracy of reading.

SPECIFICATIONS
Frequency Range............... 30 to 20,000 cps
Phase range......... ..0 to 360 degrees
ACCUrACY ..ooooiiiiieiririeiee e 0.1 degree
Incremental discrimination........ 0.01 degree
Signal level.................... 0.5 to 10 volts rms
Input impedance 10 megs. shunted by 25 puf
Display........ccocceicnnninns Decade null system

Output’jack Can be provided for operating
external recorder.

Power requirements....200 watts at 105-125

volts, 60 cycles.

Size........ 192" wide, 16%4"” deep, 25” high

Weight ... 110 pounds

Equipment, when removed from
cabinet, is suitable for mount-
ing in standard 19" relay rack.

WRITE TODAY for descrip-
tive bulletin A-950.

MAXSON develops and
manufactures systems, sub-
systems, and components in
armament, navigation, elec-
tronics, and special devices.
Ask for facilities report.

THE WL MAXSON G

460 WEST 34TH ST. NEW YORK 1, N.Y.
 Plants at Old Forge, Penn. and Long Island City and New York, N. Y.



HOW T0
SUCCEED
WHILE YOU'RE
STILL YOUNG

IT SURPRISES many people to learn
that the average age of the men
who respond to our advertisements is
closer to forty than to twenty. But it’s
not hard to understand why this is
true!

Most young men are satisfied with
their progress in business. Their na-
tive ability and energy are enough to
win them regular promotions and sal-
ary increases. They find success only
a matter of time.

But the day comes, often with a
shocking suddenness, when this easy
and casual progress ends abruptly.

Many a man wakes up with a starl
in his thirties or forties to find that
his income has leveled off, and that
promotions have ceased.

“I'm not getting ahead as fast as 1
should,” he says to himself. “Where
am I going to be ten years from now?”

Why does this pathetic pattern ap-
pear in so many promising careers?

The answer is simple: Sheer ability
and energy can carry a man to the
mid-way point in business . . . but only
a thorough knowledge of business fun-
damentals can help him beyond that
point.

H you realize that fact while time is
still on your side—and act on it—you
can succeed while you're still young.

FREE..."” FORGING AHEAD IN BUSINESS“

We do not claim that you must have
the Alexander Hamilton Course in

Name

[ e e e

ALEXANDER HAMILTON INSTITUTE
Dept. 293, 71 W. 23rd Street, New York 10, N.Y.
In Canada: 57 Bloor St.,, W., Toronto, Ontario, Canada

Please Mail Me, Without Cost, a Copy of Your 48-Page Book—
“FORGING AHEAD IN BUSINESS”

order to succeed in business. But we
do say that you cannot succeed with-
out what is in the Course!

All the Institute does is offer you a
convenient and time-saving means of
bringing this knowledge to you in your
spare time; and in a form that has
proved to be practical and effective for
more than forty years.

So that you may judge for yourself
whether or not you think the Institute
can help you, we have published an
informative48-page book titled “Forg-
ing Ahead in Business.”

We believe that this little book will
help any man get down to bedrock in
his thinking; however, there’s no cost
or obligation for it because—frankly
—we’ve never been able to put a price
on it that would reflect its true value.
Some men have found a fortune in its
pages.

If you would like a complimentary
copy of “Forging Ahead in Business,”
simply sign and return the coupon be-
low. It will be mailed to you promptly.

Home Address
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(Continued from page 47A4)

The appointment of A. E. Harrison
(SM) to the post of Director of Enginecr-
ing for the Fairchild Guided Missiles Divi-
sion has been an-
nounced. Mr. Har-
rison, Vice-Presi-
dent in Charge of
lingineering for the
Wilcox Electric
Company of Kan-
sas City for the past
twoyears, hasbroad
experience in air-
craft electronics, in-
cluding navigation
devices, radio com-
munication, and
control systems for both military and com-
mercial aircraft.

Previous to 1952, Mr. Harrison was
Chief Engineer of Air Associates Incorpo-
rated, Teterboro, N. J. In this position, he
was responsible for the development of ul-
tra-high frequency airborne radio equip-
ment and fire control systems. For a num-
ber of years, he was a member of the tech-
nical staff of the Bell Telephone Labora-
tories where he developed VHF and UHF
airborne radio communication equipments.
Previous to this, Mr. Harrison was a con-
sultant for the U. S. Navy on the Radio
Board of the Joint Aircraft Committee.

Mr. Harrison received the B.S. degree
in E.E. from the University of Colorado. He
holds several patents on electronic devices.

A. E. Harrison

°,
o

H. S. Killgore (A'44-M’46) has been
appointed Manager of Government Sales
for National Company, Inc., Malden,

Massachusetts. Mr.
Killgore will be re-

5‘. sponsible for all
Government sales

L ‘ activities and the
=> W direction of Na-

\ s tional’s govern-

ment sales repre-
sentatives.

Credited with
establishing the
first complete mo-
bile radio broad-
casting station used
in the invasion of North Africa during
World War 11, Mr. Killgore has spent al-
most twenty ycars in the broadcast and
electronic fields, and has traveled the
world as a communication consultant for
the government. In addition, Mr. Killgore
spent a number of years with Collins Radio
Company and has just resigned as Direc-
tor of Government Sales for Emerson Ra-
dio Company.

Mr. Killgore was educated at Ecole des
Alpes, Morges, Switzerland, Lawrence
Academy, Groton, Mass., and completed
special radio engincering courses at MIT
and Harvard University. He is a member
of the Armed Forces Communication Asso-
ciation and the National Press Club.

(Continued on page 52A4)
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H. S. KiLLGORE
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*With four Texas Instruments
grown junction n-p-n germanium
low cost, high gain transistors, the
Regency radio achieves power
gains of 32 decibels in each inter-
mediate-frequency stage and 37
decibels in the audio stage. One
transistor is used as a combina-
tion mixer-oscillator, two as inter-
mediate-frequency amplifiers, and
one as an audio amplifier. Output
transformer also Tl manufactured.

Using four high gain Texas Instruments
transistors. the world’s first transistor-
ized consumer product — a high per-
formance pocket size radio — is now
available on the retail market! Priced
under $30. the world’s smallest com-
mereial radio receiver (manufactured by
Regeney of Indianapolis) achieves het-
ter performance than many much larger
conventional sets. To produce the special-
Iy designed transistors used in this superh
little instrument. T1 has developed ad-
vanced manufacturing techniques that
assure uniformiv high product quality as
well as mass production quantities.

With the transistor radio already a real-

the

transistorized
consumer
product

«+.uses Tl transistors!

ity, the multi-million dollar consumer
market is readv and waiting for still
more transistorized products. Don’t de-
lay your own product development for
lack of suitable low cost. high perform-
ance transistors. In designing transis-
torized products. depend on transistors
from Texas Instruments. a leading sup-
plier of transistors for a variety of com-
mercial and military applications. Pro-
ducing the industry’s widest range of
semiconductor devices — silicon or
germanium; diodes or transistors —
Texas Instruments is your most experi-
enced source of supply for dependable
semiconductor products,

TEXAS INSTRUMENTS

i NC ORPORATUED

6000 LEMMON AVENUE

January, 1935

DALLAS 9. TEXAS
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PROGRAM DESIGNED TO EXPLORE OUR EXPANDING TECHNOLOGY

70 EQUIPMENT AND COMPONENT EXHIBITS

PLANNED INSPECTION TOURS

B TOP-OF-THE-LADDER SPEAKERS

LADIES PROGRAM — GLAMOUR FOR THE GALS IN EXCITING BIG “D"

TOURS SPEAKERS

. X Open Meetin
Bell Aircraft Corporation £

W. H. Houston, President of Rice Institute at Houston

Jack D. Ryder, Dean of Engineering, Michigan State
Chance Vought Aircraft College

George Bailey, Executive Secretary of 1. R. E.

T. A. Hunter, Editor, I. R. E. Student Quarterly, past
Collins Radio Company Regional Director, I. R. E.

Braniff International Airways Communications Shop
Continental Electronics Manufacturing Co.

Southwestern Bell Telephone Co., Haskell Exchange AL

John J. Jordan, Fellow of 1. R. E. and director of Engi-

Temco Aircraft Corporation neering and Research, The Baldwin Piano Co.

SEVENTH ANNUAL SOUTHWESTERN 1. R. E. CONFERENCE AND
ELECTRONICS SHOW at the Baker Hotel in Dallas, Texas, February 10, 11 and 12,
1955 sponsored by the Dallas-Fort Worth Section, Institute of Radio Engineers.
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ACCURATE POWER
MEASUREMENTS...

This versatile FXR Universal Power Meter, and rugged
Matched Coaxial Thermistor Mount, make an unbeat-
able laboratory or production line team. Here is your
assurance of faster, more reliable c-w or pulsed power
measurements . . . over broad frequency ranges. These
are instruments of proven dependability . . . designed,
engineered and built with the specialized know-how
for which FXR is recognized in Precision Microwave
Test Equipment.

FXR MODEL NO. B830A

Extend range 0.1 to 100 milliwatts full scale
Accommodates any resistance within =-10% of 50,
100, 150, 200 or 250 ohms

Positive or negative temperature coefficient

Bias ranges from 3 to 40 milliamperes

Bias can be pre-set on meter

Extra protection against bolometer burn-out

FXR MODEL NO. N215A

VSWR less than 1.5 from 500 to 11,000 mc

DC circuit self-contained—200 ohms operation at 34
milliwatts

Two rugged thermistors used s detecting elements
Exceptionally high burn-out level

Plug-in replaceable elements
Designed for highest accuracy

See the COMPLETE LINE of
FXR PRECISION MICROWAVE
TEST EQUIPMENT

Write today for complete Catalog

Clectronics & X-Ray Division

F-R MACHINE WORKS, Inc.

26-12 BOROUGH PLACE, WOODSIDE 77, N.Y.
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COIL
BOBBINS

Our special machinery and high production methods work in com-
bination with rigid quality control to provide you with the finest
in coil bobbins at lowest possible cost.

Your specifications are met to the most critical tolerances. Work-
manship is precise and carefully inspected. You can order in
quantity, in any size or shape, flanges of all types, and be sure of
uniformity throughout. Only fine dielectric materials are used —
kraft, fish paper, acetate, phenol impregnated or combinations.

With Precision Bobbins you eliminate rejects, waste, loss of time—
get better coils at less cost. Prove it to yourself! Send specifications
for samples. Ask for literature.

PRECISION LOW COST PAPER TUBES

= . Order in any length, size, shape, I.D. or
e ——— £ {F ~ 0.D. and in any quantity. Precision Paper
i Tubes are crush resistant and light weight,
with excellent dimensional stability. They
are fabricated to the same high standards
governing Precision Bobbins.

Send for samples and Arbor List of over 2000 sizes

Sales Representatives in:

New England: Missouri, Southern IIl nois, lowa:
Framingham, Massaochusetts, Frominghom 7091 St. Louis, Missouri, Sterling 2318
Metropolitan New York, New Jersey: Maryland:

Jersey City, New Jersey, Joumal Square 4-3574 Baltimore, Maryland, Plaza 2-321)
Upstote New York: Philadelphia, Camden:

Syracuse, New Yoik, Syracuse 76-8056 Philadelphio, Pa., Chestnut Hill 8-0282
Northern Ohio, Western Pennsylvania: California:

Cleveland, Ohio, Atlantic 1-1060 Posadena, California, Sycamore 8-3919
Indiana, Southern Ohijo: Canada:

Logansport, Indiosa, Logansport 2555 Montreal, Quebec, Canada, Walnut 2715

"/l PRECISION PAPER TUBE CO.

precision] 20571 W. CHARLESTON ST. CHICAGO 47, 11LL.
Plont No. 2: 79 Chapel St., Hartford. Conn.

A

(Continued from page 48A4)

Division chiefs have been named by
Dr. A, V., Astin, Director of the National
Bureau of Standards, for three radio divi-
sions of the Bureau's Boulder Laboratories
in Colorado. The division chiefs are R. J.
Slutz (A’53), Radio I’ropagation Physics;
K. A. Norton (A\'29-M'38-SM'43-F'43),
Radio Propagation Engineering; and H. A.
Thomas (SM'52), Radio Standards. In ad-
dition, H. Lyons (SM'30) has been desig-
nated assistant Chief for Research of the
Radio Standards Division; he will also
serve as Chief of the Microwave Standards
Branch. Director of the Boulder labora-
tories is Dr. Frederick \WW. Brown.

The three radio divisions represent a re-
organization of the activities of the Cen-
tral Radio Propagation Laboratory, which
has existed as a single division of NBS in
Washington and which has been trans-
ferred within the past few months to
Boulder. The Central Radio Propagation
Laboratory is the primary agency of the
Federal Government for research in radio
wave propagation and radio-frequency
standards, including standards for all elec-
trical quantities in the radio frequency re-
gions.

o

E. T. Barrett (\\"12-M'43) has been
elected President of C.(G.S. Laboratories,
Inc., Stanford, Conn. Mr., Barrett is a
patentattorney and
a member of the
firm of Curtis, Mor-
ris & Safford, New
York. In addition
to his legal and ad-
ministrative back-
ground, Mr. Barrett

! . has had many vears
‘* experiecnce as  a
l G\ . chemist and, dur-

ing the war, was en-
E.T. BARRETT gaged in electronic

research at Harvard
University under the Office of Scientific
Scientific Research and Development.

He attended Kansas University, and
Lawrence Institute of Technology. In 1943
he received the L.L.B. degree from North-
eastern l.aw School.

°,
g

Appointment of C. D. Perrine, Jr.
(:\'51) as Director of Engineering of the
Pacific division of Bendix Aviation Cor-
poration, has been announced.

AMr. Perrine, who has been associated
with the development of aircraft electron-
ics and guided missiles, formerly was
Assistant Manager and Chief Engineer of
Consolidated-Vultee  \ircraft  Corpora-
tion's Pomona division. For the past two
vears he specialized in major guided missile
development and  production for the
Navy's Bureau of Ordnance and the Ap-
plied Physics Laboratory, Johns Hopkins
University. Previously he was Assistant
Chief I<ngineer for missiles and electronics
at Convair's San Diego division.

Before joining Convair, Mr. Perrine

(Continued on page 356.4)
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NEW GERMANIUM POWER RECTIFIERS
REDUCE VOLUME AND WEIGHT 73%

Sid

Because of the higher efficiency of germanium, these EERMANI ”M
new G-E rectifiers achieve a full 75% saving in size and
weight—and yet actually cost less than any conventional Pa WEH

type dry rectifier in use today. This sharply-reduced
weight and volume is a result of greatly-increased power REET”IEH 5
per cell in G.E.’s unique low-loss rectifier.

Compare and see! For new efficiency in your 1955 de-
signs go the limit with new G-E Germanium Power
Rectifier. Tell your rectification problem to the G-E
application engineer —write today to: General Electric

Company, Germanium Products, Section X5215, Elec-
tronics Park, Syracuse, New York.

SAMPLE DELIVERIES ARE SCHEDULED FOR FEB. 1955!

These rectifiers are available in standard combinations con-
sisting of one or more rectifying elements. A few typical
ratings are listed below.

Be ‘money-wise’’ and
“pound-wise’’ too, with these
stand-out design features:

CIRCUIT
Half Wave

D-C OUTPUT AT 55° C (Resistive Load)

30 amps @ 60 V
[5amps @ 120 V
10amps @ 180V

@ Weight and volume reduced

75%
Full Wave Center Tap 30 amps @ 60 V ]
10 amps @ 180 V ) Rectifier losses have been re-
Full Wave Bridge 10amps @ 125V duced to V3 or less

Three-Phase Half Wave 30 amps @ 95V
15amps @ 190V

Three-Phase Bridge 15amps @ 190V
Three-Phase Star 30amps @95V

No forward aging effects...no
need for age-compensating
devices

P'ogress ls Ouvr Most /mportant Produvct

GENERAL @3 ELECTRIC

PROCEEDINGS OF THE LR.E. January, 1955 33a



SHASTA Model 202A
Vacuum Tube Voltmeter

544

WHEN WRITING TO ADVERTISERS PLEASE MENTION

] Any voltage from 100 to 500, over a fre-
quency range of 50 to 2,000 cps, may be read
to + .25% of input voltage in 39 ten-volt full
scale steps with the new ARGA Model 101
Expanded Scale Voltmeter. Smallest division on
the patented expanded scale is 0.2 volts; reading
errors due to parallax are negligible. True RMS
readings are provided by a specially-developed
measuring element.

Standard instrument has provision for direct
conncction to 0-1 ma recorder. Special high or
low base voltages, modified voltage scale ex-
pansions, and switchboard or panel mountings
are available on order.

Standard Model 101 (illustrated) measures
12”7 wide, 8” high and 8” deep, weighs 15 Ibs.
Price, (f.o.b. factory) $360.00.

W A new and improved version of the Model
202, the SHASTA Model 202A Vacuum Tube
Voltmeter, offers a range of .001 to 300 volts
full scale in frequency ranges from 20 cps to
2 mc. Accuray is + 3% full scale to 100 kc,
=+ 5% to 2 mc. DB range is —G0 to +50 in

10 db steps. A new 6” meter provides better |

readability reducing parallax errors and oper-
ator fatigue. Tts wide voltage and frequency
range make it the ideal general-purpose in-
strument. Price is only $180.00, (f.0.b. factory).

Other SHASTA Quality Instruments
Expanded Scale Frequency Meters / A. C. Vacuum Tube
Voltmeters / Square Wave Generators / Square Wave
Voltage Calibrators / Regulated and Unregulated Power
Supplies . Filament Power Supplies / Wide Band Ampli-
fiers /' Crystal Calibrators / Impedance Bridges © WWV
Receivers ' Low Frequency Standards

Bridges ' Intermodulation Meters

The complete line of SHASTA quality
instruments offers new high standards of
precision performance — why settle for less?
Before you specify or buy test instrumenta-
tion, see what SHASTA offers you. Write

Resistance |

today for technical bulletins, complete price |

lists. Please address Dept.SA1.
$-3

BECKMAN INSTRUMENTS INC.

1432 Nevin Avenue * Richmond, California
Telephone BEacon 5-7196

PROCEEDINGS OF THE I.RE

For Industrial
and Electronic
Equipment

DESIGNED TO
COMMERCIAL & MILITARY
SPECIFICATIONS (MIL-T-27
and AN-E-19). ALSO
CLASS A, B, H, AND
MINIATURES.
Sample, Short and
Long Runs. Let
us quote on your ‘
specifications.
No obligation.

Dellvery as promised!

PRODUCTS, INC.

2500 ATLANTIC AVE.
BROOKLYN 7, N. Y.

Most Accurate
LABORATORY PORTABLE

TUBE TESTER

e Accurately tests all Rereiver tubes
ineluding high-gain types.

o Choice of 3 AC Signals and 3
micromho ranges.

e The leading tube tester in the
industry,

e Write for technical details. ..

THE HICKOK ELECTRICAL INSTEUMENT CO.

0551 Dupa Ay e vel L. h

1955
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MAGNETIC TAPE

CONTROLS MACHINES LIKE THIS

An Ampex Magnetic Tape Recorder programmed all operations of this
16" la*he. The Ampex machine was selected by General Z'ectric, who designed
and built the control system, to provice the “memory"” which helped guide

the machine flawlessly through the accurate motions involved in machining
irregular oarts. For each part to be manufactured, a skilled machinist made the
first unit. The Ampex recorder “remembered” his motions and could
thereafter direct the lathe in the manufacture of one part or a thousand —
row or twenty years from now.

Other exacting work programs of drilling, jig boring, tapping, o~ gear cutting can be

caonverted into electrical signals by existing tracer techniques . . . and
permanently recorded on magnetic tope. The control system using the memory
characteristics of this tape can give you an exact duplication of the original
work sequence, again and again . . . wherever and whenever you want it.
Result: machine tool setup time is shortened . . . print reading ard “miking” times
are reduced . . . operator errors and rejects are eliminated . . . and simultaneous
operation of two or more feeds, on two or more machires is possib'e.

For Your Automation Needs: Ampex Precision and Durability

Ampex recorders retain precision even after thousands of hours of use. And
they can be adapted to almost any automation need. let our application engi-
neers determine whether magnetic tape can provide a
more efficient control system for your operation — or
write for our 16-page bulletin on “Data Recording, Ma-
chine Control and Process Regulation.”

fJn:gnufuro of"?m'/;('l;ou in 711«,(,”(-{{c j\)m‘o;'([ers

| Contact your nearest Ampex representative or write — wire Dept. G-1896

CORPORATION

PROCEEDINGS OF

} AMPEX CORPORATION + 934 CHARTER STREET, REDWOOD CITY, CALIFORNIA
Branch Offices: New York; Chicago; Atlanta; Sar Francisco; College Park, Maryland (Washington D.C. area).

Distributars: Rodio Shack, Boston; Bing Crosby Enterprises, Los Argeles; Scuthwestern Ergineering &
Eqeipment, Dallas and Houston; Canadian General Electric Company, Canada.

55a
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"

) MINIATURE
/7>,”" PULSE TRANSFORMERS

The wealth of experience that Acme
Electric engineers have gained in
more than 37 years of transformer
designing, becomes apparent in
the performance and high quality

v . T -
€ \ construction of this line of Minia-
¥, ture Pulse Transformers. Send us
A\ your specifications.
- ===l ———
f )
 —— A

ACME ELECTRIC CORPORATION

1375 WEST JEFFERSON BLVD. ¢ LOS ANGELES, CALIF.

w
C

RITE FOR
ATALOG
PT-301

Floridas complete ' facility
fo ELEGTRON

RADIATION Inc.

Avionics .

Electronics o

write for our brochure

Melbourne, Fla

Instrumentation
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(Continued from page 32A4)

was for five years Manager of the electron-
ics department of Fairchild Engine and
Airplane Corporation’s Guided Missiles
division, Farmingdale, L.I. Under his di-
rection and with the aid of the U.S. Naval
Research Laboratory, Fairchild developed
and tested one of the first radar homing
devices for the Navy’s “Lark™ ground-to-
air test missile.

From 1937 to 1945 Perrine was associ-
ated with Howard Hughes, advancing to
Manager of the radio division. A member
of Sigma Xi and Tau Beta Pi, he received
the B.S. degree in applied physics from
California Institute of Technology in 1933.

Industrial Engineering Notes

AERONAUTICS*

The Radio Technical Commission for
Aeronautics released a report which
recommends a system for the activation of
airport field lights by radio transmissions
from aircraft. The RTCA report recom
mends a radio system using the frequencies
121.7 mc and 121.9 mc by all aircraft and
122.8 mc by private aircraft. This would he
in addition to the present use of 121.7 mc
and 121.9 mc for ground-to-ground airport
utility communication and the present use
of 122.8 mc for a two-way communication
service available only to private aircralt.
2\ system of codes is provided so that, in
arcas where two or more airports are lo-
cated in close proximity, a pilot may acti-
vate the lights of only the airport where he
intends to land. A further reason for using
coded signals is to prevent activation of
airport field lights when the frequency is
being used for communication, RTCA said.
Five such codes are recommended, each
consisting of a given number of dashes
produced by pressing and releasing the
microphone button of the aircraft VHEF
transmitter. Thus any aircraft could trans-
mit any of the five codes, but the decoder
of any given airport system could accept
only one of the codes. The Federal Com-
munications Commisston has been asked
to initiate the rule-making that may be
required to authorize use of the three fre-
quencies chosen for the system. It was also
recommended by RTCA that the Civil
Aeronautics Administration select the re-
ceiving frequencies, assign the codes to be
employed in all airport light activation
system installations, and publish notifica-
tion in the Airman’s Guide of each system
installed. Copies of the report (Paper 168-
54/D0-61) may be obtained for 20 cents
from the RTCA Secretariat.

(Continued on page 584)

* The data on which these NOTES are based were
selected by permission from Industry Reports, issues
of October 11, 18, 25 and November 1, 8, 15 and 22,
published by the Radio-Electronics-Television
Manufacturers Association, whose helpfulness is
gratefully acknowledged.
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3301 to 5000 MMF
2001 to 3300 MMF

1501 to 2000 MMF

e &

STl ST e AN N ST

Type JL. DISCAPS have a very small capacity variation

over an extended temperature range. The maximum

capacity change between —60°C and +110°C is only

+7.5% of capacity value at 25°C. With a standard

Ow To lE RA“ CE working voltage of 1000 V.D. C., they are manufactured

== in capacities between 220 MMF and 5000 MMF.

Offering the advantages of longer life, dependability,

and lower initial cost, their smaller size and greater

mechanical strength provide additional economies in
assembly line operations.

Specify Type JL DISCAPS as the cost-saving re-

placement for paper or general purpose mica capacitors.

AVERAGE CURVE
CAPACITY VS. TEMP.
EXTENDED TEMP. RANGE
TYPE JL DISCAPS

PERCENTAGE CHANGE
FROM 25°C VALUE

POWER FACTOR: 1% max. @ ) X C (initial)

POWER FACTOR: 2.5% max. @ 1 K C, after humidity

WORKING VOLTAGE: 1000 V.D.C.

TEST VOLTAGE (FLASH): 2000 V.D.C.

LEADS: No. 22 tinned copper {.026 dia.)

INSULATION: Durez phenolic—vacuum waxed

INITIAL LEAKAGE RESISTANCE: Guaranteed higher than 7500
megohms

AFTER HUMIDITY LEAKAGE RESISTANCE: Guaranteed higher than
1000 megohms

CAPACITY TOLERANCE: + 10% = 20% at 25° C

801 to 1500 MMF

331 to 800 MMF

g — \l
CIZLS:arc | RADIO MATERIALS CORPORATION
CAPACITORS \ GENERAL OFFICE: 3325 N. California Ave., Chicago 18, IIl.
| | [ FACTORIES AT CHICAGO, ILL. AND ATTICA, IND.
- ZAE il Two RMC Plants Devoted Exclusively to Ceramic Capacitors

PROCEEDINGS OF THE LR.E. January, 1955
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PRECISION CERAMICS

can improve your products...cut your costs!

In the assembly of electrical or electranic equipment,
the use of precision-made components means faster
production and the correct functioning of the equip-
ment in service.

Through the application of experience-developed
engineering and technical skills and modern equip-
ment, Stupakoff produces, in large volume, parts

. P —
that meet most exacting spem.ﬁcatlons. ‘ [ V=
Stupakoff precision ceramics may be plain or |\ e \

metallized; and made from alumina, steatite, zircon, ! _\ \)Q\“
Stupalith or other materials. F 7.
S Gy

WRITE for our new bulletin - 1 a:g‘

No. 155, which describes s‘wu-’

precision ceramic products, =

or send drawings for quo-
tations.

I
l
|
i
|

@ Industrial Engineering Notes

(Continued from page 56A4)

ELECTRONICS

Eight permanent Working Groups ope-
rating under the Advisory Group on Elec-
tronic Parts of the Research and Develop-
ment Coordinating Committee on Elec-
tronics have been authorized. A formal
charter for the groups will be issued in the
near future. The Working Groups were ap-
proved by the Coordinating Committee on
Electronics in the Office of the Assistant
Secretary of Defense. They will be similar
to the Working Groups now operating un-
der the Advisory Group on Electron Tubes
but will work with the Advisory Group on
Electronic Parts, headed by Julian Sprague.
By terms of the charter, and with the con-
currence of the R&D Coordinating Com-
mittee on Electronics, the following Work-
ing Groups are established: Assemblies and
Assembly Techniques, Capacitors, Coils,
Inductors, Transformers, Electronic Ma-
terials, Electro-Mechanical Devices, Fre-
quency Control Devices, Transmission
Lines, and Resistors.

FCC

In answer to a petition filed by RETMA,
the Federal Communications Commission
has issued an order extending the time for
filing comments in connection with its pro-
ceeding looking toward an amendment of
the rules governing restricted radiation de-
vices. The FCC order extends until Jan. 3,
1955, the date for filing formal comments
in the proceeding. . . . With the issuance of
a Proposed Report and Order, the Federal
Communications Commission has an-
nounced that it looks toward finalizing,
with certain changes, its proposal to revise
Subpart K of Part 11 of its Rules Govern-
ing the Special Industrial Radio Service to
meet the needs of that growing service,
and to amend the table of frequency allo-
cations in Part 2 accordingly. The new
rules would specifically delineate the vari-
ous categories of industrial activities eligi-
ble for license in this service. The scope of
eligibility is broadened to include certain
service and trade activities which have
heretofore been excluded or limited; also to
persons engaged in certain professional or
consulting engineering activities and to
persons providing specialized functions,
under contract, to single categories of per-
sons who are themselves eligible to use ra-
dio to perform the same function. However
the choice has been based on the need of a
given industrial class or group for radio-
communication, FCC said, and not on a
special need of an individual member
where the group as such could get along
without radio. ... After review by the
ODM Science Advisory Committee and
Arthur S. Flemming, ODM Director, rec-
ommendations and findings on scientific
manpower will be submitted to the Presi-
dent.

Dr. James R. Killian, Jr., president
of Massachusetts Institute of Technology,
has been appointed to head a panel of sci-
entists studying methods to mobilize more

(Continued on page 62A)
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SPERRY DEVELOPS .
MEGAWATT KLYSTRONS

Super-Power Tubes Open Way
to Electronic Advances

The giant tube you see illustratea here is
the first Megawatt Klystron ever built for
military use. It is also the first of a series of
Sperry Klystrons producing millions of watts
of precisely controlled radar power. Developed
by Sperry and the Air Research and Develop-
ment Command primarily for defense pur-
poses. its capabilites indicate that potential
uses are virtually unlimited.

IN RADAR DEFENSE ... Sperry’'s new
Megawatt Klystrons have provided more than
250 times the radar power that beamed im-
pulses to the moon and back in 1946. Such
power - with a frequency held 20 to 200 times
closer than the freguency limits of conven-
tional radar or TV transmitters permits ob-
taining greatly improved information from
search radars.

Eight feet tall, the first Megawatt Klystran Amplifier developed for military
purposes by Sperry, develops 4,000,000 watts of power with up to 43% efficiency
and 38 db. gain. Other Megawatt Klystrons are now in production.

IN GUIDED MISSILES ... Sperry’'s new
Megawatt Klystrons make possible more ac-
curate control of missiles permitting guidance
over longer paths.

FOR FURTHER INFORMATION Qualified organizations can
receive information on these super-power tubes to aid in electronic

system design by writing to our special Electronics Department.

1
F % \ srmoscore comeany

|1

DIVISION GF THE SPERRY CORPOLATION GREAT KELK NEW YOR®

IN ATOMIC ENERGY...Sperry’'s new Mega-
watt Klystrons provide stable driving power

for larger atom smashers and high energy CLEVELAND + NEW ORLEANS * BROOKLYN » LOS ANGELES » SEATTLE * SAN FRANCISCO
X-ray devices used for scientific research. IN CANADA— SPERRY GYROSCOPE COMPANY OF CANADA LTD . MONTREAL QUEBEC
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To make a
Good Rig Better

BETA and GAMMA
COUNTER TUBES

ABC, NBC, CBS and all radio and TV
stations have used Cannon Plugs almost
exclusively since they started...You can
have the same high quality and depend-
ability that spell satisfaction...in rig
building and operation.

XL SERIES. With thumb
pressure LATCHLOCK —no
accidental disconnect. Mike

™ and audio-connector; 3 or 4

) y//? contacts, seventeen complete

J /f‘/;’,/ assemblies. Standard on top
¥

Victoreen offers the most complete line of geiger tubes, " % o quality mikes. Available
developed for every type of application from the extremely through most radio jobbers.
accurate laboratory units to the heavy duty, portable, $00000ccscssscrerscrrsccvone
field type. , P SERIES. The old faithful

—radio men swear by it, not
at it. Thumb pressure
LATCHLOCK, positive con-
nection. Up to 8 contacts;
steel plug shell. Ninety-nine
complete assemblies for audio
circuits and power.

In every application where counter tubes are used —
Victoreen has set the standard of comparison.

\~_

S

ELECTROMETER

yUA SERIES. The RETMA
specified standard weather-
proof, gold plated contacts,
spring insert removal. Thumb
pressure LATCHLOCK.

l ©0000000900COCIOBROIOIOGOOIOOREOIOEOEOPORDBDES

K SERIES. For power sup-

| plies, audio circuits and
}& combined circuits. A great

- variety of shells and inserts.

In building a compact rig, look

Victoreen has every facility for making tetrode, pentode into the new “D" subrinia.

and triode tubes to standards of operating performances tures 15, 25, 37, and 50-5a
a . o £ hei | contact arrangements. They’re
that will inherently improve the performance of their really small. Likewise the -U*"
application. In addition to exceptional quality, Victoreen series—1-12 contacts. New XL ey
0 g . 0 . . b Bulletin ready; also ask for
offers engineering skill to assist in solving your problems RIC-7 with prices and list of
and production facilities to meet your requirements. Send our franchised distributors.

specifications of your needs.

CNNNONIELECTRIG
£on

. v‘
Since 1915 | cannow |
pFLECTRIC

Vicmeen Irlstwwnl co CANNON ELECTRIC CO., 3209 Humbold? Street, Los
Angeles 31, Calif. Factories in Los Angeles, Toronto,

East Haven. Representatives in principal cities.
COMPONENTS DIVISION: 3813 Perkins Ave. ® Cleveland 14, O. Please Refer 10 Dept 377

For further information, write for catalog.
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leading Hi-Fi producers specify CRUCIBLE PERMANENT MAGNETS

for maximum energy...minimum size

Crucible alnico permanent magnets are unsurpassed in their mugnetic
properties. They provide consistently higher energy product . . . which
results in smaller, more powerful magnets.

That’s why not only leading producers of high fidelity sound equip-
ment, but hundreds of other discriminating manufacturers of instru-
ments, controls, motors and other magnet-equipped devices, prefer
Crucible alnico permanent magnets.

Crucible has been one of the largest producers of this type of
magnet since the alnico alloys were first developed. And backing up
this twenty-year magnet experience are 54 years of quality steelmak-
ing. For highest quality alnico magnets and technical help in their
application, call Crucible.

I c RU c IBLE | first name in special purpose Steels

ALNICO PERMANENT MAGNETS

CRUCIBLE STEEL COMPANY OF AMERICA, GENERAL SALES OFFICES, OLIVER BUILDING, PITTSBURGH, PA.
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servo motors

the way you want 'em !

L

@
¢k 1031-18

2 ):N Inertia Motor

CK 1028
Ltow Inertic Mofor

X-1214382
Motor Generator

Fv-101.5
Motor Generator

TEMPERATURE

CORROSION- INSTANT

RESPONSE

RESISTANT

As one of the world’s oldest and largest producers of servo

components, we are ideally qualified to provide you with the

right answer to your motor and motor generator needs. Why

not take advantage of our long, practical experience? Call on

us for recommendations based on your individual problem.
TYPICAL CHARACTERISTICS

Type Rated Voltage Max. Power No Load Stall In:::?: :!;:io Weight
Numb Input Total Speed Torque (Radians per (02.)
Phase 1 Phase 2 (Watts) (RPM) (o1. inches) Sec.?)

LOW INERTIA

MOTORS
CK-1018-7 18 18 | s 10000 013 | 13000 | 16
CK-1022-13 | 115 | 115/57.5 12 4800 | 145 | 33800 | 80

 CK-1027-14 | 115 | 115/575 7 6,200 0.63 41500 [ 45

CK-1028-16 26 26 6 10,000 0.28 13,000 1.6
CK-1031.18 % | 55 9 6,400 0.35 10,000 22
CK-2006-1 | 64 64 30 7200 | 26 70000 | 100
CK-3000-1 110 220 80 3,700 14.0 3,750 30.0

MOTOR

GENERATORS
FV-101-5 26 26 95 10,000 0.28 10,000 9
Fv-2001-2 115 115 3 6,600 3.0 70000 | 126
FV-3000-1 | 110 220 5 14.0 3,750 30.0
X-1214382 26 26 9.7 6,000 2.6 21,000 5.5

WRITE DEPARTMENT G

ECLIPSE-

West Coast
Office: 117 E.
Providencic Ave.,
Burbank, Calif.

PIONEER ...

TETERBORO, NEW JERSEY

Export Sales: Bendix International Division, 205 E. 42nd St., New York 17, N.Y.
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effectively scientific resources in the event
of an emergency, the Office of Defense Mo-
bilization announced. ... Dr. Ralph J.
Slutz has been appointed Chief of the Ra-
dio Propagation Physics Division of the
National Bureau of Standards’ Boulder
Laboratories in Colorado. This division is
a part of the Bureau's Central Radio Prop-
agation Laboratory. Dr. Slutz will direet
the Bureau's research on the physics of ra-
dio propagation, with particular reference
to the ionosphere. . . . Edward L. Nelson,
Technical Director of the Signal Corps En-
gineering Laboratories, Fort Monmouth,
N. J., has been appointed Scientific Chief
of Research and Development for the
Army Signal Corps. In his new assignment,
Mr. Nelson will be responsible to the Chief
Signal Officer for the technical direction of
the research and development mission of
the Army Signal Corps, which includes
highly specialized and exceptionally com-
plex scientific and engineering programs in
electronics, applied physics and allied fields
Prior to his appointment as Technical Di-
rector of the Signal Corps Engineering
Labs. on Feb. 15, 1951, Mr. Nelson was
with Bell Telephone Laboratorics, New
York City, engaged in the development
and design of military weapons systems
and equipment under Army and Navy con-
tracts. . ..

FaLL MEETINGS

Preliminary plans for a fourth general
membership meeting of the manufacturers
of commercial and military electronic
equipments and components, to be held
immediately preceding the IRE Show and
Convention, March 21-24, in New York
City, were announced last Friday by
Chairman F. R. Lack of the RETMA Elec-
tronics Industry Committee. ! nder the
overall sponsorship of the EIC, the one-
day meeting and membership rally will be
held on Sunday, March 20, at the Roose-
velt Hotel in New York City. The meeting
will present a forum for electronic manu
facturers who are members of the RETMA
Technical Products Division and receive
services of the Government Relations De-
partment. It is anticipated that sections
of the division and committees of the de-
partment will hold sessions open to all
RETMA members and guests on that day.

Direction of the meetings and member-
ship rally is under the joint chairmanship
of Frank D. Langstroth, of The Magnavox
Co., and L. A. Connelly, of Radio Corp. of
America, representing the Technical Prod-
ucts Division and the Government Rela-
tions Department, respectively. The first
general membership rally was held in
Washington, D. C., on Nov. 1, 1951, under
the sponsorship of the former Transmitter
Division. That gathering resulted in the
reorganization of the Division and a
change in its name to the Technical ’rod-
ucts Division. The Sunday, March 20,
meeting will afford members of the Elec-
tronics Industry Committee an oppor-
tunity to review the operations of the
Technical Products Division under Chair-

(Continued on page 66A4)
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Widest selection of latest materi-
als. Constant addition of new spe-
cial-purpose bodies. Over 50
years accumulated experience and
“know how.” A highly trained
staff, alert for improvements and
new techniques.

w...

True cost is what you get for what
you pay. It's risky to buy ceramics
by price alone. It may mean medi-
ocre material and outdated de-
sign. You'll profit by investigating
the recent “giant steps’” taken in
the ceramic field.

AlSiMag offers the best possible
ceramic for your job at a price
that's right. Modern, large-scale
equipment cuts production costs.
Shipments are on time and to spe-
cification. AlSiMag extra services
include free redesign service and
use of open dies.

Assembly lines run on deliveries,
not promises. That's why we're
careful to make delivery esti-
mates that are dependable. True,
ceramics are temperamental. But
you'll find AlSiMag’s “shipment
as promised” average is high. Ask
any of our customers.

* Send a blueprint and outline of operating conditions
and see what American Lava can do to save you money.

53RD YEAR OF CERAMIC LEADERSHIP

AMERICAN LAVA CORPORATION

A SUBSIDIARY OF MINNESOTA MINING AND MANUFACTURING COMPANY
CHATTANOOGA 5, TENNESSEE

Branch offices in these cities (see your local telephone directory)
Cambrndge, Mass ® Chitago, Il ® Cleveland, Ohio  ®  Dallas Houston, Texas
Inchanapolis, Ind. ® Los Angeles, Calit ® Newark, N J o Philadelphia Pittsburgh, Pe
S5t Lous, Mo, ®  South San Francisco, Calif.  ®  Syracuse, N Y o  Tulsa, Okla



plan your

production
with
KAHLE

machinery

bulilt specifically for Jour operation... Shadow

Industry leaders in
electronics, glass, and allied
fields have continuously

keyed their operations to
KAHLE Machines for over
a quarter of a century,

Your production rate, your
specifications, your require-
ments—are “planned-in”
KAHLE Machines.

Call KAHLE for
“*machines

that think for you!"

falhle

ENGINEERING
COMPANY

1314 SBEVENTH STREET
NORTH BERGEN, N. J.

o 5 , o etched and
3 ele€tro formed

.precision
parts

)

" N0.479®

7 PLATINUM ALLOY WIRE

.0008" Wire Diameter
16 Strands

(o)
(74 -
o~ Y7 yERNON

® Extra-long flex-life . . .

draw
Quotation,

' g .. >
- \ ® Over 20% Platinum for maximum
-‘ corrosion resistance . . .
e :

® High tensile strength . . .
® Easily welded or soldered . . .

® Valuable as a flexible lead . . .

® Practical for many applications
where usual products fail .

BUCKBEE
MEARS

‘ : COMPANY
SIGMUND COHN CORP. Metallurgists and

Producers of Small Wire Lindeke Building
A 121 South Columbus Avenue * Mount Vernon, N. Y. SAINT PAUL 1, MINNESOTA

v
« " by AY Rt

i
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For your most important
electronic control

@ oapplications

Completely ruggedized tubes dcveloped
especially for the Armed Forces to operate
under conditions of severe shock and

mechanical vibration.

Sylvania premium performance
tubes offer high reliability for
applications in electronic computors
and guided missiles.

SYLVANIA GAS TUBES

To Meer your electronic control equipment neefis, A SYLVANIA TYPE FOR EVERY NEED

whether military or commercial, Sylvania offers a wide Type Application
selection of gas tubes engineered to meet the most rigid R NI R s
election Ol gas .e g > g 0A4G . 0 o . relay and grid controlled rectifier
specifications. These include tubes for commercial use g:§ N vo:'ogeregu:a'or
0 q . a . q f s s s s e e s s e e s A { t
in applications where reliable performance is required 0c3 R, ::’,.,;’g:::g:.:,::
under difficult conditions of shock and vibration. Some 03 . . . . .. ... .. . voltaceregulator
. 0 . 1B59/R11308 . . . . . . . .glow modulator diode
Sylvania gas tubes have been especially designed to 1D21/5N4 . -« . « . . . .strobotron
.F. H H 2021 . . . . . . .relay and grid controlled rectifier
meet MIL-E-1 SpeClﬁcatlonS' 2D2'W . . . . . .relay and grid controlled rectifier
H R4330. . . . « « + +« « + + « . .« .strobotron
Whateve.r your needs, you can select any Sylvania 517 RS e o e
gas tube with confidence that it is manufactured under SA309 . . . . . . . . . . + . . .strobotron
. 1237 . . . .+ « « « « « . . Hkll-wave rectifier
tht?§ame s‘tandards ofqualny'and d?pel‘qd' . 20A5 . . . . « « « « « « « « . . frigger tube
ability which recommend their use in vital gzﬁ S . relay tube
. . W« « + « « 4 « +« « . « voltage regulator
military equipment. 5651 . . . . . . . . . . . voltage reference
vy . 5823 . . . . « « « « « + « .« . relay, rectifier
Sylvama S complete line offers you de- 6D4 . . . . . relay, reloxation osc. noise generator
pendable tube tprS ror your most im_ 6308 . . . . . . . e e .. vohagef reference
6483 . 5 . . . frigger tube

portant control functions. Send for new bulletin for complete data

on Sylvania Gas Tubes.

i
{ Sylvania Electric Products Inc,
1740 Broadway, New York 19, N. Y.
Please send Technical Data on Sylvania Gas Tubes.

SYLVANIA ELECTRIC PRODUCTS INC. -« 1740 BROADWAY, NEW YORK 19, N. Y.

In Conadat Sylvania Electric (Canada) Ltd.
University Tower Bidg., St. Catherine Street, Montreal, P. Q.

LGHTING - RADIO + ELECTRONICS « TELEVISION . ATOMIC ENERGY City Zone State
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Sierra 136B Reflection Coefficient Meter

This compact, moderately-priced in-
strument gives you materially preater
speed and convenience for measur-
g coaxial transmission Jine reflection
coeflicient, VSWR, or for matching
loads to line. The instrument has high
accuracy; sensitivity permits operation
with any standard C\V signal generator.
(See Figure 1) It provides continuous
monitoring of the reflected signal, is
simple to operate, and sturdilv built for
laboratory, production line or field use.
Frequency coverage is cantinuous from
32 to 1125 me.

LAY

PMALY | POWER

|
w0 We 3 ]
MEGACTEES

auENGY

Figure 1. Sensitivity, Sierra 136B. Primary line CW
power required 1o read reflection coefficient 0.02 as
a function of frequency. Values are for Sierra 138
and 138A Directional Couplers.

Data subject to change without notice @

664

The new 1368 employs the unique
Sierra Wideband Directional Couplers
(NModel 138 for 51.5 ohms and Model
138A for 50.0 ohms) to sample incident
and reflected voltage in a transmission
line. A built-in superheterodyne V'I'V I
may be switched to indicate either re-
flected or incident voltage directly. In
the incident position, a precision attenu-
ator calibrated directly in reflection
coethcient and VSVWR iy inserted in
the 1K amplifier circuit.

WRITE DIRECT FOR BULLETIN

SI a

. . .
Sierra Electronic Corporation
San Carlos 2, California, U.S. A.
Sales representatives in major cities
Moauubacturers of Carrier Frequency Voltmeters,
Wave Analyzers, line Fault Anolyzers, Directional
Couplers, Wideband RF Transformers, Custom
Radio Transmitters, VHF-UHF Detectors, Variable Im-
pedance Wottmeters, Reflection Coefficient Meters.

3232
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man James D, MceLean and the Govern-
ment Relations Department under Direc-
tor Joseph H. Gillies. Highlighting the
meeting will be a membership luncheon
featuring an address by a top-flight govern-
ment official. Leading military and govern-
ment officials will be invited to attend the
RETNN meetings and luncheon in con-
nection with their visit to the IRE show.

FrpEraL PrrsoNNEr

Dr. Harold Lyons has been appointed
Assistant Chief for Research of the Radio
Standards Division of the Bureau of
Standards, Boulder, Col. Laboratories. li¢
will direct research phases of the division's
standards program, including development
of improved transfer standards, methods of
measurement and instrumentation tech-
niques. Dr. Lyons will continue his work on
atomic clocks and microwave frequency
standards, in which he has been active
since 1946 and for which he received the
Arthur S. Flemming Award for outstand-
ing government service in 1948,

INDUSTRY STATISTICS

Through the end of 1953, the original in-
vestment in tangible broadcast property by
all networks and television stations totaled
$233.1 million, the Federal Communica-
tions Commission reported recently. The
Commission also reported that total broad-
cast revenues of the TV industry in 1933
were $432.7 million, or 33 per cent above
1952, Broadcast income, before federal
taxes, was reported to have heen $68 mil-
lion in 1953, up almost 23 per cent from the
previous year. Broadcast revenues include
not only the sale of time, but also talent
and program material to advertisers, less
commissions. A total of 104 stations, in-
cluding 21 post-freeze VHF and eight post-
freeze UHF, reported an investment in
tangible broadcast property of $500,000
and over; 47 stations, including 21 post-
freeze VHEF and 24 UHF, reported invest-
ment in tangible broadcast property of less
than $200,000. . .. Production of televi-
sion receivers in September rose substan-
tially above August and September 1953
and brought the nine-month total to over
4.7 million sets, according to figures re-
leased by the RETMA Statistical Depart-
ment. Radio production in September, a
five-week period, exceeded the previous
month’s output, but dropped below Sep-
tember a year ago. ... During the first
nine-months of this year, the Statistical
Department estimated TV production at
4,733,315 units and the radio output at
7,042,442 sets. In the corresponding period
last year the manufacture of 5,524,370 TV
sets and 10,149,163 radios had been re-
ported. Of the September television pro-
duction of 947,796 sets, 136,613 sets were
cquipped with UHF tuning facilities. Dur-
ing the first nine months 924,311 'I'\ sets
were manufactured with UHF tuners and
14,538 color sets were produced. . . . Em-
ployment in the communications equip-
ment industry during the first six months

(Continued on page 68A)
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—-—----- — - —demands

« « » exacting quality in capacitors and resistors

"
iwu

STYLE 818 STYLE 828 STYLE 415  STYLE 412 STYLE 414

ERIE High Voltage Capacitors

Erie offers a wide selection of disc and molded type
ceramicons for high voltage service up to 30 KV.

STYLE 155

ERIE ''Hi-Stab”’ Deposited Carbon Resistors

The Style 155 Pyrolytic resistor fulfills a long standing
need for an extremely stable, moderately priced,
molded insulated Y2 watt resistor. Available from 100
ohms to Y2 megohm in tolerances as close as = 1%.

_ERIE

dependab

|

STYLE 831 STYLE 801 STYLE 811 STYLE 821

ERIE *'K-LOK "’ High-stability Disc Ceramicons
Values up to .0047 mfd at 500 volts are available in
tolerances as close as + 5%. Capacity variations
with temperature, age, and voltage are exceptionally
small. A truly premium capacitor.

STYLE 531-532 STYLE 535

STYLE 3139-01

STYLE 557

ERIE Trimmer Capacitors

The largest and most versatile family of plastic and
temperature compensating ceramic trimmer capacitors
are available from Erie, to meet difficult tuner and
converter requirements,

e electronic¢

ERIE RESISTOR CORPORATION . ..

mponents

10!

|
STYLE 331 STYLE 811

STYLE 301 STYLE 801

ERIE By-Pass and Compensating Ceramicons

To meet the exacting temperature compensation and
by-pass requirements of color circvitry. Compensating
units available from .75 to 1380 mmf. “Hi-K" by-pass
units available from 100 mmf. to .01 mfd.

STYLE 3812 STYLE 2405

STYLE 2433

STYLE 325 STYLE 323 STYLE 2404

ERIE Stand-off and Feed-thru Ceramicons

Manufactured in values up to 1500 mmf. to overcome
radiation and critical by-passing problems.

ELECTRONICS DIVISION

—ERIE-

. RESISTOR CORP.

Main Offices and Factories: ERIE, PA.

Sales Offices Cliffside, N. J. ® Philadelphia, Pa. ® Chicago, Ill. ¢ Detroit, Mich.
Ashland, Ohio * Fort Wayne, Ind. ® Los Angeles, Calif. ® Toronto, Ontario

Monvfocturing  Subsidiories

HOLLY SPRINGS, MISS. * LONDON, ENGLAND * TRENTON, ONTARIO
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custom-
! ) of 1954 lagged considerably behind the
/ comparable period of 1953 but a pick up in
m ade = [ activity during the second half of the year
| \ 7 s . was forecast by a majority of firms sur-
- ' N . — - ; veyed for a report just released by the
SUb assem b’y ‘ (I . | Bureau of Employment Security, U. S. De-

:‘-1 partment of Labor. T'he survey was made

last May and reports were received from

by 314 establishments, mostly employing 200
or more workers, with an aggregate em-

ployment of 396,344, These firms account

- for slightly over 80 per cent of the in-
’“ H“”““‘] dustry's total work force, the BLS re-
L T ported. The communications equipment
industry includes not only manufacturers
of radios, television sets, phonographs,
i . radar and detection apparatus, public ad-
specifications through years of research and dress systems, and tubes but also firms
production experience. Our facilities are which produce telephone and telegraph

H : equipment and electrical communication
orgu'nlzed L design, development and pro- cgui;)mcnt. The report, dated August 1954,
duction of delay lines, networks, pulse trans- showed that employment in the 344 estab-
formers, etc., incorporated into precision elec- lishments surveyed decreased by “13~6 per
tronic sub-assemblies. cent from May .1‘_)93 to A\‘lil_\' 1954. “Radios,
radio and television equipment, radar, etc.
—the industry’s largest division with
about two-thirds of total employment
and radio tubes, led the downtrend with
decreases of 13.7 per cent and 20.6 per cent

*Custom-made to meet the most precise

Brochure Available Upon Request

CORPORATION respectively, and were respousible for
virtually all of the over-all 12-month re-
534 Bergen Blvd., Palisades Park, New Jersey duction,” the report said. It was pointed

out that “although 28 states and all geo-
graphical sections were represented in the
survey, the bulk of all employment was
found to be concentrated in the Middle
Atlantic and East North Central regions.
Better than two out of every three workers
and seven out of every ten plants were
located in the eight states which comprise
No. 2142 these regions. Illinois led all other states

BETTER CONNECTIONS
in volume of employment with 19.6 per
J ° " E s B A R R I E R cent of the total and was followed by New
Y Jersey with 16.4 per cent, and New York
> / with 11.5 per cent. In fourth and fifth
T E R M I N A L S T R I P s places were Massachusetts, 9.9 per cent,
Leakage path is increased —direct shorts from frayed and Indiana, 8.7 per cent.” Nearly three-

terminal wires prevented by bakelite barriers placed fifths of all workers covered by the survey
were reported to be located in nine major

labor market areas—Chicago, Newark,
Boston, Los Angeles, Philadelphia, New
{ { 5 York, Baltimore, Indianapolis and Pater-
Jones Means Proven Quality ~ <D son. “Manpower shortages affecting the

|/ communications equipment industry have
decreased sharply,” the report noted, al-
though some firms surveyved reported a
need for engineers of various types plus

between terminals. Binder screws and terminals brass,
nickel-plated. Insulation, black molded bakelite. Finest
construction. Add much to equipment’s effect.

lilustrated: Screw Terminals—Screw and Solder Terminals—Screw Terminal above Panel tool and die makers, draftsmen and
with Solder Terminal below. Every type of connection. machinists. “Three-fourths of the estab-
lishments reporting hard-to-fill openings
Six series meet every requirement: No. 140, 5-40 screws: No. 141, 6-32 screws; No. were in radios, radio and television equip-
142, 8-32 screws; No. 150, 10-32 screws; No. 151, 12-32 screws; No. 152, 1/4-28 screws. ment, radar, etc.”
Catalog No. 20 lists complete line of Barrier Strips, and other Jones Electrical Con- MosirLizatioN

necting Devices. Send for your copy.

The Air Research and Development Com-
mand has announced that a new radar
height finder has been developed and pro-
duced jointly by its Rome Air Develop-

H 0 WA R D B- J 0 N E s D I v I s | 0 N ment Center and the General Electric Co.

CINCH MANUFACTURING CORPORATION The set, which is designed to meet the need

CHICAGO 24, ILLINOIS for greater radar range, reportedly concen-

SUBSIDI’ARY OF UNITED-CARR FASTENER CORP. trates its energy in a narrow beam and can
(Continucd on page 70A)
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NEW! HUGHES NOW OFFERS

Silicon

Junction

Diodes

=4

Hughes continues to set
industry standards for quality
and reliability of semiconductor
devices. These NEW

Hughes Silicon Junction

Diodes now provide you with
devices which will operate

at high temperatures. They
combine high forward
conductance with extremely
high back resistance. In

several diode types, this
resistance is in the order of
10,000 megohms! This means
that, in many applications,
there is essentially an open
circuit in the back direction,
The phenomenal back resistance
of these diodes has opened

up many possibilitics for
entirely new circuit applications,
in addition to meeting
requirements for higher
temperaturc operation, which
germanium cannot satisfy.
Before completing design work
on your next equipment,

be sure to investigate

the outstanding new Hughes
Silicon Junction Diodes.

PROCEEDINGS OF THE LR.E.

HIGH FORWARD CURRENT

EXTREMELY HIGH BACK RESISTANCE

VERY SHARP BACK VOLTAGE BREAKDOWN

FIGH TEMPERATURE OPERATION

The
ORIGINAL
Glass-Body,
Fusion-Sealed
Germanium
Diodes.

January, 1955

Hughes Subminiature Silicon Junction
Diodes are fusion-scaled in a one-piece
glass body, impervious to moisture
and external contamination. Flexible
dumet leads are tinned for casy
soldering or spot-welding. The diode
envelope is coated with black silicone
enamel to shield the crystal from

Iight. Authient operating temperature
range, from —80° C to +200° C.
Actual size, diode glass body: 0.265
by o.103 inches, (approx.) maximunt.

HUGHES SILICON JUNCTION DIODES ELECTRICAL CHARACTERISTICS

Saturation Forward Current

yp B at +1v (1)
s
HD 6001 25v
HD 6002 70V
HD 6003 200V
) 6005 30V
70V
150V 7
v 3mA
HD 6009 150V 3mA

it
G
)
D
1)
0

Back Current
at 25°C at 150° C

SuA @ — 25V .030mA @ — 25V

5uA @ — 60V .030mA @ — 60V

SuA @ —175V .030mA @ —175V

025uA @ — 25V suA @ — 25V
0254A @ — 60V suA @ ~ 60V 1
.0258A @ —125V suA @ —125V
0254A @ —175V 5uA @ —175V '

-

54A @ —125V .030mA @ —~125V '

SEMICONDUCTOR SALES DEPARTMENT

)

New York Chicago

1

69a



A new, large size,
flat bed,
versatile
2-axis recorder...

AUTOGRAF

trademark

MODEL 2

Curves are available for
observation and labeling
while they are being drawn,

BOTH AUTOGRAF

MODELS ARE QUTSTANDING

FOR THEIR VERSATILITY

NEW MODEL 20 SERIES

DC VOLTMETER

The versatility and labor-saving converuence
of the original portable Autograf have now
been built into an instrument which handles
standard 11” x 1614” graph papers. Model 2
has the same scales and ranges as Model 1
(0-5 millivolts to 0-100 volts each axis) ; same
speed (full scale X and Y in one second);
same input impedance (200,000 ohms per
volt). In addition, depressed zero available
each axis, larger re-  _

cording area (twice as
big), flat bed, easy-
readirg design.

THE AUTOGRAF
MODEL 1

general purpose 815" ;
x 11”7 X-Y recorder —

is doing duty in hundreds of laboratory appli-
cations: chemical, electrical, electronic, wind
tunnel, computer...And on production lines:
measuring motors, filters, tubes, transistors,
airfoils, amplifiers, rectifiers, magnetic cir-
cuits and materials, nuclear devices, ete....

AUTOGRAF
CURVE FOLLOWER

plots or reads out Y vs.
X. Either Model 1 or
Model 2 can be fur-
nished as a recorder/
curve follower.

AUTOGRAF
POINT PLOTTER

Models 1 and 2 may be
fitted for point plotting
from keyboard or other
digital sources.

A new high accuracy,
easy-to-read, multi-
range servo-voltmeter
with fast response.
Scales 0-3 millivolts to
0-300 volts. Zero left or
zero center. Designed
for indication, control,
or analog to digital
conversion,

Bulleting describing these instruments
are available, and we will be glad to
send you the ones you want. Write...

F. L. MOSELEY €O., 407 NORTH FAIR OAKS AVENUE, PASADENA 3, CALIFORNIA
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deteet planes almost three times as far
away as previous units of this type. It is
designed to be used with search radar to
detect high-flying aircraft and provide in-
formation on distance, altitude and direc-
tion of flight. The set is produced by Gen-
eral Electric Co. in both mobile and fixed
versions and has been supplied for use in
strengthening the radar defenses of North
America and for defense posts in countries
receiving U. S. aid under the Mutual De-
fense Assistance Pact. . .. Ralph L. Clark
has been named Staff Director of the
newly established Cabinet Committee on
Telecommunications, according to an an-
nouncement by ODM Director Arthur S.
Flemming, who was named Committee
Chairman. The special cabinet committee
was established by the President to study
the federal government’s external com-
munications by telephone, telegraph, and
radio. The group will not consider do-
mestic communications policies, the an-
nouncement stated. The Cabinet Com-
mittee on Telecommunications is com-
posed, in addition to Dr. Flemming, of the
Sccretaries of State and Defense.

PATENTS

The Commerce Departnient last week
announced the publication of two new
books containing patent abstracts of
government-owned patented inventions in
the fields of electronics and ordnance. The
“Electrical and FElectronic \pparatus”
publication contains 1,913 abstracts which
are classified as to industrial use under
such groups as: wiring devices and sup-
plies; controls and switches: radio and re-
lated object locating and navigation ap-
paratus; computing apparatus, and others.
In addition to the brief description of the
inventions, the book includes the title
and number of each patent, name of the
inventor, the agency administering the
patent, and a list of addresses of the field
offices of the Commerce Department and
the Small Business Administration which
may be consulted for further information
concerning the availability and use of these
inventions. The new book mayv be pur-
chased at $4 a copy from the Office of
Technical Services, Commerce Depart-
ment, Washington 25, D, C., by code num-
ber PB-111468. “Ordnance” is the title of
the second publication, which contains 644
abstracts classified as to industrial use
under such groups as: aiming devices; fire
control apparatus, and ordnance measur-
ing and testing apparatus. This mayv be
purchased at $2 a copy from the OTS,
Commerce Department, Washington 25,
D. C., by code number PBR-111469.

RETNA AcTIvIiTIES

R. H. Williamson of the General Elec-
tric Co. has been named Chairman of the
Atomic Tests Committee, RETMA Engi-
neering Department. The committee will
coordinate RETMA activities in connec-
tion with the forthcoming test in which a

(Continued on page 74A)
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WORLD’S LARGEST STOCK

What resistance components do you need in a hurry?
From a factory stock of several million resistors, rheostats,
and tap switches . . . in LE39 types, sizes. and values . ..
Ohite can make fast delivery in reasonable quantities to
meet vour immediate requirements,

Furthermore. by tailoring your specifications 1o these stock
itemis, you can albways get speedy delivery that will help
vou Keep experimental and pilot production operations on
a smooth-running schedule.

To assist engineers and purchasing agents in making
their selection from this huge stock. Ohmite Stock Catalog
No. 24 contains complete. up-to-date information on all
Ohmite stock items. Resistance values. ratings, specifications,
and other helpful information are included.

NEED RELAYS? Get in touch with

American Relay & Controls, Inc.
3651 Howuard Street, Skokie, lll. ... an OHMITE Subsidiary

3617 Howard St., Skokie, . {Suburb of Chicago)

RESISTORS

Fixed and ''Dividohm’
adjustable wire - wound
types, 10 to 200 watts,
Also composition type.

RHEOSTATS

Ten stock sizes—25 to
1000 watts. All ceramic
and metal.

-

TAP SWITCHES
Rotary type. Five sizes
from 10 to 100 amp,
with from 2 to 12 taps.

SEND 2
FOR

STOCK
CATALOG

NO. 24

MANUFACTURING €O.



z'mpmved lz'gbtwez'gbt model!

i CANOGA Wobbulator

Here is a new improved functional
design of the well-known Canoga Model
705 Wobbulator Signal Generator.
Smaller in size and lighter in weight, it
features a wider bandwidth, a greater
frequency range, and an all-electronic
sweep circuit. It is ideal for use in
manufacturing, servicing, or testing
receiving equipment such as video, RF’,
IF, and distributed amplifiers.

' SWEPT FREQUENCY SIGNAL
GENERATOR with OSCILLOSCOPE

.......

As an example of the Wobbulator's
new functional design, the housing is
an aerated structure with tapered sides
allowing ample passage of cooling air
throughout the unit, even when placed
alongside other equipment.

These, and other features of the new
Wobbulator, are positive proof of
Canoga Corporation’s superior elec-
tronic engineering and design.

FREQUENCY RANGE. .. 2.0 to 1000 mcs. Continuous single knob tuning with cali-

brated dial.

FREQUENCY SWEEP . . . Any bandwidth of 100 mcs. or smaller.
AMPLITUDE VARIATION . . . Less than 0.01 db/mc.
OUTPUT VOLTAGE . .. 0.1 volts across 50 ohm resistive load.

ATTENUATOR . .. The output leve! is cortinuously adjustable by means of a wave
guide beyond cut-off attenuator calibrated in 1 db divisions.

DISPLAY ... 57 CRT

SENSITIVITY . .. Detector for built-in amplifier and CRT presentation has a sensitivity
approx. 60 db below 0.1 volt; gain and bandwidth measurements can be accomplished
on circuits having a loss as great as 60 db.

POWER SUPPLY . .. Self-contained, ail DC voltages regulated. Input 105-125 volts,
50-400 cps, approx. 100 watts. 1

SIZE...12”x13"x17”.
WEIGHT . . . Approx. 50 Ibs. ‘
PRICE . . . $1500.00 [

Write today for complete detailed information

ANOGA CORPORATION

Radar Systems, Antennas, Receivers, Test Equipment

9953 SEPULVEDA BLVD. - VAN NUYS, CALIFORNIA '
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It’s the new ADVANCE SQ —a
telephone type that hits a new high
in ruggedness and efficiency!

Only 15 milliwatts per pole will operate
the new SQ relay in the DPDT combina-
tion. Here is sensitivity teamed with
stable performance—the JPDT unit with-
stands 10 G's vibration from 10 to 500
cycles. When power is increased to 40
milliwatts per pole, vibration resistance
rises to 30 G's. A single-coil relay, the
ADVANCE $Q is available in 1- to 5-amp
contact ratings, and in contact combi-
nations from SPST to 6PDT. It comes
through Signal Corps tumbling and shock
tests in excess of 200 G's with operating
characteristics unimpaired.

Sustained efficiency keynotes SQ opera-
tion. The use of a beryllium copper arma-
ture retaining spring insures positive
contact between armature and pivot
points at all times. Cross-bar palladium
contacts are always properly aligned. A
wide variety of coil resistances is feas-
ible. Instead of organic insulation, the
unit employs Silicone glass, Kel-F, or
Teflon tubing. Life expectancy for 5-amp,
non-inductive loads is 150,000 cycles...
for 1-amp, non-inductive load: 1,000,000
cycles.

Open type dimensions are 17 x 3;” x
1%s”. DPDT units are supplied in a
sealed container measuring 17 x 1 x 2",
Write for literature on the SQ series.

ADVANCE ELECTRIC
AND RELAY CO.

2435-G NORTH NAOMI ST.
BURBANK, CALIFORNIA

Sales Representatives in Principal
Cities 0of U.S. and Canada

January, 1955



Consider the tinker:

One carly example of the non-specialist was the Traveling
Tinker. Unlike the blacksmith, the gunsmith or other
engineering-minded specialists of that day, the Tinker
did everything. His work was just good enough to last
his pioneering customers until someonc better equipped
came along. Sooner or later someone always did . . .
and the Tinker lost his customers. Then he drifted on.
Finally progress overtook him completely and we see
him no more.

We have scen similar changes in our times too. Before
specialized component manufacturers came on the scene
a few years ago, leading engincers had to spread them-
selves pretty thin . . . the designer of complex new equip-
ment had to devise from scratch on the tiniest details.
Designing a hermetic seal, say, was part and parcel of
developing a sensitive relay. This is no longer so.

Like many in the electronics industry, Hermetic Seal
Products Co. has specialized in a particular product and
related service. Our concentrated effort has resulted in
producing, for other engincers’ use, hermetic seals with
performance characteristics undreamed of a few years
ago. This specialized attention continually brings forth
new advances in our products and those of our customers.

Hermetic’s specialized engineering of VAC-TITE* and
matched glass seals can be applied to your particular
problems, too. Why not write today for particular in-
formation and for our latest addition to the “Encyclopedia
Hermctica”? . . . Sent free when requested on company
letterhead.

Hermetic Seal Products Company - ‘ﬁivi'. s>
33 South Sixth Street « Newark 7, New Jersey % \a,/Ua

M1 NI ATURIEIZATI ON

PROCEEDINGS OF THE L.R.E.
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OUR BUSINESS
IS

ELECTRICAL
PORCELAIN
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oo deSign

. « « manufacture
o « and assembly

“Radio Specialties” identifies a large and busy
department at Lapp. Through it, we have de-
signed and built, in large volume, hundreds of
parts for hundreds of specialized electronic re-
quirements. Our skill is in our knowledge of the capabilities,
and limitations, of ceramic insulation . . . in engineering
ingenuity to meet specified requirements . . . and in efficient
production. If you have requirement for insulating parts
and associated sub-assemblies, we may be-able to show you
how they can be made most economically, to perform most
efficiently. Write Lapp Insulator Co., Inc., Radio Specialties
Division, 221 Sumner St., Le Roy, N. Y.

Industrial Engineering Notes

(Continued from page 70A)

variety of electronic equipment and com-
ponents will be subjected to an atomic
bomb blast. The atomic test is to be con-
ducted next spring at the Nevada Proving
Ground under the sponsorship of the
Atomic Energy Commission and the Fed-
eral Civil Defense Administration. Partici-
pation by RETMA member-companies
has been endorsed by the Board of Direc-
tors.

TEcHNICAL

The Department of the Navy has circu-
lated a memo to its electronic equipment
design groups reminding them of the avail-
ability of an electron tube application con-
sulting service made available through the
cooperation of the tube manufacturing in-
dustry and the Advisory Group on Elec-
tron Tubes in the Office of the Assistant
Secretary of Defense (Research and De-
velopment). The memo points out that
“tube application engineers, working in
groups of three (one from each of three tube
manufacturers), can visit equipment man-
ufacturers to give counsel on tube applica-
tions. They will review circuit require-
ments and advise on the choice of tube
types to perform the required functions,
the allowable range of tube operating con-
ditions for dependable performance, and
circuit adjustments that may be made to
improve tube-circuit compatibility.” Man-
ufacturers of electronic equipment for the
military who desire to have their equip-
ment reviewed by the consultants may do
so by contacting W. C. Kirk, Advisory
Group on Electron Tubes, 346 Broadway,
New York, N.Y. ... The National Bureau
of Standards has announced the publica-
tion of a new booklet, ‘‘Formulas for Com-
puting Capacitance and Inductance.” The
NBS reported that this collection of for-
mulas contains some that are commonly
used in electrical work and some that have
been specially developed for precision work
at the Burcau. Explicit formulas are given
for the computation of (1) the capacitance
between conductors having a great variety
of geometrical configurations, (2) the in-
ductance, both self- and mutual, of circuits
of various shapes, and (3) the clectrody-
namic forces acting between coils when
carrying current. Formulas for skin effect
and proximity effect in concentric cables
and parallel wires are included. The for-
mulas for the simpler configurations are
given in terms of the elementary functions,
whereas more complex shapes involve the
use of Legendre polynomials, Legendre
functions, and elliptic functions. One sec-
tion is devoted to a discussion of the rela-
tion between the Legendre and the elliptic
functions. “Formulas for Computing Ca-
pacitance and Inductance,” National Bu-
reau of Standards Circular 544, is available
at 40 cents per copy from the Government
Printing Office, Washington 25, . C. . ..
The Office of Technical Services, Com-
merce Department, has listed studies in
the field of electronics in its September is-

(Continucd on page 784)
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twin power triodes

CHATHAM
TYPE 6336

NEW TWIN TRIODE
FEATURING HIGH
PLATE DISSIPATION

CHARACTERISTICS (PER SECTION)

e PLATE DISSIPATION: 30 WATTS
° AMPLIFICATION FACTOR: 2.7

The new Chatham Type 6336 is a twin power triode » TRANSCONDUCTANCE: 11,000 MICROHMS
with special suitability for voltage regulating appli- ot
cations. Used as a series tube, it will pass a minimum © PLATE RESISTANCE: 250 OHMS

of 150 milliamperes per section with 40 volts, D.C.
plate voltage. Special features include a hard glass
envelope, an 8-pin button stem with Jumbo Octal Base.

HEATER REQUIREMENTS: 6.3 V., 4.75 AMPS.

The tubes shown are typical items from the complete Chatham
line of general and special purpose tubes. Included in this line

X o s
\ are Amplifiers, Mercury and Inert Gas Rectifiers, also Mercury,
Inert Gas and Hydrogen Thyratrons.
Most Chatham tubes are available directly from stock and can
g be supplied promptly. Chatham also designs, develops and
b manufactures special tubes to exact customer specifications —
inquiries are invited.
CHATHAM TYPE 6AS7G IMPROVED TWIN
TYPE 6394 This Chatham Twin Triode POWER TRIODE —
TWIN TRIODE is built to close tolerance
~ features plate current CHARACTERISTICS:
Similar to Type‘633ﬂé in ev;ry a?:’hiGnM_i_hﬂ;g/:'e“:::; hle°lg (PER SECT'ON)
respect cept for Heat - P - 4 N S h
q'i.,i‘mr:;; “hich ore 26.5 :‘;;’°g‘;‘|’;‘,‘“‘: iy erovad el Plate Dissipation: 13 Watts
valts, 1.25 emps. : . T
g grid current d tl . i
e et o My Amplification Factor: 2.0 .
Plate current is 125 milli- Transconductance: 7,000 Micromhos
amperes at 40 volts, D.C. 4
plate voltage. The charac- « Plate Resistance: 280 Ohms
feristics of this tube recom-
mend it especially for voit- & Hegter Requirements: 6.3 Volts
age regulation circvits. Base
is Medium Shell Octal. 2.5 Amps.
67
CHATHAM ELECTRONICS CORP.
Executive and General Offices: LIVINGSTON, NEW JERSEY
Plants and Laboratories: NEWARK and LIVINGSTON, NEW JERSEY
PROCEEINNGS OF THE 1.R.1 annary, 1935 25



[roee )
i

e SINCE 1915 LEADERS IN AUTOMATIC CONTROL

FROM SYNCHROS TO 150 HP

WITHOUT

2]
v ~—  ELECTRONICS
Synchro
R::!r::er
¥
P e T
T 4 < Feedback Y

\
SHYDRAULIC
AMPLIFICATION

Ford engincers have developed a highly accurate synchroniz-

ing gun drive that is amplified from a small synchro motor to

150 horsepower purely by hydraulic amplification. With the

addition of the Ford-perfected Error Reducer, the drive con-

trols the power to train and elevate the guns, thus achieving

continuous aiming of the guns with extremely high accuracy.

Full use is being made of this experience with hydraulic

servo gun drives in Ford’s current work on reactor controls.

This hydraulic amplifying system is typical of the unusual

amplifying systems developed by Ford Instrument Company

over the past forty years. Other examples are the electronic

amplifier circuits in mission control computers for the Navy

Bureau of Aeronautics, magnetic amplifier circuits for power

drives, and transistor amplifiers for missile guidance systems.

If you have a problem in control engineering, Ford Instru-

ment Company’s forty years of experience in high precision

design and production will help you find the answer.

J

ENGINEERS

& FORD INSTRUMENT COMPANY

DIVISION OF THE
31-10 Thomson Avenue, Long Island City 1, N.Y.

SPERRY CORPORATION

of unusval cbilities can find a future at FORD INSTRUMENT COMPANY. Write for information.

76A
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AUTOMATIC
PYROMETER

SIMPLYTROL

Cat. No. 4531 0/2500° F.
Price $132.00

Thermocouple type Automatic Pyrometer for
controlling temperature in furnaces, ovens,
and processes. The Simplytrol is economical
ond relioble with few moving parts. There
are no vacuum tubes. The regular load relay
is S.P.D.T. 5 Amps. Optional heavy duty
reloys to 40 Amps.

10 temperature ranges cover from —75° to
3000° F. Several special ranges to —400° F.
“On & Off' control for holding the desired
temperature works on gas, oil or electric
heat. Indicating meter-relay is medium high
resistance and has bimetal cold junction com-
pensation. For use with all standord thermo-
couples. Accuracy 2%.

“Auto-Limit"’ switch changes Simplytrol from
automatic controller to limit pyrometer for
safety shut down or warning. Cabinet: 6%x
6'2x9Vz inches. Also flush panel mount models.
Send for new Bulletin G-7 for more dota.
Assembly Products, Inc., Chesterland 2, Ohio.

mininoise’

ACTUAL SIZE!

Mininoise Cable, made only
by Microdot, is ideal for
low signal levels and high
impedance terminations. In
every applicable case, Mini-
noise reduces noise 99%!
WRITE for data on Mininoise cable
and Microdot coax assemblies.

MICRODOT

1826 FREMONT STREET
$O. PASADENA"+ CALIF.

(G

January,
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HIGH PRODUCTION
PROTOTYPES

ENGINEERING DEVELOPMENT
RESEARCH

Subminiature Filters

FOR TELEMETERING
AND AIRBORNE EQUIPMENT

1

Vi

\ b

AVARA VA .
h 2300 3000 3900 5400 7350  BOSK 145K FREQUENCY

l

4

~f CUTOFF

'._..ATTENUATION IN DECIBELS

FREQUENCY IN CPS

EXCELLENT BAND PASS CHAR- -
OFFERS OVER 45 db ABOVE f2 (1> = 1.5 ).

| ACTERISTICS —DESIGNED TO C€=A=C > HERMETIC SEALED — STUD MOUNTED = TEF.
§l ML SPECIFICATIONS IDEAL %ogdégssrgnl:gwéic CIGARETIE SIZE
el CHANNEL'OPERATION. AVAILABLE IN SUBMINIATURE VERSION.

FOR ADDITIONAL INFORMATION CONTACT

Couuuuchnou AccesSORIES COmMmPANY

HICKMAN MILLS, MISSOURI o PHONE KANSAS CITY, SOUTH 5528

PROCEEDINGS OF THE I.R.E.




JENNINGS VACUUM CAPACITORS ARE BEING
USED IN THESE VHF AND UHF APPLICATIONS

+” Tank and antenna tuning capacitors in TV transmitters

v~ Feed-through capacitors for harmonic attenuation on power
supplies

#~ Pulse shaping capacitors in the output circuit of magnetrons

4~ RF bypass capacitors

The years of patient research and development work at Jennings has made
possible practical, stable, and efficient miniaturized vacuum capacitors for
the VHF and UHF fields. Their vacuum dielectric and all-copper construction
result in high power ratings, small physical size, and extremely wide ca-
pacity ranges. They are thoroughly outgassed so that they are not damaged
by moderate overloads that cause interna! arcing.

Therefore, where high power requirements at high frequencies have created
difficult problems for other types of capacitors, consider utilizing the inher-
ert advantages of these new fixed and variable capacitors with a vacuum
dielectric!

Send for our catalogue summary, or let us send
you specific recommendations with respect to
your capoacitor problems,

S/,
~RADIO =/ *

Tacvem HICTRGM (OmPORINTY

JENNINGS RADIO MANUFACTURING CORPORATION « 970 McLAUGHLIN AVE.

P.0. BOX 1278 « SAN JOSE 8, CALIFORNIA
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"%lnduslrial Engineering Notes

L
(Continued from page 744)

sue of the “Bibliography of Technical Re

ports.” The following government-spon-
| sored research reports can be purchased
from the Photoduplication Section, Li-
brary of Congress, Washington 23, D. (.,
for the reported price:

“Effect of Radar Wavelength on Me-
teor Echo Rate,” PP’B 114503, microtilm,
$1.50; photocopy, $1.50.

“Generation and Transmission of Mi-
crowave Energy,” B 114134, microfilm,
$7.75; photocopy, $26.50.

“9 by 9 Inch Transonic-Supersonic
Wind Tunnel,” PB 114464, microfilm, $3;
photocopy, $7.75.

“Nonlinear Optimization of Relay Ser-
vomechanisms,” PB 114444, microtilm, $5;
photocopy, $15.25,

“Obstacles and Discontinuities in a
Multi-mode Wave-guide,” P 114267, mi-
crofilm, $2; photocopy, $2.75.

“On Diffraction by an Infinite Grat-
ing,” PB 114114, microfilm, $2; photocopy,
$2.75.

“Radar Range Tracking Noise,” PPB
114123, microlilm, $2.50; photostat, $5.25.

“Research in Physical Electronics,” ’B
114240,  microfilm,  $4.50; photocopy,

| $12.75.

“Resonance Phenomena in Time-vary-
ing Circuits,” PB 114486, microfilm, $5;
photocopy, $15.25.

“Statistical Theory of Coincidence Ex-
periments,” PPI3 114121, microfilm, $2.30;
photocopy, $5.25.

“Study of Performance Measures of
Trouble Shooting Ability on Electronic
Equipment,” P’B 114435, microtilm, $6:
photocopy, $19.

“Theory of Radio Reflections from
Electron-ion Clouds,”™ P’B 114639, micro-
tilm, $2.50; photocopy, $5.25.

“Coaxial Line Filled With Two Non-
concentric Dielectrics,” PB 114633, micro-
tilm, 82; photocopy, $2.75.

“Design and Performance of a High-
Power Pulsed Klystron,” ’B 114452, mi-
crofilm, $2; photocopy, $2.75.

“Elimination of Radio Interference by
Shielding and Design of Shielded Rooms.”
PB 114646, microfilm, $2.25; photocopy,
$4.

“Magnetic Amplifiers—Parts T and 11,
PB 114429 and PB 114430, respectively,
microfilm, $4; photocopy, $11.50.

“Microwave Noise Study. Quarterly
Report No. 4,7 PB 114993, microfilm, $3;
photocopy, $7.75.

“Plasma Oscillations in a Static Mag-
netic Field,” PB 114629, microfilm, $6.25;
photocopy, $20.25.

“Pulsed Operation of a High-Power
Amplifier with Complex Load Imped-
ance,” PB 114501, microfilm, $3.25; photo-
copy, $9.

“Radio Interference Suppressors I’rog-
ress Report No. 12,” PB 114439, micro-
film, §2.25; photocopy, $4.

“Solution for the Path of Radio Waves
Through the Solar Atmosphere by Elliptic
Integrals,” ’B 114453, microfilm, $2.25
photocopy, $4.

(Continned on page 82.4)
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RPORATION
CHICAGO 19

Original antenna system specially
y  produced for the Military

MAJOR ANDREW

ENGINEERING-
PRODUCTION

ACHIEVEMENT.

Only one of many proofs-in-use
that Andrew is thoroughly qualified
to take on your major antenna
design-production projects.

Only Andrew offers you such
extensive facilities exclusively
devoted to the design and
manufacture of complete antenna
systems for communications

" including Andrew designed and

produced flexible and semi-flexible
coaxial cables and rigid
transmission lines.

For AN/TRC-29 Military Microwave
system, an 8’ aluminum mesh
parabolic antenna, unique for its
bandwidth, 1700-2400 MC,




NEW
"WORKHORSE"

FOR TV

® New miniature design
® Same ratings as RCA-6SN7-GT

® 600 ma heater with controlled warm-up time
(for "series-string” operation)

New isolating shield between triode units

Designed with the same ratings as the
6SN7-GT. RCA-6CGT is another product of
RCA’s basic program to anticipate and de-
velop tubes to meet designers’ tube require-
ments today — and in the future

Engineered for modern TV circuitry inelud-
ing *“series string” designs, RCA-6CGT is

RECA)
\ = FLECTRON TUBES

N e

RCA-6CG7.. Miniature Version of the Popular 6SN7-GT

particularly useful as a detlection oscillator.
1t employs a 600-mitliampere heater having
controlled warm-up time to insure depend-
able performance in television receivers em-
ploying a single series-connected heater
string. Then too, it has an internal shield to
prevent electrical coupling between the
triode units.

The 6CGT is also well-suited for use as a phase
inverter, multivibrator, synchronizing sepa-
rator and amplifier, and resistance-coupled
amplifier in electronic equipment.

For technical information. call your local RCA
I'ield Representative. Or write RCA, Section
A35(, 415 S. Fifth St., Harrison, N. J.

RADIO CORPORATION of AMERICA

HARRISON, N. J.
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John D. Ryder

PRrESIDENT, 1955

John D. Ryder was born in 1907 in Columbus,
Ohio, and received the B.E.E. and M.S. degrees
from Ohio State University in 1928 and 1929,
respectively. In 1944, he was awarded the Ph.D.
degree in E.E. by owa State College.

Dr. Ryder was associated with the General Elec-
tric Company in Schenectady, N. Y., from 1929 to
1931; he then joined the Bailey Meter Company,
in Cleveland, as supervisor of the electrical and
electronic section of their Research Laboratory.
As a result of his work, he was granted numerous
United States and foreign patents far such inven-
tions as a form of electronic self-balanced ac
resistance bridge, a high-speed photoelectrically-
balanced potentiometer, ac and dc motor-control
circuits, and smoke recording instruments. Dr.
Ryder is the author of three textbooks on elec-
tronics and networks, and numerous papers on
technical and educational subjects.

Turning to the teaching field in 1941, Dr.
Ryder was appointed Assistant Professor of Elec-
trical Engineering at Jowa State College. He was
appointed Professor in 1944, and in 1946 was placed
in acting charge of the Department of Electrical

Engineering. lle became Assistant Director of the
Iowa Engineering Experiment Station in 1947,
and in 1949, was named head of the Department
of Electrical Engineering at the University of
Illinois. Last July he became Dean of the School
of Engineering at Michigan State College, East
Lansing, Michigan.

Dr. Ryder is a former president of the National
Electronics Conference, a Fellow of the American
Institute of Electrical Engineers and American As-
sociation for the Advancement of Science, and a
member of the American Society for Engineering
Education, Eta Kappa Nu, Sigma Xi, and Tau
Beta Pi.

Dr. Ryder joined the Institute of Radio Engi-
neers in 1929 as an Associate, became a Senior
Member in 1945, and in 1952, he was made an
IRE Fellow. He has been the Vice-Chairman of
the IRE Electron Tube Conference Committee and
Vice-Chairman of the IRE Des Moines-Ames
Section. He has been a member of the IRE Editor-
ial Review Committee and the Policy Advisory
Committee, and Chairman of the Education Com-
mittee.
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Men Who Play God

W. L. Everirt
University of Illinois, Urbana, Illinois

Acceptance speech by W. L. Everitt on receiving the 1954 Medal of Honor
at the Annual IRE Banguet, March 24, 1954.

Some fifteen years ago I was impressed by a movie called
“The Man Who Played God,” with George Arliss in the leading
role. The theme concerned a particular type of wireless com-
munication. The hero was a wealthy musician who had lost
his hearing. At first filled with despair, he learned to read lips
and applied his new-found skill to a unique and satisfying
hobby. From his penthouse overlooking Central Park, by
using a pair of field glasses, he, “listened in,” as it were, on the
conversations of people on the benches below. Frequently he
learned about the problems of people who were in despair.
His hobby was to provide anonymously for a material solution
to their problems, apparently as though Heaven had inter-
vened directly. Hence, the title, “The Man Who Played God.”

But in a different sense, do you realize that you, too, the
members of the Institute of Radio Engineers, are “men who
play God”?

Let me take a text from portions of Genesis 1:27 and 2:7:
“So God created man in His own image; in the image of God
created He him . ... / And the Lord God formed man of the
dust of the ground and breathed into his nostrils the breath
of life.”

Other engineers have created machines from the materials
of the earth, which supplement man's muscles. But the elec-
tronic engineer has given and is giving to these machines sense
organs, nerve systems, and reasoning power. He is putting
into machines the “breath of life.” He is creating them in his
own image. These machines can collect and transmit informa-
tion, can make comparisons between existing conditions and
data stored in their memories, and can reach decisions based
on either direct observations or statistical estimates of the
situation. They have, in fact, eaten of the fruit of the knowl-
edge of good and evil, but this knowledge is only what we
build into them. If they show any signs of free will we put
them in the hospital—I mean the repair shop. The analogies
need not be developed extensively. You all have your own
examples. Every day we hear of more and more machines
which can supplement or replace man's brain power and sense
organs as well as his muscles. As someone has said, “Machines
are becoming so human they can act without using any in-
telligence.”

Modern computing machines not only reach decisions
quickly and accurately when asked properly, but also show
nervous frustration if questions are propounded to them which
they cannot solve. If the interrogator is not able to ask the
question in sufficiently clear form to present all the elements
necessary to reach an answer, these machines, by their erratic
behavior, themselves act as critics of our logical processes, our

own intelligence, and our command of their language.

Machines with built-in intelligence are recognized to be
necessary for the security of the free world. We realize that
we cannot match our enemy in numbers, man for man. We
don't have to—we aren’t going to dance with them. Elec-
tronics must provide the answer to the dilemma.

We cannot be complacent, for there is yet far to go. We
only see as through aglass darkly. Instruments may be used
to diagnose ills, but machines cannot heal themselves. They
cannot reproduce themselves. They cannot, as yet, invent and
build new devices. While they often inspire love in their ad-
mirers, they cannot respond emotionally., We have much to
learn on the impedance matching of machines and human
beings. I heard of a man who would not wake up when his
alarm clock rang. He bought a parrot to match the impedance.
The alarm clock woke the parrot, and what the parrot said
would wake anybody.

There is an old saying, “like father—like son.” If we re-
verse this we get the prediction, perhaps ominous, “like son—
like father.” In making machines in our own image, let us
make sure that they in turn do not make us machine-like. A
wise man said, “God cannot be solemn or he would not have
blessed man with the gift of laughter.” We have not yet built
into our machines a sense of humor, although some of them do
make us laugh. Maybe we should give this more attention, but
we must not take ourselves or our machines too seriously. Let
us not lose our human sympathy and understanding, but
rather let us use the economic gains resulting from our ma-
chines to help those who need help. And above all, let us not
become pompous or arrogant from the sense of power which
our slave-like machines give to us.

I will close with a parable. A house builder was once badly
in debt. He lost his own home. A wealthy friend, feeling he
needed help, gave him a contract to build a fine house, then
went away for a long trip. The contractor figured he might
profit financially, and never be suspected, if he cut corners in
the construction and used shoddy materials. This he did. When
the friend returned home he said to the contractor, “I wanted
to do something nice for you, and so I am giving you for your
own this house you have built, for you and your children to
live in. That is why I specified that the best of everything
should be used, because I knew you could appreciate it.”

This world of automation we are building is our world. Be
sure that when you play God you do it reverently, thought-
fully, and honestly with full attention to the fact that you are
building not only machines but a world in which you and
your children are going to live.
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New Techniques for Fabrication of Airborne
Electronic Equipment”

R. K-IF SCAL7Y, SENIOR MEMBER, IRE

Summary—New techniques, materials, and methods for the
fabrication of airborne electronic equipment as applied to a particular
equipment, which have been developed at the National Bureau of
Standards, are described. Emphasis has been placed in attaining
reliable equipment performance, and steps taken to achieve reliabil-
ity are discussed. A miniature radar set has been developed using
these new techniques and materials. The equipment is capable of
operating in an ambient temperature as low as —65 degrees C.,and
much higher than +55 degrees C. Internal temperatures are mini-
mized by an internal cooling system which is provided to cool the
equipment under the high ambient temperature conditions. The
equipment is pressurized, and is not limited by altitude. It consists
of a single major unit plus accessories. The weight of the entire
system is fifty-five pounds.

INTRODUCTION

NEED EXISTS for airborne electronic equip-
A ment of minimum size and weight combined
- with utmost reliability, which is adaptable to
quantity or semi-automatic production and which can
fulfill specialized performance requirements under ex-
treme environmental conditions of temperature, pres-
sure, shock, and vibration.

As a result of this need a program, sponsored by the
Navy Bureau of Aeronautics, has been underway with-
in the Engincering Electronics Section of the National
Bureau of Standards since 1947 to investigate the possi-
bilities of electronic miniaturization. This program,
originally having as its object the development of new
techniques and materials aimed toward miniaturization
and development of quantity production methods, re-
sulted first in the embodiment of some of these develop-
ments into certain specific electronic sub-assemblies!s?
and later into the development of several complete
equipments. Some of these equipments, designed with
the original objectives in mind, achieved the desired
goals in miniaturization and high temperature opera-
tion. However, one project was initiated to fulfill a
specific operational requirement, including special re-
quirements for reliable operation under extremes of
environmental conditions (altitude, shock, vibration,
etc.). This particular project pertains to the develop-
ment of airborne radar equipment. Special requirements
include a useful life of 2,000 hours, and satisfactory
operation at altitudes above 50,000 feet, and in ambient
temperatures as low at —65 degrees C. and greater than
+-55 degrees C.

* Original manuscript received by the IRE, September 7, 1954.

t Chief IZngineer, RS Electronics Corp., Palo Alto, Calif.

' R. K-F Scal, “Miniature Intermediate-Frequency Amplifiers,”
NBS Circular 548; July 16, 1954.

2 R. L. Henry, R, K-F Scal, and G. Shapiro, “New techniques for
electronic miniaturization,” Proc. 1.R.E., vol. 38, pp. 1139-1145:
October, 1950.

Before describing this miniature NBS radar equip-
ment it might be well to list some of the new engineering
features embodied in it. The use of these new features is
believed to be their first application to airborne elec-
tronic equipment.

1. All the electronic assemblies and sub-assemblies
plug into the cooling chassis assembly, which in turn
fits into a lightweight pressurizing case. The clectronic
portions, which constitute only about 40 per cent of
the total weight, may be completely removed in only a
few minutes. Thus, production is facilitated and main-
tenance is made extremely simple and quick by replace-
ment of assemblies or sub-assemblies.

2. A plug-in mixer-duplexer is used which features a
plug-in waveguide flange and socket. Thus, the entire
plumbing assembly with its associated IF and AFC-
circuitry may be replaced almost instantly as a unit.

3. All the major plug-in assemblies utilize ribbon
type contacts which are attached, in a row, at the bot-
tom of each rectangular assembly. Thus, the assembly
itself constitutes the plug body, and no appreciable
space is required, as with a conventional type contact,
since the ribbon contacts are compressed to less than
1/16 inch in thickness.

4. The internal interconnecting wiring is accom-
plished by a three-dimensional arrangement of processed
plates, to which all component leads are attached. No
other wires are required. Any or all of the processed
plates are replaceable in a matter of minutes. (“Proc-
cessed plates” describes a circuit made up of a wiring
matrix on an insulated plate. The processing may con-
sist of printing, application of a stamped pattern, etch-
ing of a metal-clad plate, silk screening, stamping of a
powder into an insulating plate, or similar methods.)

5. The operation of this system in an ambient tem-
perature well above 55 degrees C. attains a goal hitherto
impossible with military electronic equipment. This is
made possible by the following features:

(a) The use of an integral cooling system for remov-
ing heat from a pressurized system, without transferring
air to or from that system. Air (at a tempcrature as
high as 100 degrees C.) is satisfactory as a coolant.

(b) The use of open frame class 1 transformers (es-
pecially developed for this equipment) which meet all
the requirements of MIL-T-27 grade 1 construction,
and are satisfactory for use in an ambient temperature
of 125 degrees C.

(c) The use of class H insulating materials through-
out, for high temperature operation.

6. By means of extension plugs, jigs, and cables, the
electronic assemblies may be operated with the radar
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system, but completely removed from their compart-
ments. Without the use of such accessories the assem-
blies may be operated, when removed four-fifths of the
way from their compartments, simply by pulling the
units that far out of their compartments. This feature
greatly facilitates trouble diagnosis and adjustment
within the assemblies.

7. All primary ac power is regulated, to provide hoth
accuracy and reliability of operation.

8. Power dissipating tubes are operated potted in
liquid in order to reduce bulb temperatures to safe
values for reliable operation.

9. Physical construction is such as to permit the
equipment to survive shock and vibration forces several
times as great as those specified for this type of air-
borne electronic equipment.

In designing a system suitable for aircraft installation,
the first step is the determination of the smallest pos-
sible number of physically separable units, in order to
reduce, to the absolute minimum, space and weight
required by additional mounting racks, cases, cabling,
and so forth. As a result of these considerations, a radar
system has been developed which consists of a single
major unit (Fig. 1), plus accessories. The weight of the
entire system is only fifty-five pounds. Due to the high
voltages involved in radar-type modulating and trans-
mitting equipment of even comparatively low power,
the equipment is pressurized for successful operation
at the specified altitude. Pressurization of the equip-
ment also contributes to the solution of the humidity
problem, and is an important means of improving reli-
ability.

Fig. 1—Miniature radar set.

COOLING SYSTEM

The difficulty of removing heat from pressurized
equipment, the high ambient temperatures in which
the equipment must operate, and the emphasis on reli-
ability make it desirable to include an integral cooling
system in the radar. This sytem should preferably be
such that it can be operated by an equipment blower
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at altitudes up to about 50,000 feet, and can utilize
engine-bleed or ram air at higher altitudes. A cooling
system, which has been developed to {ulfill these re-
quirements, is shown with its case removed in Fig. 2.
It features an intake and an exhaust manifold with four
cooling plates through which air may be circulated.

Fig. 2—Radar set with case removed and control box open.

These, in conjunction with the cast front panel to
which they are attached, and rear and bottom plates,
constitute the chassis of the radar set. It is to be noted
that the cooling system and pressure-tight case, even
though fabricated of lightweight aluminum and mag-
nesium, account for about 60 per cent of the weight of
the radar set; this undue proportion is necessary for
attainment of high altitude and high temperature
operation. For use at lower altitudes both of these items
could be dispensed with, and a somewhat smaller and
much lighter radar set would result. Since the equip-
ment has been designed for operation in high ambient
temperatures, it may also be possible to dispense with
the blower for specialized installations at lower altitudes
or in pressurized or cooled compartments. However, it
should always be kept in mind that reliability and equip-
ment life is an inverse function of the temperature of
basic materials and parts.

The manifolds contain baffles which control the air
distribution into the four cooling plates. Each of these
plates is internally finned to improve heat transfer from
the plates to the air. The baffles and finning are designed
in accordance with the amount of heat load which each
plate is required to transfer to the cooling air. Of course,
the front panel itself, and the manifolds, also help to
transfer heat to the air.

The cooling system (Fig. 3, on the following page) is
designed to maintain the general internal atmosphere of
the radar set at or below 125 degrees C. when the setis
operating in an ambient temperature greater than 55 de-
grees C., using less than five pounds of air per minute.
This air may be provided at a temperature somewhat
higher than 100 degrees (. It is important to note that
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the cooling air passages do not connect with the com-
partments in which the electronic assemblies are con-
tained. Therefore, even though the electronic portion of
the equipment is pressurized, the cooling air may be sup-
plied at a very low absolute pressure (and against a very
low head) when operating at high altitudes.

N
HOLLOW VERTICAL PLATES
CONTAIN AIR BAFFLES

AR
ouT

Fig. 3—Cooling chassis.

OveRr-ALL CONSTRUCTION

For ease of construction and maintenance, for reli-
ability (through ease of servicing), and especially to
facilitate cooling, the major unit of the radar set has
been divided into cross-section compartments, each
containing one or more electronic assemblies. The con-
struction is such that the radar can function (for test
purposes) with each assembly pulled four-fifths of the
way out of its compartment. The arrangement of the
set is as follows: Compartment No. 1 (front); radio fre-
quency unit, intermediate frequency amplifier, and
automatic frequency control unit. Compartment No. 2;
modulator. Compartment No. 3; computer. Compart-
ment No. 4; power supply unit. Compartment No. §
(rear); ac voltage regulator and primary power control.

Connections to the electronic assemblies in each
compartment are made to a processed plate mounted to
the cooling plate (in a vertical position) in each com-
partment, and all interconnections between the com-
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partments and to the front control panel are made by
means of a large processed circuit board beneath the
compartments (the bottom of which is shown in Fig. 4),
so that no discrete wires are required for interconnec-
tions. All spring contacts are of the self-cleaning ribbon
type, which work against large surfaces (plated with
precious metals) on the processed circuit boards. The
front of the main processed circuit board plugs into
three hermetic multiple headers, mounted in the front
panel, which together provide sixty-three electrical
connections between the pressurized radar proper and
the external controls and connectors. In addition to
these headers (which are mounted on a metal plate that
is sealed to the front panel by means of an 0-ring) an
0-ring sealed mica window is provided for the output
waveguide, and the case is scaled to the front panel by
a third O-ring. As all mechanically operated controls
required for normal maintenance are mounted on the
control panel, outside of the pressurized unit proper,
no mechanical rotary seals are required.

PROTECTING
COVER

premes U

LS

85y

Fig. 4—Interconnecting plate on bottom of cooling chassis.

The control panel is effectively an electronic sub-
assembly, the rear of which is shown in Fig. 2. It is
hinged at the bottom so that it may swing down to
make all components and connections on its rear side
easily available for maintenance purposes. In addition
to the various controls, the control panel also mounts
the quick disconnect type AN connectors through
which all external cabling is attached. One of these con-
nectors provides access to all test points necessary for
maintenance purposes. All the controls are mounted on
and wired by a processed plate which is attached to
the upper portion of the control panel. A miniature solid
(‘'Teflon) dielectric directional coupler and a combination
elapsed time-indicator and time-delay unit (which indi-
cates total operating time and provides a three minute
warm-up time prior to application of high voltages) are
mounted directly on the front panel. Air connections
also are provided on the front panel to accommodate for
the cooling system and for checking the pressurization of
the radar case.
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The case is a reinforced rectangular unit, constructed
of magnesium, which features a dome in the rear, and
provides for the O-ring seal in the front. This case,
which may be mounted cither in an upright or an invert-
ed position, on its magnesium vibration mount, is
capable of withstanding a pressure differential of
greater than 20 pounds per square inch without taking
a permanent set. Relief valves are provided to prevent
either undue internal or external pressure developing
under extreme combinations of simultaneous pressure
and temperature changes.

RECEIVER-TRANSMITTER COMPARTMENT

The receiver-transmitter compartment contains the
RF, IF, and AFC units, all of which plug into brackets
on the front and rear walls of the compartment.

The RF unit, shown in Fig. 5, is a plug-in unit which
consists of a baseplate, a duplexer, and a removable
balanced mixer, and features a miniaturized magnetron,
a waveguide type klystron, dual opposed contact-flange
ATR tubes, a chamberless TR tube, and type 1N23C
improved silicon diodes (one of which is reversed in
its cartridge for usc in the miniature balanced signal
mixer). Operating within the X band, the RF unit has

ADJUSTABLE
ATTENUATOR

Fig. 5—Radio frequency unit.

a peak power output of 10 kw, a § psec pulse width,
and a repetition rate of 1,400 pps. A combining net-
work for the balanced mixer is included as an integral
part of the mixer, so that only two coaxial output cables,
one for the AFC output, and the other for the combined
IF outputs, are required. AFC crystal current is moni-
tored externally as an indication of proper functioning of
the RF unit. The currents from the signal mixer crystals
are available at test points on the mixer for checking
signal mixer operation. A small blower is mounted upon
the RF unit to prevent hot air (which would act as

Scal: New Techniques for Fabrication of Airborne Llectronic Equipment
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thermal insulation) stagnating about the klystron and
magnetron. Three adjustments are provided on the RF
unit: the TR tuning adjustment which is reached
through a port in the front panel, the klystron which is
wrench-tuned from the top of the compartment, and the
AFC sweep range ccntering control. The combining
network for the balanced mixer (fabricated on a proc-
essed plate), the crystal current decoupling filters, and
the test jacks are contained in a small box which is an
integral part of the plumbing.

COMMON
MOUNTING PLATE

AFC
UNIT

I-F AMPLIFIER

Fig. 6.—Intermediate frequency amplifier and automatic frequency
control unit assembly with covers removed.

The 1F and AFC units, shown in Fig. 6 with their
dust covers removed, are an outgrowth of earlier NBS
[F miniaturization projects.!* An important new inno-
vation, one of many throughout the radar set aimed at
ease of quantity production, is the use of processed
plates instead of the conventional metallic chassis. The
electronic parts are interconnected by circuitry which
has been processed directly upon the plates, and are
protected by dust covers, which in the interest of mini-
mizing weight are constructed of aluminum, as are all
other structural parts of the electronic assemblies
throughout the radar set.

The IF and AFC units contain input networks which
match them to their respective mixers. Because the in-
put cables are only a few inches long, the inputs are
treated as lumped (and tuned) circuits. The IF unit
utilizes a low-noise cascade-input circuit, which is fol-
lowed by five synchronously tuned IF amplifier stages,
a detector and pulse shaping stage, a video amplifier,
and a cathode follower. Special controlling voltages are
provided to the IF amplifier section.

The AFC unit, in addition to the input coupling cir-
cuit, contains two IF amplifier stages, a discriminator,
a video amplifier, a diode-search-stopper, and a phanta-
stron circuit. The AFC unit drives the cathode follower
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and a chain of three NE-2 ncon lamps mounted upon
the RF unit. The neon lamp chain in turn drives the
local oscillator reflector. By this means, the local oscil-
lator may be operated with its body (resonator)
grounded, in order to eliminate both the necessity for an
insulated waveguide mounting for the klystron and the
shock hazard to personne].'I‘he chain of neon lamps func-
tions as a dc coupling, which provides the reflector volt-
age at a highly negative dc reference (about —325
volts), without introducing any such high voltages into
the AFC unit. This is one of many circuitry features
designed to provide reliability, since the use of an in-
sulated klystron mount is a difficult mechanical prob-
lem, and there is always danger of shorting over the
mount, especially under humid and dusty conditions.

The interior of dust covers for IF and AFC units
are silver-plated, as is the hardware (tube shields, etc.),
so that no electrolytic or thermal activity will take place
between these metallic parts and the silverplated cop-
per surfaces of the processed plates. In later models of
the radar set it is planned to use aluminum processed
plates, silver-plated where either soldering or pressure
contact is required. With this type of processed plate,
silver-plating of dust covers is unnecessary, and alumi-
num hardware may be used. Where spring hardware is
required in conjunction with aluminum parts, beryllium
copper, either zinc- or cadmium-plated, is used.

The components used in the RF, IF and AFC units
are typical of the small components used throughout
the radar set, and are of types designed for high tem-
perature operation.

Under the maximum allowable general internal tem-
perature of 125 degrees C. the internal parts of some
of the sub-assemblies, such as the IF and AFC strips,
may rise as high as 175 degrees C. Therefore, all large
major components, such as transformers, relays, etc.,
have been selected as being capable of operation in an
ambient temperature of at least 125 degrees C., and all
small components, such as resistors and capacitors, as
being capable of operation in an ambient of at least
175 degrees C. In general, because components devel-
oped for use under extreme ambient temperatures are
of the highest possible quality construction, and there-
fore offer greatest reliability even under ordinary con-
ditions, this type of component is used throughout the
radar set.

It might well be noted that the term “ambient” has
but little significance in the interior of a piece of small
equipment, and therefore final determination of the
thermal suitability of any component should be based
on actual component surface temperature measure-
ments, in its own immediate environment.

Resistors used in the radar set are of the deposited
carbon type, except where high precision is required.
High temperature precision resistors, which are re-
quired in the computer and regulated power supplies,
are described in connection with those assemblies.
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Capacitors in the RF, IF, and AFC units are all of
the so-called RF types, for coupling and bypass applica-
tion, in values not greater than 1,000 uuf. This require-
ment is fulfilled by use of glass-encased, glass dielectric
capacitors, which are suitable for use up to 200 degrees
C. These are used in dual and triple units, as well as
single capacitors. Such multiple units lend themselves to
bypassing of T stages, where two or three tube elements
are bypassed in cach stage.

Inductors and chokes are wound with Ceroc-Teflon
magnet wire on ferrite or powdered iron cores.

MODULATOR
POWER SUPPLY

MODULATOR
ASSEMBLY

TRIGGER
SUB-ASSEMBLY

Fig. 7—Modulator.

MODULATOR

The modulator compartment contains a single plug-
in unit, which is shown in Fig. 7, and is typical of those
used in all except the receiver-transmitter compart-
ment. These units operate even when withdrawn as
much as four-fifths of the way from their compart-
ments. Each unit has a row of twenty-eight ribbon con-
tacts along the lower edge of the back side, which con-
tact the strip conductors of the vertical processed plate
in the compartment. Several grounding contacts are
also provided. Thus, the unit itself is, in essence, the
plug body, and the compartment the receptacle, so that
no additional space is used, as is necessary when con-
ventional connectors are employed. Each vertical proc-
essed plate is connected to the main interconnecting
plate by means of the necessary number of spring con-
tadts, which are riveted to the main plate. These con-
tacts are designed for direct contact to the plug-in as-
sembly contacts, when the assembly is fully inserted
into the compartment. Thus, while contact is made
through the vertical processed plate when an assembly
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is operated in an extended position, direct contact is
made to the main interconnecting plate when the assem-
bly is operated in its normal position. This is another of
many design details aimed at attaining reliability.

The modulator assembly itself consists of the modu-
lator proper, the high voltage power supply (1,300 volts
dc), and the radar master oscillator. The smaller com-
ponents used in the modulator are similar to those de-
scribed in the RF, IF, and AFC units. In addition, the
modulator contains a pulse network, a charging reactor,
and pulse, plate, and heater transformers. The latter
transformer also supplics all necessary heater voltages
to the RF compartment. All of these transformers are
suitable for continuous operation in an ambient tem-
perature of 125 degrees C. The pulse-forming network is
suitable for operation in an ambient temperature of
150 degrees C., being of dry construction, Teflon insu-
lated, and having Teflon terminals.

The master-blocking oscillator pulse transformer is
silicone impregnated and hermetically sealed in a pro-
tective shield can. The reactor and the magnetron puls-
ing, plate and heater transformers are of open frame
construction, class H, designed for continuous operation
with a winding temperature as high as 200 degrees C.
These units are coated with cither styrene or epoxy
resin, or a silicone-rubber formulation, the latter prob-
ably being the most satisfactory.

Sreciar TuBes AND CRYSTALS

The radar set features in the modulator and RF units
a number of new crystal and tube types, some of which
were developed especially for it. The following types are
included:

Type 6378 TR tube. This tube is similar to the
1B24-A, except that the large gas reservoir has been
eliminated. This tube requires a keep-alive supply of
only 500 volts, is 20 per cent lighter than its predecessor,
and has an over-all length of only 2% inches.

Type 6396 ATR tube. This tube, and its companion
type 6393, were specifically developed for this radar set.
The 6393 is a miniaturized version of the 1B35-A, which
incorporates a contact flange, thus permitting it to be
installed directly on the duplexer without the necessity
of a castle type of tube retainer. The 6396 is a similar
tube, but is tuned in halfguide (i.e., guide having half
the normal height), so that two opposed tubes may be
mounted upon the duplexer.

The BL-253 is a miniature version of the 3C45 hydro-
gen thyratron, having a one-inch diameter baseless type
bulb, which was developed to the requirements of this
radar set.

COMPUTER

The computer is illustrated in Fig. 8. This unit, while
a plug-in unit itself, contains four plug-in sub-assem-
blies. Thus, the complex circuitry of this unit may be
serviced in small units, and defective sub-units replaced.

Scal: New Techniques for Fabrication of Airborne Ilectronic liquipment 9

This construction also lends itself to improvement
through modernization of one or more sub-units, as op-
portunity for circuitry improvement presents itself.

In addition to the highly specialized function of the
computer, this unit also provides video amplification,
and AGC and dunking voltages for the 1F unit.

The components used in the computer are, in general,
similar to those discussed in connection with other as-
semblies. The computer carries its own heater trans-
former, in order to avoid increasing the number of main
plug-in contacts. Three separate heater windings are
provided, so that each tube may be supplied with
heater energization at a dc potential close to that of its
cathode. The dc heater potential of one tube (which has
a large sweep on its cathode) is swept to minimize the
heater-cathode potential. While this has some circuitry
advantage, and contributes to equipment accuracy in
that it minimizes the effect of heater-cathode capaci-
tance, it is primarily an aid in attaining reliability.

FERT AR AR RN R
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Fig. 8—Computer.

Some components not yet mentioned in connection
with other assemblies are used in the computer. These
include a high-temperature distributed-constant delay
line, precision resistors, and high temperature relays.
The precision resistors are of the wirewound type,
molded within a protective encapsulation. The relays,
both of the sensitive and the power-handling type, are
hermetically sealed, and constructed with high tempera-
ture insulation, including ceramic insulated coils. Most
of the capacitors in the critical portions of the circuitry
are of the glass-dielectric type. The larger capacitors are
hermetically sealed Mpylar dielectric capacitors, rated
for 150 degrees C. Similar large capacitors of the Mylar
type are also used in the modulator, dc power supply,
and ac regulator units.

Dc PowEgr SuppLy

The dc power supply unit (Fig. 9, following page),
provides five different voltages for the radar equipment.
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Two of these are electronically regulated, and two are
gas-tube regulated.?

The outstanding feature of this unit is the liquid
potting of the rectifier and series dropping tubes in order
to maintain their bulb temperatures within safe operat-
ing limits.¢ By this means, the heat is transmitted to the
surface of the potting container, which provides for
greater cooling area than the bulbs themselves, and the
bulb temperatures are thereby lowered by more than
100 degrees C. In addition to the improvement of re-
liability by liquid potting, additional reliability is at-
tained by shunting a portion of the current around the
series-dropping tubes (through resistors). This may be
done because it is necessary to regulate the dc output
voltages only over a limited current range, since, if the
current of any one of the supplies departs from fairly
close normal limits, the equipment will not be in proper
operation even if the corresponding voltage is held to its
normal value. A third contribution to the reliability of
the dc supply is its operation from rms-regulated ac
power, so that the dc supply need compensate only for
load variations, and not for line variations.

POTTED
UNIT

MAIN
UNIT i

CONTROL
CIRCUITRY
. e s et e e i I

Fig. 9—Dc power supply unit.

Ac VOLTAGE REGULATOR

The ac voltage regulator is included as part of the
radar set for three reasons, two of which relate to relia-
bility. First of all, regulated ac voltage is required to
energize the heaters of certain tubes (in critical cir-
cuitry) in order to assure accurate equipment operation.

3 E. J. Hebert, Jr., *Application Characteristics of Cold-Cathode
Glow-Discharge Tubes,” NBS Report 2901; December, 1953.

¢E. J. Hebert, Jr., “Liquid Potting of Electronic Components,”
NBS Report 1783; June, 1952.
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Second, it is desirable to furnish regulated ac power to
the heaters of all tubes in order to attain the reliability
which so-called reliable tubes are capable of providing.
Specifications for proper application of such tubes in-
clude a heater voltage remaining within plus or minus
five per cent of rated value. Since aircraft power voltage
variation is far greater than this, it is necessary to regu-
late the voltage within the equipment. Finally, as al-
ready mentioned, the regulation of the ac input power
simplifies the task of the dc regulator, thereby improv-
ing its reliability.

s s e e e e

Fig. 10—Ac voltage regulator and power-switching
unit assembly.

Fig. 10 illustrates the assembly containing the ac regu-
lator sub-assembly, and the power-switching sub-assem-
bly, each of which is separately removable from the as-
sembly. The ac regulator is of the saturable reactor type,
which uses the heaters of two of its tubes, in a bridge
circuit, as sensing and controlling elements. Since it de-
pends on the heating of tube elements (heaters), it is of
the rms-regulating type.

POWER-SWITCHING

The power-switching circuitry is actuated both by the
Radar Set Control, and by the contacts within the
elapsed time meter which is mounted on the front panel.
The meter provides a record of operating time, for
maintenance information purposes, and also actuates
the relays in the power-switching sub-assembly (when
the Radar Set Control is turned to the ON position) in
such a manner that a three-minute time delay attains
before plate voltages are applied to the equipment. This
allows the tube filaments, heaters, and cathodes to
reach operating temperature prior to application of
anode voltages and, especially in the case of the power
tubes, contributes to long tube life and reliability. An
emergency button is provided on the control panel so
that the time delay may be shortened or bypassed,
when required. A plastic dome is placed over the emer-
gency button, and this dome must be crushed to actuate
the button. In this way frequent and unnecessary by-
passing of the time delay is avoided.
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CoNCLUSION

The operational aspects of this equipment, including
exact functions, operational performance, accessory
units, accuracy and stability are beyond the scope of
this paper. However, the following information is of
interest.

A number of complete equipments, including all nec-
essary accessories such as mounting racks, antennas,
indicators, control boxes, etc., have been fabricated at
the National Bureau of Standards to permit evaluation
(including flight tests) of both the equipments and the
new techniques and materials used.

Environmental tests have indicated that the equip-
ment will give satisfactory service under the severe con-
ditions of altitude and temperature originally specified
for the equipment. No component failures which can be
attributed to these unusually severe environmental con-
ditions have occurred to date.

An entire equipment has been subjected to severe
shock and vibration tests, including five impact shocks

MacAdam: Color Balance for Television 11

of 30 g in opposite directions along each of the three
mutually perpendicular axes (a total of thirty impacts).
Damage to the equipment as a result of this severe test
was trivial, and appropriate minor design changes have
since been made.
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Color Balance for Television®
D. L. MAcADAM{

Summary—The visual phenomenon of color adaptation must be
mimicked by any successful process of color photography or color
television. This means that a light gray object should be reproduced
so as to appear light gray, regardless of variations of the illumination
in the original scene, within a wide range of qualities. In color pho-
tography, films of two different classes are commonly provided, one
for daylight and the other for incandescent tungsten light.

In the present standard system of color television, the color sub-
carrier should have zero amplitude for a light gray object, regardless
of the chromaticity of the illumination, whether daylight or incan-
descent tungsten light or arc light.

Adjustment of receivers to correspond to the adaptation of the
viewer is equally important. Although most receivers will be used in
living rooms lighted by incandescent tungsten lamps, receivers are
sometimes used in subdued daylight. This fact creates a dilemma,
which is familiar to the designers of illuminators for color trans-
parencies. A satisfactory compromise has been found: a color tem-
perature of 4,000 degrees Kelvin.

CoLor VisION
T HE ANATOMICAL structures and physiological

functions responsible for color vision are known in
only a fragmentary manner. Although many theo-
ries have been proposed during the last century and a
half, none of them can claim to be more than specula-

* Original manuscript received by the IRE, May 14, 1954; re-
vised manuscript received, October 12, 1954. Communication No.
1657, Kodak Research Labs.

t Research Labs., Eastman Kodak Co., Rochester 4, N. Y.

tion.! The following analogy is not intended to suggest
a theory, or even a model of color vision.

Color vision acts like a system consisting of three
photoelectric cells, covered with differently colored fil-
ters, attached to a very wonderful interpreting device.
The interpreting device is such that we appreciate the
color as a unity and not as a composite of the three
separate responses. The three-cell model and the three-
response manner of [unctioning are suggested by, and
are adequate to account for, the results of optical experi-
ments designed to determine the visual equivalence of
physically nonequivalent stimuli.

These facts are well-known, and color television, as
well as color photography, is based on them. Neither
color television nor color photography would be feasi-
ble, at least in its present state, if color vision behaved
as if it involved more than three kinds of receptors.

Apparently less widely recognized is the fact that the
visual system also has something like automatic gain
controls in the three receptor-response channels.?~* This

1 Opt. Soc. Am. Com. Colorimetry, “The Science of Color,” T. Y.
Crowell Co., New York, N. Y. (particularly ch. 3); 1953.

¢t R. M. Evans, “On some aspects of white, gray, and black,”
Jour. Opt. Soc. Am., vol. 39, pp. 774-779; 1949.

3 W. L. Brewer, “Fundamental response functions and binocular
color matching,” Jour. Opt. Soc. Am., vol. 44, pp. 207-212; 1954.

¢ R. M. Evans and W. L. Brewer, “Observer adaptation require-

ments in color photography and color television,” Jour. Soc. Mot.
Pict. and Telev. Eng., vol. 63, pp. 5-9; 1954.
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is indicated qualitatively by the general experience that

a white shirt appears white in tungsten light as well as

in davlight. Because of the limited brightness range of

color television, we shall avoid reference to white ma-

terials, and shall refer instead to light gray materials,’

such as light gray business suits, having luminous re-

flectances about 50 per cent.

Gray suits do not look blue in daylight nor vellow in
incandescent tungsten light, despite the fact that day-
light appears very blue and incandescent light quite vel-
low when equally intense samples of the two are com-
pared side by side. The visual phenomenon responsible
for this constancy of apparent color of reflecting mate-
rials, in particular the gray suit, is called adaptation.

QUALITIES OF ILLUMINATION

Fig. 1 shows the range of variation of chromaticities of
common light sources. The curve within the diagram is
the locus of the chromaticities produced by blackbodies
at the various temperatures indicated. Most common
light sources have chromaticities lying very close to this

Fig. 1—Chromaticity diagram showing locus of chromaticities of
Planckian radiators, lines of constant correlated color tempera-
ture, and CIE standard sources 4 and C.

locus. The temperature corresponding most closely to
any such source is called its color temperature. The color
temperature corresponding to any chromaticity near
the blackbody locus may be interpolated between iso-
temperature lines, which cross the blackbody locus in
Fig. 1. Household illumination from incandescent lamps
varies in color temperature from 2,500 to about 3,000
degrees Kelvin. Photoflood and photoflash lamps have
color temperatures ranging from about 3,400 to 4,200
degrees. The color temperature of direct sunlight is
about 5,000 degrees. Thut of overcast sky or total day-
light is about 6,500 degrees, and the color temperature

5 R. S. O'Brien, “CBS color-television staging and lighting prac-
tices,” Jour. Soc. Mot. Pict. and Telev. Fng., vol. 63, pp. 41-50; 1954.
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of blue sky can range from 7,000 to 20,000 degrees or
higher. The color temperature of the CIE standard
illuminant C is about 6,750 degrees Kelvin.

We are very rarely conscious of differences in the
quality of illumination, particularly in the range from
2,800 to 6,000 degrees. Within this range, a gray suit
appears gray, regardless of the variation of the quality
of the light in which it is viewed. There is an obvious
reason why, for the sake of the survival of the race, this
must be so. Men are more concerned with recognizing
things than with recognizing nuances of the color of light
in their surroundings.

To produce this important effect, however, each of
our visual color receptors must have associated with it
something that acts like an automatic gain control,
which maintains approximately constant the average
output of each of the three color-receptor syvstems.
Thus, as we go out of a house, in which tungsten lamps
produce illumination relatively rich in red light, to day-
light, which is relatively rich in blue, the blue receptors
or the associated nervous system must reduce their
sensitivity. Likewise, the sensitivity of the red receptors
must somewhat increase, so as to keep approximately
constant the red, green, and blue responses to the aver-
age quality of the illumination, and to gray objects seen
in that illumination.

All other colors are perceived relative to white or gray,
and therefore our perceptions of colored objects are ap-
proximately invariant, regardless of natural variations
of illumination. This visual phenomenon is called color
constancy.

MIMICRY OF ADAPTATION

Films for color photography do not, in general, have
such adaptation, and therefore we have several kinds of
films, some for use in incandescent tungsten light, and
others for use in daylight. Professional photographers
and some advanced amateurs use color filters for better
adaptation of their films to illumination of various
qualities. Eastman Color Negative Safety Film, Type
5248, does have sufficient latitude, in each of its layers,
so that, if properly exposed, it can be used in either
incandescent tungsten light or daylight.® However,
color negatives prepared under these two conditions, or
any condition in between, must be printed differently,
to compensate for differing qualities of the illumination
in the several scenes. This compensation in printing
operation corresponds to visual adaptation, so that gray
objects in the original scene are reproduced by gray
areas of the print film, regardless of the quality of the
illumination in the original scene. These compensations
in the printing operation can be regarded as equivalent
to the actions of automatic gain controls in the three re-

¢ [t is recommended that Eastman Color Negative Safety Film,
T'ype 5248, be exposed with a filter for daylight. This practice mini-
mizes the danger of over- and under-exposure, and eliminates the
necessity for major changes in color balance in the printing operation.
The fact cited in the text is used for an illustrative example only, and
should not be taken as a recommendation for general practice.
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ceptor systems, the three layers in the case of color film.
Ideally, such compensations should be automatic, and
perhaps will be at some future state of the art.

Likewise, for interchangeable use in all of the various
qualities of illumination which are encountered in mis-
cellaneous scenes, color-television cameras should have
built into them automatic gain controls equivalent to
color adaptation of human vision. This is necessary so
that the viewer at home can sce the scene the same as a
person standing beside the camera sees it. When the
camera shifts from scene to scene, or even from part of
a scene having one quality of illumination to another
having a different quality, the adaptation of the camera-
man changes {rom moment to moment, so as to com-
pensate for variations of the quality of illumination. But
the television viewer, sitting at home, remains adapted
to the fixed quality of the illumination in his living
room. If the variations of the quality of illumination
which appear before the camera are transmitted and
appear on the receiver, the viewer cannot adapt to them
and will be startled, puzzled, and annoyed by the ex-
treme changes of over-all color. Experience with color
photography has demonstrated that unintended varia-
tions of the quality of illumination in the original scene
must not appear as over-all tints in the picture. Such
tints and changes are especially objectionable in motion
pictures. The same experience can be anticipated for
color television.

In order to eliminate changes of over-all tint of the
reproduced pictures, it is necessary to operate gain con-
trols in the three color channels of the camera, so as to
make the chrominance subcarrier vanish for a gray ob-
ject in the scene, regardless of the quality of the illumi-
nation in the scene.” Since this quality is likely to vary
from instant-to-instant (as, for example, in televising a
football game, particularly as the sun approaches the
horizon, and as the camera is directed first to the sun-
lighted portion of the field and then to the shadows of
the stand), it would be desirable if those gain controls
could be automatic. Perhaps the adaptation they effect
should not be 100 per cent, because visual adaptation
need not be so complete as to obliterate the variations
of mood and atmosphere, which correspond to the
transition from sunlight to shade. However, experience
with color photographs indicates that color-reproduc-

7 The reviewers of this paper have kindly informed the author that
this was the intention of the FCC Transmission Standard (“Amend-
ment of Commissionss Rules Governing Color Television Transmis-
sion, FCC 53-1663, Appendix B, p. 8: December 17, 1953. The para-
graph in question also has been quoted by D. G. Fink, “NTSC signal
specifications for color television,” Proc. L.LR.E., vol. 42, p. 1321;
August, 1954) which states: “The radiated chrominance subcarrier
shall vanish on the reference white of the scene.” The appended foot-
note, referring to CIE Illuminant C, should not be misunderstood as
referring to, or as defining the term “reference white.” The term
ureference white” has not been officially defined, and appears to be
the subject of some disagreement. Some define it as a white object
before the camera under the prevailing quality of illumination.
Others define it as the object in the scene which is intended to be
reproduced as white. The [RE Subcommittee (22.1) on Definitions
of the Television Systems Committee has proposed a somewhat more
definite definition of “reference white,” which it hopes will be ap-
proved and published soon.
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tion processes require a large degree of adaptation to the
variations of the quality of the incident light.

On the other hand, variations of mood are often de-
liberately produced by variation of the quality of illumi-
nation in stage scttings. Therefore, adaptation to varia-
tions of illumination should not be so complete as to
obliterate these deliberate changes of lighting. Perhaps
it would be preferable if the stage director had some
control over the degree of adaptation. Or perhaps color-
television stage directors can learn the need for, and the
effectiveness of, restrained variation of the quality of
the incident light.® Variations of the quality of illumina-
tion are much more apparent to viewers of the reproduc-
tion than they are to the audience present in the studio.

The specification for zero adaptation might well be
left open, since, for daylight scenes, it is sometimes de-
sirable to have sunlight (5,000 degrees Kelvin) the basis,
and at other times overcast daylight (6,500 degrees Kel-
vin, approximately CIE standard source C) might bet-
ter be the basis for zero adaptation. On the other hand,
for interior scenes in which variations of mood are to
be brought about by variation of the lighting, the qual-
ity of the basic lighting probably should yield zero sub-
carrier amplitude for zero adaptation. The director (or
color consultant) might then have under his control the
degree of adaptation to be applied to the various quali-
ties of effect lighting, so that equivalent effects will be
produced in the home receiver and for the studio
audience.

RECEIVER WHITE

\Ve are not finished with the subject of adaptation,
even after we have provided for it in the color-television
cameras. An equally important and perhaps more
troublesome question is: “\What shall be the chromatic-
ity with which we shall reproduce gray in the home re-
ceivers?”

Although the FCC does not have jurisdiction over the
quality of colors produced by receivers, a footnote in the
IFCC Transmission Standard? states that: “The numeri-
cal values of the signal specification assume that this
condition will be reproduced as CIE Illuminant C.” In
the absence of any mention of the possibility of any
other receiver adjustment, it has generally been taken
for granted that illuminant C would be desirable. For
instance, it was stated:® “The color signal is so propor-
tioned that when the color subcarrier vanishes, the
chromaticity reproduced corresponds to Illuminant c.”
And again:® “The color of the white should be about the
white produced by the low brightness setting on a
standard black-and-white kinescope.” “Standard black-
and-white kinescopes” are even bluer than CIE stand-
ard source C, ranging from 7,000 to 8,000 degrees or
higher, and all are quite bluish compared to the illumi-

s “Petition of Radio Corpuration of America and National Broad-
casting Company, Inc., for Approval of Color Standards for the RCA
Color Television System,” before the FCC, p. 672; June 25, 1953.

9 “Practical color television for the service industry,” RCA Serv.
Corp., Inc., Camden, N. J., p. 45; 1953.
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nation customary in living rooms.!® As recently as May
7, 1954, the statement was made by the chairman of a
session of the Society of Motion Picture and Television
Engineers that “the signal specifications are such that
optimum results are achieved when a color temperature
of Illuminant C is employed in the reproducing end of
the system,” and the author of the paper under discus-
sion agreed.!

Home motion-picture and slide projectors give quite
successful reproductions by the use of unfiltered in-
candescent tungsten light, having color temperatures
from 3,000 to 3,200 degrees Kelvin. Therefore, color-
television receivers balanced in this range for zero sub-
carrier amplitude would probably be satisfactory for
nighttime viewing. However, some television receivers
are used during the day, with their surroundings illumi-
nated by subdued daylight. Other receivers are used in
public places illuminated by fluorescent lamps, some of
which are nearly as blue as CIE standard source C. For
such installations, color-television receivers might be
balanced to produce the equivalent of CIE standard
source C for zero subcarrier amplitude.

The problem of the home receiver, however, which,
during the day, is surrounded by objects illuminated
with subdued daylight, and which, at night, is illumi-
nated with incandescent tungsten light, presents a

1% One reason given for the choice of CIE illuminant C for zero
chrominance subcarrier was to insure that monochrome transmissions
would appear the same on color receivers as on monochrome re-
ceivers. In connection with this, it is usually stated that when mono-
chrome picture tubes of various colors were offered, all others than
the now common blue tubes fell victims to the apparent preference
of the public for a cold color. It is probably unwise to hazard a guess
as to why bluish monochrome tubes swept the market, whether they
were brighter, or gave deeper blacks, or because they looked more
nearly white when compared and selected in stores lighted with
fluorescent lamps or subdued daylight. But, it is undeniable that, as
viewed in the ordinary living room, during most of the viewing hours,
the present monochrome picture tubes are bluish. Although this
blueness (coldness) is rarely remarked in the case of monochrome tele-
vision, it would almost certainly not be as pleasant in color television
as pictures balanced for the conditions of adaptation prevalent in
home viewing. Viewers of monochrome pictures pay no attention to
chromaticity, but they can be expected to become more observant of
the over-all color of the picture (color balance) when they become ac-
customed to color television. Color pictures balanced to illuminant C,
or to the present monochrome standard, appear cold to viewers in the
usual home-viewing situation.

"' H. M. Gurin, “Color television light sources,” Jour. Soc. Mot.
Pict. and Telev. Eng., vol. 63, pp. 51-54; 1954,
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dilemma which has already been encountered in color
photography. Designers of illuminators for color trans-
parencies have been troubled by the fact that an illumi-
nator using unfiltered light from incandescent lamps ap-
pears very yellowish in an office or exhibit room illumi-
nated by daylight. On the other hand, an illuminator
which matches the quality of daylight, for example, the
CIE standard source C, appears very bluish, and the
pictures viewed with it appear very cold, when the ob-
server is in a room illuminated by incandescent tungsten
lamps. Since it is impractical to have different illumi-
nators for use under these two different conditions, it
was necessary to seek and to find an intermediate color
temperature which would be acceptable under both
conditions of adaptation. After many trials and some
evolution, the color temperature of 4,000 degrees Kelvin
was finally selected.!? This is quite satisfactory for the
illumination of color transparencies under all normal
conditions of room illumination, varying from interior
workrooms illuminated exclusively by incandescent
tungsten lamps and others illuminated by fluorescent
fixtures, to offices and conference rooms illuminated at
high levels of daylight. The illuminator and the trans-
parencies placed upon it do not appear too warm, or
yellowish, when the observers are adapted to daylight,
nor does the illuminator or the transparencies placed
upon it appear too cold when it is used in a room lighted
by incandescent tungsten lamps. Similar results have
been reported in a recent study aimed at the determina-
tion of the best color balance for color television,

Consequently, the color temperature 4,000 degrees
Kelvin is commended to the attention of color-television
engineers and service men as a criterion of color balance
for zero subcarrier amplitude, which should result in
satisfactory perception of colors under conditions of
adaptation ranging all of the way from the usual living
room at night to living rooms in the daytime.

2 A.L. Soremand C. N. Nelson, “Spectral and luminance require-
ments for color-transparency illuminators,” Jour. Opt. Soc. Am., vol.
43, pp. 689-697; 1953; also “Proposed American Standard for illumi-
nation of photographic and photomechanical color reproductions,”
ASA, PH2.6, 1st draft (April 19, 1954) not published.

13W. N. Sproson, “A determination of subjective white under

foux:3 conditions of adaptation,” BBC Quarterly, vol. 8, pp. 176-192;
1953.
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A Triode Useful to 10,000 Mc”

J. E. BEGGSY, SENIOR MEMBER, IRE, AND N. T. LAVOO?}, MEMBER, IRE

Summary—A small receiving tube having a noise figure of 7 db
at 1,200 mc has been developed. Experimental tubes of this type may
be precisely assembled using low-loss materials. An exhaust tem-
perature of 800 degrees C. is practicable, and the tube can be made
small enough to make possible operation up to 10,000 mc.

INTRODUCTION

HE UTILIZATION of low-loss insulating mate-
Trials soldered directly to high-conductivity metal-

lic materials has made it possible to construct mi-
crowave types with interesting capabilities. From the
early work of H. V. Neher at the Massachusetts Insti-
tute of Technology Radiation Laboratory,! it has been
known for some time that space-charge control tubes
can produce low-noise figures at ultra-high frequencies.
For usefulness over a wide frequency range, the tube to
be described, which is designated as the L-29, has been
made adaptable for use in distributed or lumped con-
stant circuits. To this end a cartridge-type construction
is employed, as shown in Fig. 1. Although the L-29 tube
is small in size, it is operated at currents and voltages
comparable to those of conventional receiving tubes.

Fig. 1—Triodes pictured from left to right: the L-31, L-29, Quartz
L-29, and GL-6299, a commercial version of the laboratory tube.

Also shown in Fig. 1 with the L-29 are: the L-31, a
smaller version of the L-29; an L-29 with a quartz out-
put seal; and the GL6299, a commercially available ver-
sion derived from the L-29. It should be noted that this
report describes the performance obtained on laboratory

* Original manuscript received by the IRE, May 5, 1954; re-
vised manuscript received, September 5, 1954,

t General Electric Research Lab., Schenectady, N. Y.

1 D. R. Hamilton, J. N. Knipp, and J. B. H. Kuper, “Klystrons
and Microwave Triodes,” Radiation Lab. Series, vol. 7, p. 153,
McGraw-Hill Publishing Co., Inc., New York, N. Y.; 1948.

tubes and is not intended to represent the typical per-
formance of the GL-6299.

THE TuBE CONSTRUCTION

These tubes employ low-loss insulators soldered to
copper parts. The lead solder employed is ductile enough
to permit either quartz or ceramic insulators to be used.
The soft-soldering techniques developed for this tube
have proved generally useful and have already been de-
scribed.?

S .«.:-&- -'j

CATHODE
CoNTACT

ANOOE [
conTaCT l

@ (b) (c)

Fig. 2—Cross-sectional views of the L-29 and its sub-assemblies.

Fig. 2(a) is a cross-sectional view of the L-29 tube.
The tube is composed of three basic units: the cathode,
the grid, and the anode assemblies [Fig. 2(b)]. The
cathode, positioned snugly in a small tapered hole in
the cathode insulator, is coated with a triple carbonate
mix which is shaved to the desired thickness. The spac-
ing from cathode to the center of grid wires is usually
0.6 mil, or about equal to the spacing between wires.

The grid is designed not to buckle, as it must be paral-
lel to the cathode surface at all operating temperatures.
This is accomplished by using tungsten grid wires
stretched across a tungsten washer with such high ten-
sion that they will remain taut even though the frame is
500 degrees C. cooler than the wires. Tungsten must be
used for the frame, so that the wires will not be ruptured
during the 800 degrees C. exhaust bakeout.

The high thermal conductivity of copper makes it a
logical choice for the anode material. Its good rf con-
ductivity aids in the attainment of high output imped-
ances, even though external circuits are used. The fact

t R. J. Bondley, “Low melting temperature solders in metal-
ceramic seals,” Ceramic Age, vol. 58, p. 15; July, 1951.
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that quartz can be used as the output insulator has
proved to be valuable for tubes operating at the highest
frequencies. Alsimag#243ceramic insulators have proved
generally useful over the 1.-29's entire operating range
from zero to 10,000 mc. The anode-to-grid spacings arc
generally in the range of 5 to 15 mils.

These units complete with lead rings [Fig. 2(c)] are
placed in a vacuum oven and are heated to 800 degrees
C. Although the tead solder hecomes liquid, it is retained
by the solder troughs. The soldering operation cannot
affect the spacings between the electrodes or cause elec-
trical leakage inside the tube because the soldering takes
place only on external surfaces. Table | indicates the re-
duction in Q chargeable to the lead-soldering technique.
For purposes of comparison, the (I's obtained with iron
and fernico seals arc included. At the conclusion of the
exhaust schedule, a small amount of lead is brought in
contact with anode to seal off exhaust vent.

TABLE 1

SEAL Losses AT 2780 Mc For VARIOUS OUTPU1
AsSEMBLIES USED 1IN A 2C39 CaviTy

Per Cent
of Q
Cavity—no tube 100
Quartz—polystrene—cemented to copper 80
Quartz—Ilead-soldered to copper ] 77
Alsimag 243—lead-soldered to copper . 57
Iron-matching glass sealed to copper-plated iron 3}

Fernico-matching glass sealed to fernico

NoisE CHARACTERISTICS

Throughout the course of development of this tube,
the major performance objective was a desirable low-
noise figure that could be consistently reproduced. For
comparison of the experimental results obtained with
those to be expected theoretically, the expression for the
noise figure may be written as:

| V. + G| (1)

Fo1 4 gl K
G, G, G,
This expression has been derived by a number of
workers, but at present the nomenclature used in the
Radiation Laboratory series® will be followed. The terms
in this formula are defined below:
F=the narrow band noise figure of a single stage.
No correlation between grid noise and plate
noise is assumed.
G, =the source conductance.
G =the losses in the input network.
G,=the transit-time loading of the tube across the
input terminals of the tube.
R.,=the resistance equivalent for the plate noise re-
ferred to the grid. This was measured and found
to be 125 ohms for the 1.-29.

3G. E. Valley, Jr. and Henry Wallman, “Vacuum Tube Ampli-
fiers,” Radiation Lab. Series, vol. 18, p. 639, McGraw-Hill Publish-
ing Co., Inc., New York, N. Y.; 1948.
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Vi=G,+Gi+jYi=the total admittance presented
to the tube.
¥y = the susceptance presented by the network to the
input terminals of the tube.

B=the factor relating grid noise to input conduct-
ance due to transit-time loading. In this paper
will be assumed to be 5, as is customary for ox-
ide emitters.*

The noise figure, F, may be minimized by properly se-
lecting the source conductance, G,, and by tuning the
input network so that the total admittance presented to
the input terminals is purely conductive. (The latter
follows from the assumption of no correlation between
the induced grid-noise and shot-noise current.) The op-
timum noise figure is found from (1):

Fo =1+ 2R (G, + G)
+ 2VR.(Gi + BG) + [RoWGr +G)E (2)

Expression (2) predicts the noise figure at any partic-
ular frequency, provided the equivalent noise resistance,
transit-time loading, and input circuit losses are known.
Some interesting information can be obtained from the
above expression. First, however, it will he more profita-
ble to refer to some experimental results.

OPTIMUM NOISE FIGURE F,

1 J

450 500

0 It : 2 ) 1 t
150 200 250 300

FREQUENCY IN MEGACYCLES

1 1
350 400

Fig. 3—Comparison of the optimum noise figure of the L-29
and the 6AKS.

Fig. 3 compares the optimum noise figure of an 1.-29
with that of a 6AKS, one of the best miniature tubes.
Experimental results have been used to verify the curve
for the 1.-29. Note that in cach case the noise figure ap-
proaches a linear relationship at the lower frequencies.
As has been pointed out by others, it is to be expected
that the optimum noise figure should approach a
straight-line relationship at low frequencies.b

Eq. (2), together with experimental data in Fig. 3 for
L-29, provides means of obtaining a value for the input
transit-time loading G,. Assuming G, =0, (2) gives

3)

¢

¢ D.O. Northand W. R. Ferris, “Fluctuations induced in vacuum-
tube grids at high frequencies,” Proc. I.R.E., vol. 29, pp. 49-50;
February, 1941.

8 S. N. VanVoorhis, “Microwave Receivers,” Radiation Lab. Se-
ries, McGraw-Hill Publishing Co., Inc., vol. 23, p. 130; 1948.
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Substituting the measured value of noise figure of 0.9
db at 90 mc into (3) gives

U AERTS
T 47125(1.23 — 1 + 5)

= 0.0000202 mho. (4)

G

If it is assumed that the transit-time loading varies as
the square of the {frequency, then

G, = 0.0025/* mho (3)
for fin kmc.® A plot of (3) is shown in Fig. 4.

100,000

10,000

TRANSIT TIME LOADING IN MICROMHOS

1,000
100 —
0 ! L / 1 Lot 1 [
10 100 1000 10,000

FREQUENCY IN MEGACYCLES

Fig. 4—1.-29 transit-time loading.

The validity of (5) may be checked by using it to
compute the noise figure at 200 me. Going back to Ex-
pression (2) for F,, dropping terms in (i, and making
use of (5), one finds that F, becomes

Fo =14 0.625f2 4+ 2.50f/1 + 0.0625/2. (0)

Substituting 0.2 kmc results in a noise figure of 1.525
or 1.84 db, which is in very good agreement with the ex-
perimental data, considering the assumption of no in-
put network losses. A plot of (6) is shown in Fig. §, and
indicates what is to be expected at the higher frequen-
cies from this semi-theoretical basis. A great number of
experimental values for the noisc figure for different
1.-29's have been obtained at both 1,200 and 3,000 mc.
The range of variation of these measurements is also
indicated in Fig. 5. The agreement between the experi-
mental and semi-theoretical results is good.

Through further refinements, it appears quite prac-
tical to reduce considerably the cathode-to-grid transit
angle from the value of the L-29. The lower curve of
Fig. 5 illustrates the change brought about by cutting

8\, R. Ferris, “Input resistance of vacuum tubes as ultra-high
frequency amplifiers,” Proc. L.R.E., vol. 24, pp. 82-105; Jan. 1936.
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the transit angle by a factor of one half. In place of a
noise figure of 7 db at 1,200 mc, 4.5 db would be indi-
cated. Or, stated in another way, the frequency would
be approximately doubled for the same noise figure.

For some applications, it is essential that a good im-
pedance match be made from the antennas to the rf
amplifier of a receiver. To point out the expected per-
formance from an L.-29 in such service, as well as to give
an idea of the amount of noise-figure improvement pos-
sible for any given frequency by tuning the input cir-
cuit for optimum source conductance, the matched
noise figure case will now be considered.

Again assuming that the input network is lossless, and
that the load impedance is small compared with the
plate resistance, the expression for the impedance-
matched grounded-grid connection derived from (1) is

G, R
Fy=1+8 -

‘(G 2G,)* 7
Y (Gyr + 2Gy) (7)

Gy + G,

If B=5, Ga (the tube transconductance) =0.02 mho,
R.,=125 ohms, and G,=0.0025 f* mho/kmc?, (7) be-
comes

14+ 0.750f% 4+ 0.0625/*
4 2.5 1 F 0TS+ 0.06257%, (8)

Fy =
14+ 0.125/?

L-29 NOISE FACTOR

db/kTAS

e

PROPOSED TRIODE
NOISE FACTOR

o 0o N o

OPTIMUM NOISE FIGURE Fo IN db/xTAf
k-3

A

ARROWS INDICATE
EXPERIMENTAL RANGE

— L A L —
o] | 2 3 4 5 6

FREQUENCY IN XiLOMEGACYCLES

Fig. 5—L.-29 optimum noise figure.

This expression is shown plotted in Fig. 6, on the fol-
lowing page. It indicates that noise figures of the order
of 5.5 to 6 db may be expected at frequencies up to 500
mc. Noise figures within 0.5 db of this have been meas-
ured at 200 and 500 mc. The dotted curve in Fig. 6 is the
difference between the matched and optimum noise fig-
ures. It represents the improvement in noise figure to be
expected by presenting the optimum source conductance,
instead of the matched source conductance. In the 1.-29,
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the product of R,, and G, is such that the improvement
in noise figure is at best only a few tenths of a decibel
above 1,500 mc. At 1,200 mc the improvement to be ex-
pected is about 0.5 db, in good agreement with experi-
ment.

In addition to the factors that appear in the expres-
sion for noise figure, there are a number of construction
details that have proven important in the attempt to
produce tubes with consistently desirable noise proper-
ties. A cathode should (a) have uniform emission with
low I’R loss, small edge effect, and aslow a temperature
as possible; (b) have a surface that is smooth, flat, and
parallel to both the grid plane and cathode base metal;
(c) have a contact potential that is uniform over the
active electrode surfaces, and (d) be used with a grid
the pitch of which is sufficiently fine to provide a good
transparency, and arranged so that the opening be-
tween the grid wires is no larger than the distance be-
tween the oxide emitter and the center of the grid wires.

13

MATCHED NF db/aTAt L-29

MATCHED NOISE FIGURE db/kTAf
w0 N ® W

N W s
T

\
N\ Ob THAT CAN BE PICKED UP BY MISMATCH
N\

T
/

(e}
o
~N
(]

FREQUENCY IN KILOMEGACYCLES

Fig. 6—Matched grounded-grid L-29 noise figure.

Most of these requirements may be summarized by stat-
ing that there must be uniformity of the electric field,
so that there will be a minimum spread in the value of
the transit angle. Some of the above factors will be dis-
cussed in more detail.

An illustration of the importance of the role of the
cathode is best described by some experiments made
early in the L-29 program. It had been noticed that
tubes needing more than one run through the exhaust
procedure to become vacuum tight were consistently
lower noise. This difference amounted to 1 to 2 db in the
noise factor at 1,200 mc, and also showed up at 3,000
mc. After this was noticed, tube #134, which had been
through the exhaust procedure once and the noise fig-
ure of which was high (9.9 db), was let down to air and
then re-exhausted. The noise figure after the reprocess-
ing was 6.9 db at 1,200 mc. This treatment was also
given to tube #X60 and resulted in an improvement
from 8.0 to 6.6 db. These improvements were made

January

despite the fact that the transit-time loadings were un-
doubtedly increased because of a considerable compac-
tion of the cathode coating (and hence widening of the
g-¢ spacing) during the reprocessing. These experiments
indicated that considerable importance must be at-
tached to the density and processing of the oxide emitter.

When the input circuit losses are small relative to the
transit-time losses, the predominant factor in the ex-
pression for optimum noise figure is the product of
R,G..7 It is instructive to examine this product in
somewhat greater detail. The expression for the equiva-
lent noise resistance is?

€)

Unfortunately, there is no theory that is suitable for cal-
culating the transit-time loading G, for the case of the
L-29 in which the potential minimum region dominates
the cathode-to-grid region. An equation can be written
in an approximate form, suggested by Ferris®* and
North?

G, = KGnf*, (10)

where

0 =essentially a constant =0.66,

o =ratio of total transconductance to conductance
of the equivalent diode =0.66 for the 1.-29 (as-
suming 3/2 power law),

T.=cathode temperature (°K),
Ty=standard noise temperature,
G.» =transconductance as triode,

K =constant,

f=frequency,

T =transit-time cathode to grid.

Then the product R,,G, is

RqG,=iEKfzr’=Ej’r’ (11)

‘ o To To"

Thus, the predominant factor in the expression for
optimum noise factor suggests the fundamental require-
ments of low cathode temperature and small cathode-to-
grid transit angle for low-noise performance. The con-
stant K would undoubtedly bring in more geometrical
factors if it could be evaluated for our case. Notice that
Gn has canceled out of the above expression for our ap-
proximations. This further suggests that, still within
our assumptions, the noise factor is not dependent on
cathode area. In tubes similar except for cathode area,
the experimental results confirm this fairly well. In mak-
ing the cathode smaller, however, one must keep the

7 W. A. Harris, “Some notes on noise theory and its application to
inplét circuit design,” RCA Rev., vol. IX, pp. 406-418; September,
1948.

# D. O. North, “Fluctuations in space-charge-limited currents at
moderately high frequencies,” RCA Rev., vol. 1V, pp. 443-473; April,
1940

*D. 0. North, “Analysis of the effects of space charge on grid
impedance,” Proc. I.R.E., vol. 24, pp. 108-136; January, 1936.
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gain sufficient to minimize the noise from succeeding
stages. From a theoretical viewpoint, the cathode edge
effect should be worse in the smaller cathode, since the
ratio of area to periphery is proportional to the diameter
of the cathode. That the edge effect is important is il-
lustrated by the fact that the outer 18 mils of the L-29
cathode contains one-half of the cathode area. From a
practical viewpoint, the smaller cathode would permit
a shorter grid span, thus simplifying a number of prob-
lems in grid making as well as making it easier to make
the step to still finer grid wires.
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Fig. 7—Power gain of an average L-29.

GAIN AND IMPEDANCE CHARACTERISTICS

The power gain versus frequency characteristic for an
average L-29 is shown in Fig. 7. This is the characteris-
tic measured in one particular circuit as the output reso-
nator was tuned successively through the 3/4 X\ and 5/4
X modes. The falling gain characteristic is partly ex-
plained by the input transit-time loading, but is mainly
the result of the drop in output impedance with fre-
quency. Part of the output impedance variation is ac-
counted for by the external circuit, and this part can be
improved by using a high value of Z,and a 1/4 X reso-
nator. 1/4 X\ circuit is possible to frequency as high as
8,000 to 10,000, depending on tube output capacitance.

The input bandwidth of these tubes at 1,200 mc is of
the order of 200 mc at normal operating current in a 3/4
\ circuit. The bandwidth with the tube cold is about 3 to
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4 mc. The highest frequency for which a 1/4 X circuit
may be employed on the input of these tubes is approxi-
mately 1,800 mc.

Another factor of interest is the gain-bandwidth prod-
uct of these tubes. When quarter-wave output resona-
tors were used, the highest measured values of gain-
bandwidth product at 1,200 and 3,000 mc were 1,100
and 750 mc respectively. Typical values were about half
of these maximum values. Measurements of the imped-
ance-bandwidth using the Hansen-Post technique gave
values of approximately 120,000 ohm-megacycles for
both 1,200 and 3,000 mc.!® Unloaded circuit imped-
ances of 60,000 are obtainable at 1,200 mc despite the
fact that the low-frequency plate resistance is of the or-
der of 10,000 ohms. The reason for this is that the tran-
sit angle between the cathode and grid is such (120 to
130 degrees) that the phase angle between plate current
and plate voltage is approximately 90 degrees. Thus, the
effect of the electrons causes little if any loading of the
cavity at this frequency. At 3,000 mc, unloaded cavity
impedances of 15,000 ohms are typical.

SuPER-H1GH FREQUENCY OSCILLATOR PERFORMANCE

L-29 and L-31 tubes have peen operated as oscillators
at frequencies up to 10,000 mc. Continuous-wave out-
puts of 100 mw at 1 to 2 per cent efficiency at 8,600 mc
have been measured, and 40 mw at 10,000 mc has been
recorded. When pulsed with 1,200 volts on the plate,
15-watts peak output at 3.5 per cent efficiency at 8,600
mc was achieved.

CONCLUSIONS

The combination of low-loss insulators soldered to
high-conductivity metals during a high-temperature
exhaust has permitted the precise assembly of tiny re-
ceiving tubes having an extended high-frequency range
of operation and improved performance at lower fre-
quencies. The outlook is promising for even greater ad-
vances in performance and efficiency.
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An Equalizing Network for Carrier-Type
Feedback Control Systems”

C. H. LOONEY, ASSOCIATE, IRE

Summary~—Lag type compensation of a speed regulating system
may be used to reduce the steady state error. The analysis of an ac-
tive, high Q, RLC circuit shows that it permits lag compensation of
carrier-type feedback control systems through direct operation on the
system actuating signal. The use of this circuit in an instrument type
velocity servo reduces the steady-state error by a factor of at least 30,

ﬁ TYPICAL speed regulating system will consist of

a motor, a tachometer generator, a variable ref-

erence voltage, and an amplifier to amplify the
difference between generator output and the reference
voltage for the purpose of driving the motor-generator
to make this difference approach zero. Motor and gener-
ator will have a moment of inertia, J, and a coethcient
of damping, B. Amplifier and motor will have a ratio of
voltage to torque equal to a constant, K. For purpose of
analysis, this system will be assumed to be linear, i.e., in-
capable of saturation; this assumption is valid for small
values of actuating signal and load disturbances. The
following equations define this system:

e=r—c¢ (1)

Y
I
1

dc
Ke=J -—+4+ Bc =g, (2)
dt

where ¢ is system output in radians per second, r is sys-
tem input in radians per second, and ¢ is motor torque
in convenient units. It is convenient to use the Laplace
transform of (1) and (2):

E=R-C 3)
KE = (Js + B)C. (4)
The forward gain of the system may be defined

G =C/E (5)

A single loop feedback control system is described by!
R UN

E = : (6)
14+G 1+G

where “U” is the load disturbance of the controlled sys-
tem “N.”

The speed regulator described above can be put into
the form of (6) by the following substitutions:

K

G=—— 7
1 + T|S ( )

* Original manuscript received by the TRE, November 5, 1953;
revised manuscript received, October 7, 1954,

+ Naval Research Lab., Washington 25, D. C.

1\V. R. Ahrendt and J. F. Taplin, “Automatic Feedback Con-
trol,” McGraw-Hill Book Co., Inc., New York, N. Y., pp. 54 fT,, 1951,
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Ki=RK/B (8)
’[‘1 = ./ 15 (())
: 10
1 + TIS ( )

U L —

I+ Ts
E J ¥,
R{?——o K, +Ts [ c

Fig. 1—Block diagram of velocity regulating system.

The block diagram of the velocity regulating system is
shown in Fig. 1. The steady-state actuating signal may
be found from (11) for variation of the reference input
and from (12) for variation of the load disturbance.

Rs
Css = ]s—‘)o (11)
1 4+ Go
UlVoS
€es = s— 0, (12)
1+ Go

The subscript “0” denotes the value of the term when s
approaches zero. The equations for system input are
given in (13) and (14) and the equations for the load
disturbances are given in (15) and (16).

r=r, (13)
R=r/s (14)
u=u, (15)
U = up/s. (16)
T+T,s 1+T,5
+~E - | *+
e Y I I+Ts | + ¢

Fig. 2—Velocity servo with lag compensation.

It would be desirable to have a network which would
operate directly upon the actuating signal in a carrier
type feedback control system and produce compensa-
tion of the type shown in Fig. 2 or Fig. 3. A network
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Fig. 3—Vclocity servo with lag compensation
(simplified diagram).

which will accomplish the desired result is shown in
Fig. 4. The action of this equalizing network may be
viewed from a frequency standpoint. The input must be
of the form

12 cos w,{ cos wl,

(17)

since this is the form of the voltage generated in a car-
rier servo with a sinusoidal forcing function. The fre-
quency of the signal is w, and the frequency of the carrier
is we. The action of an equalizing network of the type
desired may be expressed qualitatively as having de-
creasing gain as w, is increased, and having an increas-
ingly lagging phase angle of output to input as w, is in-
creased. This type of equalization is thus termed lag
equalization or compensation.

R,
N .
neut R L FC ouTPUT
[ < & -0

Fig. 4—Lag network.

A voltage of the form of (17) may be rearranged as in

(18).

1E(cos [we + w, |t + cos [w, — w,]f). (18)

This type of signal is termed a suppressed carrier since
it is the sum of the upper and lower sidebands of a
modulated carrier, but with the carrier lacking. Lag
compensation would alter the phase of the suppressed
carrier as follows:

cos wld cos (wd — @), (19)
or

cos [(we + wo)t — @] + cos [(we — w)t + ¢]. (20)

The gain of the lag compensation network would be
constant for low values of w, and would decrease at the
rate of six decibels per octave as w, is increased.

The transfer function of the network of Fig. 4 may be

Looney: An Equalizing Network for Carrier-1Type Feedback Control Systems

written as

1
/Ry + 1/sL + sC
G = — T LT
R, + - —
YUOVR 1)L+ 5C
et
R,
Qc = = 1\,2(0\;(/'
w.L
and
1
c v IC
Then
R,
R, + R,
G(s) = - ——
RT
- - s
W, Rl + Rg 52
Substitute
s = jw.
Then
R,
. Ri+ R.
G(jw) =
e R, W,
e O
w.\ Ry + R- w?
1f

Wy = we T w,
when w, is the upper sideband frequency, and
Wp = We — Wy,

where wy, is the lower sideband frequency, then

R
» Rit Ry
(’(]wu) = - o ]’ )
) t
. Qc Rl wr+ws
i) T
w. \R+R, w +w, |
and
R,
, R, + R,
o) = -
Wy
2w, + —
N Qc Rl W — W, ]
AL i
W, R|+R'! W Wy

For the usual case of w,<w,,

(21)

(22)

(24)

(25)

(20)

(27)

(28)

(29)

(30)
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R,
R R
Gljew) = — ZQ‘+ . 32)
14 (—‘) W
We Rl + R?
K I
Gljeos) = ———— - (33)
1+ Ta(jo,)

The slope of G(jw,) versus w, as w, approaches w, is
slightly less than six decibels per octave, but due to the
simplification (31), (33) indicates a high frequency slope
of six decibels per octave. The difference in sign in (29)
and (30) is in accord with the desired change in phase
angle for the upper and lower sidebands, as shown in
(20). K4 differs from the aforementioned K, in that K,
is less than unity and amplification is necessary to pro-
vide the desired value of K,. T, must be made large with
respect to T, which requires that Q. must be large; in
practice, values of 100 or more at a frequency of 60 cps.
This high value of Q. necessitates an active circuit;? the
circuit of Fig. 5 permits 60 cps Q's of more than 250
using a 5.0 henry choke with a passive Q of 10. The
vacuum tube supplies energy to the tank circuit in the
proper phase to tend to sustain oscillation. In other
words, the active circuit makes possible the insertion of
a negative resistance, thus increasing the Q of the reso-

| R e
al n)

a3

llm
1

oW ATION
IOILI e

"’/i’ 2 é

-+

-y -

4198

fllhl' ! .* I '

n (‘K L SN L G
5, u
R,
L} 1w
"“"‘%d ’“‘ L
-t

PROCEEDINGS OF THE I-R-E

e

January

0.5 second. A 2.0 ounce-inches torque load was applied
to the motor shaft (stall torque was 3.5 ounce-inches)
while the servo output was 12 revolutions per second.

OUTPUT

e = 1//LC

Fig. 5—Q multiplier.

The reference input was increased 0.7 per cent to return
the output to 12 rps with the lag compensation network
in operation. However, for the same conditions and with
the network removed (K;=0), the reference input had
to be increased 20 per cent to return the output to 12 rps,
thus demonstrating the effectiveness of the lag network
in reducing error due to torque disturbances. Fig. 6 is
a schematic of the entire system.
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Fig. 6—Schematic of velocity servo with lag compensation.

nant circuit by increasing the magnitude of R, in Fig. 4.
R, (in Fig. 5) may be varied to increase Q without limit.

The circuit of Fig. 5 was incorporated into a velocity-
regulating carrier type system using a Diehl FPE 25-11
two-phase induction motor and a Kollsman 863-01621
tachometer induction generator, and an electronic am-
plifier. K, was made equal to 30; T; was made equal to

2 H. E. Harris, “Simplified Q multiplier,” Electronics, p. 130; May,
1951,

A network of the type shown in Figs. 4 and 5§ may be
used to increase the low frequency gain of carrier type
feedback control systems and thus decrease the steady-
state error of the systems. It is desirable to have as large
a Q as can be obtained; however, the frequency of w,
must be held to an increasingly smaller tolerance as Q
is increased. Values of Q up to at least 150 may be used
with the frequency deviation encountered in commercial
60 cps line, before this deviation causes a reduction of K,,
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Radio Scattering in the Troposphere’
WILLIAM E. GORDONY, MEMBER, IRE

Summary—The theory of radio scattering in the troposphere! is
modified in the light of recent observations of the fluctuations in re-
fractive index. The theory is applied to the communication problem
and yields some characteristics which are peculiar to the scattering
mechanism. One characteristic imposes a limit on the maximum size
of an antenna which yields its full theoretical gain. This character-
istic is deduced from the prediction of diversity distance. Height gain
is also deduced from diversity distance. Other characteristics are de-
rived pertinent to the communication problem, including fading rates
and frequency bandwidth of the scattering mechanism.

INTRODUCTION

THEORY OF radio scattering in the troposphere!
A was presented in 1950. Scattering by a turbulent
medium was applied to radio waves in the tropo-
sphere to describe the mean signal observed at distances
somewhat beyond the horizon as well as the fading at all
ranges. Values of the scale of the turbulence and the de-
parture of refractive index from its mean expected on
meteorological grounds were adequate to explain the
field strengths observed experimentally. Since 1950, di-
rect observations of the scale and intensity of turbulence
have become available. The observed values of the scale
and intensity of turbulence differ somewhat from those
estimated and used in the 1950 paper. In particular, the
observed scales are of the order of tens of meters rather
than tens of centimeters, and this produces important
changes in the results. It is the object of this paper to
modify the application of the earlier theory in the light
of the new observations, and to extend the theory to in-
clude predictions of diversity distances, fading rate, and
frequency bandwidth of the scattering mechanism.
Section I summarizes the resuits of the direct observa-
tions of refractive index in terms of the scale and in-
tensity of the index fluctuations. The scattering coeffi-
cient is defined in Section II, and its limitations are indi-
cated. In Section 111, the power scattered to a receiver is
derived as a function of distance from the transmitter
for various typical distributions of the scale and in-
tensity with height. The theoretical results are com-
pared with experimental data. It is assumed in this sec-
tion that the full theoretical gain of the antennas is
realized, that is, the antennas are not too large in the
sense described in Section IV. Diversity distances are
deduced in Section IV and applied to yield the height
gain and maximum useful antenna size in the scattered
field. The radio-scattering mechanism is characterized
by a fading rate and a frequency bandwidth which are
described in Sections V and VI.

1. DIRECT OBSERVATIONS OF REFRACTIVE INDEX
Quantitative observations of turbulence in the free

* Original manuscript received by the IRE, June 10, 1954; re-
vised manuscript received, September 30, 1954.
t Cornell University, Ithaca, N. Y.

air had been practically nonexistent until the refractom-
eter was developed and flown in the past few years.
The number of observations available is still quite
limited, but the University of Texas, working with the
Air Force, is presently collecting data at different loca-
tions and under a variety of weather situations.

The refractometer, developed by Crain? at the Uni-
versity of Texas and independently by Birnbaum? at the
National Bureau of Standards, is an instrument which
measures directly the dielectric constant of the air to
which it is exposed. Mounted on a blimp or aircraft, it
has been probing the lower atmosphere, measuring,
primarily, the refractive-index profile and, incidentally,
the fluctuations in refractive index. An autocorrelation
analysis of samples of the refractometer record yields
the scale and intensity of the fluctuations at various
heights. Some difficulties are experienced in the analysis,
particularly with the treatment of long-period variations
in deducing the intensity, and with changes of the gen-
eral character of the record, which affect the scale in
samples recorded only a few miles apart.

An analysis by von Rosenberg* of the results of 2,500
observations shows that (a) the scale is more or less con-
stant with height; (b) the intensity in general decreases
with height; and (c) elevated turbulent layers in which
the scale and, particularly, the intensity have values
which are several times those either above or below the
layer are observed 50 to 70 per cent of the time. While
the functional form of the decrease of intensity with
height omitting the layers is not clearly established,
inverse height squared seems reasonable. The value of
the scattering parameter, observed 10, 50, and 90 per
cent of the time, is plotted as a function of height in Fig.
1 (following page). The scattering parameter is the ratio
(Ae/e)?/s, where (Ae/e)? is the mean square fluctuation
of the dielectric constant e and s is the effective size of
the scatterer (27 times the scale of the fluctuations).

Scales and intensities deduced from 118 flights over
Ohio and on the west coast of the United States have
mean values of 52 meters and 1.7 X 10~!2 with ranges of
18 to 128 meters and 0.4 X10? to 6.4 X102,

It is clear that the size of the scatterers is large com-
pared to the wavelengths of interest in tropospheric
propagation, and the applications and extensions of the
theory which follow will treat the case of large scatterers.

11. THE SCATTERING COEFFICIENT

For radio scattering at a wavelength X in the direction
making an angle 8 with the direction of incidence and an
angle x with the direction of the incident electric field,
define! the scattering coefficient o(f, x) as the power
measured per unit solid angle, per unit incident power
intensity, and per unit macroscopic element of volume as
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) O/ sin x
o x) = N1+ 125/ sin 87212

For large scatterers the scattering is beamed mainly
in the forward direction, and the quarter-power beam-
width is given approximately by A/s. At distances be-
yond the horizon the receiver is not in the main scatter-
ing beam, and the first term in brackets may be neg-
lected compared to the second, simplifying (1) to

(Ae/€)? sin? x

(1)

0, = 1 < (2s/X) sin 0/2. 2
70,0 = e (2s/N) sin 6/ (2)
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Fig. 1—Frequency of occurrence, (Ae/€)?/s, based on 2,500 samples.

The scattering coefficient (1) is based on an autocor-
relation analysis of radio scattering, making use of the
correlation function exp (—r/l) for r=0, where r is the
separation between points being correlated and [ is the
scale of turbulence. The [unction implies discontinuities
in the derivative of distribution of dielectric constant, a
condition which is probably not met exactly in the
troposphere. The condition is met approximately, and
the analysis leads to useful predictions as is shown be-
low.

I11. SCATTERED POWER

Intensity of Turbulence Proportional to a Power of the
Ieight

The power P, scattered to a receiver at a distance d
from the transmitter, and relative to the free-space
power Prs (assuming the antenna gains are realized), is

P 0,
_ Kdzf 7 x) 4

— b, (3)
Prs RR?
where Ry is the distance from transmitter to scattering
clement, R is the distance from scattering element to
receiver, and the integration is over the volume of at-
mosphere, which contributes significantly. The above
equation comes from equation (5e) of reference 1, where
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the important volume, described below, is somewhat
less than the intersection of transmitter and receiver
beams as used in reference 1, and K=(1+lp 2 is in-
troduced in order to account for the reflection coefficient
p of the ground.

The value of K varies from one, for a completely
rough ground or nonreflecting earth, to a maximum of
four, for a perfectly reflecting earth. The grazing angle
associated with p is the ratio of the height above the in-
tersection of the transmitter and receiver horizon to one-
half the path length, that is (ho/3)/d(d/2) radius, as
shown later, and this angle in degrees is approximately
1073d, where d is the path length in miles.

Since the scattered power is proportional to an in-
verse power of sin 6/2, the important scattering will oc-
cur in a volume in which the angle is at or near its mini-
mum value. The minimum value of § occurs at the inter-
section of the horizon planes of the transmitter and re-
ceiver in the plane of propagation. At this point the
value of § is d/a, as indicated in Fig. 2, where a is the
modified radius of the earth. The horizon planes will
form the lower boundary of the scattering volume.

I 7

2h(2a/d)
& d/2a

h
d/u

Fig. 2—Geometry of scattering volume.

Define a width w along the intersection of the horizon
planes (i.c., perpendicular to the plane of propagation)
by the condition that the scattering coefficient at the
edge ¢, is one-half that at the center point ¢o. The im-
portant volume will be taken as a vertical slab of con-
stant width w. The condition on the scattering coeffi-
cient reduces with (3) to

(4)

From Fig. 3, which represents the planes through the
transmitter and receiver containing the angles 6, and 6,,
the half-width w/2 is

w\? 0, d\* 0o d\?
G)-G2)-G) e
2 2 2 2 2
and with (4)
1 &
w = (6)
3 a

The volume integration now reduces to an integration
on height #, in which an element of volume is the prod-
uct of the width w, a length 2k(2a/d), as indicated in
Fig. 2, and an element of height dh. The integration is
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from a height, k=0, corresponding to the intersection
of the horizon planes to A=c0. The upper limit is per-
missible, since the scattered power will decrease rapidly
with height (fourth or higher power) due to the scatter-
ing beam and a possible decrease of the intensity of
turbulence with height.

Fig. 3—\Width of the volume.

With the important volume evaluated as described,
and the approximation R =R,=d/2, which is reasonable
since the volume is quite restricted, (3) becomes

I 20.6Kd-1f ohdh. (7
PFS Y]

The parameters in the scattering coefficient, which
vary with height, are the scattering angle 8 and the in-
tensity (Ae/e)?. Since the scattering angle is small, the
sine is approximated by the angle. The intensity is as-
sumed to vary inversely with height squared, as de-
scribed in Section I. The evaluation of the integral, with
the aid of (2), leads to

= 2.45Kca%/sd?, (8)

Prs

where ¢ is the constant of proportionality in the descrip-
tion of the variation of intensity with height %, above
the ground [(Ae/€)? =chy=2]. For the correlation function
exp(—r/l), large scatterers (s>>N), off-beam scattering
(6>>\/s), and the intensity of turbulence decreasing with
height squared, the scattered power relative to the {ree-
space power varies inversely as the size of the scatterer
and the fifth power of distance, but is independent of
wavelength.

If the variation of intensity with height is taken as
(Ae/e)=cnhi", where nis 0, 1, or 3, instead of =2 as
in (8), the scattered power relative to the free-space
power is given by

K(Ae/e)? 7(%'-'7

0.215 for n=20 (9
s d
K¢, a®
0.627 — — for n=1 (10)
s dd
Kes a®
11.3 - for n = 3. (11)
s d7

[t is important to note that the scattered powers, as
given by (8) through (9), do not depend on the wave-
length \. The essential difference in the various forms is
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the dependence on distance d, and, as one would expect,
the power decreases more rapidly with distance as the
intensity decreases more rapidly with height.

Llevated Layers

In Section 1 it is shown that turbulent elevated layers
are observed 50 to 70 per cent of the time. Since the
layers occur commonly, it is appropriate to determine
the scattered power received from them. Solving this
problem, and inserting reasonable values for the scale
and intensity, one finds that the component of scattered
power from the layer may easily equal or exceed the
component from the atmosphere neglecting the layer.

In this problem it is assumed that the height above
the ground, thickness, scale, and intensity of the layer
are known. The scale and intensity specify the scattering
coefficient per unit volume, and the problem reduces
essentially to determining the important volume. The
properties of the layer are assumed to be horizontally
homogeneous, so the length of the important volume
along the path and the width of the important volume
across the path must be restricted by other considera-
tions. The width is defined, as in the case of the atmos-
phere without a layer, to include all scattering elements
whose contribution to the scattered power is one-half or
more of the contribution of the scattering element in the
vertical plane of propagation. The length is defined by
the intersections with the layer of the horizon planes of
transmitter and receiver, or to include all scattering ele-
ments whose contribution to the scattered power is one-
half or more of the contribution of an element at the
middle of the path, whichever is smaller. With the vol-
ume established, it is a simple matter to take into ac-
count the distance from the transmitter to the center of
the volume, the scattering angle and scattering coeffi-
cient at the center of the volume, and the distance to the
receiver in order to compute the total scattered power
received from the layer.

For a turbulent layer at a height % above the ground
and thickness Ak > s, the scattered power relative to the
free-space power is

r K(Ae/e)2Ahdt |
—_— = ———————— MiIn
Prs

505(1(]; + d?/8a)* {0'4‘11 2\/2ah — d}_ (12)

Showing the contribution of a layer to the scattered power
received, Fig. 4 (next page) gives the scattered power as
a function of distance for particular values of &, Ak, and
(Ae/e€)?/s. For comparison, the scattering produced by a
turbulent atmosphere without an elevated layer [from
(8)] has been plotted on the same figure. The scattering
parameter (Ae/e)?/s for the layer is taken as ten times
the value it would have at the layer height in the non-
lavered atmosphere. The thickness, Ak, is about one-
fifth that shown later to be the thickness of the impor-
tant scattering volume. The maximum power scattered
by the layer under these assumptions exceeds that from
a nonlayered atmosphere by a factor of two.
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For an atmosphere in which the intensity varies in
some irregular manner with height, the scattered power
as a function of distance could be computed by breaking
the atmosphere into a number of layers in which the in-
tensity is more or less constant, using (12) for each layer
and adding powers at each distance.
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Fig. 4—Scattering by elevated turbulent layers.

Comparison with Observations

The radio observations of many investigations are col-
lected in Fig. 5 (centimeter waves) and Fig. 6 (meter
waves), where the co-ordinates are distance and scat-
tered power relative to free-space power, and the wave-
length of each datum is indicated. The separation into
centimeter and meter waves is simply for clarity. The
theoretical curves are the same in the two figures except
for the values of K, and are drawn for typical values of
the intensity, since measured values are not available
for any of the radio observations. K is taken as one for
centimeter waves assuming poor reflection, and as four
for meter waves assuming perfect reflection. The range
about the typical values is large, particularly at the
shorter distances, where the lower troposphere is re-
sponsible. Part of the range may be explained by the
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Fig. 5—Scattered power vs distance, centimeter waves.
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natural variations in intensity, and part must be due to
the presence of turbulent elevated layers.

Although no simultaneous refractometer and radio
observations are available, the results of the experiment
by Megaw® suggest that an elevated layer was present.
Megaw's radio observations are shown in Fig. 7, facing
page, with three theoretical curves, one representing the
scattered power expected in an atmosphere without a
layer (8), the second representing contribution of the
layer (12), and the third showing combination of one
and two obtained by adding powers. While the scatter-
ing parameters have been adjusted to fit the observed
power-levels, the agreement between the shape of the
final theoretical curve and the observations is striking,
and the scattering parameters assumed have reasonable
values. For purposes of calculation, the layer is as-
sumed to be a slab with uniform scattering parameter
and sharp boundaries; thus, a discrepancy in shape is
introduced in the neighborhood of 350 km, where the
horizon planes of transmitter and receiver intersect at
the top of the layer. This discrepancy is not serious and
could be removed by assuming a smooth distribution of
the scattering parameter across the upper boundary of
the layer. While the importance of elevated scattering
layers cannot be quantitatively assessed at present,
qualitatively they will increase the range of power ob-
served on communication links operating beyond the
horizon.

IV. DivERsiTY DISTANCES

The scattering polar diagram restricts the important
scattering volume to a relatively small size in propaga-
tion well beyond the horizon. The small volume pro-
duces a number of interesting consequences in the char-
acteristics of the scattered field in the vicinity of a re-
ceiver. From the size of the volume, one can deduce the
separation between spaced receivers at which the in-
stantaneous powers become uncorrelated. It is apparent
that if two receivers are placed side by side the outputs
fade together, that is, the outputs are correlated. As the
separation is increased, the correlation between the out-
puts decreases until a separation is reached where the
correlation has fallen to a value of about 1/e and the out-
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puts are more or less independent. This latter separation
is usually called the correlation or diversity distance.
Diversity distances are specified in the vicinity of the
receiver in three directions: vertically, horizontally nor-
mal to the path, and horizontally along the path.
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Fig. 7—Scattering by an atmosphere containing a turbulent layer.

The wvertical-diversity distance is related to the
height-gain curve observed in the scattered field, and
diversity distances predict the maximum aperture of
the antenna which yields something like its full theo-
retical gain. The diversity distances combined with the
draft velocity of the scatterers and the turbulent ve-
locity of the scatterers yield the fading rate (Section V)
in the scattered field.

The size of the scattering volume can be used to predict
distortion of pulses introduced by the scattering mech-
anism, or, inversely, the frequency band (Section V1)
over which the fading of carrier frequencies is correlated.

Consider a situation in which the scattered power col-
lected by a receiver is distributed over a relatively small
cone. Suppose that the cone angle is defined by the con-
dition that the scattered power-density near the edge of
the cone is one-half that at the maximum within the
cone. For this situation the horizontal angle through
which power is mainly received is w/(d/2) from Fig. 3.
By means of the usual antenna relation, beam-angle
=wavelength divided by aperture-width, the beam-
angle of the scattering cone may be converted into a di-
versity or correlation distance for spaced receivers. The
horizontal correlation distance normal to the path is

Dy = 3\a/4d, (13)

where 2D; is used as the aperture to convert from beam
angle to aperture.

In order to calculate the vertical correlation distance
D, from the antenna-beam-aperture formula, the ap-
propriate vertical cone angle of scattering must be de-
termined. To determine the size in the vertical direction
of the important volume, consider the variation of
scattering with height. Starting from the height where
the horizon planes of the transmitter and receiver inter-
sect, the variation of the scattered power with increas-
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ing height is controlled by three factors:

1. The scattering angle § increases, thereby reducing
the scattered field.

2. The scattering volume increases, since it is
bounded by the horizon planes of the transmitter and
receiver, thereby increasing the scattered field.

3. The refractive index fluctuations (assumed pro-
portional to inverse height squared) decrease, thereby
decreasing the scattered freld.

The combination of these factors [the integrand in
(7] produces a distribution of scattered power, with
height starting at zero at the intersection of the horizon
planes (height above ground =k, =d?/8a), increasing as
the volume increases, reaching a maximum at about
4ho/3 as the effect of increased scattering angle over-
comes the increasing volume, and decreasing due to the
scattering angle effect and partially because of the de-
crease in intensity, with height reaching a value one-
half of the maximum at a height above the ground of
about 2h,.

The angle subtended by the thickness of the impor-
tant scattering volume, that is, the height interval be-
tween half-power points at a distance d/2, inserted in
the antenna-beam-aperture formula, yields

D, = \a/d, (14)

where the antenna aperture is taken as 2D, and the
heam is doubled to allow for the power reflected by the
ground and received at the antenna.

The horizontal and vertical correlation distances D
and D, have the property of measuring the largest hori-
zontal and vertical dimensions for a broadside antenna
that would yield something like its full theoretical gain.
[n the same way, it is assumed that the correlation dis-
tance D, along the path is the length of an end-fire
antenna that would give approximately full gain. For
the situation in which Dy=D,, this means that

A . A ()\>ll2
D. D, \2D,

D, = D,*/2\

(15)

or
(16)

The height-gain function of the scattered signal de-
pends directly upon the vertical correlation distance D,.
For, if the receiver and its image in the ground are
separated by a distance equal to or less than D,, normal
height-gain is present. That is, from the ground up to a
height D,/2, the usual height-gain is observed for direct
and ground reflected waves from a transmitter located
roughly at the midpoint of the path at a height of about
4hy/3 above the ground. The height of the maximum of
the lowest lobe in this situation is about D,; hence no
lobe structure will be observed. Above the height D, /2,
the scattered power is nearly independent of height, in-
creasing at a slow rate because of a slow decrease in the
scattering angle.

The scattering volume has been restricted, by the
scattering polar diagram, to a relatively small size, and
is located in the vicinity of the midpoint of the propaga-
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tion path. If this volume just fills the antenna beam, a
certain amount of power is observed. If the antenna
beams are made smaller, the same amount of power is
observed, for while the antenna now sees only a part of
the scattering volume—which reduces the power ob-
served—an increase in gain compensates. If the antenna
beam is made larger, the volume no longer fills the beam,
and the observed power is decreased because the source
does not fill the beam and the gain is reduced. Thus the
antenna whose beam is just filled by the volume is the
maximum size which yields something like its full theo-
retical gain in the scattered field. The beam angle of this
antenna is the size of the source (the important scatter-
ing volume), divided by the distance to the source from
the antenna. The aperture-width by the usual antenna
formula is the wavelength divided by the beam angle,
which is the correlation distance previously computed.
The correlation distance, therefore, is the maximum
aperture-width of an antenna, which yields its full theo-
retical gain in the scattered field.

Bullington® reports that the full gain of a 1.45 meter
parabolic dish was obtained at a distance of 400 kilome-
ters with a wavelength of 8 centimeters. From (13) and
(14) the diversity distances are 1.2 and 1.6 meters, indi-
cating that approximately the full theoretical gain of an-
tennasof thissizeisavailablein thescattered field. Bulling-
ton’sobservation and this theory are therefore consistent.

V. FADING RATES

One of the factors which determine the usefulness and
limitations of a particular propagation mechanism is the
fading rate introduced by the mechanism. In radio
scattering in the troposphere, fading is introduced by
the turbulent velocity and the drift velocity of the
scatterers. These velocities produce fading when prop-
erly combined with correlation distances, which depend
on the size and polar diagram of the scatterers. For
example, if the scatterers produce a correlation distance
D in a certain direction, and if the scatterers are drifting
with a mean speed w in this direction, the fading rate
introduced is of the order of w/D. The fading rate in-
troduced by turbulent velocity v is determined by a Dop-
pler shift of frequency caused by relative motion of the
scatterers in the manner of Ratcliffe” and is v/22/D.

VI. FREQUENCY BANDWIDTH

The frequency band, over which carrier frequencies
will be correlated at a single receiving site well beyond

OF TIHIE I-R-I. January
the radio horizon, may be estimated by considering the
difference in path length between waves scattered at the
upper (U in Fig. 8) and lower (L in Fig. 8) bounds of the
important scattering volume. The path difference is

(17

where hg=d?/8a is the vertical dimension of the im-
portant volume, and this corresponds to a time delay of

(18)

where ¢ is the velocity of light. The reciprocal of (18) is
the frequency band over which correlation of the fading
of carrier frequencies is expected. The diversity band in
megacycles is, for d in hundreds of miles,

TUR — TLR = 10h*/d,

10d3/64a°C,

30/d3. (19)

v

2h,

R
'
d/z '

Fig. 8—Frequency bandwidth geometry.
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Accurate L.inear Bidirectional Diode Gates®

J. MILLMANTY, seN1or MEMBER, 1RE AND T. H. PUCKETTY, ASSOCIATE, IRE

Summary—In a computer developed at the Columbia University
Electronics Research Laboratories, it was necessary to design a net-
work having the following properties: Its transfer function should
be determined by an audio-frequency square-wave control voltage,
the transfer function should be unity for one polarity of the square
wave and zero for the other polarity, and the inaccuracies should be
less than 0.1 per cent.

This paper describes two-diode, four-diode, and six-diode types
of bridge switches which were investigated to meet the above need.
For each type a discussion is given of the important parameters of
the system such as control voltage amplitudes, magnitude of gain,
constancy of gain versus signal amplitude, leakage through the back
resistances of the diodes, effects of unbalances in the system, and
others. A brief review is given of triode and pentode gates.

A discussion is also given of the considerations arising from the
use of series, parallel, and series-parallel combinations of switches.
Some actual circuits are described which meet the original specifica-
tions. An experimental method for checking the linearity is given.

INTRODUCTION

LLINEAR, or transmission, gate is a circuit in
A which the output is a reasonable reproduction of

the input during a time interval selected by a
square-wave control signal and zero otherwise. The ideal
linear gate has the following properties:

a. The transfer characteristic is cither zero or unity,
depending upon the polarity of the square-wave control
voltage. If the transfer function is not unity, then it
should e constant, independent of the signal amplitude
(in order for the gate to be a linear device).

b. None of the control voltage appears at the output.

c. The magnitudes of the required minimum control
voltages are not excessive.

d. The magnitudes of the control and signal currents
are not excessive.

The application under consideration involved the
processing of radar data on the face of an oscilloscope.
Other uses for the gating circuits discussed in this paper
include electronic switches for oscilloscopes, synchro-
nized clamps, sampling systems, amplitude modulation,
special waveform generation, etc.

TRIODE AND PENTODE GATES

A lincar gate using triodes' (see Fig. 1) was investi-
gated. The circuit has the virtue of extreme simplicity.
If the signal voltage S is unidirectional then one of the
two tubes may be omitted. The following difficulties are
encountered with the circuit:

a. There is attenuation because of the tube drop.

* Original manuscript received by the IRE, July 30, 1954. This
research was supported by the U. S. Air Force under Contract No.
AF 30(120)-430, and monitored by the Rome Air Dev. Center,
Griffiss AF Base, Rome, N. Y.

t Electronics Res. Labs., Dept. Elec. Eng., Columbia University,
New York 27, N. Y.

! “Waveforms,” Radiation Lab. Series, McGraw-Hill Book Co.,
Inc., New York, N. Y., vol. 19, pp. 375-378; 1948.

. There will be some nonlincarity because the tube
resistance varies with current.

c. For positive values of signal voltage S, the control
voltage will cause grid current, which will be a function
of signal voltage, to flow through T into the output.

d. The control voltage is coupled to the output
through the plate-to-grid capacitance of T and the
cathode-to-grid capacitance of T2 Ience, the output
will contain pips or spikes at the beginning and end of
the control interval.

¢. Accuracies of no better than about 1 per cent have
been obtained.

OUTPUT
[Eo
TR
_[TLCONTROL ,
VOLTAGE

Fig. 1—A linear gate using triodes.

A triode with a square wave applied across a cathode
resistor can also be used as a gate. The principal difficul-
ties are that the output signal finds itself superimposed
upon a “pedestal” and that the linearity is poor. The
same difficulties arise if screen gating of a pentode is used
or if one of the special double-control-grid tubes, such as
a type 6AS6, is employed.

OUTPUT
3
CONTROL CONTROL
to—) o2
JL L]

|0

R
2

s

Fig. 2—Ac-coupled two-diode-bridge gate.

D1opE-BRIDGE GATES

Most of the difficulties mentioned in the preceding
section can be eliminated by using diodes in a bridge
arrangement? such as indicated in Fig. 2. There are two

2V, Belevitch, “Linear theory of bridge and ring modulator cir-
cuits,” Elec. Commun., vol. 25, pp. 62-73; 1948, E. Peterson and I.. V.
Hussey, “Equivalent modulator circuits,” Bell Sys. Tech. Jour., vol.
18, p. 32; 1939. “Waveforms,” ibid., chap. 10 “Time Selection.”
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control inputs and these are excited in a “push-pull”
manner, as indicated in the figure. If the control signals
have the polarities shown then the diodes conduct and
a fraction of the signal appears at the output. If the se-
lector signals have the opposite polarities neither diode
conducts and the output is zero. The control signals can
also be transformer-coupled to the diodes. However, the
transformer secondary capacitances shunt the output
resistor and limit the frequency response. In order to
lower these capacitances a pulse transformer is needed.
This means that only narrow control voltages (say less
than 25 usec) can be used. There may also be difficulty
from ringing in the transformer at the beginning and end
of the control square wave. Since in the present applica-
tion a very long gate (several milliseconds) is required,
then neither transformer- nor capacitive-coupling can
be used with accuracy, and the control signal must be
dc-coupled to the circuit, as indicated in Fig. 3. This
two-diode circuit, which we shall call Case 4, will be
analyzed in detail in the next section. We will find the
circuit to possess some of the properties of the ideal lin-
ear gate, as defined in the first section. An even closer
approach to the ideal gate can be obtained with a four-
diode (Cases B and C) or a six-diode gate (Case D),
which will be discussed later.

"—~ZERO
ADJUSTMENT

Re

Fig. 3—Dc-coupled two-diode-bridge gate.

Two-DiopE-BRIDGE GATE
Case A

In Fig. 3 we have included the output resistance R, of
the control source and the output resistance R, of the
signal source. The voltages C and N refer to the values
of the selector voltages with respect to ground, when the
bridge is conducting and nonconducting, respectively.
The equivalent circuit is drawn in Fig. 4, for zero input
signal and the diodes conducting. R, is the diode forward
resistance. From symmetry, I, =1, and the net current
through R, is zero. Hence, the output voltage E, is zero.
This confirms the fact that for the balanced bridge arrange-
ment, none of the control voltage appears at the output.

We shall now define and discuss the important fea-
tures of this circuit such as the gain G, the leakage L, the
unbalanced voltage U(C), the control voltages C and N,
and the several components of current in the circuit.

Gain G: The gain is defined as the change in output
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voltage per unit change in signal input during the inter-
val when the bridge is conducting. Assuming a linear
circuit, we can use the principle of superposition and
calculate the effect of the signal and control voltages
separately. If, in Fig. 4, we set C=0 and add the signal
voltage S in series with R,, then it is clear from sym-
metry that points 4 and B are at the same potential.

EO

Fig. +—Equivalent circuit of Fig. 3 for zero input signal.

Connecting these two points together gives the equiva-
lent circuit of Fig. 5. Calculating E, and dividing by S
gives the gain G. The result is
R,
*3x.)
2R,

1
n (R+4R,) (1
2R,
As expected, the gain is less than unity. There is always
some attenuation through the gate, and we shall later
investigate how to keep this to a minimum.

(1)

4R,

Fig. 5—Equivalent circuit of Fig. 3 for zero control signal.

Leakage L: The leakage is defined as the change in out-
put voltage per unit change in signal input during the
interval when the bridge is nonconducting. Clearly, the
expression for L is the same as that for G except that the
diode forward resistance R;is replaced by the diode back-
ward resistance R;. .

For a thermionic diode for which R, is much greater
than R or R, or R,, leakage is given approximately by
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- 2R /Rb The solution of this network gives for the ratio Eq/C,
= R + 4Rs @ the following expression:

1+ —
2R, R
R’+I /Rc
(Ro>> R, Ry, R,). UC)= e e S (4)
Unbalance U(C): The effect of unbalanced control R.+—+—f R,+-

voltages will now be investigated. Suppose that the con- 14— 4 S (2+§{> %

trol voltage on one side of the bridge is 4+ C; and on the R, R, R,

other side is — C,. Then these may be written If RoSR., Ry/2, R/4 and if RSR., R/4, then

C,+ C, 1— Ce C. R
C, = —})= C.+4+ —
‘ ( 2 >+( 2 ) an R+
_ , € UC) = ——— (5)
Ci+C - C C.
C2=—(l22>+<122>=—ca+? R.
' If the size of R is not restricted by the above inequali-
where C.=%(C1+C,) is the average or the balanced con- ties, namely, if only Ri>3>R,, R;/2 and R:>>R,, then

trol voltage, and C. = C,— Cs is the unbalanced voltage.

The unbalance U(C) is defined as the change in output
voltage per unit change in unbalance voltage.

Fig. 7—Simplified version of Fig. 6.

The balanced voltages C, give zero output, as has al-
ready been demonstrated. The equivalent circuit for the
unbalanced components is drawn in Fig. 6. Clearly, from
symmetry point 4 is at the same potential as point B.
Connecting these two nodes together results in Fig. 7.

1

Ve 2 ———————— - 6

© 2+R,+4Rc (6)
R R

Control voltage C: The minimum control voltage C,, is
that value which will ensure that current is flowing in
the forward direction in both diodes. The current in R,
due to Cis calculated from Fig. 4. (Due to symmetry the
net current in R; and also in R, is zero. Hence, these may
be shorted out when making this calculation.) The diode
current due to S is calculated from Fig. 5. In one of the
diodes of Fig. 3 these two currents add in the forward
direction, and in the other they subtract. The value of
Cn is that value which makes the diode current due to it
just equal to the diode current due to S. Thus, if the
value of C exceeds C, it is certain that the current in
both tubes will be in the forward direction. This calcula-
tion leads to the following expression for the minimum
control voltage needed to cause the gate to close.

SRR/ 28] [1+ (1 + 1)]

R. R

= — — — —_— (7
iR )= =(=+R,
() (Ghen) +5 (G
If Ri>>R,, R; and R, >R, Ry, then
( 2R
IS O S
SR, R
N = =
2R, R R
14—+
\ 4R, 2R.

Note that no restrictions have been placed on the mag-
nitude of R.

The value of C, is proportional to the signal ampli-
tude. The peak value of S is to be substituted into (8).
In practice a value of C at least 25 per cent larger than
the minimum value C,, should be used. The larger the
value of C the greater is the ratio of control current to
signal current through the diode. Hence, the more nearly
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constant will be the forward resistance R, of the diode
versus signal current, and the more linear will be the
operation of the gate.

Control voltage N: The minimum control voltage .V,
is that value which will ensure that both tubes are cut
off. An equivalent statement is to say that current is
forced to flow in the backward direction in both tubes.
Hence, the expression for N, can be obtained from that
for Cn, by replacing R; by R, in (7).

For a thermionic diode R,>>R., R:. If, in addition,
R.>>R, then a very simple expression results for N,

namely,

2SR,
Nm E N

9

Again no restrictions have been placed on the magnitude
of R. The peak signal voltage is to be substituted into
(9). A value of N at least 25 per cent larger than N,
should be used.

Currents: Subject to the restrictions Ri>>R,, R, and
R:>>R,, Ry and Ry>>R,, R the following expressions are
found for the currents.

The current from the control source during conduc-
tion is

1 S
I.~—|C + (10)
R. . R N R
2R. 4R,

The current from the control source during noncon-

duction is
N+S

I

11
R (11)
Rc+_

2

The current from the signal source during conduction
is
S
R\R, R

2R+ R, 4

I =

(12)

The current from the signal source during nonconduc-
tion is
28

Ton =

R (13)
R+ Pl
The above formulas are tabulated in Table [ (facing
page).

Discussion: If the gain G is to be close to unity, then
it follows from (1) that the following inequalitics must
be valid: R{>>R, R., R, and R, >R, R,. However, from
(9) it is scen that the inequality R.>>R will lead to a
prohibitively large value of N,. If R, =10R, for example,
then NV, =208 and for a signal whose peak value is 20
volts a control voltage of at least 400 volts is required.
Hence, we must take R of the same order of magni-
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tude as R, and accept the resultant attenuation. For
example, if G=0.5 is permissible, then with Ry =R.>R,,
Ry, (1) yields R=4R,/3.

As a typical example, consider Ry=R.=100K, R
=133A, R,=1K, R;=0.25K and S=20 volts. Eqgs. (1)
through (13) give the following values:

G=0.5 U({C) =0.16 N = 30 volts
Cm = 3 volts I,. = 0.3ma Iin =0.24ma
for
C = 2C,, = 10 volts I.=0.2ma
and for

N = 2N, = 60 volts I. = 0.5ma.

These values are all of reasonable magnitude. Note
that since R was chosen of the same order of magnitude
as R. (rather than RKR,), then the value of U(C) is
large (a factor of ten larger than the four-diode bridge to
be discussed below). For example, if C=10 volts and the
unbalance is 10 per cent or 1 volt, then the output will
contain 0.16 volt of control voltage. Since the peak sig-
nal is 20 volts, this represents an error of approximately
1 per cent of the peak signal. For some applications this
may be excessive.

The unbalanced control voltage which appears in the
output is constant independent of signal amplitude. The
output voltage consists of the signal voltage superposed
upon this constant unbalanced voltage. Hence, this un-
balanced control voltage appearing in the output is
called a “pedestal.” The pedestal can be minimized by
keeping the push-pull selector voltages balanced. As a
practical matter it is not easy to do this with accuracies
of better than a few per cent.

A method of compensating for the pedestal is to add
in series with the output a fraction of the control signal.
If the magnitude and polarity are properly chosen, this
voltage will cancel the pedestal voltage, but accurate
compensation is difficult to obtain.

It should be noted that by choosing R much greater
than R; the linearity is improved. Thus, a variation in
diode resistance R, with signal current has little effect
on the gain G because R, is added to the much larger R.

If a thermionic diode is used, its back resistance is
limited by the leakage across the insulation between
plate and cathode. With some care a value of R, =100
megohms can be attained. Corresponding to this re-
sistance, a value of L=1.2X1073 is obtained from (2).
Thus, only about 0.1 per cent of the signal voltage will
leak through in the reverse direction. This conclusion is
based upon the assumption that the tube acts like a
pure resistance in the inverse direction. Modifications
will be made later, when the effect of the interelectrode
capacitance is taken into account.

Consider a crystal diode with R,=100K. Then (1),
with R, replacing R yields L =0.35. ‘Thus, 35 per cent of
the signal leaks through in the inverse direction. Cer-
tainly, semi-conductor diodes are useless in this circuit.
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TABLE 1
(a) (b)
Case A. Fig. 3 Case B. Fig. 8 I Case C. Fig. 9 Case D. Fig. 10
Ry>>R., R>>R., Rf* Ry>>Re, RDDR, R, Ky | Re>2DR., R>>R, R, Ry
1 , R R ) R. R, Ru R
_— S — | N/R>E/R. AT /
{
- C L S e S I
G R+4R,+2R;  R+4R, R+4R,+4R; R+4R,+2R,
14+— - I+— — R as Ca s
‘ + IR, + IR, 4R, IR, G ] Same as Case A Same as Case B
] o I B N S
l 2R//R | 2R/R
__2RJ/Ry 2R.R. __2Ri/Rs 2RR;
L | KR, oy L | IRAR , Y
2R. ‘ 2R, ‘ v
(R +R ) ( ! ) R R R R R
e 1 s s J
) 4 R. Re4+—+— K. R,+—
U, L t312 U(E) Ty it
1+ K +-Rf | R 3 B
3R, 2R, ¢ ‘ I ‘
142N | C S ‘ 5
c (.s'k,) R \ S_<2+Rc)(l+ 7) " ) l .
" 2R, 1+R+R . R 4R, -
[ .
4R, 2R, ‘ l L2k ’
S W e 74__]__ - X { - R s R
v 2SR. ¢ - H_2R.+ R | R,
o R ‘ ’ R, 2R,
Em ............................ E S(Rc)(1+2R/) 9(2+R‘)(]+R)
- N - 2R R ’ R 4R,
'(1> C+ S SH+C I - | A
I.  |\R 1+R+_R_ :‘15* ; S+C | S+C
; 2R, 4R, ‘ - R, Ry
N4S N S
I _——tR—_ U I — %t R At
" Rt Ky “ RA 2ReARAS 3
2 2 2
—_—I_ ) q - T - “2—~_‘".—7_ T B
A 1 1 2
- 2 Lol s(Ee2) s(2+2)
I, RiR, R S (~~'+->) R.+R, R1+R,
R, R.
2R +R. 4 e
S - e = S | -
i 15 28 I | o R+R, 7;_
- 2RA+R ' Rs | TE 2 b

* This inequality is to be interpreted to mean that R, is much greater than either R. or Ry and that R, (or R)) is much greater than either

R. or R/.

A little thought shows that temperature effects tend
to cancel out because of the arrangement of two diodes.

In Fig. 3, R is indicated as a potentiometer which is
used to balance the bridge. This is necessary hecause
the two R.'s indicated on the diagram will only be ap-
proximately equal in practice and because the two-tube
resistances may ditfer from one another. A second,
though less convenient, method of balancing is to adjust
the heater voltage of one of the two tubes.

Four- AND Six-D1opE-BRIDGE GATES
Case B—(Four-Diode Bridge)

The chief difficulty with the two-diode bridge just de-
scribed is the large value of N, required if a gain close to
unity is desired. 'The physical reason for this is that very
little of NV is used to cut off the diode because of the
shunting action of R to ground. This can be avoided by
replacing the resistor R/2 by a diode since this will have
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a high resistance in the reverse direction when it is de-
sired that the voltage NV be effective. On the other hand,
in the forward direction the diode resistance is small
and, hence, will cause little attenuation. The four-diode
bridge which results from the above change is indicated
in Fig. 8.

Fig. 8—One form of four-diode-bridge gate.

Table I contains the formulas for all the important
quantities introduced on the preceding pages, and those
to come. Note, in particular, that in this case N,, is a
very reasonable value; namely, it is equal to the peak
signal voltage.

In order to obtain a gain which is near unity, the value
of R must be chosen much smaller than R, or R,. If R is
taken equal to 1,000 ohms, and all other parameters are
chosen as in Case A, the following numerical values are
obtained:

G=0.9 L=2X10"¢% U({C) =0.014 Cn =60 volts
N = 20 volts I..=0.4ma I.,., = 0.04ma
for
C =2Cm = 120 volts and N = 2N, = 40 volts
then
I.=0.8ma I, = 0.04 ma.

A considerable improvement over the two-diode gate
has been obtained. There is still some sensitivity to un-
balance and C, may be excessive in some cases.

1k
Re ° Re
+ Eo—AN—o—Pl—+—Pl—o+——o-E
+C R N
e SRR
RS

Fig. 9—A second form of four-diode-bridge gate.

Case C—(Four-Diode Bridge)

In Fig. 9 the gating circuit is modified to include two
diodes whose function is to feed the control voltage to
the bridge. The polarity of these diodes is such that they

January

conduct when the bridge diodes are nonconducting, and
vice versa. A little thought will show that this should
make the circuit completely insensitive to unbalance in
control voltages, and results in a small value of N, being
required. The important formulas are given in Table I.

U(E) is defined as the output voltage per volt of un-
balance in the dc supply E. Since it is a simple matter to
obtain balanced dc voltages, this factor is of little im-
portance.

For the parameter values assumed above, the follow-
ing numerical values are obtained:

G=0.99 L=2X10"* U(E)=0.013
Cn=20volts N,,=2.7 volts I,.=0.04ma 7,,=0.6ma
E..=15 volts

for

C=2C,=40 volts and N=2N,,
I,=11ma and I,,=14.5 ma.

=35.4 volts

This circuit has excellent characteristics, but suffers
from the defect that large control and signal currents are
required during the interval when the gate is closed. The
physical reason for these large currents is that, during
this interval, the coupling diodes are conducting and,
hence, there is a low resistance path between control and
signal sources.

Case D—(Six-Diode Bridge)

A combination of Cases B and C results in the six-
diode gate of Fig. 10 which has all the virtues of both
and none of the defects. The following numerical values
(for the same values of parameters as above) show it to
be a precision device:

G=0.99 L=5X10"°
Cmn=20 volts N,=20 volts E,,

U(E)=0.013 I,,=0.6ma
=60 volts I,=0.04 ma

for

C=2C,,=40 volts and N=2N,,=40 volts
I,=0.8ma and 71,,=0.04 ma.

—OEO Rc

+E::—VJ:~—H~M—°~N—°-E
+N
-C

Fig. lO—Slx-dlode—bndge gate.

The formulas from which these values are calculated
are given in Table I. A comparison of the four types of
bridges, including the advantages and disadvantages of
each, is given in Table II (facing page).



1955 Millman and Puckett: Accurate Linear Bidirectional Diode Gates 35
TABLE 11
Case A. Case B Case C. Case D.
Advantages
1. Simplicity. | 1. Small Ny for G=1. 1. Small N, for G=1. 1. Small N,, for G==1.
2. No large currents. 2. No large currents. ! 2. Insensitive to control unbal- | 2. Insensitive to control unbal-
| | ance. | ance.
|
3. If R>>R, the linearity is im- | 3. Leakage negligible. | 3. Leakage smaller than 4. | 3. Leakage negligible.

proved. i
[

{

I
1

|

'S

. Control voltagecan turnbridge | 1.
off quickly.
5. Can be used at higher signal | 5.
' frequencies than 4 or B.

N large currents.

Control voltage can turn bridge
off quickly.

1 6. Can be used at higher signal
frequencies than 4, B, or C.

Disadvantages

1. K1 for Ny reasonable or G=21 | 1. More sensitive to unbalance
for excessive Np. than Cor D.
2. C may be large.
|

3. Useful only at low signal fre-
uencies.

2. Sensitive to unbalance.

3. Leakage larger than B, C,or D.

4. Useful only at low signal fre- | 4.

quencies. on slowly.

e

. Control voltage turns bridge
on slowly.

The amount of time it takes the bridge to turn on is
proportional to the capacitance from the bridge termi-
nals of R, to ground. Transition times of the order of
10 usec are common for high impedance circuits. To re-
duce this, R, and the capacitance must be kept small. In
Cases C and D the bridge can be turned off quickly be-
cause the diode that feeds the control voltage has a low
resistance R, which shunts R. during this time.

Germanium diodes can be used in the six-diode gate
without too much leakage, but this is not true of the
other gates. However, if the back resistances of the
crystal diodes are not equal then, even for balanced con-
trol voltages, some of the control voltage will leak
through the gate.

EFFECT oF TuBE CAPACITANCES

When the gate is “open” the diodes can be represented
by a very large resistance R, shunted by the interelec-
trode capacitance Cy. For a thermionic diode this ca-
pacitance may be 5 uuf. If the signal contains high fre-
quency components, then this capacitance will let these
frequencies leak through the gate in the “nonconduct-
ing” condition. For example, consider Case C. The
equivalent circuit is given in Fig. 11. This may be ap-
proximated by Fig. 12 where

(r+3+7)
R )

For the parameters used above S’=0.09S. Hence, 9 per
cent of the signal voltage will leak through the gate for

S" = (R,/2)

Large control and signal cur- ; 1.

l 1. Complexity.

! rents.

| 2. Control voltage turns bridge | 2. Control voltage turns bridge
on slowly. on slowly.

ontrol voltage turns bridge ‘

frequencies for which the reactance X, of the capaci-
tance 2Cy is much less than R,. For Ri=1 meg and C4
=5 uuf, Ry=X4 at 16 kc. Hence, 0.707 X9 per cent or
6 per cent of the signal leaks through at 16 kc. If the {re-
quency range is to be extended beyond the audio, a
lower value of R, and/or lower capacitance diodes (per-
haps crystals) must be used. Lower forward resistance
diodes will also be advantageous because S’ is propor
tional to R;.

EO
2
=°d
R/4
Rs  Re Re b g
2 2 2 L

Fig. 11—1Illustrating the effect of tube capacitances.

Eo

204 2p,

Fig. 12—Simplified version of Fig. 11.

For Case D, the signal is attenuated because of an-
other 2C; which appears in series with R/4. Hence, this
circuit can be used at much higher frequencies. For
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cexample, a simple calculation shows that less than once
per cent leakage results at frequencies below one mega-
cycle.

The frequency range can be extended for each circuit
at the expense of using a synchronized clamp (one of the
bridge circuits with s =0) across R,. This gives an effec-
tive output impedance which is low during the non-
conducting time of the bridge but equal to R; during
conduction.

SERIES AND PARALLEL COMBINATIONS OF GATES

A series arrangement is shown in Fig. 13(a), and the
equivalent circuit in 13(b). This behaves as a logical
AND-circuit. If two-diode bridges are used, then high
attenuation can be expected and, hence, this circuit
(Case A) will not be considered in a series arrangement.

E

(b)

Fig. 13—A series combination of gates.

A parallel arrangement is shown in Fig. 14(a), and its
equivalent circuit in 14(b). This is a logical OR-circuit.
The control voltages are synchronized so that only one
gate closes at a time. If this is not done then large circu-
lating currents will flow through the low impedance be-
tween sources.

Let us calculate the control voltages for the parallel
arrangement. Since only one gate is “on” at any time
(and assuming infinite back resistance so that the “off”
gates act as open circuits), then Fig. 14 reduces to that
of a single “on” gate. Hence, the values of C,, and E,
given in Table I are also valid for parallel operation.
However, with respect to the value of N, we must re-
member that at the output of a nonconducting gate
there is the output of the conducting gate. This output
voltage is S if we neglect the attenuation through the
conducting bridge. A little thought will show this addi-
tional voltage has no effect on Ceses B and D. Ience,
the values of N,, in Table I are still valid for these gates.
For Case A, setting up the condition that the diodes
must be nonconducting, we obtain

(+%*3%)
R, ' 4R,

subject to the inequalities listed in Table I.

]\Ym = ( 14)

January

)

Fig. 14—A parallel combination of gates.

A similar derivation for Case C gives

2R,
ZS<1+7> R, R
R R (‘+'R;+4—R,>'
R,+2R—,

l.et us now consider the control voltages for series
operation. The cut-off voltage of a bridge cannot be in-
fluenced by the impedance at its output. Hence N,, as
given in Table I is correct for series operation. The situa-
tion is different for C,, or E,. Assume that all gates are
conducting. Then the signal currents are approximately
as indicated in Fig. 15. The currents due to E or C are

Fig. 15—The signal currents in the branches of a series
combination of gates.

also found, and the condition is set up that the net cur-
rent through any diode which should be conducting
must be in the forward direction. This condition leads to
the formulas given in Table I1I (facing page), where n
is the number of series gates.
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‘TABLE I11
SERIES OPERATION
Case B. Case C Case D
C S[ .
m 1S S S
; lZRl ] [ +2R/ |
| — | - —
E | a5 6 0 ©c [ +n—1][l+ ] {R +n [
] ET R |k J 15728,

APPLICATION

It has been previously mentioned that the application
at hand was processing of radar data. The actual ar-
rangement used is shown symbolically in Fig. 16. The
circuit is used with a radar set having a pulse repetition
rate of 400 pulses per second, giving an interval between
pulses of 2,500 usec. The sweep length is 1,500 usec and
the retrace time 1,000 psec. During each of the retrace

EO
&, 3 , S , s , I; N !
An application using a series-parallel arrangement
of gates.

Fig. 16

intervals, one of the five signal inputs is fed through to
the indicator, the five inputs being selected sequentially.
A distributor?® closes the parallel gates in turn for 2,500
psec, and the series gate closes during each of the 1,000
usec retrace times. As the inputs are slowly varying or
dc voltages, the output is as shown in Fig. 17, and thus
positions five “dots” on the indicator, which appear
superimposed on the regular radar display. A resolved
system is being considered, so the circuitry shown must
be in duplicate to take care of both X and ¥ deflections.

S| 32 S‘ Sl Sg
S3 ||
1,000 ps S8
1,500 ps

Fig. 17—The output waveform for the circuit of Fig. 16.

The peak signal magnitudes are 20 volts. As accuracy
and linearity are the major considerations, the six-diode
form of gate was used. As it was desired to load the sig-
nal sources as lightly as possible, R, was taken as 2
megohms, and Ry as 1 megohm, these values being as

3 T. K. Sharpless, “High-speed n-scale counters,” Electronics, vol.

21, pp. 122-125; March, 1948.
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large as allowed by other circuit considerations. £, was
taken as 300 volts, this being the largest convenient
voltage available, and well above the £, of 200 volts
which resulted from the choice of R as 1,000 ohms. R, is
about 375 ohms, which is a reasonable figure for the
forward resistance of the 6ALS5 diodes used.

The mcasured values of the gate operating parame-
ters agreed well with the calculated values. The gain
was 0,996, the leakage less than 0.05 per cent, and the
deviation from lincarity less than 0.05 per cent.

ZERO
ADJUSTMENT

Output

Input
s L} Gontrol

Scale

Factori‘ \f\ Difference

= Error Amplifier

Fig. 18—The testing circuit for the measurement of linearity.

APPENDIX

M EASUREMENT OF NONLINEARITY OF
TRANSFER FUNCTION

It is a matter of some difficulty to check the non-
lincarity of a gate to the precision desired in the applica-
tion considered. The procedure used in this case was to
make the measurement on a dc basis. The testing
method is indicated in Fig. 18. The major requirecment
is that the difference taker be accurate and sensitive. A
Tektronix type 512 oscilloscope was used, as it has a
convenient high-sensitivity difference amplifier built
into it. It was necessary to check the alignment controls
to reduce the inherent error in the difference amplifier of
the scope.

The test procedure is as follows: the gate is placed in
its closed condition. The input control is placed at
ground, and the zero adjustment of the gate is manipu-
lated to reduce the error voltage “e” to zero. The input
control is brought up to full input. The scale-factor pot
is then adjusted until the error voltage “e” is again zero.
The gain may be conveniently read from an accurately
calibrated scale-factor potentiometer. This setting is un-
altered throughout the remainder of the measurement.
The input control is then run back and forth through its
range and the error voltage “e” is observed, and its
maximum value noted. This maximum value divided by
the peak signal input S is then called the fractional non-
linearity.

This procedure may be represented graphically as
plotting the input-output relation of the gate, drawing a
straight line between the initial and terminal points of
the curve, and noting the maximum ordinal distance be-
tween the two lines. This is the same as the maximum
value of the error voltage.
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Effect of Base-Contact Overlap and Parasitic Capacities
on Small-Signal Parameters of Junction Transistors”

R. L. PRITCHARDY, ASSOCIATE MEMBER, IRE

Summary—In a grown-junction transistor in which the base con-
nection consists of an alloy contact, overlap on emitter and/or col-
lector regions may produce appreciable capacity between emitter-
base and collector-base terminals. The effect of such overlap ca-
pacity upon measured small-signal parameters at high frequencies is
described briefly for both grounded-base and grounded-emitter
operation. Typical experimental results are shown for two different
parameters. Also, it is noted that interterminal parasitic capacities
affect measured parameters in the same manner as do these overlap
capacities.

INTRODUCTION

variation with frequency of the four small-signal &
parameters for a theoretical model of a junction
transistor.! The model comprises the ideal one-dimen-
sional transistor introduced by Shockley and modified
by Early to include space-charge-layer widening effects,
plus a constant base spreading resistance r,’ connected
between the (inaccessible) base terminal of the ideal
transistor and the external base terminal. Subsequently,
it has been shown that for a grown-junction transistor,
in which account must be taken of the distributed nature
of the spreading resistance and transistor parameters
within the base region, this same type of model may be
used, provided that the base spreading resistance is re-
placed by a complex, frequency-dependent base imped-
ance.? In either case, the effect of parasitic capacity be-
tween pairs of the three external terminals has not been
included. Such parasitic capacity will exist to some ex-
tent in any transistor, e.g., owing to the can in which the
transistor is mounted. Capacity of this type generally
will be small, although not necessarily negligible.
However, in grown-junction transistors in which the
base connection consists of an alloy contact to the base
region,? appreciable capacity may exist between emitter-
base and collector-base terminals due to overlap of the
alloy contact on the emitter and collector regions, re-
spectively. When the base contact overlaps the n-type

I[N A RECENT paper, the writer has described the

* Original manuscript received by the IRE, September 20, 1954.

t General Electric Research Lab., Schenectady, N. Y.

1 R, L. Pritchard, “Frequency variations of junction-transistor
parameters,” Proc. [.R.E., vol. 42, pp. 786-799: May, 1954. See also,
J. M. Early, “Design theory of junction transistors,” Bell Sys. Tech.
Jour., vol. 32, pp. 1271-1312; November, 1953.

2 R, L. Pritchard, “Theory of grown-junction transistor at high
frequencies,” presented at Semiconductor Device Research Confer-
ence, Minneapolis, Minn., June 29, 1954; planned for publication.
See also, R. L. Pritchard and \W. N. Coffey, “Small-signal parameters
of grown-junction transistors at high frequencies,” /.R.E. Conv.
Rec., vol. 2, pt. 3, pp. 89-98; 1054,

3 This type of contact has been used by R. N. Hall of this I.abora-
tory for several years. Recently, M. E. Jones and F. Horak described
their use of this type of contact in their paper, “Alloyed base con-
tacts for grown-junction transistors,” presented at the Semiconductor
Device Research Conference, Minneapolis, Minn., June 29, 1954.

emitter or collector material, an alloy, or fused, junction
is formed. Associated with each junction is a capacity
the value of which depends upon the area of overlap, the
resistivity of the n-type material, and the dc voltage
between the external base terminal and the n-type ma-
terial. In the case of the overlap on a low-resistivity
emitter region, capacity per unit area may be extremely
high, e.g., for 0.01 ohm-cm emitter material with, say,
a potential of 0.5 volt between emitter region and base
terminal, 6,000 puf/mm? is obtained (and inverse break-
down voltage is but a fraction of a volt).

These overlap capacities Co’ and Ca’ appear directly
between the external base terminal and emitter and col-
lector terminals respectively, as shown in Fig. 1. The
theoretical model considered earlier is shown within the
dotted lines. For purposes of further discussion, the
model comprising an ideal transistor plus base imped-
ance will be termed the ¢nherent transistor.

! « b c 4
o— ¢« [ ¢ C'I: 0 Ic'
' TL % T
» []
c.b ccb o 1 LDt i 4——0

Fig. 1—Grown-junction transistor with alloy base contact,
and equivalent model.

ErFrFeECT oF OVERLAP CAPACITIES

The purpose of this paper is to discuss the effect of
such overlap capacities upon the measured small-signal
parameters of the transistor. Since the base contact is a
necessary part of the transistor, the overlap capacities
cannot be divorced from the device itself as can the
parasitic capacities associated with, say, the can con-
taining the transistor. The remarks to be made concern-
ing the effect of the overlap capacities, of course, can
be applied to include can or socket capacities, if desired.

The effect of adding Cs’ and Cu' to the theoretical
model as shown in Fig. 1 will be to modify to some ex-
tent each of the four small-signal parameters for each
of the three possible configurations, viz., grounded-
base, grounded-emitter and grounded-collector. Equa-
tions for the terminal small-signal parameters are given
in the Appendix for a transistor characterized by four
series-parallel h parameters and having external ad-
mittances between each pair of terminals. From these
expressions, the effect of the parasitic capacity upon
measured parameters can be calculated for any particu-
lar case.
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A completely general description of the effect of the
overlap capacities would of necessity be quite lengthy
because of the large number of independent variables
involved, e.g., at least seven fundamental transistor
parameters, {requency, etc. However, it might be of
interest to mention here a few of the ways in which over-
lap capacities may make their presence known.

Since the overlap capacities effectively bypass the in-
herent transistor, modifications generally will be more
pronounced at lower dc emitter currents I,, when the
impedances of the transistor are larger. Further remarks
will be confined to the case of I, of the order of 1 ma.

In general, the effects of overlap capacity upon for-
ward-transmission parameters (fy, h21) first become no-
ticeable at frequencies of the order of the a-cutoff fre-
quency. On the other hand, the presence of overlap
capacity may make itself felt upon the backward-trans-
mission parameters (1, k) at lower frequencies.

Grounded-Base Operation

Forward-Transmission Parameters hy, ha: Collector-
base overlap capacity C.’ has no effect upon these pa-
rameters. On the other hand, emitter-base overlap ca-
pacity Co’ acts as an effective shunt across the in-
put circuit of the transistor. Hence, Co’ effectively adds
to the capacitive susceptance associated with Ay, and
may reduce the magnitude of the current-amplifica-
tion factor hn(= —a) if the input impedance of the
transistor is capacitive reactive. Of considerably more
importance, however, is the case for which &y is induc-
tive reactive, e.g., at frequencies below the a-cutoff fre-
quency (with I, of the order of 1 ma). In this case, Ce’
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Fig. 2—Magnitude of grounded-base current-amplification factor
| kx| as a function of frequency for grown-junction transistor
with alloy base contact.

effectively forms an anti-resonant circuit of low Q with
the input circuit of the inherent transistor, and the cur-
rent into the inherent transistor actually may exceed the
terminal current. Hence, |h21| is increased and, in fact,
may exceed unity in some cases,* as shown in Fig. 2.5

¢ The fact that |ky| may exceed unity at high frequencies due to
emitter-base capacity was pointed out previously by various mem-
bers of Bell Telephone Labs. in informal discussion. In particular, the

writer believes this was pointed out first by O. Kummer.
& The writer is grateful to W. N. Coffey for supplying curve data.
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Backward-Transmission Parameters hy, hi: Col-
lector-base overlap capacity Co’ has no direct effect
upon /y; and merely adds to the capacitive susceptance
of M. Note, however, that measured collector-base
capacity at low {requencies therefore is the sum of in-
ternal transistor junction capacity plus overlap capac-
ity. Unfortunately, these two capacities influence cir-
cuit performance in different ways, and it would be de-
sirable to be able to separate the two values, e.g.,
Ca’ may be “tuned out” in a narrow-band circuit.

Furthermore, it should be noted that if overlap capac-
ity is an appreciable fraction of terminal collector-base
capacity, calculation of the base spreading resistance
ry’ from measurements of ki, as a function of frequency
may be considerably in error (too low a value is ob-
tained for 7,’). (At medium frequencies, for the inherent
transistor, hip=jwry’Cs.) Fortunately, the product
7y’ Cap for the transistor, which is important in determin-
ing high-frequency power gain,® can be calculated di-
rectly from the measured value of k1, independent of Co’.

Emitter-base overlap capacity effectively bypasses
the input terminals, -so that when an open-circuit
terminal measurement is made for k), and A, truly open-
circuit conditions are not presented to the snherent tran-
sistor.” Generally, this bypass affects measured k). only
at frequencies of the order of the a-cutoff frequency. On
the other hand, terminal open-circuit admittance may
be quite different from the inherent-transistor hy at
lower frequencies. For example, Co’ may cause the
measured open-circuit collector-base conductance (real
part of k) to be negative.®

Grounded-Emitter Operation

Note that in this case, collector-base capacity Ce'
acts not as a simple bypass capacity but as a feedback
capacity.

Forward-Transmission Parameters hy, ha: As in the
case of grounded-base operation, emitter-base overlap
capacity effectively bypasses the input terminals.
Since the short-circuit input impedance for grounded-
emitter operation is capacitive reactive at medium and
high frequencies and is of larger magnitude than in
grounded-base operation, Ce’ may considerably de-
crease the actual input current to the inherent transistor.
Hence, the measured current-amplification factor may
be lower than that of the inherent transistor, and the
ha-cutoff frequency may be decreased.

Backward-Transmission Parameters hy, hw: As in
grounded-base operation, at the higher frequencies

s R. L. Pritchard, “Frequency response of grounded-base and
grounded-emitter junction transistors,” presented at A.I.E.E. winter
Meeting in New York, N. Y., January 20, 1954; to be published. See
also, J. M. Early, “P-N-I-P and N-P-I-N junction transistors,” Bell
Sys. Tech. Jour., vol. 33, p. 519; May, 1954.

7 Note that Ce’ could be tuned out to obtain an open-circuit
measurement for the inherent transistor parameters. However, if the
point of view is taken that Ce’ is part of the device per se, then the
effect of Ce’ must be considered.

8 Note also that appreciable collector-emitter parasitic capacity
may modify considerably both ;; and s, and may also cause nega-
tive collector-base terminal conductance.
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Ca' effectively shunts the input terminals, so that ter-
minal parameters do not correspond to open-circuit
parameters for the inherent transistor.?

Probably the most noticeable effect of collector-base
overlap capacity Ca' is the modification of the voltage-
feedback factor hj.. For the inherent transistor, hi,
should be independent of frequency and equal to 0.8
w.Cer’ (where w,/2r is the inherent a-cutoff frequency,
C. is the collector-base barrier capacitance, and 7.’ is
the Shockley, ef al., emitter resistance r =kT/ql,).}
However, with appreciable collector-base overlap capac-
ity, the terminal |hw.| increases with frequency, as
shown in Fig. 3.

T L .
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| GROUNDED-EMITTER |, |
/GROWN-JUNCTION TRANSISTOR |
| ALLOY BASE CONTACT

|
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Fig. 3—Magnitude of grounded-emitter voltage-feedback factor Vg |
as a function of frequency for grown-junction transistor with alloy
base contact. Theoretical curve refers to inherent transistor, ex-
cluding overlap capacitance.

APPENDIX

Consider a four-terminal network characterized by a
sct of four series-parallel & parameters with external
admittances yy’, ¥12” and ys’ connected between pairs of
terminals, as shown in Fig. 4. The terminal h parameters

° R. L. Pritchard.® Sec also the Giacoletto-Johnson hybrid-pi cir-
cuit for grounded-emitter operation, in which the parameter ki can
be identified directly with the capacitor-divider ratio Cyre/(Cyre 4= Cpre).
See for example, L. J. Giacoletto, “The study and design of alloyed-
junction transistors,” I.R.E. Conv. Rec., vol. 2, pt. 3, p. 99; 1954,
Also, C.\V. Mueller and J. 1. Pankove, “A P-N-P triode alloy junc-
tion transistor for radio frequency amplification,” RCA Rev., vol. 14,
p. 594; December, 1953; or, Proc. L.R.E., vol. 42, p. 389; February,
1954,
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for this composite network can be calculated in a very
straightforward manner by employing matrix methods.
First the / matrix of the original network is converted to
an admittance or ¥ matrix, and to this matrix is added
the y" matrix corresponding to the pi configuration of
external admittances. The resultant y matrix is then
converted back to an £ matrix.

’

Y2
AN
O
A QUADRIPOLE [ e
! ’
Vui (] % Y22
| 2

Fig. 4 —Quadripole with external admittances between terminals.

This yields the following equations for the terminal
series-parallel or h parameters of the composite net-
work:

(h)r = In/(1 4+ 4)
(e = (e + v'ln)/(1 + A)
(ha)r = (hay — v'hu) /(1 + A
(hzz)'r =l + yzz'
ne [(1 4+ ) (1 = Ing) + k) — bk
T 7 R
where

(1 +4)= [1 + (v’ + y12')hu]-

These results may be applied to a grown-junction
transistor with overlap capacities Co’ and C.’ between
emitter-base and collector-base terminals respectively,
as follows:

1. For grounded-base operation,
yn' = jwccb,y ,sz' = ijcb'

2’ = 0 (unless can or socket capacities are to be included).
2. For grounded-emitter operation,
'’ = jwuCe’, i’ = jwCo'
yzzl = 0

CTINE=TO
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Traveling-Wave Tube Experiments at Millimeter
Wavelengths with a New, Easily Built,
Space Harmonic Circuit’

ARTHUR KARP, MEMBER, IRE

Summary—A new slow-wave circuit structure for traveling-wave
tubes consists of a ridged rectangular waveguide with a series of
transverse slots in the broad wall opposite the ridge. This structure
can be fabricated easily in sizes small enough for use at millimeter
wavelengths if the slotted wall is prepared either by winding a grid
or by photo-etching the slots in a thin metal sheet.

Demountable traveling-wave tubes were constructed in which an
electron beam was coupled to space-harmonics of waves traveling on
such a circuit. Using a circuit whose slotted wall was fabricated by
the photo-etching technique, forward-wave interaction and back-
ward-wave oscillations were obtained in a wavelength band centered
at 5.4 mm. With structures whose slotted walls were prepared by
grid winding, backward-wave oscillators were made which performed
in wavelength bands centered at 5.1 mm and at 3.6 mm.

INTRODUCTION

TRAVELING-WAVE amplifier or oscillator for

A millimeter wavelengths requires a slow-wave cir-

cuit structure of minute, yet accurate, dimen-

sions. The search for the circuit to be described was

stimulated by need for such a structure that, neverthe-

less, would be mechanically simple enough to be made
cheaply and easily.

SLOTTED

RIDGED
RECTANGULAR
WAVEGUIDE

Fig. 1—General form of new space-harmonic circuit structure.

The general form of this circuit is a ridged waveguide
whose broad wall contains an array of transverse slots
(Fig. 1). In the pass band of this circuit, which can be
made quite broad, there is developed across each slot
an rf field, which can modulate a longitudinal beam of
electrons confined to flow parallel to the slotted wall. In
their trajectory, the clectrons alternately ‘“‘see’ a strong
field and a weak field as they pass, respectively, over a
slot and over the metal between slots, making spatial-
harmonic operation possible. The matter of space har-
monics will be discussed further.

* Original manuscript received by the IRE, July 27, 1954; re-
vised manuscript received, September 24, 1954, This work was sup-
ported by the Office of Naval Research under Contract Nonr-
687(00).

t Bell Telephone l.abs., Holmdel, N. J.

The mechanical simplicity of this circuit is a conse-
quence of the fact that the slotted wall, which is the
only critical part, can be fabricated either by winding a
grid on a suitable frame, or by photo-ctching the slots in
a thin metal sheet. The first technique, for example, is
generally more suited to structures whose slots are to be
spaced relatively closely, while the latter technique
seems best for making circuits with slots further apart.
In either case, one can accurately make such structures,
for operation at millimeter wavelengths, with less time,
cost, and skill than are required to make structures
heretofore proposed.

The practicality of the new circuit structures was
demonstrated in experiments with demountable tubes.
The first assemblies tested used circuits (Fig. 5) whose
slotted walls were made by winding and sintering a grid
of gold-coated molybdenum ribbon on a copper-plated
molybdenum frame. Circuits were made in two sizes,
and in conjunction with a diode gun, a focusing magnet,
and an output coupling, backward-wave oscillations
were obtained first in a band around 5.1 mm wave-
length and, later, in a band around 3.6 mm. Another
tube had a circuit (Fig. 11) whose slotted wall, including
input and output coupling arrangements, was made by
a photographic process. With a diode gun and a focusing
magnet, the tube was operated as an amplifier and as a
backward-wave oscillator. As an amplifier, enough elec-
tronic interaction was obtained at 5.4 mm wavelength
to permit calculating the gain parameter,! although net
gain was not achieved because of inadequacies in the
gun. As an oscillator, output power was obtained in a
wide-band around 5.4 mm wavelength.

PrROPERTIES OF THE CIRCUIT

T'he circuits described are members of a family whose
general form is shown in Fig. 1. In a frequency band
which is above the cut-off frequency of the ridged guide
itself, but below the frequency at which the slots be-
come resonant half-wave apertures, the phase velocity
of a wave traveling in this guide is slowed down. The
structure does not radiate because the phase velocity
becomes too low to “couple” to free space. A reflection-
less connection to ordinary rectangular input and out-
put guides can be made by gradually tapering down the
lengths of the slots and the height of the ridge until
only the unloaded guide remains.

! R. Kompfner, “On the operation of the travelling wave tube at
low level,” Jour. Brit. IRE, vol. 10, pp. 283-289; August/Sceptember,
1950.
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An electron beam may be constrained to flow on
either or both sides of the slotted wall. The required
beam velocity and the phase velocity of the rf wave are
obviously related and are functions of frequency. The
variation of phase velocity with frequency can be ac-
curately and easily determined from measurements on a
scale model, but approximate calculation can be made.

In calculating the phase velocity, it is necessary to
make a distinction between circuits whose slots are rela-
tively far apart and those with relatively close-spaced
slots. In the former case, one can neglect any coupling
between slots, and set up the equivalent ladder network
shown in Fig. 2. The elements in the series arms, which

== == /F

Fig. 2—Approximate ladder equivalent of circuit of Fig. 1
(no coupling between slots).

become resonant near the upper end of the pass band,
represent the transverse slots, while the shunt capaci-
tances are principally obtained by the proximity of the
slots to the top of the ridge. This equivalent network
predicts the solid portion of the phase characteristic
shown in Fig. 3(a). The network shown is not valid for

FREQUENCY a—s

Fig. 3—Propagation characteristic of circuit of Fig. 1. (a) Widely-
spaced slots. (b) Close-spaced slots. Propagation constant,

__ Radian frequency 2r

phase velocity guide wavelengﬁ;.

the dotted part of the curve close to the cut-off fre-
quency of the ridged guide itself, but with a high ridge,
s this region usually occurs at frequencies too low to be of
interest. At the upper cutoff, the wave undergoes a
phase shift of 180 degrees in going from one slot to the
next. Between the two cutoffs, the shape of the curve is
influenced by the ratio of the effective shunt and series
capacitances. This ratio in turn depends on the propor-
tioning of the thickness of the perforated wall relative
to its spacing from the ridge.
In circuits with relatively close-spaced slots, coupling
between slots cannot be neglected. Instead of using an
equivalent ladder network, which then becomes very
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complicated, there is an alternate analytical approach
in which one tries to solve the wave equation in a region
whose boundaries approximate those of the actual cir-
cuit. Such an analysis has been carried out by Pierce,?
who let the slotted wall, or grid, be approximated by a
thin sheet having conductivity in the transverse direc-
tion only. This analysis leads to the phase characteristic
shown in Fig. 3(b), which is in fair agreement with
measured phase curves. By comparing the curves in
Fig. 3 it can be seen that coupling between slots has a
small effect.

While the phase characteristic tells one primarily
about the bandwidth of a circuit structure, it also gives
information about an equally important item, interac-
tion impedance. This quantity, which is needed to com-
pute the gain parameter of the tube, can be shown to be
proportional to the slope, 38/df, of the phase curve.?
The actual magnitude of the interaction impedance,
however, depends to a large extent on the shape and
size of the electron beam cross section and its proximity
to the circuit, as well as on the order of space-harmonic
used.!

Finally, to complete a description of the properties of
the new circuit structure, the matter of space (or Har-
tree) harmonics must be taken up. Since detailed,
quantitative treatises on the coupling between electron
streams and space-harmonic traveling field components
in a traveling-wave structure are found in the litera-
ture,*®$ only a brief, qualitative discussion will be given
here.

Consider one slowly rotating disc as an analog of the
electron beam, and a second, faster disc as the analog of
the rf wave. At any one instant the angular positions of
the discs will correspond to the phase positions of an
electron, and of the wave, respectively. To make the
two synchronous, by reducing the velocity of the second
disc to match that of the first, is analogous to what is
done in a conventional traveling-wave tube. However,
the two original discs can be made to appear synchro-
nous by observing the second disc under stroboscopic
light. By adjusting the rate at which the brief flashes of
light illuminate the second disc, it can appear to be in

? J. R. Pierce, “Propagation in linear arrays of parallel wires,” to
appear in the forthcoming issue of Trans. [.R.E., PGED.

3 J. R. Pierce, “Traveling-\WWave Tubes,” D. Van Nostrand Co.,
Inc., New York, N. Y., 1950.

¢ In a traveling-wave amplifier, the rate of exponential increase
with distance of the growing wave is proportional to the gain param-
eter, which is in turn proportional to the 4 power of the interaction
impedance and to the 4 power of the beam current occupying the
beam cross section assumed for the impedance calculation (see ref-
erence 3). In a backward-wave oscillator, there is a minimum beam
current, called the starting current, below which oscillation cannot
be sustained. If, for example, the effects of space charge and ohmic
loss are neglected, one finds (see reference 7: also H. Heffner, “Analy-
sis of the backward-wave traveling-wave tube,” Proc. I.R.E., vol.
42, pp. 930-937:; June, 1954) that the starting current must be such
that the product of the gain parameter times the number of bunches
contained in the length of the beam must be at least 0.314.

.58, Millman, “A spatial harmonic traveling-wave amplifier for six
millimeters wavelength,” Proc. I.R.E., vol. 39, pp. 1035-1043;
September, 1951.

¢ P. Guénard, O. Doehler, and R. Warnecke, “Sur les propriétés

des lignes 4 structure périodique,” Compt. Rend. Acad. Sci., Paris,
France, vol. 235, pp. 32-34; July 7, 1952.
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synchronism with the first regardless of its original
speed or direction. This situation is analogous to that in
a space-harmonic traveling-wave tube, where an elec-
tron beam “thinks” it “sces” an rf wave in synchronism
with itself—even if the wave is actually traveling faster,
and/or in the opposite direction—because it can “see”
the wave only intermittently.

Space-harmonic operation is possible with the circuit
of Fig. 1, because the electrons do “see” an intermittent
electric field as they cross successive slots, while they are
shielded from the field, when adjacent to the metal be-
tween slots. One, then, will have less interaction im-
pedance than when the beam and wave can interact
continually,?® but there are several compensating ad-
vantages. One advantage is mechanical. For example,
in a tube for amplifying a signal at § mm wavelength
with a 1,000v beam, a typical helix (nonharmonic)cir-
cuit would require about 300 turns per inch, while it
happens that a typical space-harmonic circuit for the
same application needs only about 55 slots per inch, and
is larger and more rugged in all respects. Another ad-
vantage is that a space-harmonic circuit lends itself im-
mediately to backward-wave operation.®?

In the stroboscope and disc arrangement mentioned
above, the briefer the light flash, the sharper would be
the definition of any pattern that might be drawn on
the second disc. On the other hand, the longer the dura-
tion of the flash, the brighter would be the disc, so that
a compromise flash duration time is desirable. This situ-
ation has its analog in the space-harmonic traveling-
wave tube, and the optimum value of slot width can be
evaluated.b It is found that the interaction impedance is
maximized when the ratio of slot width to pitch is be-
tween 0.3 and 0.5, depending on the circuit and order of
harmonic being used.

ExXPERIMENTS WITH CIRCUITS MADE BY WINDING

The backward-wave oscillator is a very useful device,
because it is voltage tunable over a wide-band and can
work into an unmatched load without pulling. Its use-
fulness could be very great in the millimeter-wave band,
where a bandwidth of only a few per cent is actually
several thousands of megacycles wide, and where there
are as yet few other signal sources available. It was de-
cided to make one test of the new circuit's practicability
in a backward-wave oscillator for the 5-mm band.

A slotted-wall circuit for an oscillator, designed to
operate in a band centered near 5-mm wavelength ata
beam voltage of 1,000, requires about 90 slots per inch.
The rf wave travels along the circuit in one direction,
growing in amplitude, and undergoing a phase shift of
about 50 electrical degrees from one slot to the next.
The beam travels in the opposite direction, losing power
to the wave, and (taking the distance between bunches
to denote a wavelength in the beam) undergoing a

7R. Kompfner and N. T. Williams, “Backward-wave tubes,”
Proc. 1.R.E., vol. 41, pp. 1602-1611; November, 1953.

phase shift of about 310 electrical degrees between slots.
As the frequency increases, the unit phase shift for the
wave increases. Since the unit phase shift for the beam
must then decrease correspondingly, a higher beam
velocity is required. The optimum ratio of slot width to
pitch is close to 0.5.

RECTANGULAR
WAVEGUIDE

Fig. 4—Constructional variation on circuit of Fig. 1
with close-spaced slots.

The structure, shown in Fig. 4, was an early idea for
adapting the basic circuit (Fig. 1) to the above applica-
tion. The wires shown may be 0.005 inch in diameter,
and making their span 0.090 inch places the upper
end of the pass band near 65 kmc or 4.6-mm wave-
length. It became apparent, however, that a further
modification would give the still simpler structure shown
in Fig. 5. This circuit was fabricated by winding and
sintering gold-coated molybdenum ribbon, 0.0055 inch
%0.001 inch in section, at 92 turns per inch, on a
copper-plated molybdenum body. The lengths of the

i
9 ) S

Fig. S—Circuit structure used in backward-wave
oscillator for 5 mm band.

slots formed are 0.090 inch, and the ridge is 0.010
inch below them. Pierce's analysis? demonstrates that
maximum bandwidth is obtained when the width of the
ridge is half the length of the slots. Since the results of
this analysis were not available at the time, the ridge in
Fig. 5 was arbitrarily made 0.070-inch wide (instead
of 0.045-inch).
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The experimental backward-wave oscillator, that used
the structure in Fig. 5, tuned from about 57 kme (5.3
mm) to 61 kmc (4.9 mm), by tuning the beam voltage
from about 900 to 1,170 volts. The circuit is wound with
flat tape, instead of round wire, so that the electrons can
get in closer to the useful longitudinal fields. Another
advantage of using tape is that the important contacts
which remove heat and determine slot length are more
definitely made.
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Fig. 6 —Arrangement of demountable backward-wave
oscillator tube using circuit of Fig. 5.

The interaction between the beam and the circuit
took place in a box-like demountable envelope situated
between the plane-parallel pole pieces of an electromag-
net (sec Fig. 6). A rudimentary diode gun, having a di-
rectly-heated, thoria-coated tungsten ribbon for its
cathode, is included to provide essentially a flood of
electrons that the magnetic field can constrain to flow in
straight lines parallel to the plane of the grid. \Vith this
gun, a magnetic field strength of at least about 2,200
gauss is needed to confine the electron flow well enough
for the tube to operate. (\Working with a carefully de-
signed electron gun in a sealed-off version of this tube,
W. 1. Yocom, of Bell Telephone Laboratories, has re-
cently been able to reduce the magnetic field require-
ment to about 1,200 gauss, and use a permanent mag-
net. He has also been able to operate the tube over a
much greater bandwidth.) Beam current densities of the
order of a few tenths of an ampere per square centi-
meter are required to start and maintain the oscilla-
tions.! The total beam current needed is quite small,
however, because the longitudinal space-harmonic fields
die off rapidly as one moves away from the plane of the
grid, and only that current within a few thousandths of
an inch on either side of the grid is useful. A good deal of
beam current is actually intercepted along the grid, but
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the heat due to this electron hombardment is readily
carried away. The grid is wound under a slight amount
of tension so that thermal expansion does not cause it to
buckle.

An ideal backward-wave oscillator should have a re-
flectionless termination at the collector-end of the cir-
cuit, and the circuit should be matched into a waveguide
at the opposite, or gun end. For the sake of expediency,
these refinements were omitted in the experimental
tubes described by Fig. 6, and the detriment thus
caused will be commented on below. All that was added
to the rf portion of the tube was a tapered-waveguide
probe to pick up some of the power output at gun end.

Fig. 7 is a typical curve of output vs beam voltage for
this tube, which was traced from an oscilloscope dis-
playing the output of a fixed-tuned crystal detector
while sweeping the beam voltage. Since the frequency
increases with beam voltage, Fig. 7 is also an approxi-
mate curve of output vs frequency, but the true shape
of the curve is altered by the narrow-band response of
the detector used. The level of the highest point in Fig. 7
is estimated at about 1 mw, and represents only the
fraction of the available output signal that the probe

picks up.
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Fig. 7—Output vs beam voltage of backward-wave
oscillator with circuit of Fig. 5.

The fine structure of Fig. 7 consists of ripples occur-
ring at frequency intervals of the order of 80 mc. These
ripples are undesirable and would not be present if at
lcast one end of the circuit were perfectly terminated.
What happens is that a wave is reflected at the gun end
of the circuit, because of the poor impedance match, and
returns to the collector end (without interacting with
the beam) where, although reduced by ohmic attenua-
tion, it may be reflected once again. The doubly-re-
flected wave interferes with the original wave at a phase
depending on the electrical length of the circuit at the
frequency considered.

To sum up the performance of the 60 kme oscillator,
consider Fig. 8, which ties together many of the points
that have been discussed so far. The abscissa of this
graph is frequency, and the ordinate is the phase shift
from one slot to the next. The lower curve, in the region
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0 <@ <, is a phase curve plotted from data on guide
wavelength measured on a scale model of the circuit of
Fig. 5 [cf. Fig. 3(b)]. The curve in the upper region
<0< 2w, is a repeat of the lower curve, but plotted as
21 — 6 instead of 6. The upper curve represents the “first
backward” space-harmonic wave associated with the
fundamental wave described by the lower curve. (One
could also re-plot the phase curve as 2r+8, 47 -0,
4746, - - -, representing, respectively, the “first for-
ward,” “second backward,” “second forward,” ectc.,
space harmonic waves.)® In the co-ordinates of Fig. 8, a
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Fig. 8—Frequency vs beam voltage data of 60 kmc backward-wave
oscillator compared with phase characteristic of the circuit.

straight line through the origin gives a constant phase
velocity. Under conditions of synchronism, it also repre-
sents a constant beam velocity, the slope being inversely
proportional to the square root of beam voltage. Thus
by using the parameters, frequency and beam voltage,
the operating data of the tube may be added to the chart
and compared graphically with the phase curve.

Because of the success with the circuit of Fig. 5, it was
decided to try an experiment at still shorter wave-
lengths. Accordingly, another circuit was wound which
was very much like that of Fig. 5 except that the span of
the tapes was reduced from 0.090 inch to 0.068 inch,
and their turns-per-inch raised from 92 to 120. The ridge
was omitted in order to see what might occur.

The operation of the demountable tube (still arranged
as in Fig. 6) containing this circuit was similar to that in
the previous experiment, except that somewhat higher
Leam current densities and focusing fields were required
and that the output signal was weaker. An oscillogram
of the detector output obtained while sweeping the

8 A rigorous treatment of this construction is found in J. C.

Slater’s “Microwave Electronics,” D. Van Nostrand Co., Inc., New
York, N. Y., sec. 8.1, p. 170; 1950.

Karp: Traveling-Wave Tube Experiments at Millimeter Wavelengths with a New Space Ilarmonic Circuit 45

beam voltage is shown in Fig. 9. As closely as it could be
measured with the instruments available, the wave-
length at the center of the band was 3.6 mm. Because
the ridge had been omitted, the bandwidth was less than
5 per cent.

DETECTOR OUTPUT —>

1070 960
-« BEAM VOLTAGE

Fig. 9—Band of backward-wave oscillation centered at 3.6 mm wave-
length. Oscillogram taken at Holmdel, N. J., on April 28, 1953.

The possibility of conducting experiments at still
shorter wavelengths is not at all a question of fabricat-
ing smaller and smaller circuits of the new type—no
difficulty having as yet been encountered®—but rather
a question of being able to get a sufficient number of
electrons to travel in sufficiently accurate trajectories
parallel and close to the circuit.
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Fig. 10—Portion of circuit of space-harmonic
traveling-wave tube for A=5.4 mm.

» [n May 1954, a demountable cw backward-wave oscillator,
similar to the type described and having an improved form of the
circuit structure of Fig. 5, was operated over a band about 12 per cent
wide, centered at 2.7 mm wavelength.



46 PROCEEDINGS OF THE I-R-E

EXPERIMENTS WITH A CIRCUIT MADE BY
PHoTO-ETCHING

The possibilities of using a photo-etching process in
the construction of the new circuit structure for milli-
meter wavelengths were intriguing from the start. F ig:
10 shows the rf part of a demountable tube that was
constructed in this way. The principal element is a gold
plated molybdenum sheet, 0.002-inch thick, in which
the slots are etched photographically. An actual-size re-
production of the photographic transparency, as used
by B. A. Diggory in etching the halves of the slotted
wall, is shown in Fig. 11. The slots are 0.018 inch

Fig. 11—Actual size reproduction of photographic transparency used
in etching halves of slotted wall for space-harmonic traveling-
wave tube structure of Fig. 10. The slots are resonant near
66,000 mc.

apart on centers and are resonant near 66,000 mc. The
longitudinal gap (see Fig. 10) has no effect on the elec-
trical properties of the circuit, but does prevent buckling
of the sheet due to thermal expansion. Reflections in the
transitions to waveguide at the ends of the circuit are
minimized by use of the tapers indicated in the figures.

A significant interaction was obtained between a
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1,300-volt beam and first forward space-harmonic of
5.35 mm wave traveling in the same direction, but net
gain was not achieved probably because of limitations in
electron focusing. At beam voltages in the range 2,500~
4,000 volts, the etched circuit performed as a backward-
wave oscillator much as did the wound circuits previ-
ously described.

CoNCLUSION

A hint of the potentialities of the new circuit was ob-
tained with experimental versions, made by grid-wind-
ing and photo-etching, and put in millimeter-wave
traveling-wave tubes. Although much effort will be re-
quired—in the way of gun and magnet design, for exam-
ple—to perfect sealed-off tubes with maximum output
and bandwidth, the demountable, research-laboratory
experiments described served to demonstrate the merit
of the new circuit.

ACKNOWLEDGEMENT

The author is indebted to his colleagues at Bell Labo-
ratories for their important suggestions and enthusiastic
encouragement, and espccially to S. D. Robertson, who
shared his laboratory space and equipment. A large con-
tribution was made by F. A. Braun, who assembled and
pumped the tubes and helped make measurements. The
author would also like to acknowledge the aid received
from machine shop and tube shop personnel at the Bell
Telephone Laboratories at Holmdel and Murray Hill.

Radial Line Discontinuities®
J. R. WHINNERY, FELLow, IRE, AND D. C. STINSON+{

Summary—Curves are given here showing the equivalent shunt
capacitance for step-type discontinuities in radial transmission lines
for cases with the larger spacing outside, the larger spacing inside,
and the re-entrant or septum type discontinuities. Corrections for di-
mensions comparable with wavelength and the proximity of a short
circuit termination are discussed in addition to application of the re-
sults to cases with thin diaphragm or with changes of dielectric at the
radius of the discontinuity. The basis for the analysis of the curves
also is discussed briefly.

INTRODUCTION

HIS PAPER summarizes results of theoretical
Twork done on discontinuities in radial lines some
years ago,! plus recent experimental work verify-
ing some of the curves. Other studies on radial-line dis-

* Original manuscript received by the IRE, July 1, 1954,

t Electronics Res. Lab., University of California, Berkeley, Calif.

! ]J. R. Whinnery, “Radial Line Discontinuities,” Electronics Lab.,
Gen. Elec. Co., No. D. F. 46293; June 22, 1944,

continuities have appeared,? but it is believed the pres-
ent study contains useful results not in the other refer-
ences. The experimental results are also of interest, since
they indicate range of usefulness of some of the curves.

The method of analyzing the discontinuities in radial
lines is that developed by Hahn, and is considered ex-
tensively in two previous papers®? on discontinuities.

! C. G. Montgomery, R. H. Dicke, and E. M. Purcell, “Principles
of Microwave Circuits,” Radiation Lab. Ser., McGraw-Hill Book
Co., Inc., New York, N. Y., vol. 8, chap. 8; 1948,

® N. Marcuvitz, “Waveguide Handbook,” Radiation Lab. Ser.,
McGraw-Hill Book Co., Inc., New York, N. Y., vol. 10; 1951,

¢ A. E. Laemmel, N. Marcuvitz, and A. A. Oliner, “Approximate
methods in radial transmission line theory with application to horns,”
Proc. I.LR.E,, vol. 39, pp. 959-966: August, 1951.

8 R. N. Bracewell, “Step discontinuities in disk transmission
lines,” Proc. I.R.E., vol. 42, pp. 1543-1548; October, 1954.

¢ J. R. Whinnery and H. W. Jamieson, “Equivalent circuits for
discontinuities in transmission lines,” Proc. L.LR.E., vol. 32, pp. 98-

115; February, 1944,
» H. W. Jamieson, and T. E. Robbins, “Coaxial-

7 J. R. Whinne
line discontinuities,” Proc. I.R.E., vol. 32, pp. 695-710; Nov. 1944,
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The actual forms of the expressions for E, and H, for
the radial line analysis are identical with those for E,
and H,in (14)-(17a) of a parallel plane analysis, so that
the analysis® may be used directly, except the terms Y,
and Y4, now contain Bessel functions. We find then
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When the “B” region is radially external to the “4” re-
rion, as in Fig. 1, on the following page,
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and when the “B” region is radially internal to the “4”
region, as in Fig. 2, on the following page.
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For the “B” region radially external to the “4A” region
but with a shorting-cylinder at radius r, as in Fig. 6, (3)
is replaced by
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I, and K, are the modified Bessel functions of the first
and second kinds, respectively.

As a result, the expression for the discontinuity ca-
pacitance in radial lines differs from that for the dis-
continuity capacitance in parallel-plane lines only by

\/ iT(‘z‘b‘/;ix)z) +1, (
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a term involving Bessel functions. Since this term
involving radial variations may be ignored in a large
number of cases, for a first approximation the dis-
continuity capacitance per unit circumferential distance
of a radial line may be replaced by the discontinuity
capacitance per unit width of a parallel-plane line hav-
ing the same spacing. However, the more accurate
values provided by the curves are frequently required in
radial line applications.

Basic DiSCONTINUITIES AND RELATED CURVES

The types of discontinuities treated are those pos-
sessing angular symmetry. As a result, the higher-order
radial modes have sinusoidal variations with z, Bessel
function variations with r, and no variations with ¢. The
principal mode possesses only Bessel function variations
with r. The theoretical expressions are exactly as noted®
except for the substitution of ¥, and ¥4, from (1)-(7).

Figs. 1 through 4 apply exactly only when the spacings
between conductors of the radial lines are small com-
pared with wavelength and when the excitation and
termination are far enough removed from the disconti-
nuity so that higher-order fields do not couple. Any
deviation from the two assumptions just mentioned
causes the discontinuity capacitance to inerease above
the values given by the curves. This is illustrated by the
experimental points for 7,/b=0.15 in Fig. 1(a), which
are especially in error for larger values of a/b, thus indi-
cating that the spacing between conductors is not small
compared with wavelength. However, Fig. 5 supplies an
approximate correction when spacing is comparable
with wavelength, and application of this correction im-
proves the agreement between experimental and calcu-
lated points. Similarly, Fig. 6 provides an approximate
correction for a short-circuit termination near the dis-
continuity, as is frequently needed in resonant cavity
design.

DESCRIPTION OF DISCONTINUITIES AND CURVES
Abrupt Change of Height: Wider Spacing Outside

This discontinuity is illustrated in Figs. 1(a) and (b)
along with the associated curves for the discontinuity

N nwry
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capacitance divided by the circumference 2mro,. The
equivalent circuit consists of the radial line 4 joined to
a radial line B at radius r,, with a lumped discontinuity
susceptance, wCy, shunted across the lines at the junc-
tion. The equations for the radial transmission line por-
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Fig. 1 (a) and (b)—Discontinuity capacitance for step in radial line, wider spacing outside.

tions may be in the Bessel function form in terms of

magnitudes and phase angles analogous to ordinary
transmission line quantities.?

Abrupt Change of Ieight: Wider Spacing Inside

The curves for discontinuity capacitance divided by
2mro and an illustration of the discontinuity are shown
in Fig. 2. Experimental confirmation in this case is quite
good, since the effect of higher-order modes in region B is
not as important as the effect of higher-order modes in
region A.

Radial Re-Entrant Discontinuities

The discontinuity pictured in Figs. 3(a) and (b) is the
radial line counterpart of the re-entrant discontinuities
treated.®” The equivalent circuit for this discontinuity,
with the widest spacing outside, consists of three radial
lines A, B, and C, in series, with a discontinuity admit-
tance across each line at the junction. Approximate
values for C, (negative capacitance) may be obtained
from Fig. 3(a), and for C, or C, from Fig. 3(b).

8S. Ramo and J. Whinnery, “Fields and Waves in Modern
Radio,” John Wilev and Sons, New York, N. Y., 2nd ed., art. 9.11;
1953.
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Fig. 2—Discontinuity capacitance for step in radial line, wider
spacing inside.

The radial re-entrant discontinuity with the widest
spacing inside is similar to that above except that the
dividing plate extends outward rather than inward.
This is illustrated in Fig. 4(a) and 4(b), which include
the corresponding curves for C,, G, and C..



1955 Whinnery and Stinson: Radial Line Discontinuities 49

|
: %L_ L c: T
Bl 12 rbz0p— T |
T © i % B b ]|»r&"
jik '\ I
rofa= .1 7
05 Pt e
2 4
4\
i 08
.04 2 = 3 \
g / //_;\‘\ \\ ’L x| QQ\\\
i s o W s \
NI 8= SN\ e PN
UE = N oné .
NN/ Zsime \! S e RO
o ; i | h \ \\\ N,
| Y ( ) - .02 \\\ \\\\\X |
° T N \\K\ \§§
\ . - e
ok . J 1 . B
(4) 2 4 3 ) 70 b e
b/a
() * READ b/o AS (I-b/a)

(b)
Fig. 3 (a) and (bY—Radial re-entrant discontinuity, widest spacing outside.

.30r

03 p—

>
g O ——o4
—4 - -— 43—
N
a
g
o
"
-

o

—
2 B b I
.20.\ \ b

/
Y%
=%
£e Hpfd/ecm

|
|
A 2
=
7/
1,

.02 /// SN

2T«
SIE
—

’
2Tre

Cg
7

Ca

/.L/.L fd /cm
RS
I

\
|

NN

-
T

NN

0

®
5

0 .2

(e}

o
~

»

[
@
o

o
~

a

* READ b/a AS (I- b/a)

(b)

Fig. 4 (a) and (b)—Radial re-entrant discontinuity, widest spacing inside.



50 PROCEEDINGS

Dimensions Comparable with Wavelength

When spacing between plates of the radial line is an
appreciable part of a wavelength, the discontinuity
susceptances no longer have the same frequency de-
pendence as pure capacitances. The increase may be ex-
pressed in terms of a frequency factor, F, which multi-
plies the value of discontinuity capacitance obtained
from previous curves. As an indication of the conditions
for which this correction is important, some approxi-
mate values of F for the discontinuity of Fig. 1 are
plotted in Fig. 5. It is noted that it may be appreciably
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Fig. 5—Frequency factor for dimensions comparable with wave-
length for Fig. 1.

different from unity if the wider spacing between plates
is much greater than 0.2 of a wavelength, which is fre-
quently the case. Experimental confirmation of these
curves shows quite clearly the rapid increase of F with
b/\ and the necessity for considering this factor in any
situation where b/\ becomes greater than 0.2. Since the
present experimental work is rather limited when b/\ is
in the neighborhood of 0.5, it is not possible to make a
general statement concerning experimental confirmation
in this region. However, approximate theory indicates
that F should become infinite as b/N approaches 0.5,
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while the experimental work now available indicates a
finite value for F in this region. The curves shown give
the frequency correction well for /X up to 0.3 or 0.4.
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Fig. 6—Proximity factor for a shorting cylinder near the step.
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Proximity of Short-Circuit Termination

When the excitation or termination is so close to the
discontinuity that local fields of the discontinuity are
appreciably disturbed, previous results become approxi-
mate. If the termination is of the nature of a perfect
short-circuiting cylinder at radius r;, as in Fig. 6, on the
preceding page, it is still proper to take care of effects
from the higher-order modes by means of a shunting ad-
mittance between lines at the junction, although this is
increased over previously given values by presence of
the shorting cylinder. This increase may be expressed in
terms of a proximity factor, P, by which previously
given values should be multiplied. In Fig. 6 are plotted
some values of this proximity factor to give some idea of
its importance. It is noted that increase of P over unity
becomes important only when the distance between
shorting cylinder and discontinuity becomes apprecia-
bly less than the wider spacing.
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Fig. 7—Diaphragm discontinuity.

Use of Curves with Diaphragms

A diaphragm discontinuity as illustrated in Fig. 7,
above, can also be solved, but it is often a sufficiently
good approximation for engineering purposes to apply
results from previous curves. That is, the value of Cy for
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use with Fig. 7 isapproximately the sum of that obtained
from Fig. 1 as a function of a/b, and r,/b;, and that ob-
tained from Fig. 2 as a function of a/b; and re/bs. If
thickness of the diaphragm is finite, it may also be desir-
able to add the parallel plane formula capacity corre-
sponding to this thickness and the spacing a. This ap-
proximation corresponds to that for similar discontinui-
ties in other systems, when the two discontinuities are
“back-to-back,” so that their local fields are largely
shielded {rom one another.

Use of Curves with Change of Dielectric at Discontinuily

Again, following approximations developed in the
previous references, it is possible to obtain a fair idea of
the effect of a change in dielectric at the change of sec-
tion by multiplying previous values of discontinuity
capacitance by the relative diclectric constant for the
line of wider spacing. Thus if a diclectric is placed in the
line of smaller spacing in either Fig. 1 or Fig. 2, the
value of discontinuity capacitance is not greatly
changed, but if it is placed in the line of wider spacing,
discontinuity capacitance is increased by a factor nearly
equal to the relative dielectric constant. Similarly, a
dielectric in the A4 line of Fig. 3 or Fig. 4 increases all
capacitances C,, Cs, C. by nearly the value of the rela-
tive dielectric constant, whereas they are not greatly
changed if the dielectric is in either the B or C lines.
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Frequency-Modulation Interference Rejection
with Narrow-Band Limiters®
E. J. BAGHDADY}

Summary—Essential to the interference rejection ability of a fre-
quency-modulation receiver is the use of the proper bandwidths in
its nonlinear sections. The weaker of two competing signals (whose
amplitude may approach the amplitude of the stronger signal within
arbitrary limits) can be suppressed by a frequency-modulation re-
ceiver if, other requirements being met, the limiter and discriminator
bandwidths exceed certain minimum necessary values. After pre-
senting a summary of design requirements established experimen-
tally by previous investigators, this paper presents a theoretical deter-
mination of the minimum necessary values in terms of an ideal band-

* Original manuscript received by the IRE, August 3, 1954; re-
vised manuscript received September 16, 1954, This work was sup-
ported in part by the Signal Corps; the Office of Scientific Research,
Air Research and Development Command; and the Office of Naval
Research. The discussion is based on a M.Sc. Thesis, Dept. Elec.
Eng., Mass. Inst. Tech., August, 1953.

t Res. Lab. Elec., M.I.T., Cambridge, Mass.

pass filter that follows an ideal limiterand is followed by an amplitude-
insensitive detector. The results reported here show that the band-
width specifications prescribed by other investigators can be cut by
a factor of more than ten in the limiter bandwidth, and a factor of
two in the discriminator bandwidth. The paper concludes with ‘ob-
servations on the possibility of reducing the required discriminator
bandwidth to that of the intermediate frequency by cascading enough
stages of bandpass limiters.

INTRODUCTION
3 N ANALYSIS of cochannel and adjacent-channel

interference may well start with an examination
of the situation in which two unmodulated car-
riers differing slightly in frequency and amplitude fall
within the passband of the intermediate-frequency sec-
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tion. Such a situation is shown in Fig. 1(a), where the in-
termediate-frequency response characteristic has been
idealized to simplify the analysis.

With a little manipulation in terms of Fig. 1(b) it is
readily shown that the instantaneous frequency of the
resultant signal is given by

dd + de + at 4 a cos rt
—_— = p —_— = /) y ——————— 5
dt dt 14+ 2a cosrt + a®

! P
A // PHASE
//

[ 7 p+r

e
// AMPLITUDE
//
e

Fig. 1—Two-carrier interference: (a) resultant spectrum within the
idealized if pass band; (b) superposition of representative phasors.
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Fig. 2—The variation of the inst
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preserved at this value, the interference arising from the
presence of the weaker signal will be effectively sup-
pressed when the difference frequency, 7, lies outside the
audio range.’~? If 7 lies in the audio range, the action of
the de-emphasis network and the lowpass audio filter will
reduce the interference considerably.

The work of Arguimbau and Granlund highlighted
the following considerations in frequency-modulation
receiver design for rejecting interference.

a. In the linear sections, namely the stages preceding
the limiter-detector section, the bandwidth should be
sufficient to accommodate a desired frequency-modu-
lated signal over the whole range of its frequency varia-
tions. Furthermore, these linecar stages must have a con-
stant gain over the desired pass band to preserve the rel-
ative magnitudes of any signals that may be accommo-
dated, and this gain should fall very steeply at the skirts
to effect complete rejection outside the pass band.

b. Since a frequency-modulation receiver should be
completely insensitive to amplitude changes, the linear
stages should be followed by a perfect rapid-acting
limiter to cope with amplitude ratios of the order of
(14a)/(1 —a), or 39:1 for a=0.95, where a equals the
strength of the interfering signal relative to the desired
stronger signal. If a capture ratio a is desired, it is clear
that the intermediate-frequency section must provide
enough gain to raise the value of the minimum ampli-
tude (1—a) X (expected minimum signal strength) to
the level necessary to drive the limiter.

c. To preserve the average frequency (over a period
of the difference frequency r) of the resultant signal at

“A Ly

OUTPUT
SPECTRUM
A
+A
x ~ _—
N /|
ar
1 +a \ | A,
\ 3 A,
[
fF—-A,
| |
U Y
2 f 4
T s
L--A‘,’
oae

antaneous frequency of the resultant signal with time. Input and calculated output

spectra are superimposed to clarify the notations and the locations of the spectral components.

A plot of d8/dt is given in Fig. 2, above, for the case in
which ¢ =0.8. Clearly, the average frequency of result-
ant signal over a period of 27 /r second is precisely the
frequency, p, of the stronger signal. Thus, Arguimbau
and Grandlund reasoned, if the average frequency is

1 L. B. Arguimbau and J. Granlund, “Interference in Frequency-
Modulation Reception,” Tech. Rep. No. 42, Res. Lab. Elec., M.I.T.,
Cambridge, Mass.

2 1., B. Arguimbau and J. Granlund, “I'ransatlantic communica-
tion by frequency modulation,” Proc. NEC, vol. 3, p. 644; Nov., 1947.

3 L. B. Arguimbau and J. Granlund, “Sky-wave FM receiver,”
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