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SOLID-ELECTROLYTE

CAPACITORS

complete ratings from SPRIIGUE

prompt delivery and

This salid-electralyte Tantalex
Capacitar (shawn 1% times actual
size) is roted ot 4.7 UF, 10 valts
d-c, and is oanly %" in diameter
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Sprague, the pioneer in the production of
solid-electrolyte tantalum electrolytic capac-
itors, now offers prompt delivery on produc-
tion quantities of all standard ratings. New
expanded facilities end production delays in
your assembly of minified transistor circuits.

Typical of these Tantalex Capacitors is the
Type 150D shown above. Its tiny sintered
anode is impregnated with a solid, non-
corrosive, semi-conductor material which can-
not leak under any circumstance. It combines
true miniaturization with electrical stability
previously unobtainable in an electrolytic
capacitor of any type.

Thermal coefficient of these capacitors is
sufficiently low and linear so that for the first
time a circuit designer can think of an electro-
lytic in terms of parts per million capacitance
change. Nominal value is + 500 ppm/ °C. The

by %" lang.

capacitor may be used without derating over
a range from 4 85°C to as low as -80°C, a
temperature at which no other electrolytic has
proved useful.

Solid construction permits the Type 150D
to withstand the severe shock and vibration
encountered in missile and ballistic applica-
tions. Hermetic sealing makes it completely
immaune to humid atmospheric conditions.

Complete performance data covering the
wide range of sizes and ratings are in Engi-
neering Bulletin 3520B, available on letter-
head request to the Technical Literature Sec-
tion, Sprague Electric Company, 235 Marshall
Street, North Adams, Massachusetts.

* K K

Sprague, on request, will provide you with
complete application engineering service in the
use of Tantalex Capacitors.

DON’T FORGET ! —Sprague atso offers prompt
delivery on all ather types of tantalum capacitors
including tubular foil and sintered anode designs.
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ADVERTISEMENT

SERIES II NO. 11

In the January 1958 issue of the Proceedings, Jack Greene, Section
Head in our Department of Applied Electronics, discussed ‘“‘Noise
Factor and Noise Temperature.” In this issue, he covers some related
factors which result from living in a universe that is generating
radio signals at power levels that are beyond our comprehension.

Antenna Noise Temperature

At low radio frequencies, it has
long been recognized that the noise
power received by an antenna from
its surroundings 1s in general higher
than that contributed by the receiver
connected to it. As a result, the effec-
tive input noise level of an antenna-
receiver system at low frequencies is
primarily determined by antenna
noise. At higher radio frequencies
the antenna noise level decreases and
consequently receiver noise becomes
a dominant factor in determining
system sensitivity. However, with the
advent of extremely low-noise re-
ceivers useable at high frequencies
(such as the maser and reactance am-
plifier), an exact knowledge of the
antenna noise contribution becomes
vital since it may determine overall
system sensitivity.

The noise power received by an
antenna from its surroundings is de-
fined as the integral of the product
of antenna gain and the noise power
radiated by the surroundings. For a
receiver of bandwidth, B, it is con-
venient to convert antenna noise
power, P4, to an antenna noise
temperature, T,, by the relation T,
= P,/KB, where K is Boltzman’s
constant. One can also define an an-
tenna noise temperature as the in-
tegral of the product of antenna gain
and the noise temperature distributed
in the antenna surroundings. The
noise temperature distribution is in
general composed of the following
components: (a) noise due to galac-
tic and extragalactic sources, (b)
noise due to discrete “radio stars”,
(¢) noise associated with atmos-
pheric absorption, and (d) noise as-
sociated with terrestrial absorption.
(Man-made interference is not in-
cluded.) The noise temperatures due
to sources (a) and (b) have been
fairly well tabulated by radio astron-
omers, and in general decrease with
frequency. The noise temperature
due to (c) decreases with elevation
angle above the horizon, is a function
of weather conditions, and except for
a few “windows” increases with fre-

* This assumption is pessimistic since the
galactic center has a higher noise tempera-
ture than the galactic pole, and an antenna
does not generally always point toward
the galactic center.

4 WHEN WRITING TO ADVERTISERS PLEASE MENTION--PROCEEDINGS OF THE IRE

quency to an asymptotic value. The
noise temperature due to (d) is a
function of frequency and the condi-
tion of physical surroundings (such
as the type of soil, calm or choppy
seas, etc.) and in general increases
with frequency to an asymptotic
value equal to the physical tempera-
ture of the surroundings.

Other incidental contributions to
antenna noise result from resistive
losses in the antenna, feed, and trans-
mission line coupling the feed to the
receiver. These losses are especially
serious in low noise systems since
they simultaneously attenuate input
signals and generate noise ; thus they
can degrade system sensitivity by
more than the attenuation associated
with the losses,

Computed antenna noise tempera-
ture for a typical 10 foot diameter
parabolic reflector operating at 1000
Mecis shown as a function of antenna
elevation angle in Figure 1. The data
in this figure were computed assum-
ing a) vertical polarization, b) the
antenna is located on a seacoast and
looks over the sea, ¢) the antenna is
always pointed at the galactic center,*
d) no intense “radio stars” are in the
antenna pattern, e) resistive losses in
the reflector, feed, and transmission
line absorb 2% of the incident power,
and f) that the feed produces a para-
bolic illumination taper. One further
assumption requires some explana-
tion. For a given illumination a
theoretical antenna pattern can be
predicted. However, in practical an-
tennas, side lobes not predicted by
this theory result from spillover,
diffraction at the reflector edge and
supporting structures, etc. Because
these incidental minor lobe patterns
vary so widely from antenna to an-
tenna depending on the particular
design, a constant gain of 0.2 is as-
sumed for the whole of the incidental

200
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pattern. This gain figure is represen-
tative of typical parabolic antennas
where no special effort has been made
to minimize these effects.

Figure 1 shows T, is about 105
deg. K when the 3 db point of the
main lobe is on the horizon, and de-
creases to an asymptotic value of
about 55 deg. K as the elevation angle
increases. At present, masers with an
effective noise temperature of about
25 deg. K are available, and hence
for the antenna described, the an-
tenna noise temperature would be
substantially higher than the maser
noise temperature for all elevation
angles. Because of this, efforts are
now being made to minimize the in-
cidental minor lobe pattern in de-
signing antennas for low noise sys-
tems, since this not only minimizes
the antenna noise temperature, but
simultaneously increases antenna
main lobe gain.

From the above discussion it is
clear that when low noise systems are
considered, one cannot simply as-
sume that the receiver noise temper-
ature determines system sensitivity,
but must carefully evaluate the con-
tributions of the antenna and its sur-
roundings as well,

A complete bound set of our second
series of articles is available on request.
\Write to Harold Hechtman at AIL for
your set.

160 OLD COUNTRY ROAD, MINEOLA, L. I, N. Y.
Phone Ploneer 2-0600
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Meet the need for closer tolerance power wirewound resistors
with these thoroughly reliable, low cost Sprague Blue Jackets—
available in a full wattage range from 3 to 218 watts. The minia-
turized axial lead units shown here are now availuble in re-
sistance tolerances to 1% and 2% as well as standard 5% . Blue
Jackets are designed for utmost stability under extreme condi-
tions. Leads are anchored securely to resistor hody without
danger of disturbing connection of lead and fine resistance wire
when lead is flexed during installation. You can depend upon
Blue Jackets for simplified, safe production and top perform-

y 3,5, 10
watt axial lead

Blue ]ﬂckets 0w

available in values
dozon to one ol for

imcreased useful-
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ance characteristics. u
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235 MARSHALL STREET * NORTH ADAMS, MASSACHUSETTS
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Write a numeral here

on new Bell Labs machine

A new devize invented at Bell Laboratories “reads” a numeral while it is being written
and instantly converts it into distinctive electric signals. The signals may be employed to
make a numeral light up in a display panel, as above, or they may be sent to a computer or
to a magnetic “memory” for storage.

The writing is done with a metal stylus on a specially prepared surface. Two dots, one
above the other, are used as reference points. Seven sensitized lines extend radially from
the dots. Transistorized logic circuits recognize numerals according to which lines are crossed.

The concept of a number-reader has interesting possibilities as a new means of commu-
nication from humans to machines. For example,
in an adjunct to a telephone, it might provide inex-
pensive means of converting handwritten data into
signals which machines can read. The signals
could be transmitted through the regular telephone
network to a teletypewriter or computer at a distant
point. In this way, a salesman might quickly and
easily furnish sales data to headquarters, or a
merchant might order goods from a warehouse.

Tom Dimond, a B.S. in E.E. from the Uni-
. . .. versity of Iowa, demonstrates an experi-
fields of inquiry than the transmission and recep-  mental model of his number-reading

tion of sound. The experimental number-reader is  invention. A similar device can also be made

Modern communication involves many more

q to read alphabetical characters. Small size
but one example of Bell Telephone Laboratories and low power requirements result from

work to improve communications service. transistor circuitry.

BELL TELEPHONE LABORATORIES
World Center of Communications Research and Development
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Size [EEES Y = nl =
CK7079 CK7083
TWIN AMPLIFIER
TRIODE PENTODE
Gm 5000* 5000
u 20*
Heater volts 6.3 6.3
Heater mA 300 200
Plate volts 100 120
Plate mA 8.5* 7.5
Approximate Approximate
prototype prototype
CKolll CK5702WA
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*Each section

JINDUSTRIAL TUBE DIVISION

Relioble Minioture ond Subminiature Tubes ® Voltage Reference
Tubes ® Voltage Regulator Tubes ® Rectifiers ® Nucleonic Tubes

Mev, 1928

(

for critical missile, airborne
and other applications

Raytheon CK7079 and CK7083 Reliable
Subminiature Tubes operating at rated heater

voltage reach 90% of the 3 minute plate cur-
rent in 10 seconds from a cold start. They
meet military specifications for reliable tubes
as well as sweep frequency vibration tests to
500 cycles, 10 g.

The Raytheon type CK7079 specification in-
cludes a pulse emission test with a minimum
limit of 1 ampere peak cathode current per
section as well as an 800 ma peak current
pulse life test for 200 hours.

Newton, Mass.: ........... 55 Chopel St., Bigelow 4-750C
New York: ................. 589 Fifth Ave., Plozo 9-3900
Chicago: ..9501 Grand Ave., Franklin Park, NAtional 5-6130
Los Angeles: ..5236 Sonto Monica Blvd., NOrmandy 5-4221
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column each month those meetings of IRE,
its sections and professional groups which
include exhibits,
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Western Joint Compnuter Conference,
Ambasador Hotel, Los Angeles, Calif.

Exhibits: Mr. David F, Weinberg, Ramo-
Wooldridge Corp., P. O. Box 45067,
Airport Station, Los Angeles, Calif.

May 12-14, 1958

National Aeronautical & Naviga-
tional Electronics Conference, Day-
ton Biltmore Hotel, Dayton, Ohio.

ERA’s TRANSISTORIZED
Exhibits: Mr. John Kinnally, 203 Talbott

H I G H c U R REN T Bldg., Dayton 2, Ohio.

REGULATED POWER SUPPLIES June 46, 1958

Armed Forces Communications &
, H
o
"‘»

/

A

& Exhibit, Sheraton-Park Hotel,
Washington, D.C.

Exhibits: Mr, William C. Copp, 72 West
45th St., New York 36, N.Y.

June 5-6, 1958

Second National Symposium on
Production Techniques, Hotel New
Yorker, New York, N.Y.

Exhibits: Mr. Robert W. Swiggett, Pho-
tocircuits, Inc., Glen Cove, L.I., N.Y.

[
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Electronics Association Convention
Ratings up to 12 Amps!

\

o lIdeal for Battery Substitution e Motor and Relay Control June 16-18, 1958. .

e Computers 0 Ao = Secqr!d National .Conyenhon on

o Life Testing Racks e All High Current Laboratory or "1/‘ g;{glar&'ailiicgft:‘:xmlg% Sheraton-Park
. L I trial Applicati s , DC.

O LTI ) O T e = Exhibits: Mr. L. David Whitelock, Bu-

The high current transistorized power supplies first introduced %‘;pﬁ; E]lectr(giés Div., Dept. of Navy,
by ERA has important features not available in later imitations: stington, L0.L.

August 19-22, 1958

S

e Continuously Variable OQutput e Positive or Negative Outputs Western Electronic Show and Con-
e Fast Transient Response Ungrounded ?A ven'tion, Ambgssador Hotel and Pgn
o Low Output Ripple e Terminals on Front and Rear Pacific Auditorium, Los Angeles, Calif.
iy . e Hinged Panel for full Accessibilit .'_/j Exhibits: Mr. Don Larson, WESCON,
e Positive, Negative, Zero et el v/ = 1435 La Cienega Blvd., Los Angeles,
percent Regulation Control e High Efficiency l [ Calif.
: o e low Heat Dissipation
e Line FreQUen.cy Insensitive p G hp o = September 2224, 1958
e Remote Sensing o (Compact, Light weight \ Nati 1S . Tel
Instant Warm-up Time ational Symposium on Telemeter-
e Constant Current Overload O % ing, American Hotel, Miami Beach,
Protection e Moderately Priced = Fla.
TYPICAL STOCK MODELS "/J 3 Exhibits: Mr. L. P. Clark, Tele-Dynamics,
e — S — = =¥ Inc., 5000 Parkside Ave., Philadelphia
Model Volitage Current Output DC Price f-x: 31. Pa
Number VvDC Amps. R (obms) FOB Factory ! J O .
~ TR32-4 6-32 04 0.01% _ $375.00 — October 8-10, 1958
TR32-8 6-32 0-8 0.006* $410.00 - . . a o1 ens
R — e — 00z T - IRIF tar'}adxa:l Cé)nv(:inlxon, Exhibition
TR150-1 20-150 0-1.0 0.1 ~ $425.00 ark, loronto, Lanada.
TR300-1 170-300 0-1.0 02 $605.00 Exhibits: Mr. Grant Smedmor, IRE Cana-

dian Convention, 1819 Yonge St., To-

. A . S
Typical Values, adjustable to zero or negative, ‘ 1 ronto, Canada

Models listed are stock units. Other designs available to
customer specifications. Write for quotation. A“ Ocmbf" o, ) . .
— National Electronics Conference,
Pioneers in Semi-Conductor and Transistorized Products. 7 Hotel Sherman, Chicago, IlI.
First Mi?ia!uriud Pov;or Pnclg\. I First Transistor Applié:ﬁon Power Supplies. | Exhibits: Mr. J. S. Powers, National
First Transistorized Power Supplies. First Constant Current nerators, ics .
First Automatic Transistor Test Equipment. First High Current Semi-Conductor Regulated Suppli (Ii:]elrc;lroqr;lced(l;onfertincle]e], 84 East Ran
First Dual Output Tubeless Supplies. First “E" Core Transistorized Converters/Inverters, olph St., icago 1, 1],
First Packaged Transistor Circuits. First High Power Semi-Conductor Frequency Changers,

| October 20-22, 1958

Fourth Annual Symposium on Aero-
nautical Communications, Hotel

Manufactured ot ERA’s New and Larger Facilities

Electronic Research

Utica, N.Y.
H Exhibits: Mr. Robert E. Gaffney, 50
Assoc.a'esl In c. CEnter 9-3000 Cambridge Rd., Whitesboro, N.Y.

67 Factory Place, Cedar Grove, N. J.

(Continued on page 10A4)
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KAY ELECTRIC

@%yﬂ

A COMPLETE RANGE of RANDOM NOISE
and NOISE GENERATORS, 3-26,500 MC

///r

Measurement of
Receiver Gain,
Indirect Calibration of
standard Signal Sources,

Measurement of
Noise Figure

SOURCES

xay Mega-Node Sr. 250-8

Your specific needs for noise figure measurement can be met by one

or more instruments from the Kay Electric Company’s compre-
hensive range of six instruments and 17 Microwave Assemblies.

P .
Instrument | Frequency Noise Figur Hutput Impedance Price*
& Cat. No. Range (mc) Range (db) (ohms)
| =
AL y K 0-16 at 50 ohms unbal.—50, 75, 150, 300,0
Mega-Node 2808 | S8 0 33,8 at 300 ohms | bal.—100, 150. 300, 600,90 | $325.00
_—___—_——_. — — "___——- IR - — - - - - - B - -
Mega-Node 175-A 50-500 0-19 balanced—300 | $325.00 \
e - — - ——————— o | — — — g
/l{(-_qu-~]\"ulp 403-A 3-500 0-19 unbalanced—50 T $325.00
/vhw-,’\’mlr-.s‘r.- 250-B | 10-3000 0-20 unbatanced—50 s790.00j1
5.400 0-23.8 depending | ynbalanced as specified | $1395.00 |
on impedance e
Rdu-Node 600-A 10-3000 020 “inbal. nom. 50 | $1865.00
1120-26,500 15.28 or 15.8 waveguide ¥
$725.00

i 1000A | ~3700-4200 | 0-158 aveguide
Micro- Node 10777 37004200 § B RT _waveguide

FWith Microwave Mega-Nodes as Accessory — Prices below

Microwave Mega-Nodes — argon and factor of -0.05 db per degree above 32°C.
fluorescent gas discharge tubes. Noise out- No correction required for argon tubes.
h power cables and fittings-

put of 15.8 *+0.25 Wb for fluorescent tubes: Supplied witl
ly for any waveguide size:

15.28 +0.1 db for argon. Fluorescent tubes Power 3Supp
equipped with thermometer for correction $95.00.
R e — _ 1
waveguide Type Flange Frequency Catalog No. Price® {
AN AN mc. Argon Fluor.
 RGB9.U uG-417/V | 1120-1700 \ 3124 $595.00
T RG-69/U_ UG-a17/U | 1200-1400 311-A 310-A $395.00
~ RG-104/U ~UG-435/Y 1700-2600 7T7 +8I0A $495.00
T RG-112/U UG-553/U | 22003300 | " 880-A | $495.00
"~ RG-48/U ~uG-218/U 26003900 | 261-A  260A $175.00% %
~RG-49/V UG149/U | 3900-5850 L 271A _ 270A | $175.00% %
TRGSOU | UG-3a8/0 | 5850-8200 “281-A 280-A |  $175.007% |
RG-51/U_ UG-51/U ~7050-10,000 291.A  290A | $175.00% %
T RGS52/U | UG-39/0 | 8200-12,400 | 3014 300-A | $175.00+ %
RGO/ L UG-419/V 12,400-18,000 | S521-A s | $250.00
RG-53/U UG-425/U_ "18,000-26,500_] 53lA T " $250.00
+4 Any three plus power supply: $595.0C. Any in excess of three: $167.00 ea.
«* None available.
s Write
*All pri or 1958
prices f.0.b. factory. Kay Catalog

KAY ELECTRICCOMPANY

Dept. I-5
- Maple A
PR venue
OCEEDINGS OF THE IRE .y » Pine Brook, N. J ci
ay, 1958 ° pitali 6-400
(o]
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HUGGINS
LOW NOISE TWT AMPLIFIER

L-BAND—1.0 TO 2.0 KMC

$1500.00

f
f/ 10 1.2 14 16 18 20

d Freq. KMC
R. F. PERFORMANCE

FREQ. RANGE . . . . .. 1.0-1.8 KMC . . . 1.0-2.0 KMC
SMALL SIGNAL GAIN. . 25 DB (MIN.). . . 25 DB (MIN.)
NOISE FIGURE . . . . .. 10 DB (MAX.) . . 11 DB (MAX.)

Noise Figure, db
o 0

6 TO 8 WEEKS DELIVERY

POWER SUPPLY REQUIREMENTS

HELIX VOLTAGE . . . . . .. 165 TO 190 VOLTS
COLLECTOR VOLTAGE . . . 165 TO 190 VOLTS
CATHODE CURRENT . . . . . 0.65 TO 0.80 MA

2 HELIX CURRENT . . . . . . , <10 PA

. ANODE NO 1 VOLTAGE . . 0 TO 20 VOLTS
ANODE NO 2 VOLTAGE . . 0 TO 20 VOLTS
ANODE NO 3 VOLTAGE . . 0 TO 100 VOLTS

A ANODE NO 4 VOLTAGE . . 420 TO —10 VOLTS

‘ HEATER VOLTAGE. . . . . . 4.0 7O 6.3 VOLTS
) 3 HEATER CURRENT . . . . . . 0.45 TO 0.7 AMPS
iR, MAGNETIC FIELD . . . ... 1000 GAUSS

MECHANICAL CHARACTERISTICS

R.F. CONNECTORS . . . .. TYPE N MALE
D.C. CONNECTOR . .. .. WINCHESTER M9P
CAPSULE LENGTH . . . . . . 15%2 INCHES
CAPSULE DIAMETER . . . . . 1.0 INCH

NET WEIGHT . .. ... .. 1.0 POUND

THE HUGGINS HA-14 IS A BROADBAND AMPLIFIER OPERATING OVER THE 1000
MC BANDWIDTH WITH NO MECHANICAL OR ELECTRICAL ADJUSTMENTS
REQUIRED. THE REDUCED NOISE FIGURE OVER THAT OBTAINABLE IN A
STANDARD TWT AMPLIFIER MAKES THIS TUBE PARTICULARLY USEFUL IN
INCREASING THE SENSITIVITY OF BROADBAND MICROWAVE RECEIVERS.
CONSIDERABLY IMPROVED NOISE PERFORMANCE CAN BE OBTAINED OVER
RELATIVELY NARROW SPECIFIED BANDS. PLEASE STATE SPECIFIC BANDWIDTH
AND OUTER FREQUENCY OF INTEREST WHEN MAKING INQUIRY.

A general catalog giving detailed description of our products is
available at your request on company letterhead.

HUGGINS LABORATORIE

711 HAMILTON AVE. MENLO PARK 2, CALIFORNIA
DAvenport 6-3090 TWX Palo Alto 52

manufacture
development

engineering
design
research
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Meetings with Exhibits

(Continued from page 84)

October 27-29, 1958

Eust Coast Acronautical and Naviga-
tional Electronies Conference, Lord
Baltimore llotel & 7th Regiment Ar-
mory. Baltimore, Md.

Exhibits: Mr. R. L. Pigeon. Westinghouse
Electric Corp., Air Arm Div,, P.O. Box
746. Baliimore, Md.

November 19-20. 1958

Northeast Electronies, Research and
Engineering Meeting (NEREM),
Mechanics Building Boston, Mass.

Exhibits: Mr. Howard 1. Dawes. Gen-
eral Radio Co.. 275 Massachusetts Ave.
Cambridge 38, Mass.

December 3-5, 1958

Eastern Joint Computer Conference,
Bellevue Stratford Hotel, Philadelphia.
Pa.

Exhibits: Mr. L. D. Whitelock. BuShips.
Room 1025. Main  Navy Building.
Washington 25, D.C.

December 3-5, 1958

Second National  Symposinm  on
Global Communieations, St. Peters-
burg. Fla.

Exhibits: Mr. Robert L. Lazarchik, Sperry
Rand Corp., P. O. Box 1828, Clearwater,
Fla.

December 4-5, 1958

PGVC Annual Meeting, Hotel Sher-
man. Chicago. 1l

Exhibits: Mr. Frederick L. Hilton. 4501
Augusta Blvd., Chicago. Il

December 9-11, 1958

Mid-America Eleetronics Convention,
Municipal Auditorium, Kansas City,
Vo.

Exhibits: Mr. Leo Schlesselman, Bendix
Aviation Corp., Box 1159. Kansas City
41, Mo.

March 23-26, 1959

Radio Engineering Show and Na-
tional IRE Convention, New York
Coliseum and Waldorf-Astoria Hotel,
New York, N.Y.

Exhibits: Mr. William C. Copp. Institute
of Radio Engineers, 72 West 45th St.,
New York 36, N.X.

Aprit 16-18. 1959

Sonth Western IRE Regional Con-
ference & Electronies Show, Dallas,
Tex.

Exhibits: Mr. Durward Tucker. WRR,
State Fair Grounds. Dallas, Tex.

A

Note on Professional Group Mectings:
Some of the Professional Groups con-
duct meetings at which there are ex-
hibits. Working committeemen on these
groups are asked to send advance data
to this column for publicity information.
You may address these notices 1o the
Advertising Department and of course
listings are free to IRE Professional
Groups.

May, 1958



Tantatum
Peliet
Firmly
Embedded

EASY MOUNTING

Salid

you get these
Electrolyte

praved gamo
4 leak
henefits!

® BUILT FOR TOUGH DUTY

é‘: ® CAPACITANCE AND IMPEDANCE STABLE FROM -80 T0 +85°C

N 50

2 25 = ~ T, ——

bl = 4/'/ \

w 0 == L 4
S 50 ¢

o -8 -65 -4 -26°C -5 15 35 5 15

TEXAS INSTRUMENTS SALES OFFICES
DALLAS - NEW YORK . CHICAGO . LOS ANGELES
CAMDEN . DAYTON . DENVER

l " ]
DETROIT L] OTTAWA . SYRACUSE . SAN DIEGO \ '\L‘t e
0 N

SAN FRANCISCO ° WALTHAM L4 WASHINGTON D. C.

...immediately available
in production quantities!

YOU get precision performance, tough mechanical con-
struction and clean, compact design when you specify
tan-TI-cap solid-electrolyte tantalum capacitors — avail-
able immediately in production quantities!

YOU are assured of the stability your high reliability appli-
cations require with tan-TI-cap capacitors. Capacitance and
inpedance parameters remain within 5% of rating through-
out entire temperature range ...from -80 to +85°C...
and stable throughout extra-long shelf and service life!

Solid, no-leak construction of tan-TI-cap capacitors pro-
vides pellet with a hard surrounding foundation of high
temperature solder that resists high impact and vibration.
You simplify printed circuit assembly with tan-Tl-cap
capacitors . . . firmly anchored leads can be bent sharply
close to the case for easy mounting in subminiature circuits.

SELECT FROM 18 RATINGS —
6-volt | 22,uf | 33uf | 47 uf | 60 uf | 200 uf
15-volt | 10 15 22 33 100
25-Volt 5) 10 15 85 55
35-Volt 4 8 25

ASK YOUR NEAREST TiI SALES OFFICE FOR BULLETIN DL-C 859
*Trademark of Texas Instruments Incorporated

TEXAS INSTRUMENTS

I NCORPORATED
SEMICONDUCTOR-COMPONENTS DIVISION
POST OFFICE BOX 312 DALLAS , TEXAS



Simple, direct hookup! Direct reading! Five 11-digit

Complete Printed Digital
for Hewlett-Packard

Analog output for strip-chart recorder.

Expanded scale; full scale can represent

1/107. Direct printout from counters; ac-

curacy identical to counter used. Can re-
cord output of many electronic or me-

chanical devices.

-hp- 560A DIGITAL RECORDER

SPECIFICATIONS
-hp- 560A/AR Digital Recorder

Accuracy:
Printing Rate:
Digit Capacity:

Driving Source:

Analog Output:

Print Command Signal:

Paper:
Line Spacing:
Price: -hp- 560A/AR:

Identical to counter used.
5 lines/sec maximum,
11 per line.

Parallel entry staircase voltages.
Descending from 135 to 55 v, 0 to 9.

Proportional to any 3 digits selected. Max-
imum amplitude 1 ma or 100 mv.

1 usec minimum, pos. or neg.
15 v per pulse.

3" roll or folded.

Single or double, adjustable.

(11.digit, cabinet model) $1,390.00
{11 digit, rack mount) 1,375.00
[ 6 digit, cabinet model) 1,265.00
{ 6 digit, rack mount) 1,250.00

Data subject to change without notice. Prices f.0.b. factory.

4648

-

New -hp- 560A Digital Recorder works direct with all
-hp- counters and most other precision electronic count-
ers; no intermediate equipment is needed. It provides a
complete record of all types of test data, plus, through an
analog output, a convenient graphic record of very small
data variations.

The analog output for driving a strip chart recorder
is a voltage or current proportional to the number repre-
sented by any three consecutive digits of recorded data.
The 560A permits expanded scale strip chart recording
and the strip chart can never be driven off scale since
range variation for the 3-digit scale is 0 to 999. Wider
variation merely causes a repetition of the 0 to 999 se-
quence,

Model 560A is a complete, self-contained electronic
instrument normally controlled by staircase voltages and
a print command pulse from an electronic counter. It
may, however, be controlled by other electronic or elec-
tro-mechanical devices. Printing speed is five, 11-digit
lines per second ; secondary or coding data may be en-
tered simultaneously with primary data.

Maximum print capacity of the recorder is five, 11-
digit lines per second but instruments can be supplied
with any lesser number of digits desired.

offers the most complete line

WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE
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lines per second!

Record

Satellite
performance...

Counters

-hp- Electronic Counters

-hp- 524B Electronic Counter. Measures
frequency 10 cps to 220 MC, time interval
1 psec to 100 days, period O cps to 10 KC.
Basic -hp- 524B Counter, 10 cps to 10 MC,
$2,150.00. Plug-in Frequency Converters,
Video Amplifiers, Time Interval Unit and
Period Multiplier, $150.00 to $250.00.

-hp- 521A/C Industrial Counter. Accu-
rate, low cost industrial instrument. Meas-
ures frequency, speed, random events, rpm,
etc. Direct readings 1 cps te 120 KC. Time
of count 0.1 to 1.0 seconds, variable display
time. -hp- 521A has 4 place registration ; -hp-
521C has 5 place registration, crystal con-
trolled time base. -hp- 521C, $650.00. -hp-
521A, $475.00.

-hp- 522B Electronic Counter. Compact,
versatile instrument for frequency, period or
time measurements. Measures frequency 10
cps to 120 KC, time interval 10 psec to 105
sec. Reads direct in cps, KC, seconds, milli-
seconds. $915.00.

-hp- 523B Electronic Counter. All-purpose
counter measures frequency 10 cps to 1.1
MC, time interval 3 psec to 27.8 hours, peri-
od 0.00001 cps to 10 KC. Stability 2/1,000,-
000 per week. Reads direct in sec, msec,
psec or KC; automatic decimal. Display var-
iable 0.1 sec to 5 sec or indefinite. $1,2:15.00.

See your -hp- representative or
write direct for details

HEWLETT-PACKARD COMPANY

4648D Page Mill Road ¢ Palo Alto, California, US.A.
Cable *“HEWPACK' « DAvenport 5-4451
Field Representatives in all Principal Areas

NEW -hp- RECORDER PROVIDES VITAL
DOPPLER HEIGHT, RANGE DATA!

Two -hp- 560A Digital Recorders and two -hp- 523B Fre-
quency Counters, connected to radio receivers, provided
important orbital data on Soviet satellites. The installation
in Figure 1 (photo courtesy Stanford Research Institute)
shows the equipment arrangement which produced the tape
showing frequency shift in cps (Figure 2) and strip chart
recordings (Figure 3). Calculation based on Doppler shift
is an efficient method of determining satellite range, height
and other orbital information. Simultaneous Doppler rec-
ords from differing frequencies provide propagation data.
(See -hp- Journal Vol. 9, No. 3-4, for more details.)

W
n N 0 2 4
: 0002 4
0O 0 0 2 6
000 2 7
00027

0O 0 0 2 8
00029
00 0 2 9
0003 !
000 3 1

0O 0 0 3 3

A 38833
J 80034
0035

= 88811
03 7

= 60038
O 0 0 3 8

0O 0 0 3 9

0O 0 0 4 0

0O 0 0 4 1

0O 0 0 4 3

0O 0 0 4 3
00045

0 0 0 4 8
00045

L BUBs Y

Figure 1. -hp- digital recorders, counters and dual trace oscillo-
seope assembled for satellite tracking.

Figure 2. Printed tape from ~kp- 560A similar to that used during
satellite measurements. Note Doppler frequency shift in cps.

S ENTERIG

RANCE

=== 55 ) A B == S S

= e
r

TCREASNS (R —

—/ 0¢ AT 40NC—

==
A

SE——T YT s Wt
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Figure 3. Strip-chart recording of 40 MC transmission from Soviet
satellite. Note Doppler shift during 3-minute -period when satel-
lite transmitter was continuously keyed.

of precision electronic counters

PROCEEDINGS OF THE IRE May, 1958

13a



Recipients of the 1958 IRE awards are (above lef! to right): E. L. Ginzton, winner of the Lieb-
mann Memorial Frize: R. L. Kyhl and 1. F. Websgier, co winners of the Baker Award; C. P,
Ginsburg, winner of the Zworykin Television Prize Award; and E. W, Allen. Jr., winner of the
Diamond Memorial Award. Below-- The 1958 i RE President, D. G. Fink (lef1), congratulates
AW lll.xll. uponm his receipt of the IRE's Medal of Honor for his inventions in the field of elec
tron tubes.

1958 IRE NATIONAL CONVENTION
Record 54,500

Above, left—Retiring IRI~ president J. T, Henderson (right) turns
over the gavel to inceming IRE president D. G. Fink at the annual
meeting. Above, right—An oveiflow crowd listens to the Tuesday
evening session, a hizhlight of the convention. The session featured a
panel on “Electronics in Spare” which consisted of the fallowing (back row. lefi to right): ¥. L. Whipple, Smithsonian Astrophysical Observatory; Maj. D. G. Simons, Holloman Air Force
Base; Seville Chapman, Cornel! Aeronautical Lab.; L. V. Berkner. Associated Universities, Inc.; 8 S. Draper. M.1.T.; (front row. l=ft to right), H. Preston-Thomas Canadian National
Research Council; D. G. Fin, 1958 IR President: Lee DuBridge, President, Calif. Inst. of Te chnology; and J. B, Weisner, M.1.T. Belo. left—G. W. Bailey (lof!). convention chairman
and IRE Executive Secretary. cliats with C. I2. Granqvist of Sweden. 1953 IRE Vice-President. Below, center-—D. G. Fink (l«ff). 1958 IRE President. greets R, C. Sprague, Chairman
of the Board of Sprague Electric Co. and the Federal Re:erve Bank of Boston, who was the banquet guest speaker. He spoke ou *The Federal Reserve and the Illectronics Industry.”
Below, 1ight-—G. L. Haller (left) banquet toastmaster, exchanges anecdotes with P. k. Haggerty, spokesman for the 75 new IRE Fellows, who were honored at the annual banquet.

!
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Above, left—Maurice Levy of the Canadian Post Office Department headed a five
man team which described during a session the Canadian automation system o
postal operations. Above, right —One session attendee was Howard Coonen, Directing
Postmaster of New York City. shown here as he addressed an 1RE press conference

Left—Iirnst Weber, President of Polytechnic Institute of Brankiyn and IRE Direc
tor, was the featured speaker at the IRE annual meeting on “The Broad Spectrum.

AND RADIO ENGINEERING SHOW
Crowd Attends

Above—E. W. Herold (leff), of C. Stellarator Asso-iates, and W. E. Tolles (right), Ar
borne Instruments Labs., brief the press on the sessions devoted to coatrolled thermom
clear power and medical electronics at a meeting moderated by Lewis Winner, of Brya
Davis Publishing Co.. and conventian vice-chairman of publidty.

Above—Among the many interesting papers were those given by (left to righ?)
E A. Sack of Westinghouse on electroluminescent displays, Gordon Teal of
Texas Instruments on engineering education, and Seville Chapman of Cornell
Aeronautical Lah. on space flight propulsion. Right—P. C. Goldmark, President
of CBS Laborato: ies, demonstrated far the first time a stereaphonic disk that can
also be played on standard long-playing phonographs for monaural listening.




Above—The operation of MOBIDIC, a mobile, completely transistorized, general-purpose

digital computer on wheels, is explained to these two members of the United States Army
Signal Corps.

Exhibits

at the

Above—A mobile antenna for use at frequencies between ShOW
200 and 4000 mc, has a 28-foot diameter reflector which
i3 sactionalized for storage within its mounting tower.
Retractable wheels in the tower can be used for towing.

Above—The electronic spectroanalyzer determires the identity of chemicals
by the quantity of infrared waves which are absorbed. Major units are a spec-
trophotometer, a recording device, a “library,” and a high speed electronic
computer. It is useful in medical electronics and nuclear radiation analysis.

Left—A submarine homing torpedo has been developed for the U'. S. Navy.

Below l‘l}e Administrative Committee of the Professional Group on Broadcas Laeser, €. H. Owen, chairman, and Carl Smith, Standing (left to right) are: Dana
Trav.‘smi.:smr' Systems held :their annual breakfast meeting just prior to the IR} Pratt, Lewis Winner, ex-officio, R. J. Rockwell, George Town, O. \W. B. Reed, Jr.,
Natio1al Convention. Seated (lef! to right ) are: R. N. Harmon, T. E. Howard, P. B ex-officio, W. L. Hughes, and G. W. Hagerty, secretary-treasu-er.

g - R !
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NEW! From the Laboratories of General Ceramics

0

PROCEEDINGS OF THE IRE

030" -+ 0.002
050" =+ 0.002

These new 50 mil O.D. cores are now available in
General Ceramics S-4, the material that has proven
so successful in such vitally important systems as
the SAGE computer. Switching time is less than
one mierosecond with 550 ma full drive. At recom-
mended operating conditions, the “ONE” output
voltage is greater than 60 millivolts; the “ZERO”
output voltage is less than 6 millivolts. Cores are
provided in two quality levels, to .015 AQL and to
6.5 AQL. Dimensions are .050” O.D., .030" L.D.

50 MIL O.D. Memory Cores
for Transistorized
High Speed Memories

and .015” in height, all with tolerances of = .002".
General Ceramics has designed and built special
equipment for core testing to insure that each unit
meets established electrical properties. 50 mil O.D.
cores are supplied in production quantities in two
quality levels. Parts are shipped according to MIL
Specification 105A to 0.015 AQL or 6.50 AQL. For
complete information on this core write General
Ceramics Corporation, Keasbey, New Jersey, for
Bulletin 326 ; address Dept. P.

GENERAL CERAMICS

Industrial Ceramics for Industrial Progress. .. Since 1306

- Z = i Z
. == o
> o » I f% d
’, “ . ".. Z = S\:ﬂ ) ]
\ & e “\\\sl 1 ’ | p.
< % : \\\\Q\ STy i
N / 3 \\\\\n t §
w e "\-f‘ v v
\ 2 |
PRECISION MAGNETIC “ADVAC" HIGH SOLDERSEAL
FERRAMIC CORES STEATITES MEMORY PLANES TEMPERATURE SEALS TERMINALS
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IRE News and Radio Notes

WayNe UNIVERSITY JoINs NEC

The 1958 National Electronics Confer-
ence, the 14th Annual Forum on Electronic
Research, Development, and Application,
will be held at Chicago, Ill., at the Hotel
Sherman, on October 13-15.

Wayne State University of Detroit,
Michigan has been added as a participant,
and is the ninth institution of higher learning
to join the ranks of the NEC.

Sponsors of the conference are the IRE,
American Institute of Electrical Engineers,
Illinois Institute of Technology, and North-
western and [linois Universities.

Participants in the conference, in addi-
tion to Wayne, are Notre Dame, Purdue,
Michigan State, Michigan and Wisconsin
universities, Electronic-Industries Associa-
tion, and Society of Motion Picture and
Television Engineers.

PROCEEDINGS NOW AVAILABLE

Proceedings for the Tenth Southwestern
IRE Conference are available now. They
cost $3.00 for registrants, and $3.50 for
separate orders. They are reproduced in the
sanie format as the /RE National Conference
Record and the WESCON Record. The issue
will be copyrighted to protect the authors.
Copies of the proceedings may be ordered
from the San Antonio Section magazine,
The Analog, Box 7948, Univ. Station,
Austin 12, Tex., or from the registration
chairman, Tenth SWIRECO, Box 55, San
Antonio 6, Tex. The proceedings will carry
the full text as prepared by the author of
every paper given in the technical sessions,
the winning paper of the Region 6 Student
Paper Contest, and an abstract of all student
papers entered in the Student Paper Con-
test.

MISCELLANEOUS IRE PUBLICATIONS

The following issues of miscellaneous publications are available from the Institute of
Radio Engineers, Inc., 1 East 79th Street, New York 21, New York, at the prices listed

below:
Price
Publications per
Copy
Component Symposia
Proceedings of the 1954 Electronic Components Symposium, May 4-6, 1954,
Washington, D. C. $4.50
Proceedings of the 1957 Electronic Components Symposium, May 1-3, 1957,
Chicago, 111 5.00
Electronic Computer Conferences
Proceedings of the Joint AIEE-IRE-ACM Western Computer Conference, Feb-
ruary 11-12, 1954, Los Angeles, Calif. 3.00
Proceedings of the Joint ATEE-IRE-ACM Western Computer Conference, March
1--3, 1955, Los Angeles, Calif. 3.00
Proceedings of the Joint ATEE-IRE-ACM Western Computer Conference, Feb-
ruary 7-9, 1956, San Francisco, Calif. 3.00
Proceedings of the Joint ATEE-TRE-ACM Western Computer Conference, Feb-
ruary 26-28, 1957, Los Angeles, Calif. 4.00
Proceedings of the Joint AIEE-IRE-ACM Eastern Computer Conference, De-
cember 1012, 1951, Philadelphia, Pa. 3.50
Proceedings of the Joint AIEE-IRE-ACM Eastern Computer Conference, De-
cember 8-10, 1954, Philadelphia, Pa. 3.00
Proceedings of the Joint AIEE-IRE-ACM Eastern Computer Conference, No-
vember 7-9, 1955, Boston, Mass. 3.00
Proceedings of the Joint AIEE-IRE-ACM Eastern Computer Conference, De-
cember 10-12, 1956, New York, N. Y. 3.00
Proceedings of the Joint AIEE-IRE-ACM Eastern Computer Conference, De-
cember 9-13, 1957, Washington, D. C. 3.00
Magnetic Amplifiers Conference
Proceedings of the Conference on Magnetic Amplifiers, April 5-6, 1956, Syracuse,
N.Y. 4.00
Reliability and Quality Control in Electronics Symposia
Proceedings of the National Symposium on Quality Control and Reliability in
Electronics, November 12-13, 1954, New York, N. Y. 5.00
Proceedings of the Second National Symposium on Quality Control and Relia-
bility in Electronics, January 9-10, 1956, Washington, D. C. 5.00%*
Proceedings of the Third National Symposium on Reliability and Quality Control
in Electronics, January 14-16, 1957, Washington, D. C. 5.00
Proceedings of the Fourth National Symposium on Reliability and Quality Control
in Electronics, January 6-8, 1958, Washington, D. C. 5.00
Telemetering Conference
Proceedings of the 1953 National Telemetering Conference, May 20-22, 1953,
Chicago, l1ll. 2.00

* | RE member rate—$3.00.
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Calendar of Coming Events
and Authors’ Deadlines*
1958

PGMTT Symp., Stanford Univ., Stan-
ford, Calif., May 5-7

Western Joint Computer Conf., Ambas-
sador Hotel, Los Angeles, Calif.,
May 6-8

Nat'l Aero. Elec. Conf., Dayton Bilt-
more Hotel, Dayton, Ohio, May 12—
14

Spring Assembly of Radio Tech. Comm.
for Marine Services, Ben Franklin
Hotel, Phil., Pa., May 13-15

IEE Convention on Microwave Values,
Savoy Place, London, England,
May 10-23

PGPT Symp., Hotel New Yorker, New
York City, June 4=6

Int’l Automation Exposition & Con-
gress, Coliseum, New York City,
June 9-13

Nat'l Soc. of Prof. Engrs. Annual Mtg.,
Chase-Park Plaza llotel, St. Louis,
Mo., June 11-14

PGMIL Convention, Sheraton-Park
Hotel, Wash., D. C., June 16-18

Nat’'l Summer Mtg.,, Inst. of Aero.
Sciences, Ambassador Hotel, Los
Angeles, Calif., July 8-11

Spec. Tech. Conf. on Nonlinear Mag.
and Mag. Amplifiers, Hotel Statler,
Los Angeles, Calif., Aug. 6-8

Elec. Radio & Standards Conf., Univ. of
Colo. and NBS, Boulder, Colo., Aug.
13-15 (DL*: Apr. 15)

Int'l Conf. on Semiconductors, Univ. of
Rochester, Rochester, N. Y., Aug.
18-22

WESCON, Ambassador Hotel and Pan-
Pacific Audit.,, Los Angeles, Calif.,
Aug. 19-22 (DL*: May 1, R. C.
Hansen, Microwave Lab., Hughes
Aircraft Co., Culver City, Calif.)

Int’l Conf. for Analog Computations,
Strasbourg, France, Sept. 1-7

Int’'l Cybernetics Conv., Namur, Bel-
gium, Sept. 3-10 (DL*: June 1,
Secretariat, 13, rue Basse-Marcelle,
Namur, Belgium)

Int'l Nuclear Elec. Conf. UNESCO
House, Paris, France, Sept. 16-20
Nat’l Symp. on Telemetering, Ameri-
cana Hotel, Miami Beach, Fla.,

Sept. 22-24

Indus. Elec. Conf.,, Rackham Mem.
Audit., Detroit, Mich., Sept. 24-25

PGEWS Symp., New York City, Oct.
2=-3

IRE Canadian Convention, Exhibition
Park, Toronto, Can., Oct. 8-10

Nat’l Electronics Conf., Hotel Sherman,
Chicago, Ill., Oct. 13-15 (DL*: May
1, L. W. Von Tersch, Elec. Eng.
Dept., Mich. State Univ., E. Lansing,
Mich.)

PGCS Symp. on Aero. Communications,
Hotel Utica, Utica, N. Y., Oct. 20-22

Nat’l Simulation Conf., Dallas, Tex.,
Oct. 23-25 (DL*: June 25, D. J.
Simmons, Rte. 8, Box 447, Ft.
Worth, Tex.)

* DL =Deadline for submitting ab-

stracts.
(Continued on page 20A4)
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Bobbinless

Resistors

@ Exceptional Stability — Permanent change in resistance e Less than 0.29, resistance change with humidity (MIL-
less than 0.29, under most environmental conditions, R-93 moisture resistance test).

® Guaranteed Close Tolerance— Resistors guaranteed to O Less‘ than 0.2% resistance change with temperature
be in tolerance under normal conditions of measurement. cycling (MIL-R-93).
Tolerances down to + 0.05%, available in standard sizes e Withstands extreme vibration and shock due to unique
depending upon resistance value. Closer tolerances or construction and encapsulation method.

matched multiples available on request. @ Extremely Stable— Less than 0.3%, resistance change

@ Low Inductance and Low Capacitance Characteristics with load life or 100% overload (MIL-R-93).
with reproducible uniform frequency response. ® Low Temperature Coefficient Wire available.

RECTANGULAR

Dimensions Resistance CTS Type
Wattage tinches) (Ohms) Number

3/4" x 3/16" x 1/4" 1.0-10,000
3/4" x 3/16" x 3/8" 1.0-100,000
3/4" x 3/16” x 1/2" 0.5-100,000
1" x 3/16” x 1/4” 0.5-100,000
1" x 3/16" x 3/8" 0.1-100,000
17 x 3/16" x 1/2" 0.1-200,000
1" x 3/16" x 3/4” 0.1-300,000
1" x 3/16" x 1" 0.1-400,000
1-1/2” x 3/16" x 1" 0.1-600,000
2" x 3/16" x 1” 0.1-1,000,000
2-1/2" x 1/4" x 2" 0.1-2,500,000

TUBULAR

3/4” x 1/8" 10-5,000
1" % 1/4" 0.5-25,000
1" x 3/8" 0.1-250,000
1-1/¢" x 1/2" 0.1-1,000,000

Special dimensions, tolerances, wattage ratings, etc. can be made to your exact specification.

Either axial or radial leads available on all rectangular types.
SOUTHEASTERN

(Forits, Cuts, Pusrto Rico) Write for further details today.
enz Sales Co. .
P. Q. Box 178
No. Miami Beach 62, Florida CANADIAN SUBSIDIARY EAST COAST OFFICE SOUTHWESTERN U. S. A, SOUTH AMERICA
Phore: FR 4-1301 s C.C. Meredith & Co., Ltd. 5 Haddon Avenue {Texas,Oklahoma) Jose Luis Pontet
Streetsville, Ontario Haddontield, New Jersey John A. Green Company Buenos Aires, Argentina
Phone: Taylar 6-1141 Prone: Haddontield 9-5512 137 Parkhouse Street Montevideo, Uruguay
TWX No. Haddonfield 529 Dallas 7, Texas Rio de Janeiro, Brazil
Founded Ph la. Phone: Market 7-3129 Phane: Riverside 3266 Sao Paulo, Brazil

CHICAGO TELEPHONE SUPPLY




Calendar of Coming Events
and Authors’ Deadlines*

(Continued from page 18A4)

EIA-IRE Radio Fall Meeting, Sheraton
Hotel, Rochester, N. Y., Oct. 27=-29

East Coast Aero. & Nav. Elec. Conf.,
Lord Baltimore Hotel and 7th Regi-
ment Armory, Baltimore, Md., Oct.
27-29 (DL*: May 15, W. A. Scanga,
Aircraft Armaments, Inc., Cockeys-
ville, Md.)

1958 Electron Devices Meeting, Shore-
ham Hotel, Washington, D. C., Oct.
30-Nov. 1 (DL*: Aug. 1, S. T.
Smith, Code 5240, Naval Research
Lab., Wash, 25, D. C.)

Conf. on Elec. Tech. in Medicine &
Biology, Minneapolis, Minn., Nov.
12-14

Atlanta Section Conf., Atlanta-Biltmore
Hotel, Atlanta, Ga., Nov. 17-19

NEREM, Mechanics’ Bldg., Boston, g
Mass., Nov. 19=20 At the recent annual b of the Washington Section, IRE President D. G. Fink delivered the dinner address

: A and presented eight Fellow awards. Three Section members also received distinguished service citations, and
Acoustical Soc. of Amer., Chicago, IlL., six student members were awarded certificates. The picture above shows. from left to right; N. H. Street of
Nov. 20-22 . George Washington Univ., R. J. Lindsey, Jr. and Wilbert Mason fram Howard Univ., and George Abraham.
Elec. Computer Exhibition, Olympia, Section Vice-Chairman of the Student Affairs Committee, who made the presentations of the six student awards.

London, Eng., Nov. 28-Dec. 4

Eastern Joint Computer Conf., Belle-
vue-Stratford Hotel, Philadelphia,
Pa., Dec. 3=5

Nat’l Symp. on Global Comm., Colonial
Inn, Desert Ranch, St. Petersburg,
Fla., Dec. 3=5 (DL*: Aug. 1, M. R.
Donaldson, Elec. Commun., Inc.,
1501 72nd St., N., St. Petersburg,
Fla.)

PGVC Annual Mtg.,, Hotel Sherman,
Chicago, Ill., Dec. 4=5

Mid-Amer. Elec. Convention, Mun.
Audit., Kansas City, Mo., Dec. 9=-11
(DL*: Aug. 1, Wilbert O’Neal, The
Vendo Co., 7400 E. 12th St., Kansas
City, Mo.)

1959

Rel. & Qual. Control Nat’l Symp.,
Bellevue-Stratford Hotel, Phil., Pa.,
Jan, 12-13 l

Transistor-Solid State Circuits Conf.,
Univ, ot Pa., Philadelphia, Pa., Feb. [
12-13 f

IRE Nat’l Convention, Coliseum and
Waldorf-Astoria, New York City,

Mar. 23-26
Nuclear Cong., Cleveland, Ohio, Apr. 5~
10
SW Regional Conf., Dallas, Tex., Apr.
16~18
9 H .
N"tl:[ Aero Elec. Conf., Dayton, Ohio, Getting ready for the 1958 WESCON are (left to righ): Gerald Goldenstern, registration vice-chairman; Fred
ay 4-6 R ) MacKenzie, arrangements vice-chairman; Louis HoMand, program committee member; Spencer Viarian, arrange-
Seventh Region Conf., Univ. of New ments chairman; and W. E. Peterson, convention director, WESCON is scheduled for Aug. 19~22 at Los Angeles.

Mezx., Albuquerque, N. M., May 6-8

Elec. Components Conf., Ben Franklin
Hotel, Phil,, Pa., May 6~8

WESCON, San Francisco, Calif., Aug.
18-21 (DL*: May 1, R. C. Hansen,
Microwave Lab., Hughes Aircraft
Co., Culver City, Calif.)

Int'l Congress on Acoustics, Stuttgart,
Germany, Sept. 1-8 (DL*: May 15,
LLE. Zwicker, Stuttgart N, Breit-
scheidstr. 3)

Nat’l Electronics Conf., Hotel Sherman,
Chicago, Ill., Oct. 12-14

East Coast Aero & Nav. Conf., Balti-
more, Md., Oct. 26~28

1959 Electron Devices Meeting, Shore-
ham Hotel, Washington, D. C.,
Oct. 29-31

Nat'l Automatic Control Conf., Hotel
Sheraton, Dallas, Tex., Nov. 4-6

* DL =Deadline for submitting ab-

stracts. About 1000 engineers and scientists atterded the recent Reliability & Quality Control Symposium. Sympasium
program chairman, Clifford Ryerson (left}; Maj. Gen. F. L, Ankenbrandt (center), keynote speaker; and M. M.

Tall (right), general chairman, discuss the successful program of speakers, including one from England.
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Headquarters for
‘Military Closures=

Precision Drawn MIL-T-27A
Specification Cases and Covers from
AF to OA Inclusive Available from Stock

Depend on HUDSON for complete stocks of deep .
drawn closures to the most critical military and
commercial specifications. Economical standardized
HUDSON components, available with hundreds of
modifications, meet all but the most unusual design
requirements. Complete cover assemblies can be sup-
plied to specification ; custom cases can be produced
quickly and at minimum cost. Call or write for catalog
on standard closures or send drawings for quotations
on special cases, metal stampings or sub-assemblies.

Quality Metal Stampings
and Precision Drawn Closures

/ HUDSON

TOOL & DIE CO » INC

18-28 MALVERN ST., NEWARK 5, NEW JERSEY

Telephone M Arket 3-7584
Teletype No. NK 1066
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LiBrarY OF CONGRESS CIIANGES
NAMES OF Two PUBLICATIONS

Effective immediately, the names of two
Library of Congress monthly publications,
which serve as keys to new literature coming
into this country from the U.S.S.R. and
East Europe, will be changed from “Lists”
to “Indexes.” The purpose of the change is
to indicate to scientists and other scholars
not familiar with the monthlies that they
are more than mere “booklists” and that
they contain information about the content
of new Russian and East European books
and articles.

‘The Monthly List of Russian Accessions,
which enters its 11th year of publication in
April 1958, becomes the Monthly Index of
Russian Accessions. The Government Print-
ing Office sells it for $12 a year ($15 abroad).

The East European Accessions List, pub-
lished since 1951, becomes the East European
Accessions Index. 'The GI’O sells it for $10
a year ($12.50 abroad).

The change in the names of the two
bibliographies does not mean a change in
the editorial content of either one. [t should
also be noted that they contain information
about the content of books and articles, not
translations of entire books and articles.

Each index gives in English a monthly
account of new material in a variety of sub-
ject fields as received from the U.S.S.R. and
East Europe by the Library of Congress and
by other American research libraries. The
translation of all titles of books and articles
into English and the elaborate subject
guides in English permit a researcher who
has no command of Russian or East Euro-
pean languages to identify easily the mate-
rial important to him.

AIEE HoLps MAGNETICS MEETING

The AIEE-sponsored 1958 Special Tech-
nical Conference on Nonlinear Magnetics
and Magnetic Amplifiers, convening at the
Hotel Statler, Los Angeles, Calif., Aug. 6—
8, 1958 will present a technical program
divided into four sessions. This will include
technological and theoretical aspects of non-
linear magnetics and magnetic amplifiers,
computer applications, special purpose de-
vices and applications, and “new frontiers”
in this ever-expanding field. Displays by
forty manufacturers in the magnetics field

will be an additional feature of the program.

For the first time through a technical
conference, the AIEE will offer a scholarship
in the name of the author of the best judged
technical paper, presented to the university
of his choice.

INTERNATIONAL CONFERENCE ON
AcCoUSTICS MEETS IN STUTTGART

The Third International Congress on
Acoustics will be held Sept. 1-8, 1959 in
Stuttgart, Germany. It is sponsored by the
International Commission on Acoustics and
arranged by the “Verband Deutscher
Physikalischer Gesellschaften” together with
the “Nachrichtentechnische Gesellschaft des
Verbandes Deutscher Elektrotechniker” and
the “Verein Deutscher Ingenieure.”

The technical sessions will be held in
Stuttgart’s “Liederhalle” and in the lecture
theaters of the “Technische Hochschule
Stuttgart.”

The program will cover the entire field
of physical and technical acoustics with some
preference to noise and vibration control,
electroacoustics, architectural acoustics and
physical acoustics. Invited papers are
planned on the following subjects: acoustical
methods in solid state physics, sound propa-
gation in gases under low pressure, turbu-
lence and sound, cavitation, investigation
of molecular structure by ultrasonics,
physiological acoustics, psychological acous-
tics, stereophony, room acoustics, building
acoustics, noise control, information theory,
and speech.

In addition to the technical program,
participants will enjoy a combined technical
and sightseeing excursion to Munich as well
as bus trips to the environs of Stuttgart.

Modern acoustical and electrical measur-
ing devices will be shown in a special in-
dustrial exhibition in connection with the
congress.

Alien participants, especially those from
overseas, will be given the opportunity to
visit German research institutes before or
after the congress.

Further information can be obtained
from Dr.-Ing. Eberhard Zwicker, Stuttgart
N, Breitscheidstr. 3. Announcements of con-
tributed papers, which are accepted until
May 15, 1959, must be sent to the same ad-
dress.

1958 IRE President D. G. Fink (center) chats with A, G. Clavier (left) and Henri Busignies (right) on a recent

tour of the IRE Northern New Jersey Section, Mr,

Clavier and Mr. Busignies are IRE Feliows and vice-

president and technical director, and president, respectively, of the Federal Telecommunication Laboratories.
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7T REGION CONFERENCE EMPHA-
SIZED ELECTRONICS PROGRESS

The Seventh Region IRE Conference
and Trade Show opened at the Hotel Sena-
tor, Sacramento, Calif., April 30-May 2.

Technical sessions on military elec-
tronics, communications, modern engineer-
ing management, industrial electronics, in-
strumentation, microwave development,
electronic devices, and computers revolved
around the conference theme of “Accelerated
Progress in Electronics.” The sessions and
the trade show were held in the Merchandise
Mart Building of the California State Fair
grounds. Student papers were also presented
at an evening session on May 1.

Highlights of the conference were a cock-
tail party on April 30 and an all-industry
luncheon on the following day. The luncheon
speaker was Lewis Dunn, Executive Vice-
President and Chief Engineer, Space Tech-
nology Labs., Div. of Ramo-Wooldridge
Corp., who spoke on “What Future De-
mands Will Space Technology \lake on
Electronic Engineers?”

INTERNATIONAL CYBERNETICS
CoNVENTION DMEETS IN BELGIUM

The Second International Cybernetics
Congress will meet at Namur, Belgium,
Sept. 3-10, 1958. The congress will meet on
Sept. 3, and adjourn briefly for two days to
visit the Brussels Fair before reconvening
again on Sept. 8.

Subjects to be dealt with at the congress
will include information, automatic ma-
chinery, automation, economic and social
effects of automation, cvbernetics and the
social sciences, and cybernetics and biology.
The languages used will be French and Eng-
lish. Papers will be read during the mornings,
and group discussions on these papers will
gather during the afternoons. PPublication of
convention proceedings is also planned.

Those wishing to attend the congress
should contact the Secretariat of the Inter-
national Association for Cybernetics, 13, rue
Basse-Marcelle, Namur, Belgium. The ad-
mission fee for members of the International
Association for Cybernetics is 200 frs.; for
non-members, 400 frs. Authors of papers will
be admitted free.

Authors of papers are requested to send
titles and summaries of their papers to the
Secretariat no later than June 1, 1958. Each
summary should not exceed in length one
typewritten page.

The organizing committee of the congress
is made up of: G. R. Boulanger, president;
René Close, Louis Couffignal, John Diebold,
W. G. Walter, all members; and Josse
Lemaire, permanent delegate.

PROFESSIONAL GROUP NEWS

A special issue of the TRANSACTIONS of
the Professional Group on Circuit Theory,
tentatively scheduled for March, 1959, will
be dedicated to papers on sequential trans-
ducers. This relatively new study forms a
theoretical basis for the understanding of the
capabilities of switching circuits and digital
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Space Wepodon T Work!

...must bhe accurate ... must he reliable

These Qualities are the Standard for
Engineering and Production at Daystrom
Instrument.

Our engineers and production specialists working together as a hard-hitting
team have established an outstanding performance record in the manufacture
of Radar Antenna Pedestals and related intelligence equipment. We have the
necessary machine tools and other facilities to get the job done on a prototype
or volume production basis.

We can meet your immediate requirements or help you plan for your long-
range needs.

Contact us now for complete information about

our qualifications in the Radar Intelligence field.

DAYSTROM INSTRUMENT

Division of Daystrom Inc.
ARCHBALD, PENNSYLVANIA

~



computer control, and coding circuits.
Suitable topics for papers submitted for con-
sideration will include: algebra for the termi-
nal description of binary filters; studies of
the memory requirements of sequential cir-
cuits; interrelationships between finite-state
transducers and turing machines; linear and
nonlinear recursive functions and sequence
filters; internal circuit redundancy for pur-
poses of terminal error-corrections; and ap-
plication of old and new synthesis methods
to sequential circuits using transistors, mag-

netic cores, and superconductive elements.
Emphasis will be placed on general theoreti-
cal techniques rather than the design of
specific equipment,

All decisions by the Editorial Committee
as to the suitability of papers submitted for
publication in the “Sequential Transducers”
issue will be made by November 1, 1958,
Papers initially submitted in extended ab-
stract form (about 1000 words) by July 15,
1958 will be given priority in consideration.
In any case the deadline for papers, complete

with standard abstract and drawings suit-
able for reproduction, will be December 1,
1958. The preparation of manuscripts should
follow the suggestions in “Preparation and
Publication of I.R.E. Papers,” Proc. I.R.E.,
November, 1954, pp. 1604-1605.

Please address all correspondence about
the “Sequential Transducers” issue of the
PGCT Transacrions to: D. A. Huffman,
Department of Electrical Engineering,
Massachusetts Institute of Technology,
77 Massachusetts Ave., Cambridge 39, Mass.

1958 National Conference on Aeronautical Electronics

BiLtMoRrE HoTEL, DAYTON, OHio, May 12-14, 1958

MonNDpAY, MAy 12

9:00-12 Noown
Electronics and Space Flight

Moderator: Frank Lehan, Ramo-Wool-
dridge Corp.

Radio Astronomy and Outer Space, F. T.
Haddock, Univ. of Michigan.

United States Satellite, Eberhardt Rech-
tin, Jet Propulsion Lab., California Inst. of
Technology.

Mid-Course Guidance Technigues for
Space Vehicles, A. D. Wheelon, Ramo-
Wooldridge Corp.

New Techniques Required for Navigation,
Guidance and Control of Orbiting Vehicles,
R. L. Berg and F. H. Kierstead, Goodyear
Aircraft Corp.

Ground-to-Space Propagation Phenomena,
E. R. Moe, Lockheed Aircraft.

Hypersonic Vehicle Antenna Design, A. S.
Dunbar, Lockheed Aircraft.

Air Safety

Moderator: D. S. King, Civil Aeronautics
Administration.

Time Shared Indicators for Displaying
Non-Synchronous Data from Two Radars,
R. L. Sorenson, Civil Aeronautics Admin-
istration, Technical Development Center.

High Altitude Automatic Flight Checking
on the Federal Airways System, H. 1. Metz,
Civil Aeronautics Administration.

How Firm [Is our Foundation, K. L.
Brannon, Civil Aeronautics Administration.

Development of ATC Procedures for Civil
Jet Aircraft, P. T. Astholz and T. K.
Vickers, Civil Aeronautics Administration,
Technical Development Center.

Airborne Collision Avoidance Systems,
F. C. White, Air Transport Association,

Electronic Components I
Engineers’ Club—West Room

Moderator: H. V. Noble, Electronics
Components Lab., Wright Air Develop-
ment Center.
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Astro Electronic Component Parts, R. C.
Marshall, Electronic Components Lab.,
Wright Air Development Center.

Behavior of Electronic Components in
Noise Fields, G. \V. Kamperman and J. J.
Baruch, Bolt, Beranek and Newman.

High Frequency Transistor Performance,
Neil DiGiacomo, Electronic Components
Lab., Wright Air Development Center.

Miniature High Frequency Transistorized
Ferri-Inductive Devices, E. Abbot, Emerson
Radio & Phonograph Corp. and Capt. C. K.
Greene, Electronic Components Lab., Wright
Air Development Center.

2-5 Amperes Silicon Power Transistor,
H. W. Henkels and T. P. Nowalk, Westing-
house Electric Corp.

Thermal Design I
Engineers’ Club—East Room

Moderator: Walter Robinson, Consulting
Engineer.

Experimental Results and Application
Considerations for Integrating Evaporalive
Cooling into Electronic Equipment, P. ]J.
Zukauskas, and E. K. Cameron, Martin Co.

A SKW Airborne Evaporative Cooled
Power Amp! fier. . W, Sinith, Martin Co.

Electronic Cooling by Simultaneous Ieat
and Mass Transfer, A. R. Saltzman, B, T,
Plizak, L. F. Tomko, and J. Nycum, Johns-
ville Naval Air Development Center.

Cooling Techniques for Electronic Devices
Operating at 300-500°C Ambient Tempera-
ture, J. P. Welsh, Cornell Aeronautical Lab.

Thermal Design and Evaluation of Air-
borne Integrated Communication Navigation
Systems, A. H. Schroeder and C. P. Tous-
saint, Collins Radio Co.

Compact Expendable-Refrigerant System
with Maximum Coolant Ulilization, F. E.
Carroll, United Aircraft Products.

Communication Systems
Biltmore Ballroom
Moderator: Tom Rogers, Communica-

tion Lab., Air Force Cambridge Research
Center.

A Digital Data Transmission System
using Phase Modulation and Correlation De-
tection, F. A. Losee, Hughes Aircraft Co.

Improved Communications Through Syn-
chronous Delection, R. J. Lutze, General
Electric Co.

Auwuroral Zone-to-Air-Ground Communica-
tion Problems, W. R, Vincent, R. L. Leada-
brand, and A. M. Peterson, Stanford Re-
search Inst.

Air-to-Ground Meteor-Burst Communica-
tions, A. M. Peterson, Stanford Research
Inst. and Irwin Roth, Stanford Res. Inst.

Current Problems in Ionospheric Scatter
Communications, Ross Bateman, Page Com-
munications Engineers, Inc.

Design of Point-to-Point Communication
Systems for 400 to 600 Mile Paths, W. E.
Morrow, Jr., Lincoln Lab., M.I.T.

AFTERNOON
2:00-3:15 p.M.

Panel Discussion A: Electronics and
Space Flight

Biltmore Ballroom

Moderator: F. \W, Lehan; I’anel Mem-
bers: F. T. Haddock, Eberhardt Rechtin,
A. D. Wheelon, R. L. Berg, F. H. Kierstead,
E. R. Moe, and A. S. Dunbar.

3:45-5:00 p.Mm.

Panel Discussion B:
Communication Systems

Moderator: Tom Rogers; Panel Mem-
bers: F. A. Losee, R. J. Lutze, W. R, Vin-
cent, R. L. Leadabrand, A. M. Peterson.
Ross Bateman, W. E. Morrow, Jr., and
Irwin Roth.

2:00-5:00 p.M.
Navigation I—Doppler
Engineers’ Club—Auditorium

Moderator: J. L. Dennis, Consulting
Engineer.
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Custom designed cooling is our business at Ellis and Watts. For example, we have recently
engineered and built highly specialized equipment for the following applications:

m Liquid coolers for electronic components (bulletin 94)

m Cooling Klystrons with air to liquid heat exchangers (bulletin 95)

m Special units to cool airborne electronic gear (bulletin 99)

m Cooling equipment for huge complex electronic computers (bulletin 102)

m Electronic console and rack coolers (bulletin 105)

m Small portable field units to cool huts filled with electronic gear for missile ground support,
battlefield television, communications and radar (bulletin 106)

m Conditioning systems for Radome shelters (bulletin 108)

m Mobile cooling units for trailer-mounted electronic systems for missile and aircraft ground
support (bulletin 111)

m Units to cool automatic landing devices for carrier and land-based aircraft (bulletin 122)

m Cooling equipment for fixed or mobile flight training simulators (bulletin 124)

m Dewpoint control equipment for pressurized radar waveguides (bulletin 128)

These are but a few examples. On land (MIL-E-5272A), on the sea (MIL-E-16400B), in the air
(MIL-E-5400B) — even in outer space (MIL-E-8189A)— E-W specialized cooling equipment guaran-
tees the performance of your electronic systems, independent of environmental conditions, for
military or commercial applications.

If your project involves cooling . . . it's a job for Ellis and Watts. We are staffed with special-
ists who will analyze your requirements, submit a proposal, design and build equipment promptly
and to your complete satisfaction. Field installation and maintenance services available.

r
{

| Ellis and Watts Products, Inc., Dept. P, Cincinnati 36, Ohio

! Please send the following information:

: [J Bulletin 94 95 99 102 105 106 108 111 122 124 128 (circle numbers desired)
1 O Cooling load calculating Nomogram

: [ Booklet “How to determine requirements for cooling electronic equipment”

I

|
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|

Name.. Title

Company.

Address.
City Zone ...State
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ELLIS AND WATTS PRODUGTS, IC.

Cincinnati 36, Ohio.
Designers and builders of MIL-AC Units
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Back-Scattering Characteristics of Land
and Sea at X-Band, J. P. Campbell, General
Precision Lab.

A Low Noise CW Doppler Technique,
K. C. M. Glegg, Canadian Marconi Co.

AN/APN-78, A Doppler Navigator for
Helicopters, N. L. Laschever, Lab. for Elec-
tronics, Inc.

Continuous Wave Doppler Navigalion,
J. J. Bowden, Ryan Aeronautical Co.

Antenna Transmitter-Receiver, H. C.
Bussey, C. A. Zielinski, General Elec. Co.

Approach and Landing

Arranged and Presented by the Institute
of Aeronautical Sciences

Moderator: C. R. Bryan, Flight Control
Lab., Wright Air Development Center.

Approack and Landing Problems, H. K.
Fletcher and F. O. Powell, Bell Aircraft
Co.

Automatic Approack and Landing Flare
Control, E. R. Buxton, Autonetics Div.,
North American Aviation, Inc.

Airport Surface Delection Equipment at
Idlewild, ]J. E. Woodward, Airborne Instru-
ments Lab.

Components II
Engineers’ Club—West Room

Moderator: A. H. Dicke, Electronic Com-
ponents Lab., Wright Air Development
Center.

A Rugged, Permanent Magnet Focused
1-Watt Traveling Wave Amplifier at S Band,
P. E. Hargrove, Sylvania Electric Prod., Inc.

A Medium Power, High Gain, X-Band
Traveling-Wave Tube for Use in High Per-
formance Aircraft, N. M. Gutlove, Sperry
Gyroscope Co.

A Rugged C-Band Traveling Wave Tube,
Laird Haas, Eitel-McCullough, Inc.

Electron Tube Parameter Variability as a
Restriction on Circuit Design, R. S. Whitlock
and R. C. Radeleff, Electronic Components
Lab., Wright Air Development Center.

Recent Developments and Display Tech-
niques for Aircraft Display, R. W. Deichert,
Allan B. DuMont Labs.

Thermal Design II
Engineers’ Club—East Room

Moderator: J. R. Welsh, Cornell Aero-
nautical Lab.

Paramelers for Rating Heat Trensfer
Fluids, D. R. Fairbanks, Raytheon Manu-
facturing Co.

Design Techniques for Weight Reduction
Within the Evaporative-Gravity Cooling Sys-
tem, Melvin Mark, Consulting Engineer,
Mr. Stephenson and C. E. Goltsos, Ray-
theon Manufacturing Co.

Some Properties of Two Fluorochemicals
Used as Immersion Coolants for Airborne
Electronic Equipment, J. R. Shackleton,
Hughes Aircraft Co.

Correlations of Thermal Performance Data
of Forced Air Cooled Airborne Electronic
Equipment, Walter Robinson, Consulting
Engineer.

Analytical Approachesto Electronic Equip-
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ment Forced Cooling Problems, B. W.
Randolph, Hughes Aircraft Co.
Electron Tube Thermal Performance,

R. L. Santin, General Electric Co.
Circuits

Moderator: Constantine Houpis, United
States Air Force Inst. of Technology.

Video Pulse Reshaping Circuitry with
Application in Purse Train Decoding Equip-
ments, M. H. Murphy and R. W. Griggs,
Packard-Bell Electronics Corp.

Pulse Spectrum Control Technigques for
Close Channel Spacing, H. B. Scarborough
and J. Hobbs, Federal Telecommun. Labs.

Effect of Video Bandwidth on Receiver
Sensitivity, C. R. Ammerman and W. L.
Blair, Haller, Raymond and Brown, Inc.

Some Practical Design Aspects of Mul-
tiple-Tuned Circuils, J. H. Griswold, General
Electric Co.

Synchronous Integrating Circuit, L. E.
Tryon, Raytheon Manufacturing Co.

6:45 p.M.

BiLTMOoRE HoTEL BALLROOM

Annual Banquet

Tuespay, Mavy 13

9:00-12 NooN
Air Traffic Control I
Engineers’ Club—Auditorium

Moderator: V. 1. Weihe, General Preci-
sion Equipment Corp.

The Airways Modernization Board Five-
Year Program, Col. C. B. Fisher, Airways
Modernization Board.

Operational Aspects of the Data Processing
and Display System, R. F. Link, Airways
Modernization Board.

The Data Processing and Display Techni-
cal Program, R. A. Finkler, General Preci-
sion Lab.

Data Acquisition Aspects of the AMB
Five-Year Program, W. N. Pike, Airways
Modernization Board.

Communications for the Five-Year Pro-
gram, Nathan Marchand, Marchand Elec-
tronics Labs.

Telemetering
Engineers’ Club—East Room

Moderator: N. M. Nichols, Univ. of
Michigan.

Advances in Airborne Telemetering Equip-
ment, K. M. Uglow, Consulting Engineer.

Techniques for Interplanetary Telemeter-
ing, Hans Scharla-Nielson, Radiation, Inc.

Future Requirements for Range Telemeter-
ing, C. H. Smith, Autonutronic Systems,
Inc.

Ground-Air-Data Transmission and Air
Traffic Control, 1. H. Bowker, Communica-
tion and Navigation Lab., Wright Air De-
velopment Center and R. G. Ferguson, Air
Research and Development Command.

Computers I
Engineers’ Club—West Room

Moderator: Eldred Nelson, Ramo-Wool-
dridge Corp.

The Central Computer in the Man-
Machine System, R. L. Terry, Litton In-
dustries.

Transac, Transistorized Airborne Com-
puter, G. L. Hollander, Philco Corp.

A Military Aircraft Marshalling System,
H. J. Bramson, Hughes Aircraft Co.

CP-209 Digital Computer Flight Test
Program, R. E. Berri, Librascope, Inc.

A Digital High Speed Coordinate Con-
version System, Max Palevsky, Packard Bell
Computer Corp.

Radar
Biltmore Ballroom

Moderator: L. R. Cutrona, Univ. of
Michigan.

Synthesis of Comb Filters, Warren White,
Airborne Instruments Lab.

Bistatic Radars and Forward Scallering,
K. M. Siegel, Univ. of Michigan.

Application of Pulsed Doppler to Air-
borne Radar Systems, W. W. Maguire,
Hughes Aircraft Co.

Electronic Antenna Scanning, H. R. Senf,
Hughes Aircraft Co.

Application of Precision Tracking Radar
to Location Control and Data Transmission
for an Unmanned Observation Platform,
D. K. Barton, Radio Corp. of America.

Detector Range of CW & Pulse Doppler
Radars, J. J. Bussgang, P. Nesbeda, and H.
Safran, Radio Corp. of America.

Operations Research

Moderator: Max Astrachan,
States Air Force Inst. of Technology.

An Electronics Engineer's View of Opera-
tions Research, ]J. F. Digby, The Rand Corp.

Operations Research in Life Testing, L. G.
Johnson, General Motors Corp.

Operations Research Based on Simulation
for Training, W. C. Biel, System Develop-
ment Corp.

The Monte Carlo Method as a Decision
Aid in  Adrways Modernization, Alfred
Blumstein, Cornell Aeronautical Lab.

United

AFTERNOON
2:00-5:00 p.M.
Forum: Patterson High School

Auditorium

Subject: Air Traffic Control in the Jet Age.
Moderator: Mr. Pyle, Civil Aeronautics
Administration.

WEDNESDAY, MAyY 14
9:00-12 Noow~

Air Traffic Control II
Engineers’ Club—Auditorium

Moderator: Nathaniel Braverman, Air-
ways Modernization Board.

Digital Stmulation of Air Traffic Control
Systems, G. W. Bond, K. S. Gale, and C. J.
Moore, Armour Research Foundation, Illi-
nois Inst. of Technology.

Mathematical Analysis of Some Phases of
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SMOOTH-PERFORMING RING RHEOSTATS

New 100- and 150-watt sizes incorporate latest design improvements

ENGINEERING DATA Naturally, these new 100- and 150-watt ring rheostats give you the
same outstanding, proved design features you get in 25-, 50-, and
e | Raunge | e | Marfeth | Ressince bante | Ren 300-watt sizes. Exclusive “twin-contact” shoes insure uniform con-
tact resistance, extra-smooth resistance change. Two sintered, self-
100R | 100 Watts | 35727 | 1% “°°":n"s’°° 3000 lubricating contacts —one on the coilector ring and one on the re-
sistance winding—can’t gall or seize like metal-to-metal contacts.

150R 150 watts | 4”7 | 1% lto ;o,ooo 3140 They insure long, stable operating life under rated loads.
o Ward Leonard Vitrohm vitreous enamel permanently bonds base
#—Ratings based on a 300°C rise in a 40°C ambient. and core, firmly secures the high-stability resistance wire. Base and
core are of high-density, low-porosity molded ceramic of high dielec-

tric strength.

Contact Shoe: “Twin” metal graphite, equipped . . . o
A new ceramic hub design substantially eliminates backlash. It

with integral copper leaf conductor ribbon riveted to

the control arm. also makes for fast delivery on special shaft requirements.

Contact Arm: Balanced beryllium copper, locked Write for Ward Leonard Bulletin SORR. It gives complete speci-

directly to insulating hub, fications on 25-, 50-, 100-, 150-, and 300-watt ring rheostats. Ward

Base and Core: High-grade ceramic of high die- Leonard Electric Company, 35 South Street, Mount Vernon, New

lectric strength with toroidally wound resistance York. (In Canada: Ward Leonard of Canada, Ltd., Toronto.) es

wire or ribbon of highest stability.

Max. Voltage Spacings: 300 volts in accord- o

ance with Ungerwr::ers’ Iiboratories iquirenfents. LIVE BETTER...£/ectr. lca//y %wﬁ
G
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Control of Air Traffic Flow, R, S. Miller,
Franklin Inst. of Pennsylvania.

The Dead Reckoning Computer in Air
Traffic Control, Paul Weinschel, Ford In-
strument Co.

Communication Capabilities of the Air
Traffic Control Radar Safety Beacon, Kurt
Merl, Ford Instrument Co.

Universal Signalling System for Common
Airspace Control, B. H. Baldridge and E. V.
Hogan, General Electric Co.

Civil Avionic System Design
Biltmore Hotel Ballroom

Moderator: \W. I
nautical Radio, Inc.

The Development of Operational Require-
ments for Civil Avionic Systems, D). S. Little,
American Airlines.

System Concepts in Avionic System De-
sign, H. K. Morgan, Bendix Aviation Corp.

The Design of Airborne Equipment for
Awimic Systems, George Church, Bendix
Radio, Bendix Aviation Corp.

The Airline Contribution to System De-
velopment, B. F. MclLeod, PPan American
World Airways, Inc.

The Integration of Avionic Systems in the
Modern Commercial Aircraft, R. . Jerome,
Douglas Aircraft Co.

Communication and Navigational Aid
Standards for International Civil Aviation,
C. C. E. Bellringer, International Civil
Aviation Organization.

Carues, Jr., Aero-

Computers II
Engineers’ Club—West Room

Moderator: C. C. Goldman, Aeronauticat
Research l.ab., Wright Air Development
Cernter.

A Simple, Transistorized Device for Pre-
cise Digital-to-Analog Conversion, William
Hiatt, General Electric Co.

A Direct Frequency to Parallel Binary
Converter Using Operational Digital Com-
puting Circuils, Edward Ostroff, Lab. for
Electronics.

The Analytic Versus the Spring Flight
Path Program Computer, \V. L. Harmon,
Weapons Guidance Lab., Wright Air De-
velopment Center.

A Coasting Time Computer, Donald Col-
bert, Electronic Communications, Inc.

The ASN-7 Navigation Computer—Pasl,
Present and Future, S. 1. Frann, and ]. A.
Quinn, Ford Instrument Co.

Antennas
Engineers’ Club—East Room

Moderator: T. C. Tice, Antenna Lab.,
Ohio State Univ.

An S-Band Slotted Waveguide Antenna,
R. Fratila, Melpar, Inc.

Tri-Scanner Antenna,
Sanders Associates, Inc.

Omng-Directional Reflecting Lens, . M.,
Lipsey, United States Air Force Inst. of
Technology.

Microwave Wire Antennas, J. \. Kuecken,
Avco Manufacturing Corp., Crosley Div.

Jesse  Butler,

28a

Scimitar Antenna and Its Application to
Modern  Aircraft, E. M. Turner, Aerial
Reconnaissance Lab., Wright Air Develop-
ment Center.

Reliability

Moderator: F. ]. Ruther, Electronic
Computers Lab., Wright Air Development
Center.

The Basis and Use of a Method for Pre-
dicting Reliability, ]J. H. Hershey, Bell Tel.
Labs.

Consideration of Deterioration Effects in
Equipment Reliability Improvement Pro-
grams, S. R. Scott, Aeronautical Radio, Inc.

Engineering Organization for Reliability
Control, C. M. Ryerson, Radio Corp. of
America.

Proof of Reliability, F. ]J. Ruther, Elec-
tronic Components Lab., \Wright Air De-
velopment Center, and L.. D. Smith, General
Electric Co.

Graphical Estimation of Reliability, B. E.
Phillips, Martin Aircraft Co.

AFTERNOON

2:00-3:15 p.Mm.

Panel Discussion C: Civil Avionic
System Design

Biltmore Ballroom

Aoderator: W. T. Carnes, ]Jr.; Panel
Members: D. S. Little, H. K. Morgan, G.
Church, B. F. McLeod, R. H. Jerome, and
C. E. Bellringer.

3:45-5:00 r.M.

Panel Discussion D: Reliability

Moderator: F. ]. Ruther; Panel Mem-
bers: J. H. Hershey, S. R. Scott, C. M.
Ryerson, B. E. Phillips.

2:00-5:00 p.M.

Navigation II
Engineers’ Club—Auditorium

Moderator: Sven Doddington, Federal
Telecommunication Labs.

Airborne Earth Rate Directional Heading
Reference, D). ]J. Atwood, Dynatrol Corp.

The Correlation Air Navigator, A Verti-
cally Beamed Radar, F. R. Dickey, ]Jr.,
General Electric Co.

A Mobile TACAN Beacon; Its Descrip-
tion and Uses, Anthony Casabona, Federal
Telecommunication Labs.

Synchronous Distance Measurement, N. .
Mclver, Bendix Radio Corp.

Semi-Automatic Radar Guidance System
for Manned Aircraft, Vefik Basman, R. C.
Tabor, and R. E. Scott, Univ. of Michigan.

Navigation Methods and Systems, T. .
Haney, Westinghouse Electric Co.

Military System Management

Moderator: P. R. Murray, Air Research
and Development Command.
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Dynamics and Weapons Systems Man-
agement, R. H. Widmer, Convair.

New Challenges for the Systems Manager,
H. \W. Merrill, Martin Co., Denver, Div.

The Key to Weapons System Management
Communication, R. E. Galer, Temco Air-
craft Corp.

Management of the SNARK Missile
Weapon System, George Douglas, Northrop
Aircraft, Inc.

Contractor Management of Military
Weapon Systems, G. Stoner, Boeing Airplane
Co.

The Weapon System Partnership, J. G.
Beerer, North American Aviation, Inc.

Avionic Equipment
Engineers’ Club—West Room

Moderator: Ray Nordlund, Weapons
Guidance Lab., Wright Air Development
Center.

A Missile Command Receiver,
Clemens, Avco Manufacturing Corp.

The Advantages of Dymamic Problem
Simulating Test Equipment, ]J. S. Williams,
Radio Corp. of America.

Design Considerations for Automatic Test
Equipment, Ronald G. Matteson and J. A.
Huie, Stromberg-Carlson Div., General Dy-
namics. Corp.

Static Power Supply Design for Emer-
gency Low Voltage Operation, D. L. Theurer,
Magnavox Co.

J. F.

Production Techniques

Moderator: D. E. Noble, Motorola.

Changes Reach Further than you Think,
D. B. Dobson, Radio Corp. of America.

Why the Air Force Requirement for Burn-
In and Shake-Down of Data Link Equip-
ment, V. ]J. Carpantier, Communication and
Navigation Lab., \right Air Development
Center.

Correlation of Production Failure Reduc-
tion and Field Performance Programs, N. S.
Barnes and D. C. Meeks, General Electric
Co.

A Systematic Method for the Preparation
of Complicated Wiring and Cabling Draw-
ings, E. J. Weber, Martin Company, and
G. E. Alexander, Martin Co.

Plating of Magnesium, A. C. Dwyer,
Raytheon Manufacturing Co.

Simulators
Engineers’ Club—Auditorium

Moderator: \. S. Ilaneman, United
States Air Force Inst. of Technology.

Flight Simulators and Their Uses, D. H.
Lipscoinb, Nortronics, Northrop Aircraft
Co.

The Force Feel Regulator, Mitchell
Streicher, Electronics Communications, Inc.

A General Purpose Artificial Feel System
for Human Factors Research, F. C. Williams,
Hughes Aircraft Co.

Radar Simulator in Optimization of the
Detection Range Performance of a Search
Radar, B. S. Bylinkin, Autonetics Div.,
North American Aviation.
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MID-PACIFIC/TROPO

A new link in America’s communications for
defense is the Pacific radio circuit under
construction for the U. S. Army Signal Corps.

One type of propagation utilized for this important
system will be tropo scatter. The choice was
quite naturally REL radio equipment—driver exciters,
klystron amplifiers, and diversity combiner receivers.

REL’s acknowledged world leadership in tropo scatter

rzflects the unequalled performance and reliability

of REL equipment. More kilowatt miles of tropo apparatus
have been developed and manufactured by REL

than by all other companies combined.

All your specialized communications problems deserve the
imagination and experience of REL.

@ Radio Engineering Laboratories-Inc.
29-01 Borden Ave - Long Island City 1, NY
STillwell 6-2100 - Teletype: NY 4-2816

Canadian representative: AHEARN & SOPER CO - 384 BANK ST « OTTAWA
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Second National Conference on Production Techniques
HoteL NEw YoRrRkER, NEW York City, N. Y., JUNE 4-6, 1958

THEME: “PREVIEWING ELECcTRONIC DESIGN TRENDS”

W. D. Novak
Gen. Precision Lab.
General Chairman

The Second National Conference on Pro-
duction Techniques, to be held at the Hotel
New Yorker, New York City, June 4-6,
1958, will be sponsored by the IRE Profes-
sional Group on Production Techniques.
Conference chairmen are: W. D. Novak,
General Chairman; J. W. Trinkaus, Pro-
gram; R. L. Swiggett, Exhibits; F. Collings,
Local Arrangements; and W. E. Vannah,
Publicity.

A special feature of the conference will
be a session on electronic developments
abroad, attended by speakers from England,
Sweden and Russia, and also reports from
France and Germany.

Registration opens at 9 A.M., June 4, on
the mezzazine of the Hotel New Yorker.
Inspection trips, each limited to fifty per-
sons, will be made to Dumont Labs. in E.
Paterson, N. J. and Western Electric Co. in
Kearny, N. J. Tickets for these trips, to be
taken on June 4 and June 6, can be had at
the registration desk from W. Ellwood,
Inspection Trips Chairman. Plans for a cock-
tail party and banquet are also now under-
way, and tickets for the luncheon on June 5
are available at $3.75 per person.

Advance mail registrations can also be
secured from F. Collings, Local Arrange-
ments Chairman, RCA, Moorestown, N. J.

A dozen exhibits, with space for yet a
few more, will be on display at the Hotel
New Yorker during the course of the con-
ference. Exhibitors will be able to demon-
strate their products and services between
sessions through the courtesy of Gen. Preci-
sion Lab. via a closed-circuit television sys-
tem of the projection screen type to this
highly selective audience. A TV camera will
be at the disposal of all speakers who wish to
augment their talks with live demonstrations
of their equipment.

Papers presented at this conference will
later be made available in the TRANSACTIONS.

JuNE 5, 9:30 A.M.—12 NooN
Tomorrow’s Components

Session Co-Chairmen, F. Collings, Radio
Corp. of America, and J. Brothers, Philco
Corp.
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R. L. SWIGGETT
Photocircuits Corp.
Exhibits

J. W. TriNKAUS
Sperry Gyroscope Co.
Program

Modular Dimensioning of Electronic Parts
far Mechanized Assembly, W. Lane, United
States Army Signal Engineering Labs.

Future Components For Mechanization,
E. Plesser, Philco Corp.

Design for Tommorrow's Capacitor Com-
ponents, A. Tiezzi, Sprague Electric Co.

Circuit Miniaturization, E. Leyonmark,
Photocircuits Corp.

LuUNCHEON

Philosophical Treatment of
Conference Theme

Session Chairman: E. Martin, Sperry
Gyroscope Co.

Com. G. W. Hoover, Weapons and Sys-
tems, Air Branch, ONR.

2:30-5:00 p.M.
Developments Abroad

Session Co-Chairmen: 1. Weir, General
Electric Co., and R. Geshner, Stromberg-
Carlson Co.

The Change-Over in the Production Tech-
niques When Introducing Printed Circuits,
W. Flack, Radio and Allied Industries, Ltd.,
Slough Bucks, England.

Electronic Production and Engineering
Techniques in France, N. Wunderlich, Inter-
national Electronics Corp.

Germany's Training of Workers and
Standardizations in Design and Production of
Electronic Equipment, H. Ruehlemann, Elco
Corp.

Electroforming of Millimetric Waveguide
Components, A. Morrison, Mullard Research
Labs., Surrey, England.

Tide to be announced, Col. E. Kiessling,
USAF Andrews Field, Washington, D. C.

Title to be announced, M. Eisler, Eng-
land.

Tide to be announced, M. Westberg,
Sweden.

A speaker from Russia and his paper will
be announced.

F. CoLLiNGS W. E. VANNAH
Radio Corp. of America Control Eng. Magazine
Local Arrangements Publicity

JUNE 6, 9:00 A.M.—11:30 A.M.
Designing with New Materials

Session Co-Chairmen: L. Schwartz, Rem-
ington Rand Univac, and A. Middleton,
Sandia Corp.

Tuf-Plate Hole for Printed Circuits,
George Geddy, Photocircuits Corp.

Designing with Poly-Strip Flat Wire
Cable, A. Pugh, International Resistance
Corp.

The Impact of Transistors on Military
Electronic Design, A. Jacobsen, Motorola
Inc.

Micro-Modules, Components and Mate-
rials Requirements, V. Kublin, U. S. Ariny
Signal Engineering Labs.

1:00-4:00 p.y.
Production Tool Advances

Session Co-Chatrmen: R. Marder, Stavid
Engineering, Inc., and J. Carr, Melpar, Inc.

Microminiaturization Technigues, M. ].
Finkelstein, M-F Electronics.

Punched Card Controlled Component In-
sertion Machine, K. H. Hazel, IBM.

Evolution of a Small Lot System for the
Production of Electronic Equipment, C. P.
Cardani, United Shoe Machinery Corp.

Mechanized Assembly Equipment for
Small Cup Type Speakers, Nils Lindhe,
RCA.

New Possibilities for Automatically Mold-
ing Small Parts Ecomomically, J. L. Hull,
Hull Corp.

Automation of Floated Gyro Drift Meas-
urements, J. G. Nelson, Minneapolis Honey-
well Regulator Co.

Inspection Trips
Chairman: W. Ellwood, Bell Telephone Labs.

JUNE 4, 1:00—5:00 p.M.

Dumont Laboratories, Inc.,
East Paterson, N. J.

JUNE 6, 8:30 A.M.—1:00 P.M.
Western Electric Co., Kearny, N. J.
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Nickel Alloy Wire FILLED IN 24 HOURS

If we receive your order in the morning, it will be shipped
out before evening . . . this is the new service policy of Driver-
Harris in the manufacture and distribution of 18 most fre-
quently purchased Nickel and Nickel Alloys in wire form
In addition to this new warehouse stocking program, is the
improved delivery schedule for Monel, Grade “A" Nickel,
Inconel. R Monel and some Stainless Steels with lead time
reduced to only 7 days in certain cases. The following list
covers immediate availabilities. For complete detailed current
listing showing all sizes and specifications, contact the nearest
Driver-Harris branch — or call HUmboldt 3-4800 (New
Jersey), REctor 2-9579, 80, 81, 82 ¢New York City).

IN STOCK READY FOR DELIVERY

MONEL ... ..., 25 wire sizes from .0021 to .091
GRADE “A” NICKEL .............. 12 wire sizes from .0025 to .091
GRADE “D” NICKEL .............. 9 wire sizes from .005 to .015

INCONEL ..o, 3 wire sizes from .0253 to .050

)) Driver-Harris Company

HARRISON, NEW JERSEY - BRANCHES: Chicago, Detroit, Cleveland, Louisvilie

STAINLESS STEEL

24 wire sizes from .0016 to .164
6 wire sizes from .007 to.0135
Type 330 ..o, 25 wire sizes from .0063 to .144

NICHROME* . . . . .. .. 65 wire sizes from .0007 to .289
NICHROME* V 62 wire sizes from .00045 to .289
CHROMAX* 35 wire sizes from .0031 to.258
KARMA* | 36 wire sizes from .0005 to .036

ADVANCE* 49 wire sizes from .0008 to .258
MANGANIN 37 wire sizes from .001 to .1285
LOHM* i, 29 wire sizes from .001 to .182
MIDOHM* . 28 wire sizes from .00175 to .182
30 ALLOY .. .., 28 wire sizes from .0015 to.182

LEAD TIME FOR MANUFACTURING WIRE & RIBBON
As low as 10 days far

COLD DRAWN MONEL .. . . . wire sizes from .001 to.1875
GRADE “A"” NICKEL ... ... .. . wire sizes from .001 to .1875
COLD DRAWN INCONEL .. .. ... . wire sizes from .001 to .1875
RMONEL . ........ccoevviii, .wire sizes from .0285 to .204

As low as 7 days for
STAINLESS STEEL wire and ribbon
Types: T-302, T-304, T-305, T-316, T-430, T-446
"T™. REG. U.S. PAT. OFP.

INCONEL & MONEL

T™. REG. U.S. PAT. OFF.
INTERNATIONAL NICKEL
COMPANY INCORPCRATED

Distributor: ANGUS CAMPBELL, INC. Los Angeles, Sar Francisco e+ In Canada: Th: B. GREENING WIRE COMPANY, Ltd., Hamilton, Ontario
MAKERS OF THE MOST COMPLETE LINE OF ALLOVS FOR THE ELECTRICAL, ELECTRONIC, AND HEAT-TREATING INDUSTRIES
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Second National Convention on Military Electronics

JUNE 16, 17, 18, 1958, SHERATON Park HoTEL, WasHINGTON, D. C.

The Second National Convention on
Military Electronics, sponsored by the 1RE
Professional Group on Military Electronics,
will be held at the Sheraton P’ark Hotel,
Washington, D. C., June 16-18, 1958. The
convention theme will be “Missiles and
Electronics—1958” ‘Ad Astra Per Aspera.’
The speaker at the convention banquet, on
the evening of June 17, will be W. M. Hola-
day, Guided Missile Program, Department
of the Defense, who will address the assem-
bly on “Progress in the Guided Missiles Pro-
gram.”

Brig. Gen. W, B. Larew (Ret.) is Presi-
dent of the Executive Committee planning
the convention. With him on the committee
are: P. D. Foote, W. M. Holaday, R. Adm.
\W. D. Irvin, Lt. Gen. J. M. Gavin, R. Adm.
Rawson Bennett, Lt. Gen. C. S. Irvine,
Adm. Arleigh Burke, R. Adm. W. E. Cleaves
(Ret.), Capt. C. L. Engleman (Ret.), and
A. H. Schooley, advisors; Morton Gale,
secretary; L. D. Whitelock, exhibits; Henry
Randall, finance; D. J. McLaughlin, techni-
cal; R. H. Cranshaw, arrangements; B. J.
Goldfarb, Transactions; and George Rappa-
port, public relations.

MoxpAy, JUNE 16
2:00-5:00 p.m.

SPACE VEHICLE ELECTRONICS
(CONFIDENTIAL)

Sponsored by the Air Research and De-
velopment Cominand.

Moderator, To be announced.

Approaches to Microwave Tube Design for
Outer Space Application, J. R. Hayes, Elec-
tronic Components Lab., WADC, Wright
Patterson Air Force Base.

A Ground Controlled System for Firing a
Third Stage of Vanguard, A. B. Bligh, J. J.
Fleming, and D. H. Gridley, U. S. Naval
Research Lab.

Accelerometer-Integrator and Digital Ve-
locity Meter, R. M. Zehr, D. D. Lenhart,
and R. J. Arthur, Bell Aircraft Corp.

Design for Space-Vehicle Control System
Reliability, R. O. Anderson, Flight Control
Laboratory, WADC, Wright Patterson Air
Force Base.

Radiation Characteristics of Slot Arrays
on Conical Surfaces, M. G. Chernin, H. E.
Shanks, and R. E. Plummer, Hughes Air-
craft Co., and R. F. Goodrich, R. W. Klein-
man, A. L. Maffett, C. E. Schensted, and
K. M. Siegel, Univ. of Michigan.

Nuclear Radiation Effects on an Electronic
System, Nathan Ehrlich, Bell Tel. Labs.

RELIABILITY TECHNIQUES
AND PROCEDURES

Moderator, to be announced.

A New Role for Reliability Stress Analysis
~—Systematizing the Attack on Maintain-
ability Problems, H. L. Wuerffel and D. 1.
Troxel, Radio Corporation of America.

A Method for Demonstrating Missiles Re-
currently with Development, J. H. Yuch,
Polaris Project, Lockheed Missile Systems
Div., and Maj. R. G. Harris, USMC.

On the Meaning of Mean Time to Failure,
Trevor Clark, Westinghouse Electric Corp.

Reliability Insight, M. L. Furst, ARMA
Div., American Bosch Arma Corp., and
Denis Krusos, Garden City, N. Y.

Techniques for the Evaluation of Guided
Missile Reliability, R. E. Fontana and C. E.
Parker, U. S. Naval Air Missile Test Center.

DATA HANDLING SYSTEMS
AND DaTta LiNKkS

Moderator: R. M. Maiden, Head Inte-
gration Techniques Section, Naval Re-
search Lab.

A Data Handling Input-Output System
for RAYDAC, ]. P. Harvey, U. S. Naval
Air Missile Test Center.

A Comparison of Binary Data Transmis-
sion Systems, J. G. Lawton, Cornell Aero-
nautical Lab.

Comparative Evaluation and Optimization
of Airborne Target Detection Systems, N. S.
Potter, Westinghouse Electric Corp.

Operational Analysis as Applied to Opti-
mizing Interceptor Weapon System Subsys-
tem Performance Requirements, R. Clanton
and A. Schwartz, Westinghouse Electric
Corp.

A Graph and Digit Printer with Analog
Input, S. D. Warner, Convair,

COMPONENTS FOR THE
MissILE ENVIRONMENT

Moderator, to be announced.

Capacitive Transducers in Missile Guid-
ance Systems, \V. W. Breden, General Elec-
tric Co. .

A Small, Light-Weight Traveling-Wave
Tiche for Military Applications, H. J. Wolk-
stein and R. Pekarowitz, Electron Tube
Div., RCA.

Ultra High Temperature Electronic “Black
Box” Development, W. L. Frisby, Missile and
Ordnance Systems Dept., General Electric
Co.™ =~ .

High Temperature Printed Circuits, ]. ].
Kinsella, Physics of Materials Dept., The
Haloid Co.

TuEespay, JUuNE 17
9:00-12 Noon

RANGING AND TRACKING
(CONFIDENTIAL)

Sponsored by the Air Research and De-
velopment Command.

Moderator: A. A. Varela, Melpar, Inc.

A Passive Ranging System, Joseph Star,
Fairchild Guided Missiles Div.

AZUSA—Missile Tracking and Impact
Prediction, L.. G. Chase, Convair.

Automatic Drone Tracking System, R. O.
Blackert, Motorola, Inc.

A Time-Duplexed Monopulse Receiver,
E. J. Downey, R. H. Hardin, and ]J. Mu-
nushian, Hughes Aircraft Co.

Precision Logarithmic 1. F. Amplifier,
J. S. Brown, General Electric Co.

Redundancy Handling Systems with Spe-

Part of the executive committee of the Second National Convention on Military
Electronics sits for its portrait. Lef! to right, they are: Jack Carter, Floyde Percy

and R. H.

relations; \V. B. Larew, convention president; B. J. Goldfarb,
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Cranshaw of the arrangements committee; George Rappaport, public

sessions.
RANSACTIONS;

Donald Mcl.aughlin, program; Morton Gale, secretary; and J. J. Wynne, arrange-
ments. The Air Research & Development Command is sponsor of five confidential
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KEEP UP-TO-DATE ON MAGNETICS

Now—guaranteed practical inductance limits for regular

and frequency-stabilized permalloy powder cores

Call them frequency-stabilized or temperature stabilized, the
important thing about these new molybdenum permalloy
powder cores made by Magnetics, Inc, is our guarantee of
core inductance within realistic limits. You can write—right
now—for these guaranteed limits.

Filter circuit designers will take note that these guaranteed
limits for permalloy powder cores are far tighter than those
published before. Note also that they are guarantees on in-
ductance which is the parameter of chief concern to the core
user rather than on permeability.

This can save you dollars on your production line—by cut-
ting down on adjustment of number of windings on coils.

PROCEEDINGS OF THE IRE Muy, 1958

And you know, too, that temperature stabilization eliminates
difficult compensation problems.

But did you know that we guarantee these new inductance
limits for all of our permalloy cores, whether stabilized or
not? For all the facts, write us at Magnetics, Inc., Dept. [-47,
Butler, Pennsylvania.

MAGNETICS inc.

33a



cial Application to the Extraction of Position-
Information from Data Supplied from Three
Jammed Radar Stations, Lars Lofgren,
Swedish Research Institute of National De-
fense.

RECONNAISSANCE AND
INFRARED SYSTEMS

Moderator, to be announced.

Viewfinder, P. T. Kaestner,
Fecker, Inc.

Reconnaissance Auxiliary Data Handling
Systems, P. H. Beck, Aerial Reconnaissance
Lab., WADC, Wright Patterson Air Force
Base.

A Night Television System, C. T. Shelton,
Radio Corporation of America.

Infrared Detectors, L. ]. Neuringer,
Raytheon Mfg. Co.

Aerial Reconnaissance Systems, Fairchild
Camera and Instrument Corp.

ASTIRS, Donald Wahl, AVION Div.,
ACF Industries, Inc.

F. W.

RELIABILITY STATISTICS, (COST
AND VALUE ANALYSIS

Moderator: C. M. Ryerson, Radio Corpo-
ration of America.

Six Million Measurements Made Useful,
Craig Walsh and T. C. Tsao, The McGraw
Hill Technical Writing Service.

Value Engineering Analysis and Reliabil-
iy, R. M. Jacobs, Radio Corporation of
America.

Reliability for Missile Computer Circuits,
R. M. Schultz, Auerbach Electronics Corp.

Inertial Guidance System Reliability Pro-
gram, E. F. Dertinger, ARMA Div., Ameri-
can Bosch Arma Corp.

Component Failure Statistics for the
Planned Reliability of Miniaturized Air-
borne Digital Computers, E. L. Wong and
W. C. Gray, Hughes Aircraft Co.

Determining Total Equipment Costs,
A. M. Dame, Naval Aviation Electronics
Service Unit, Naval Receiving Station.

COMPONENTS FOR MILITARY
ELECTRONICS

Moderator, to be announced.

Microminiaturization of Internal Elec-
tronics—"“ Microelectronics,” T. A. Prugh,
Diamond Ordnance Fuze Labs.

Avalanche Noise in FN Junctions,
S. Sherr and S. King, General Precision
Lab., Inc.

Application Notes on a New UHF Ce-
ramic Triode, M. W. Hamilton, General
Electric Co

Considerations for the Reliable Use of Re-
cewving Type Tubes in Class C Circuits,
A. Dzik, Radio Corporation of America.

2:00-5:00 p.m.

INFRARED DETECTION AND
RECONNAISSANCE SYSTEMS
(CONFIDENTIAL)

Sponsored by the Air Research and De-
velopment Command.

Moderator: D. S. Lowe, Naval Ordnance
Lab.
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IR Aerial Mapping and Telemetering
with Various Detectors and Its Application
to Drones, W. B. Birtley, J. P. Walker, Jr.,
and J. B. Cannon, Jr., Haller, Raymond and
Brown, Inc.

Principles of Short Range Infrared De-
vices, R. M. Talley, U. S. Naval Ordnance
Lab.

Airborne Target Detection by Ultra Violet
Radiation, Harry Kihn and F. G. Durfee,
RCA Labs.

Transistorization of the S-4 Infrared Re-
connaissance System, A. D. Pirone, M. V.
Joyce, and W. W. Chou, Perkin-Elmer
Corp.

Traveling-Wave Tube Preamplification for
Crystal-Video Intercept Systems, speaker to
be announced.

SPACE ELECTRONICS—
GUIDANCE AND CONTROL

Moderator: A. S. Locke, Vitro Labs.

Interferometric Rocket Guidance, M. J. E.
Golay, Philco Corp.

Considerations Influencing the Design of
Autopilot Parameters for an Aerodynamically
Unstable Missile, ]J. R. Jacques, Johns
Hopkins Univ.

On the Actual Shape of the Earth as Ap-
plied to Problems in Satellite Dynamics, P. H.
Savet, Technical Consultant, Rand, Arma
Div., American Bosch Arma Corp.

Space Vehicle Communications System
Design, D. E. Sukhia, The Martin Co.

A Rapid Method for Determination of
Times and Paths over the Earth's Surface for
Artificial Earth Satellites, R. A. Moore,
Swedish Research Institute of National De-
fense.

RANGING AND TRACKING

Moderator, to be announced.

A Guidance Radar for Satellites, Space
Vehicles and Ballistic Missiles, E. A. Mech-
ler, J. W. Porter, and R. O. Yavne, RCA.

Digital Ranging System, A. ]. Lisicky,
Radio Corporation of America.

On the Theory of Light Radar, R. H.
Meier, Perkin-Elmer Corp.

A Method for Tracking Cooperative Tar-
gets, M. G. Spooner, G. E. Richmond, and
John Beyer, Cornell Aeronautical Lab., Inc.,
and T. R. Benedict, Univ. of Wisconsin.

A Double Delay and Subtraction Airborne
Clutter Canceller, Karl Solomon, Radio
Corporation of America.

CIRCUITRY I

Moderator, to be announced.

A General Discussion of Switching Cir-
cuit Synthesis, G. D. Ward, Hughes Aircraft
Co.

The Current-Switching Technique for
Digital Computer Circuitry, C. M. Campbell,
Jr., Burroughs Corp.

Some Design Considerations in the A ppli-
cation of Silicon Transistors to Voltage Mode
Digital Circuitry, J. V. B. Cooper and W. K.
Mead, IBM Corp.

A High-Speed Transistor Shift Register
for Operation up to 135°C, J. L. Robinson,
Philco Corp.

WEDNESDAY, JUNE 18
9:00-12 Noon

DATA HANDLING SYSTEMS
AND DATA LINKS
(CONFIDENTIAL)

Sponsored by the Air Research and De-
velopment Command.

Moderator: Capt. P. Van Leunen, Office
of the Chief of Naval Operations, Navy De-
partment.

Data Processing Equipment for the Land
Based Talos Defense Unit, G. W. Oberle,
Radio Corporation of America.

AN/FST-2 Radar Processing Equipment
for Sage, E. W. Veitch, Burrough Research
Center.

Radar Recording and Data Handling

Using the Ultrasonic Light Modulator,
speaker from Fairchild Camera and Instru-
ment Corp.

Airborne Data Link System, R. G.
Gabrielson, Motorola, Inc.

A Quantitative Analysis on the Importance
of Detection Range in Air Defense, Capt.
J. A. Corvi, USMC, U. S. Naval Air Missile
Test Center.

In-Flight Measurement of X-Band At-
tenuation and Phase Jitter on a Liquid-Fuel
Rocket, R. L. Scrafford, Motorola, Inc., and
Robertson Stevens, Jet Propulsion Lab.

COMMUNICATIONS SYSTEMS

Moderator: D. C. Trafton, Directorate
of Communications, Headquarters, USAF,
Pentagon.

Phase Multilock Communication, C. A.
Crafts, Robertshaw-Fulton Controls Co.

Graphic Communications, L. M. See-
berger, Radio Corporation of America.

Meteor Burst Propagation Techniques as
an Aid to Naval Communications, H. E.
Chubb, U. S. Navy Electronics Lab.

Amplitude and Phase Distortion in FM
Communication and Tracking Systems Due
to Multipath Interferences, H. D. Becker,
Cornell Aeronautical Lab., Inc.

Communication by Vibratory Tactile
Stimuli, Joseph Hirsch, Joseph Hirsch and
Associates.

INERTIAL SYSTEMS

Moderator: O« H. Schuck, Minneapolis-
Honeywell Reg. Co.

Problems Involved in Extending Inertial
Navigation to Requirements of the Future,
C. J. Mundo, Missile Guidance Arma Di-
vision. American Bosch Arma Corp.

GYSTATS, M. ]. E. Golay, Philco
Corp.

ABLE—A Portable, High Accuracy
Gyro-Compass, M. E. Campbell, Autonetics.

Inertial System Alignment Study, ]. E.
Vaeth, The Martin Co.

CIRCUITRY |1

Moderator, to be announced.

Design of Voltage-Controlled Audio Oscil-
lators, C. S. Schwarts, Gen. Precision Lab.

A Proposed Differential Pre-Amplifier
with Improved Rejection of Common Mode
Input, H. C. Talmadge, Jr., U. S. Naval Re-
search Lab.

A Voltage-Sensitive Switch—Part 1.
Preparation and Properties, K. O. Otley and
R. F. Shoemaker, Diamond Ordnance Fuze
Lab.
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the most versatile...most sensitive dareet writing unit available

Combining all these features. ..

<¢ stable d-c sensitivity of one microvolt per mm
¢ true differential input

Y% high input impedance

¢ respense to beyond 150 cps.

¥t reluctance, differential transformer, strain gage with
a-c or d-c excitation, thermocouples, etc., used with
all amplifiers

¥¢ deflection time less than 2 milliseconds
¢ fixed precision calibration
Y% instant warm-up

Y% precision source for d-c and 400 cycle excitation,
self-contained

st zero suppression, twenty times full scale, both directions

e ————————

all these features...plus 8 channels in only 33‘/4 of rackspace

Whatever your application for direct writing recorders

. you should investigate the ability of the Offner
Type R Dynograph to do the job better and more
simply. Using transistor circuits* developed and tested
for over two years in hundreds of channels of Offner
medical equipment, the Type R Dynograph is, we be-
lieve, superior in practically every respect to any other
direct writing oscillograph. Write on your company
lettechead for literature giving details and specifications.

*Patents granted and pending

OFFNER
ELECTRONICS INC.

5328 N. Kedzie Ave., Chicago 25, U.S.A.




A Voltage-Sensitive Switch—Part I1I.
Circuits for the Switch, R. F. Shoemaker and
P. J. Franklin, Diamond Ordnance Fuze
Lab.

2:00-5:00 p.m,

GUuIDANCE AND CONTROL
(CONFIDENTIAL)

Sponsored by the Air Research and De-
velopment Command.

Moderator, to be announced.

Discussion and Applications of Adaptive
Control Systems, Capt. R. R. Rath, Flight
Control Lab., WADC, Wright Patterson
Air Force Base

Terminal Maneuver of a Ballistic Missile,
Elliott Cutting, Jet Propulsion Lab., Cali-
fornia Institute of Technology.

Digital Mechanization of a Simple Jig-
saw Puzzle Game and its Application to Long-
Range Guidance, Edwin Shetland, Johns
Hopkins Lab.

A Method of Evaluating a Missile Guid-
ance System, W. Hammond and A. Ryder,
The Martin Co.

Beam-Rider Guidance, C. F. Chubb,
Sperry Gyroscope Co.

Professional Groups!

Aeronautical & Navigational Electronics—
Joseph General, 6019 Highgate Dr., Balti-
more 15, Md.

Antennas & Propagation—]J. 1. Bohnert,
Code 5250, Naval Research Lab., Wash-
ington 25, D. C.

Audio—Dr. H. F. Olson, RCA Labs., Prince-
ton, N. J.

Automatic Control—E. M. Grabbe, Ramo-
Wooldridge Corp., Box 45067, Airport
Station, Los Angeles 45, Calif.

Broadcast & Television Receivers—H. A.
Bass, Avco Mfg. Corp., Arlington, Cin-
cinnati, Ohio.

Broadcast Transmission Systems—C. H.
Owen, 7 W! 66th St., N. Y. 23, N. Y.

Circuit Theory—W. H. Huggins, 2813 St.
Pau! St., Baltimore 18, Md.

Communications Systems—]J. W. Worthing-
ton, Jr.,, Dawn Dr.,, Mounted Route,
Rome, N. Y.

Component Parts—R. M. Soria, American
Phenolic Corp., 1830 S. 54 Ave., Chicago
50, 111

t Names listed are Group Chairmen.

Sections”®

TALOS Homing System, H. L. Beazell,
Jr., Bendix Aviation Corp.

MIisSSILE ENVIRONMENT
AND PACKAGING

Moderator, to be announced.

The Optimum Electronic Module Size for
Airborne Digital Computers—Large?, Me-
dium?, Small?, J. J. Staller, Arma Div.,
American Bosch Arma Corp.

Radiant Heating from Rocket Exhausts,
D. C. Rohlfs and W. W. Balwanz, U. S.
Naval Research Lab.

The Determination of Missile Vibration
Environment, M. R. Beekman, U. S. Naval
Air Missile Test Center.

A 5 KW Evaporative Cooled Power Ampl;-
fier, D. W. Smith, The Martin Co.

Integrated Electronic Systems Using the
Modular Design Concept, A. H. Wulfsberg,
Collins Radio Co.

SIMULATION SYSTEMS

Moderator: J. 1. Leskinen, Naval Train-
ing Devices Center.
A Simulator for Accurate Testing of a

Doppler Radar System, S. K. Benjamin,
S. King, P. M. Levy, and S. Sherr, General
Precision Lab., Inc.

Radar Guidance Simulator, D. F. Nieman
and G. H. Miller, Univ. of Virginia,

Command Guidance and Data Handling
System Simulator for Closed Loop Checkout
of PPM-AM Systems in the Microwave Re-
gion, L. R. Spillane, Sperry Gyroscope Co.

Radar Land Mass Simulation, S. H.
Gross, Fairchild Guided Missiles Division.

NAVIGATIONAL SYSTEMS

Moderator: A. W. Coven, U. S. Naval
Research Lab.

The Radux-Omega Long-Range Naviga-
tion System, M. L. Tibbals and C. J. Cassel-
man, U. S. Navy Electronics Lab.

Military Utilization of a Common ATC
System, B. H. Baldridge and E. V. Hogan,
General Electric Co.

The RADAN Frequency Tracker—Part I,
W. B. Lurie and C. S. Schwarts, General
Precision Lab.

The AN/APN-96 Frequency Tracker—
Part II, W. A, Seism and W, B. Lurie, Gen-
eral Precision Lab.

Education—]J. D. Ryder, Dean of Engineer-
ing, Mich. State Univ., E. Lansing, Mich.

Electron Devices—T. M. Liimatainen, 5415
Connecticut Ave., N.W., Washington,
D. C.

Electronic Computers—Werner Buchholz,
IBM Product Dev., Poughkeepsie, N. Y.

Engineering Management—C. R. Burrows,
Ford Instrument Co., 31-10 Thomson
Ave., Long Island City 1, N. Y.

Engineering Writing and Speech—D. J. Mc-
Namara, Sperry Gyroscope Co., Great
Neck, L. 1., N.

Human F actors in Elect_romcs—H. P. Birm-
ingham, U. S. Naval Research Lab.,
Washington 25, D. C. (acting)

Industrial Electronics—W. R. Thurston,
General Radio Co., 275 Massachusetts
Ave., Cambridge 39, Mass.

Information Theory—W. B. Davenport, Jr.,
Lincoln Lab., M.LT. Lexington 73,
Mass.

Instrumentation—F. C. Smith, Jr., South-
western Industrial Electronics Co., 2831
Post Oak Rd., Houston 19, Tex.

Medical Electronics—L. B. Lusted, M.D.,

Univ. of Rochester School of Med., 260
Crittenden Blvd., Rochester 20, N. Y.
Microwave Theory and Techniques—\W. L.
Pritchard, Raytheon Mfg. Co., Newton,

Mass.

Military Electronics—W. E. Cleaves, 3807
Fenchurch Rd., Baltimore 18, Md.

Nuclear Science—]J. N. Grace, Westinghouse
Atomic Power Div., Pittsburgh 34, Pa.

Production Techniques—E. R. Gamson,
Telemeter Magnetics Inc., 2245 Pontius
Ave., Los Angeles 64, Calif.

Radio Frequency Interference—H. R.
Schwenk, Sperry Gyroscope Co., Great
Neck, L. 1., N. Y.

Reliability and Quality Control—\ictor
Wouk, Beta Electric Corp., 333 E. 103rd
St., New York 29, N. Y.

Telemetry and Remote Control—C. H.
Doersam, Jr., 24 Winthrop Rd., Port
Washington, L. 1., N. Y.

Ultrasonics Engineering—C. M. Harris,
Columbia Univ., 632 W. 125 St., N. Y. 27,
N. Y.

Vehicular Communications—C. M. Heiden,
General Electric Co., Syracuse, N. Y.

Akron (4)—H. F. Lanier, 2220—27th St.,
Cuyahoga Falls, Ohio; Charles Morrill,
2248—16th St., Cuyahoga Falls, Ohio.

Alamogordo-Holloman (6)—Lt. Col. D. H.
Vicek, 2106 Castle Dr., Holloman AFB,

* Numerals in parenthesesf ollowing section desig-
nate region number. First name designates Chairman,
second name, Secretary,

36A

N. M.; Taft Nicholson, 2304 Willow Dr.,
Alamogordo, N. M.

Albuquerque-Los Alamos (7)—B. L. Basore,
2405 Parsifal, N.E., Albuquerque, N.
Mex.; John McLay, 3369—48 Loop, San-
dia Base, Albuquerque, N. Mex.

Atlanta (3)—E. G. Holmes, 309 Pharr Rd.,
N.E., Rm. 9, Atlanta, Ga.; R. L. Ellis,

WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE

Jr., 77 Karland Dr. N.W,, Atlanta, Ga.
Baltimore (3)-—M. R. Briggs, Westinghouse
Elec. Corp., Box 746, Baltimore 3, Md.;
B. Wolfe, 5628 Stonington Ave., Balti-
more 7, Md.
Bay of Quinte (8)—W. D. Ryan, Cavalry
House, Royal Military College, Kingston,
(Cont'd
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FROM THE RECEIVING TUBE DEPARTMENT OF GENERAL ELECTRIC COMPANY

__% u.

|— =y~ S

General Electric Low-Noise 7025 AF-Amplifier Tube
Major Step Toward Improved Hi-Fi Reproduction!

|

Prototype (12AX7)

New Low-Noise 7025

Scope Trace at Right Shows Superiority of New 7025 Twin Triode

You can see by comparison the groatly reduced noize output of the new General Electric

amplifier tube.

A single, identical tap was applied externally 10 a 12AN\7 and to a 7025,

both represemtative tubes from current production. Vertical meagurement iz |)|dl( volt-

age . . . horizontal neasurcment is time. Conditions: 15, 250 v, B2 10 K. —25v.

Military Equipment Builder Finds G-E 7077 Ceramic
Triodes Have Mean Noise Figure Below 5 db!

Using a high-performance test circuit
of alvanced design. the rescarch
laboratory of a large manufacturer of
mil:tary equipment has found that a
sample lot of G-I 7077 RF-amplifier
ceramic triades show the mean noise
figure of 1.6 db at 16 db gain.
were operated at 500 megaceycles.
The new 7TO77 is rated at 5.5 db
noise at 14.5 dbi gain. 450 megacyeles

Tubes

under p(ns(-r-mah-lml conditiens.

Therefore. the test performance
underscores the tuhe’s suitability for
military use, where low notse and
high gain are vital.

Intenced primarily for communi-

cations. radar, and navigation equip-

ment. the new 077 is a high-mu
triode of planar construction. Altitude
vating is 100.00C feet. It is economi-
cal in pric

(C.eramic

¢. dep>ndable. and ruggel.
construction gives the
7077 exceptional lieat resistance. The
tube is expecled to be useful up to
300 C. It is designed for optimum
mounting ‘n grocnded-grid UHI am-
plifier circuits. Size is extremely small

less than !

2 inch long and wide.
Orders are being aceepted now for

delivery this vear. See page that fol-

low- for average -haractesisties and

G pical-operation ata.

Modern  sound-reproduction  tech-
niques put a premium on low back-
ground noise. The richness of today’s
high-fidelity tone calls for circuitry
and tubes that reduce hum. micro-
phonics. and other noise to a level
approaching silence.

General Electric. long a pioneer in
audio rescarch—originator of the
famous variable-reluctance cartridge
and other basic aids to sound repro-
duction—now as=ists circuit design-
ers with an outstanding low-noise
amplifier tube. the 7025, This new
twin triode promotes hum-free. noise-
free reproduction of both disk and
tape sound recordings.

In equipment now being designed
or in production, the 7025 will direct-

Iy replace Type 12AN7.

New Snubber Mica Holds Cathode Tight.
Special Low-Hum Heater Employed.

The new 7025 features a spring snub-
ber mica applied to the top of the
cathode, which exerts a damping
effeet on any movement of the cath-
ode caused by shock o vibration.
This cuts mierophonies substantially.
Also. a new tnbe heater of special
design reduces hum by virtually elimi-
nating heater magnetic influences on
plate current and conseqguent hum in
the plate circuit.
General  Electrie
manufacture ha~ been called on 1o

High-precision

achieve extremely close fits ol all tube
parts—a third. important factor in
low-noise performance.

For best audio. apply the new Gen-
eral Electric 7025 AF-amwplifier tube!
Complete information about this low-
noise twin triode is available from
any G-E Receiving Tube ofhee listed
on the following page.

P>



Tear off and keep this sheet for reference. It contains useful tube-application data.

GENERAL ELECTRIC 7077 RF-AMPLIFIER CERAMIC
AVERAGE CHARACTERISTICS

Plate Supply Voltage. .. ... ... .. . . 250
Resistor in plate circuit (by-passed). . .. ... .. . . . 18000
Cathode-Bias Resistor. .. ... ... . .. ... 82
Amplification Factor. ... . ... 80
Plate Resistance, approximate. . . ... ... .. .. ... ... ... ... ... .. ... ... 8900
Transconductance . ... ... ... 9000
Plate Current . . . . . ... 6.4
Grid Voltage, approximate

Gn=50 Micromhos. . .. .. ... .. ... .. ... ... .. .. .. .. N - coooooocoolc: T -5

TYPICAL OPERATION
GROUNDED-GRID AMPLIFIER—450 MEGACYCLES

Plate Supply Voltagel . . . ... . . 250
Resistor in plate circuit (by-passed)f. .. ... .. ... 18000
Cathode-Bias Resistor. . .. .. ... . .. .. 82
Plate Current . . . . 6.4
Bandwidth, approximate . . .. ... 7
Power Gain, approximate R - . 14.5
Noise Figure (Measured with power-matched input, using argon lamp noise source), approximate ... 5.5

I Lower supply voltage and a lower value of resistor may be used in the plate circuit with some sacrifice
performance.

TYPICAL GROUNDED-GRID AMPLIFIER CIRCUIT USING THE 7077
6.3V

+250

INPUT

N\

’)

TRIODE

Yolts
Ohms
Ohms

Ohms
Micromhos
Milliamperes

Volts

Volts

Ohms

Ohms
Milliamperes
Megacycles
Decibels
Decibels

in uniformity of

OouUTPUT

Disclosure of the foregoing examples of the tube applications does not convey to purchasers of tubes any patent license,

nor is it to be construed as recommending the use of such tubes in the infringement of patent claims.

For further information, phone nearest office of the G-E Receiving Tube Department below:

EASTERN REGION
200 Main Avenve, Clifton, New lJersey
Phones: (Clifton) GRegory 3-6387
(N.Y.C.} Wisconsin 7-4065, 6, 7, 8

CENTRAL REGION
3800 North Milwaukee Avenue
Chicago 41, lilinois
Phone: SPring 7-1600

FProgress Is Ovr Most Important Prodct

GENERAL ELECTRIC

12-11.102

WESTERN REGION
11840 West Olympic Boulevard
Los Angeles 64, California
Phones: GRanite 9-7765; BRadshaw 2-8566



“Five.. .four...three".

WARNING

FIRING CYCLE
HAS COMMENCED »

Two seconds to “FIRE”...the time when
your instrumentation cables must work

Are you responsible for any of the
equipment involved in scenes of this
kind? Any of the instrumentation or
telemetering devices?

If so, you well know how little can
be left to chance when a $100,000-plus
pre-dawn “shot” is scheduled.

Even minor cable trouble at a time
like this can be crucial and costly,
especially if it happens on the equip-
ment involved for which you are re-
sponsible.

That’s why it’s important for you to
insist on electronic cables with maxi-
mum built-in reliability.

Quiz yourself on cable

Here’s how to get this kind of reliabil-
ity. Ask yourself these questions about
the cable that’s to go into your own
equipment:

PROCEEDINGS OF THE IRE
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1. Who is the cable supplier? Has he:

a. Thorough knowledge of electronic
wiring problems?

b. Engineering and research skill in
developing special cable?

c. Complete facilities for producing

custom-built or specification
cable?

2. Are his cable conductors full-size,
uniformly annealed and precisely
stranded?

3. Are his insulations and coverings
uniformly applied compounds that
have proved workable, dependable?

4. Can he supply those newly devel-
oped materials that might be needed?

You'll find all of these qualifications
met in full measure by Rome Cable

Millions of feet of Rome wire and cable
have already been installed in elec-
tronic gear for military and commercial
uses. More is ordered every day.

When you require cable that must
not fail—or which must meet unusual
specifications—we can very probably
help you. Simply contact your nearest
Rome Cable representative—or write
to Department 422, Rome Cable Cor-
poration, Rome, N. Y.

ROME CABLE

CcC O R
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Ont., Canada; R. Williamson, R.R. 3,
Belleville, Ont., Canada.

Beaumont-Port Arthur (6)—F. M. Crum,
Dept. of E. E., Lamar State College of
Tech., Beaumont, Texas; H. K. Smith,
270 Canterbury Lane, Beaumont, Tex.

Binghamton (1)—Robert Nash, 12 Alice St.,
M.R. 97, Binghamton, N. Y.; Bruce Lock-
hart, R.D. 3, Binghamton, N. Y.

Boston (1)—C. J. Lahanas, 275 Massachu-
setts Ave., General Radio Co., Cambridge
39, Mass.; J. C. Simons, Jr., 15 Little
Pond Rd., Belmont 78, Mass.

Buenos Aires—]. M. Onativia, Bustamante
1865, Buenos Aires, Argentina; L. F,
Rocha, Caseros 3321, DTO. B., Buenos
Aires, Argentina.

Buffalo-Niagara (1)—W. S. Holmes, Cornell
Aeronautical Labs., 4455 Genesee St.,
Buffalo 21, N. Y.: R. B, Odden, 573 Allen-
hurst Rd., Buffalo, N. Y.

Cedar Rapids (5)—W. B. Bruene, 2769
Franklin Ave., N.E., Cedar Rapids, lowa;
R. L. Olson, 1069 27th St., N.E., Cedar
Rapids, lowa.

Central Florida (3)—]. M. Kaeser, 1453
Thomas Barbour Dr., Loveridge Hts.,
Eau Gallie, Fla.; W. S. Hines, 1320 Indian
River Dr., Eau Gallie, Fla.

Central Pennsylvania (4)—W. J. Leiss, 1173
S. Atherton St., State College, Pa.; P. ].
Freed, Haller, Raymond & Brown, State
College, Pa.

Chicago (5)—D. G. Haines, 751 Parkside
Ave., Elmhurst, Ill.; S. F. Bushman, 1166
Oakwood Ave., Des Plaines, 1lI.

China Lake (7)—P. S. Kim, 200-A Byrnes
St., China Lake, Calif.; E. E. Ollikkala,
209 A. Kitts Rd., China Lake, Calif.

Cincinnati (4)—A. B. Ashman, 225 E. Fourth
St., Cincinnati 2, Ohio; R. Nathan, 1841
Bluefield Place, Cincinnati 37, Ohio.

Cleveland (4)—W. G. Piwonka, 3121 Hun-
tington Rd., Cleveland 20, Ohio; J. S. Hill,
Smith Electronics, Inc., 4900 Euclid Ave.,
Cleveland 3, Ohio.

Colombia—T. J. Meek, Apartado Aerco 78-
15, Bogota, Colombia; F. S. Garbrecht,
Apartado Nal. 2773, Bogota, Colombia.

Columbus (4)—R. L. Cosgriff, 2200 Home-
stead Dr., Columbus, Ohio; G. J. Falken-
bach, Battelle Institute, 505 King Ave.,
Columbus 1, Ohio.

Connecticut (1)—H. M. Lucal, Box U-37,
Univ. of Conn., Storrs, Conn.: A. E. Per-
rins, 951 Sperry Rd., Cheshire, Conn.

Dallas (6)—Frank Seay, Collins Radio Co.,
1930 Hi-Line Dr., Dallas, Tex.; T. B.
Moseley, 6114 Northwood Rd., Dallas 25,
Tex.

Dayton (4)—N. A. Nelson, 201 Castle Dr.,
Kettering 9, Ohio; D. G. Clute, 2132 Mer-
iline Ave., Dayton 10, Ohio.

Denver (6)—R. S. Kirby, 455 Hawthorne
Ave., Boulder, Colorado; W. G. Worcester,
748—10 St., Boulder, Colorado.

Detroit (4)—L. M. Augustus, 2650 Car-
penter Rd., Ypsilanti, Mich.; W.
Norris, 2024 Earlmont, Berkley, Mich.

Egypt—H. M. Mahmoud, Faculty of Engi-
neering, Fouad 1| Univ., Giza, Cairo,
Egypt; El Garhi I EI Kashlan, Egyptian
Broadcasting, 4, Shari Sherifein, Cairo,
Egypt.

Elmira-Corning (1)—R. G. Larson, 220 Lyn-
hurst Ave., Windsor Gardens, Horse-
heads, N. Y.; D. F. Aldrich, 1030 Hoffman
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St., Elmira, N. Y.

El Paso (6)—]. Crosson, 1100 Honeysuckle
Drive, El Paso, Tex.; H. Markowitz, 1132
Texas St., El Paso, Tex.

Emporium (4)—R. ]. Bisso, 99 Meadow Rd.,
Emporium, Pa.; H. V. Kamler, Jr., W,
Creek Rd., Emporium, Pa.

Erie—A. R. Keskinen, 866 Sandusky St.,
Conneaut, Ohio; P. E. Sterner, 322 For-
rest Dr., Erie, Pa.

Evansville-Owensboro (5)—A. K. Miegl,
904 Kelsey Ave., Evansville, Ind.; M.
Casler, Evansville College, Evansville,
Ind.

Florida West Coast (3)—L. J. Link, 3216
Ninth St., North, St. Petersburg, Fla.;
R. Murphy, 12112 N. Edison Ave., Tam-
pa 4, Fla.

Fort Huachuca (7)—]. K. Oliver, Box 656,
Ft. Huachuca, Ariz.; W. C. Shelton, Box
2919, Fort Huachuca, Ariz.

Fort Wayne (5)—G. E. Collins, 3101 Lillie
St., Fort Wayne, Ind.; H. D. Grosvenor,
1332 Maple Ave., Fort Wayne 6, Ind.

Fort Worth (6)—C. W. Macune, 3132 Forest
Park Blvd., Fort Worth, Tex.; G. H. Rob-
ertson, 5749 Tracyne Drive, Fort Worth
14, Tex.

Hamilton (8)—C. N. Chapman, 40 Dundas
St., Waterdown, Ont., Canada; C. J.
Smith, Gilbert Ave., Dancaster Courts,
Sub. Serv. 2, Ancaster, Ont., Canada.

Hawaii (7)—Vaughn Kelly, 99-1215 Ajea
Hgts. Dr., Aiea, Hawaii; D. L. Grubb, 236
Paiko Dr., Honolulu, Hawaii.

Houston (6)—M. A. Arthur, Humble Oil &
Refining Co., P.O. Box 2180, Houston 1,
Tex.; C. G. Turner, Communications En-
gineering Co., P.O. Box 12325, Houston
2, Tex.

Huntsville (3)—W. O. Frost, P. O. Box 694,
Huntsville, Ala.; J. E. Douma, 804 Car-
melian St., S.E., Huntsville, Ala.

Indianapolis (5)—N. G. Drilling, 3002 Ash-
land Ave., Indianapolis 26, Ind.; R. B.
Flint, 4038 Evelyn St., Indianapolis 24,
Ind.

Israel—E. H. Frei, Weizman Inst. of Sci-
ence, Rehovoth, Israel; Moshe Tkatsh,
Kyriat Motzkin POB 1, Israel.

Ithaca (1)-W. E. Gordon, Phillips Hall,
Cornell Univ., Tthaca, N. Y.; C. E. In-
galls, 106 Sheldon Rd., Tthaca, N. Y.

Kansas City (6)—P. C. Constant, Jr., 3014
E. Meyer Blvd., Kansas City 30, Mo.;
N.E. Vilander, 2509 W. 83rd St., Kansas
City 15, Mo.

Little Rock (6)—]. D. Reid, 2210 Summit,
Little Rock, Ark.; J. P, McRae, Route 1,
Box 27, Scott, Ark.

London (8)—]. C. Warder, 513 Princess
Ave., London, Ont., Canada; J. D. B.
Moore, 27 McClary Ave., London, Ont.,
Canada.

Long Island (2)—E. G. Fubini, Airborne Tn-
strument Labs., 160 Old Country Rd.,
Mineola, L. I., N. Y.; E. K. Stodola, 118
Stanton St., Northport, N. Y.

Los Angeles (7)—]. K. Gossland, 318 E.
Calaveras St., Altadena, Calif.; R. G.
Kuck, 914 Arroyo Dr., So. Pasadena,
Calif.

Louisville (5)—M. C. Probst, 5067 Poplar
Level Rd., Louisville, Ky.; W. J. Ryan,
207 E. Broadway, Louisville 1, Ky.

Lubbock (6)—E. W. Jenkins, Jr., Shell Oil
Co., Admin. Dept., Box 1509, Midland,

Tex.; J. J. Criswell, 511 50th St., Lub-
bock, Tex.

Miami (3)—Capt. C. M. Ryan, 1330 S.
Greenway Dr., Coral Gables, Fla.; E. W.
Hannum, 5920 S.W. § Terrace, Miami 4,
Fla.

Milwaukee (5)—]. E. Jacobs, 6230 Hale
Park Dr., Hales Corners, Wis.; F. J. Lofy,
Milwaukee School of Engrg., 1025 N. Mil-
waukee St., Milwaukee 2, Wis.

Montreal (8)—R. E. Penton, 6695 Fielding
Ave., Apt. 29, Montreal, Que., Can.;
R. Lumsden, 1680 Lepine St., St. Laurent,
Montreal 9, Quebec, Canada.

Newfoundland (8)—]J. B. Austin, Jr., Hgq.
1805th AACS Wing, APO 862, c/o PM,
New York, N. Y.: J. A. Willis, Canadian
Marconi Co., Ltd., Box 994, St. John's
Newfoundland, Canada.

New Orleans (6)—M. F. Chapin, 8116 Hamp-
son St., New Orleans, La.; G. A. Hero,
1102 Lowerline St., New Orleans 18, La.

New York (2)—]J. S. Smith, 3717 Clarendon
Rd., Brooklyn, N. Y.; Joseph Reed, 52
Hillcrest Ave., New Rochelle, N. Y.

North Carolina (3)—C. A. Norwood, 830
Gales Ave., Winston-Salem, N. C.; G. L.
Stanton, Rte. 9, Box 359-A, Greensboro,
N. C.

Northern Alberta (8)—D. L. MacDonald,
10330—84 Ave., Edmonton, Alta., Can.;
Frank Hollingsworth, 9619—85th St., Ed-
monton, Alberta, Canada.

Northern New Jersey (2)—T. N. Anderson,
1539 Deer Path, Mountainside, N. ].;
G. D. Hulst, 73 Mt. Prospect Ave., Ve-
rona, N. J.

Northwest Florida (3)—G. C. Fleming, 579
E. Gardner Dr., Fort Walton Beach, Fla.;
W. F. Kirlin, 67 Laurie Dr., Fort Walton
Beach, Fla.

Oklahoma City (6)—Nicholas Battenburg,
2004 N.W. 30th St., Oklahoma City 6,
Okla.; E. W. Foster, 5905 N.W. 42 St.,
Oklahoma City 12, Okla.

Omaha-Lincoln (5)—H. D. Curry, 3844
Charles St., Omaha 3, Neb.; H. W.
Becker, 1214 N. 34 St., Omaha 3, Neb.

Ottawa (8)—L. H. Doherty, 227 Barclay
Rd., Ottawa 2, Ont., Canada; R. S. Thain,
54 Rossland Ave., Ottawa 5, Ont., Canada.

Philadelphia (3)—Nels Johnson, Philco
Corp., 4700 Wissahickon Ave., Philadel-
phia 44, Pa.; W. A, Howard, WRCV, 1619
Walnut St., Philadelphia 4, Pa.

Phoenix (7)—G. L. McClanathan, 509 E.
San Juan Cove, Phoenix, Ariz.; E. S. Shep-
ard, 5716 N. 19 St., Phoenix, Ariz.

Pittsburgh (4)—]. B. Woodford, Jr., Box
369, Carnegie Tech. P.O., Pittsburgh 13,
Pa.; A. E. Anderson, 1124 Olympic Hts.
Dr., Pittsburgh 35, Pa.

Portland (7)—D. C. Strain, 7325 S.W. 35
Ave., Portland 19, Ore.; W. E. Marsh,
6110 S.W. Brugger St., Portland 19, Ore.

Princeton (2)—L. L. Burns, Jr., RCA Labs.,
Princeton, N. J.; Sylvan Fich, College of
Eng., Rutgers Univ., New Brunswick, N. J.

Regina (8)—]J. A. Funk, Saskatchewan
Gov't, Regina, Sask., Can.; E. C. Odling,
1121 Minto St., Regina, Saskatchewan,
Canada.

Rio de Janeiro, Brazil—M. P. De Britto Pe-
reira, Caixa Postal 562, Rio de Janeiro,
Brazil; Maj. H. C. de Mattos, Rua

(Cont'd)
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VA-210B

FOR RADAR
RECEIVERS

VARIAN KLYSTRONS

HIGH FREQUENCY STABILITY,
RUGGED CONSTRUCTION, LONG LIFE
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Nascimento Silva 391, Rio de Janeiro,
Brazil.

Rochester (1)—B. L. McArdle, Box 54,
Brighton Station, Rochester 10, N. Y;
L. D. Smith, 27 Landing Park, Rochester,
N.Y.

Rome-Utica (1)—E. R. Orear, 36 Herthum
Rd., Harts Hill Heights, \Whitesboro,
N.Y.; R.A. Zachary, Jr., 11 Arbor Drive,
New Hartford, N. Y.

Sacramento (7)—R. A. Poucher, Jr., 3021
Mountain View Ave., Sacramento 21,
Calif.; X. W. Godfrey, 3220 Fulton Ave.,
Sacramento 21, Calif.

St. Louis (6)—C. E. Mosley, 8622 St. Charles
Rock Rd., Overland 14, Mo.; R. D. Roden-
roth, 7701 Delmont, Affton 23, Mo.

Salt Lake City (7)—J. S. Hooper, 1936
Hubbard Ave., Salt Lake City 5, Utah;
A. L. Gunderson, 3906 Parkview Dr., Salt
Lake City 17, Utah.

San Antonio (6)—F. A. Brogan, 433 Brees
Blvd., San Antonio 9, Tex.; W. L. Donald-
son, 129 El Cerrito, San Antonio, Tex.

San Diego (7)—A. H. Drayner, 4520 62nd
St., San Diego 15, Calif.; R. E. Honer,
5462 Mary Lane Dr., San Diego, Calif.

San Francisco (7)—Meyer Leifer, Electronic
Defense Lab., Box 205, Mountain View,
Calif.; V. B. Corey, 385 Gravatt Dr.,
Berkeley 5, Calif.

Schenectady (1)—A. E. Rankin, 833 Whit-
ney Dr., Schenectady, N. Y.; Sec.-Treas.
to be appointed later.

Seattle (7)—R. H. Hoglund, 1825 E. Lynn

Subsections

St., Seattle 2, Wash.; L. C. Perkins, Box
307, Des Moines, Wash.

Shreveport (6)—H. H. Moreland, Hq. 2nd
Air Force, Barksdale AFB, La.; L. Hur-
ley, 2736 Rosemont, Shreveport, La.

South Bend-Mishawaka (5)—R. D. Ewing,
3755 Terry Lane, Mishawaka, Ind.; H. E.
Harry, Bendix Prod. Div.-Missiles, 400 S.
Beiger St., Mishawaka, Ind.

Southern Alberta (8)—W. K. Allan, 2025
29th Ave., S.W., Calgary, Alta., Canada;
R. W. H. Lamb, Radio Station CFCN,
12th Ave. and Sixth St., E., Calgary, Al-
berta, Canada.

Syracuse (1)—]J. B. Russell, Salt Spring Rd.,
Fayetteville, N. Y.; R. N. Lothes, General
Electric Co., Bldg. 3—Industrial Park,
Syracuse, N. Y. .

Tokyo—Yasujiro Niwa, Tokyo Elec. Engi-
neering College, 2-2 Kanda-Nishikicho,
Chiyoda-Ku, Tokyo, Japan; Fumio Mino-
zuma, 16 Ohara-Machi, Meguro-Ku,
Tokyo, Japan.

Toledo (4)—H. L. Neuert, 3534 Woodmont
Rd., Toledo 13, Ohio; K. P. Herrick, 2516
Fulton St., Toledo 10, Ohio.

Toronto (8)-—H. W. Jackson, 352 Laird Dr.,
Toronto 17, Ont., Canada;R. J. A. Turner,
66 Gage Ave., Scarborough, Ont., Canada.

Tucson (7)—P. E. Russell, Elec. Engrg.
Dept., Univ. of Ariz., Tucson, Ariz.; C. L.
Becker, 4411 E. Sixth St., Tucson, Ariz.

Tulsa (6)—R. L. Atchison, 415 E. 14 PL,
Tulsa 20, Okla.; B. H. Keller, 1412 S
Winston, Tulsa 12, Okla.

Twin Cities (5)—E. W. Harding, 5325 Col-
fax Ave., S. Minneapolis, Minn.; S. W.
Schulz, 3132 Fourth St., S.E., Minneapo-
lis 14, Minn.

Vancouver (8)—R. A. Marsh, 3873 W. 23
Ave., Vancouver, B. C., Canada; T. G.
Lynch, 739 Edgewood Rd., North Van-
couver, B. C., Canada.

Virginia (3)—F. E. Brooks, Box 277,
Colonial Ave., Colonial Beach, Va.; E. S.
Busby, Jr., 1608 ‘B’ St., Portsmouth, Va.

Washington (3)-—A. H. Schooley, 3940 First
St., S.W., Washington 24, D. C.; J. E.
Durkovic, 10316 Colesville Rd., Silver
Spring, Md.

Western Massachusetts (1)—R. P. Sheehan,
Ballou Lane, Williamstown, Mass.: A. K.
Hooks, Sprague Elec. Co., North Adams,
Mass.

Western Michigan—R. R. Stevens, 1915
Lotus S.E., Grand Rapids, Mich.; R. V.
Hammer, 1961 Leahy St., Muskegon,
Mich.

Wichita (6)—W. K. Klatt, 2625 Garland,
Wichita 4, Kan.; A. 'T. Murphy, Univ. of
Wichita, Dept. of Elec. Engrg., Wichita
14, Kan.

Williamsport (4)—(No chairman at pres-
ent); W. H. Bresee, 1666 Oak Ridge Pl.,
Williamsport, Pa.

Winnipeg (8)—C. J. Hopper, 332 Bronx
Ave., Winnipeg 5, Man., Canada; T. ].
White, Dept. of E.E., University of Mani-
toba, Winnipeg 9, Man., Can

Buenaventura (7)—M. H. Fields, 430 Rod-
erick St., Oxnard, Calif.; D. J. Heron,
1171 Brunswick Lane, Ventura, Calif.

Burlington—R. C. Miller, c/o Sylvania
Elec. Prod., Burlington, lowa; P. D.
Keser, Box 123, Burlington, lowa.

Charleston (3)—F. A. Smith, Rte. 4, Mel-
rose, Box 572, Charleston, S. C.; Joseph
Martin, 214 Victoria Ave., N. Charleston,
S. C.

East Bay (7)—C. W. Park, 6035 Chabolyn
Terr., Oakland 18, Calif.; Robert Rector,
1425 Edith St., Berkeley, Calif.

Eastern North Carolina (3) —H. Hulick,
Station WPTF, Insurance Bldg., Raleigh,
N. C.; M. C. Todd, Wendell, N. C.

Gainesville (3)—W. E. Lear, Dept. of Elec.
Eng., Univ. of Fla.,, Gainesville, Fla.
(Chairman)

Kitchener-Waterloo (8)- Jules Kadish, Ray-
theon Canada, Ltd., 61 Laure! St., \Water-
loo, Ont., Canada; G. C. Field, 48 Harber
Ave., Kitchener, Ont., Canada.

Lancaster (3)—P. A. Metzger, RCA, New
Holland Pike, Lancaster, Pa.; W. H.
Freund, 604 Grandview Blvd., Lancaster,
Pa.

Las Cruces-White Sands Proving Grounds
(6)—H. W. Haas, Box 236, State College,
N. M.; M. Goldin, 1921 Calle de Suneos,
Las Cruces, N. M.

Lehigh Valley (3)—F. W. Smith, E.E. Dept.,
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Lafayette College, Alumni Hall of Engrg.,
Easton, Pa.; L. G. McCracken, Jr., 1774
W. Union Blvd., Bethlehem, Pa.

Memphis (3)—R. N. Clark, Box 227, Mem-
phis State Coll., Memphis, Tenn. (Chmn.)

Mid-Hudson (2)—Altman Lampe, Cramer
Rd., R.D. 3, Poughkeepsie, N. Y.: M. R.
Marshall, 208 Smith St., Poughkeepsie,
N.Y.

Monmouth (2)--Edward Massell, Box 433,
Locust, N. J.; Harrison Rowe, Box 107,
Red Bank, N. J.

Nashville (3)—P. E. Dicker, Dept. of Elec.
Eng., Vanderbilt Univ., Nashville 3§,
Tenn.; R. L. Hucaby, 945 Caldwell Lane,
Nashville 4, Tenn.

New Hampshire (1) -M. R. Richmond, 55
Raymond St.,, Nashua, N. H.; R. O.
Goodwin, 86 Broad St., Nashua, N. H.

Northern Vermont (1)—George LaPorte, 9
Upland Rd., Essex Junction, Vt.; D. R.
Bender, 32 Vine St., Burlington, Vt.

Orange Belt (7)—R. E. Beekman, 113 N.
Lillie Ave., Fullerton, Calif.; R. W.
Thorpe, 2431 San Simeon, Riverside,
Calif.

Palo Alto (7)—Wayne Abraham, 611 Hansen
Way, c/o Varian Associates, Palo Alto,
Calif.; W. E. Ayer, 150 Erica Way, Menlo
Park, Calif.

Panama City (3)—C. B. Koesy, 1815 Moates
Ave,, St. Andrew Station, Panama City,

Fla.; M. H. Naeseth, 1107 Buena Vista
Blvd., Panama City, Fla.

Pasadena (7)—]J. L. Stewart, Assoc. Prof.
of Elec. Engrg., Calif. Inst. of Tech.,
Pasadena, Calif.; J. E. Ranks, 1270
Leonard Ave., Pasadena 8, Calif.

Quebec (8)—R. F. Chinnick, 500 La Visita-
tion, Ste. Foye, Quebec City, Que., Can.;
P. DuBerger, 1267 Villars Ave., Sillery,
Que., Canada.

Richland (7)—R. E. Connally, 515 Cotton-
wood Dr., Richland, Wash.; R. R. Cone,
611 Thayer, Richland, Wash.

San Fernando (7)—J. J. Guarrera, 17160
Gresham Ave., Northridge, Calif.; C. C. Ol-
sefsky, 8100 Aldea Ave., Van Nuys, Calif.

Santa Ana—Officers to be elected.

Santa Barbara (7)—\Walter Hausz, 4520 V'ia
Vistosa, Santa Barbara, Calif.; C. P
Hedges, 316 Coleman Ave., Santa Bar-
bara, Calif.

USAFIT (4)—Lt. Cdr. E. M. Lipsey, 16
Spinning Rd., Dayton 3, Ohio; sec.-treas.
to be appointed later.

Westchester County (2)—D. S. Kellogg, 9
Bradley Farms, Chappaqua, N. Y.; M. J.
Lichtenstein, 52 Sprain Valley Rd., Scars-
dale, N. Y.

Western North Carolina (3)—]J. G. Carey,
1429 Lilac Rd., Charlotte, N. C.; R. W
Ramsey, Sr., 614 Clement Ave., Charlotte
4, N. C.
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For production testing and process control
C M C announces the Model 620A
ELECTRONIC GO-NO-GO GAUGE

Here’s an interesting new instrument from CMC with
a host of applications in production testing and process
control.

The Electronic Go-No-Go Gauge monitors any con-
trol or limiting situation which can be stated in terms
of frequency. For instance, in the electronics industry
relatively unskilled workers can tune oscillator circuits,
filter networks, etc. with great accuracy. Frequency sta-
bility and comparison checks can be made quickly and
easily. In mills and factories producing a continuous
flow of goods such as steel, rubber, paper, the device can
be used as a material flow controller keeping the output
in tune with the input, preventing line buckle and stretch-
out. In chemical and petroleum processing, the Model
620A can serve as a pressure or liquid flow regulating
indicating system. Wherever motor speed control is a
problem, the Model 620A will hold the speed within
preselected limits.

How 1t Works

In operation, the unknown frequency generated by either
the unit under test or one of the many types of trans-
ducers on the market is applied at the input. Upper and
lower frequency limits are selected by setting the control
knobs on the front panel. If the unknown frequency falls

below the lower limit, a red “low” lamp lights. Equal to
or above the higher limit, a red “high” lamp lights. With-
in either limit, a green “in limits” lamp lights. Relay con-
tact closure for external control occurs at each lamp
condition.

Actual input frequency is displayed on decades.
Remote visual monitoring can be obtained with CMC’s
new Inline-Inplane Readable Readout. Use of CMC’s
new fast printer provides a permanent printed record.

Like all CMC instruments, the new Model 620A fea-
tures unitized construction for structural strength and
low weight.

KEY SPECIFICATIONS
FREQUENCY RANGE 1 — 40,000 cps

INPUT REQUIREMENTS .05v rms: 10 — 40,000 cps
.07vrms: 1 — 10 ¢ps
Positive Puise Rise Time: 12 volt or more/sec.

ACCURACY =1 count + stability
STABILITY 0.1% (Normal power line stability)}
Crystal time base optional.
TFIME BASES 0.1 sec. and 1 sec. (10 sec, optional}
READOUT 4 digits (5 digits optional)
DISPLAY TIME Automatic: Continuously variable 0.1 to

10 seconds.
Manual: Until reset

0.5 megohm and 50 mmfd
$1120.00 f.0.b. factory

INPUT IMPEDANCE
PRICE

For more information, contact your nearest CMC engineering representative

Z or write to us directly for complete specifications and applications data.
Subsidiary of . Please address Department 435.
Hancock 6
Manufacturing 5
C ‘ -
omeany ] Computer-Measurements Corporation
3
2 5528 Vineland Avenue * No. Hollywood, California
’ Phone: STanley 7-0401 ¢ TWX: N HOL 2160
0 2
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W-l’-ype Stabilization Range

ARNOLD offers you the widest selection
of Temperature Stabilized
MO-PERMALLOY POWDER CORES

Arnold Molybdenum Permalloy powder cores are available
with the temperature coefficient of inductance controlled
within certain limits over specific temperature ranges. Most
core sizes and permeability combinations can be supplied
in at least one of the four different types of temperature
stabilization available.

For example, most of the popular core sizes are manu-
factured in the new type of wide range— "W —stabilized
cores whose temperature coefficient of inductance does not

For more information write for
Bulietin PC-1048

Lists complete line of Mo-Permalloy Powder
cores . . . available in 25 sizes from 0.260” Q.D.
to 5.218” O.D. Furnished also with various types
of temperature stability from Type A" un-
stabilized to Type W™ stabilized over the tem-
perature range of —65° F to +185° F,

ADDRESS DEPT. P-85
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exceed 0.5% over the temperature range covered by the
MIL-T-27 specification of —55° C to +85° C.

This type of guaranteed maximum change of inductance
with temperature, as well as the constancy of permeability
with time and flux level, are of particular importance to
apparatus and circuit engineers. Many precision military
and industrial applications demand the uniform performance
and the excellent physical properties found only in Arnold
Mo-Permalloy powder cores.

For design flexibility they are furnished in a full range of
sizes, up to 5.218"" O.D,, in four standard permeabilities:
125, 60, 26 and 14. You will find them dependable and easy
to use. You will find most sizes and types in stock mow
for immediate shipment.
® Let us furnish your requirements for temperature sta-
bilized Mo-Permalloy powder cores, or any magnetic mate-
rials you need, from the most complete line in the industry.
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see hetter/
y farther

Transistorized radar . .. and other Texas Instruments
“electronic eyes” can peg the shape, location, motion,
heat, and magnetic character of “targets of opportunity”
... relaying this vital data for action in those brief mo-
ments that the opportunity exists! In manned or un-
manned reconnaissance aircraft, TI’s light, tough and
compact electronics save fuel, space and weight while
trimming maintenance and logistic problems.

Discussion of this advanced reconnaissance capability
can be arranged on short notice. Authorized industrial
or military personnel write or wire: Service Engineering
Department . . .

apparatus division

systems management—  [ECONNaissance, airways control, anti-sub-
marine warfare, anti-missile, countermeasures,
airborne early warning, navigation, attack
control, missile systems, engine control.

equipments— radar, infrared, sonar, magnetic detection,
computers, timers, telemetering, intercom,
microwave, optics, detector cells, engine
instruments, transformers, time standards, and
other precision devices.

research
design
development
manufacture

TEXAS INSTRUMENTS
INCORPORATED
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Ultrasonic Analyzer

Probescope Company, Inc., 8 Sagamore
Hill Dr., Port Washington, L.I., N.Y., an-
nounces a new wideband spectrum ana-
lyzer, model 88-500, covering the 75 cps to
600 frequency range.

The model SS-500 will give an instan-
taneous fourier analysis of high speed vi-
bration, noise, pulse, and harmonics.

This model is suited to the design of jet
engines, telemetering, microphonic studies,
crystal characteristics and wind turbulence
test.

Features include automatic optimum
resolution, continuously variable sweep
width and center frequency, input overload
protection, tube failure indicators, internal
frequency calibration and a flat face
cathode ray tube with camera mount
bezel.

Specifications: (center frequency) to
500 mc; sweep width 2 kc to 200 ke: Reso-
lution 150 cps to 2 kc; full scale sensitivity,
250 microvolts to 250 volts; linear and two
decade log voltage scale, and a 60 db, dy-
namic range.

High Power
Pulsed Oscillator

The PG-650 oscillator, a variable fre-
quency pulse modulated rf source for ap-
plication requiring high power output as
well as extreme stability is announced by
Arenberg Ultrasonic Laboratory, Inc., 94
Green St., Jamaica Plain 30, Mass, Its
principal use has been in measuring the
various parameters of ultrasonic delay lines
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These manufacturers have invited PROCEEDINGS
readers to write for literature and further technical
information. Please mention your IRE affiliation.

whose high initial insertion loss as well as
operation at low impedance levels have
presented difficulties. The wide band
widths covered by delay lines have also
meant that the oscillator would have to
cover a wide range of frequencies.

With this unit the rf output may be
displayed directly on the plates of an os-
cilloscope, and the output of a delay
line (60 db into 50 ohms) can also be shown
at rf using only the vertical amplifier of
the CRO and no other. A second item is
that it has been possible to cascade two
delay lines without an intermediate ampli-
fier.

The circuits are stable to the extent
that it has been possible to take photo-
graphs with 80 second exposure of a 40 mc
pulsed sine wave 2 usec long showing each
cycle. The sharp rise and fall time of } usec
as well as minimum pulse length of less
than 2 psec has been the best achieved
consistent with the high power level.

Additional features that make this self-
contained instrument a versatile addition
to a well-equipped laboratory, with many
uses besides testing delay lines, and in fact
outside of ultrasonics, are (1) the incor-
poration of a trigger generator for internal
use which can lock on 60 cycles; (2) a
trigger amplifier for synchronizing with an
external source; (3) a variable trigger
delay circuit for viewing the leading edge
of pulses on a CRO display, while adjust-
ing to coincide with suitable time marks;
and (4) a continuously variable pulse
length control.

Computer Control
Panel Components

A new line of special control panel
components has been developed by Tran-
sistor Electronics Co., 3357 Republic Ave.,
Minneapolis 26, Minn. The Echo-Lite is a
push button with a NE-2 neon bulb en-
closed, the Memo-Lite a subminiature
thyratron indicator for transistor circuitry,
and the Transistor-Lite a transistor con-

i

trolled neon lamp circuit. Each is housed
in an anodized aluminum tube of } inch
diameter, 2 inches long. The gold plated
terminal connections are for AMP series
“53” taper pins. The lenses are molded
from clear plastic, but are available in
colors as well. The terminal header is
nylon, and mylar insulation is used inter-
nally. Provisions are made internally for
d4s many as four-} watt composition re-
sistors.

Direct Reading
Heavy Current
DC Ammeter

A new heavy current precision dc am-
meter which is capable of accurate meas-
urement of a wide range of currents at a
moderate cost is announced by Sensitive
Research Instrument Corp., New Rochelle,
N.Y. Self contained and portable, this
instrument eliminates external shunts and
leads. Ranges are selected by means of
positive-fitting tapered plugs and holes.
The movement features Diamond Pivots
and shock mounted jewels for ruggedness
and repeatability. Operation: Direct Cur-
rents. Accuracy: is 0.2 per cent. Ranges:
are a choice of combination #1: 0-1/5/10/
20/50/100 amperes; or combination #2:
0-1. 5/3/7.5/15/30/75 amperes. The scale
is 6.3 inches, hand-drawn, and mirrored;
Comb. #1: 100 divisions, Comb. #2: 150
divisions. The type has a double-diamond
pivoted, permanent magnet. Sensitivity is
50 millivolts. Temperature coefficient is
negligible between 20 and 30°C. Period is

1 second.
(Continued on page 1304)
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550 Mc

T

60,000 Mc

l

More than 70 Raytheon reflex-type klystrons for
local oscillator, signal generator and transmitter
applications.

Raytheon produces more reflex klystrons than all
other manufacturers in the world combined . . . one
important reason why Raytheon klystrons have
established a matchless record for reliability and

I

proved performance in thousands of installations.

Equipment designers are welcome to call on our
Application Engincer Service. Write for consoli-
dated data booklet presenting comprehensive char-
acteristics of the complete line of Raytheon klys-
trons, magnetrons and special tubes. There is no
cost, or obligation.

RK-5721 — Velocity variation
oscillator designed for use with
a coaxial cavity in CW or
pulsed operation over the 4290
to 11.000 Mc range for signal
generator and special local
oscillator applications.

Heater tnput @ 0.58 A .
Reflector Voltage Transit
Mode . . . . . .
Frequency Range . . . . .
DC Resonator input @ 20 mA .

3 TYPICAL RAYTHEON REFLEX KLYSTRONS

. 2% cycles

4290-8340 Mc

RK-6116 — A ruggedized
thermally tuned oscillator of
the integral cavity type de-
signed for CW operation in
the 8500 to 9600 Mc range
with an average power out-
put of 30 mW.

Heater tnput @ 0.52A . . . . . . 63V
Tuner Heater Current . A 0.80 A
Frequency Range 0 8500-9660 Mc
Resonator Input @ 25 mA . 300 Vdc

1000 vdc Reflector Voltage (max.
DC Reflector Voltage . . . . . -50t0-625V Po @ 8550 to 9660 Mc) . -60 to -145 vdc
Electronic Tuning (Half Thermal Tuning Time
Power) Frequency Change 12 Mc min. 8500-9660 Mc . . . . . . 2 seconds
Reflector Modulation Electronic Tuning Range @ 9080 Mc . . 100 Mc
Sensitivity (8340 Mc) . 0.1 Mc/volt Power Output
Power Output (Average CW) . 160 mW 8500-9660 Mc . . . 26 to 34 mW

RAYTHEON MANUFACTURING COMPANY

Microwave and Power Tube Division, Section PT-06, Waltham 54, Mass.

QK-422—-Amechanically
tuned velocity variation /¢
oscillator designed for | > ~°
CW operation in the 7125 ~.2_.
to 8125 Mc range in mi-
crowave relay systems.

Heater Input @ 44A . . . . . . 63V
Frequency Range . 7125 to 8125 Mc¢
DC Resonator Input @ 32 mA . 300 vdc
DC Reflector Voltage (max.

Po @ 7125 to 8125 Mc) . . -130 to -210 Vdc
Power Output 7125 to

8125Mc . . . . . 100 mW min,
Electronic Tuning (to half

power points) @ 7600 Mc . 25 Mc min.
Modulation Sensitivity

@ 7600 Mc (10 V pk. to

pk. mod. volt) . . . . . .5 Mc/V min,

|

Regional Sales Offices: 9501 W. Grand Avenue, Franklin Park, Illinois. 5236 Santa Monica Blvd., Los Angeles 29, California
Raytheon makes: Magnetrons and Klystrons, Backward Wave Oscillators, Traveling Wave Tubes, Storage Tubes, Power Tubes, Miniature and Sub-Miniature Tubes,

semiconductor Products, Ceramics and Ceramic Assemblies
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NEW RIDER BOOKS

with modern concepts
spark electronic progress

Small signol parameters that predict large signal perfarmance
save engineering fime.

CONDUCTANCE CURVE DESIGN MANUAL, by Keats
Pullen, Jr., Ph.D., Eng.D. The author, a world-
famous electronics authority, has devised an orig-
inal technique for designing electronic circuits
based on conductance curves, Gm Rp and z are re-
plotted as necessary so as to enable design using
small signal parameters to predict large signal
performance. This technique greatly shorters de-
sign time and minimizes problems arising from
approximation. A vitally important contribution
to engineering progress.

Circuit reliability can be improved and distortion
reduced at the same time by using the tables and
curves in the manual. Engineers, engineering
students, and laboratory technicians can now select
the proper tubes and their associated components
to suit the needs of almost any type of circuit with
greater reliability than ever before. The manual
contains conductance curves for more than 70 of
the most representative vacuum tubes used in all
services. #210, 8%” x 117, stiff cover, spiral
binding, $4.25.

Physics, mothematics and their relationship 1o electrical
communications moade crystal clear in this brilliont work,

PHYSICS AND MATHEMATICS IN ELECTRICAL COM-
MUNICATION,; by James Owen Perinne, Ph.D.
This is a profound and probing explanation of
what happens in electrical circuits that contain
resistance. inductance and capacitance. While it is
a penetrating analysis, it is presented in an un-
usually lucid manner. The author demonstrates a
talent for selecting that avenue of approach in
analysis which leads to utmost clarity. The text
contains numerous explanatory diagrams, many
conceived by the author, that point out and sim-
plify concepts that normally are considered com-
plicated. Each graph, complete with point-by-point
identifying nomenclature, illuminates the text. On
a foundation of associated mathematics made com-
pletely understandable and replete with numerical
examples, the author brilliantly ties together
physical concepts and electrical communication.
An entirely new approach is used in analyzing
hyperbolic functions, exponential equations and
related functions. Of special significance is the
content of the graphical demonstrations of elec-
tsr7ical behavior. #219, 8%” x 11”, cloth bound,
.S0.

First Omnibus of the Transistor Arnt

TRANSISTOR ENGINEERING REFERENCE HANDBOOK,

by H. E. Marrows. Covering transistor perform- |

ance characteristics, operating specifications,
manufacturing processes, applications, testing,
sources, etc. Related components—electrical char-
acteristics, physical dimensions, sources, etc. The
most complete handbook for use in engineering,
scientific research and manufacturing of transistor
devices. #193, cloth bound, 288 pp., $9.95.

CLOSED CIRCUIT TV SYSTEM PLANNING, by M. A.
Mayers & R. D. Chipp, P.E. Closed circuit tele-
vision is science and industry’s newest means of
visual communication. This book is devoted to the
applications of equipment and the planning of
closed circuit TV systems for use in factories,
schools, hospitals, railroads, department stores,
banks, advertising agencies, airports, transporta-
tion terminals and in numerous other areas. Sys-
tem layout, available equipment, composition of a
complete system are covered. Fully illustrated.
#2038, cloth bound, 8%%” x 11”7, $10.00.

FUNDAMENTALS OF TRANSISTORS, by Leonard
Krugman. Written by one of the pioneers in
transistor development, this book deals with basic
operation, characteristics, performance, and ap-
plication. Soft cover, 144 pp., illus. #160, Only

.70,

Buy these Rider books at your electronic parts
jobber or book store. If your favorite store does
not sell these books order direct. Add state, city
tax where applicable. Canadian prices 5% higher.

Write Dept. IR-5

JOHN F. RIDER PUBLISHER, INC.
116 West 14th Street, New York 11, N, Y.

In Canoda: Charles W. Pointen, Ltd., & Alcing Avenue
Toronto, Ontorio
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The Federal Communications Com-
mission named R. J. Renton (A’29-M’45),
now Assistant Chief Engineer in charge of
the Technical Research Division, to be
Associate Chief Engineer. Mr. Renton has
served the FCC and its predecessor, Fed-

| eral Radio Commission, in various field
and headquarters engineering capacities
since 1929. He was a member of or delegate
to various international engineering con-
ferences and, for several years, chairman
of the North American Regional Broad-
casting Engineering Conference. From
1951 to 1956 he was United States Super-
visor of the Conelrad program. Born in
Boston in 1905, he received his B.E.E. de-
gree from Northeastern University in
1927,

2,
<

A. G. Skrivseth (A’42-M’'45-SM'48)
was also named by the FCC to be Acting
Chief of the Technical Research Division.
Mr: Skrivseth was born in Thor, lowa, in
1915. He was graduated from Montana
State University in 1939 with a B.A. de-
gree in physics and mathematics, and then
was a graduate assistant at Cornell Uni-
versity until 1941. [n the latter year he
joined the FCC as an assistant radio in-
spector. Since then he has filled a variety
of commission engineering posts, was a
delegate to the International Radio Con-
sultative Committee conference at War-
saw in 1956, and is author or co-author of
several technical reports issued by the
commission.

2,
<

J. F. Jenkins, Jr. (SM’54) has been
appointed Director of Development at In-
terstate Electronics Corporation in Ana-
heim, Calif. He is
responsible for the
direction of major
development proj-
ects at [EC, includ-
ing all phases of de-
velopment work
performed under
prime contract to
the government for
missile test and
evaluation instru-
mentation. He came
to IEC as Assist-
ant Director of Development early in 1956
and in 1957 was appointed member of the
| Board of Directors.

Prior to his association with Interstate
Electronics Corp., Dr. Jenkins directed
and participated in numerous advanced
research and development projects. e
was project engineer for design, develop-
ment, and construction of a complete
Askania phototheodolite range at Ed-
wards AFB. He participated as a senior
staff physicist in the establishment of a
‘ transistor study group to apply transistors
| to guided-missile systems. Other activities

J. F. JENKINS, JR.
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included prime responsibility in a project
to obtain data on high-energy protons and
pions at balloon altitudes, extensive re-
search work in high-altitude physics, and
research in vibration problems attending
the use of electron tubes in guided missiles.

Dr. Jenkins received his Ph.D. degree
in physics from the University of Mary-
land in 1954. He is a member of the Ameri-
can Physical Society, Washington Philo-
sophical Society, Sigma Xi, Phi Kappa
Phi, and Sigma Pi Sigma.

<

Page Communications Engineers, Inc.
recently announced the appointment of
Edwin Dyke (S'41-M’'46-SM'48) as an
assistant chief engi-
neer.

Over the past
twelve of his seven-
teen years in the
field, Mr. Dyke has
directed microwave-
relay design and
planning for sys-

tems in Canada,
Alaska, South
America, Europe,

EpwiN DYKE

Australia, and Asia.

Mr. Dyke had
been assistant director of engineering at
Collins Radio Co. in Dallas, Tex., since
1954, and previously spent eight years with
Motorola, Inc., Chicago. He contributed
to the Navy’s first microwave radar while
with the Bureau of Ships from 1941-44,
and later, during two years with Lear, Inc.,
Grand Rapids, Mich., he was a group
leader for military automatic direction
finder design.

He holds numerous patents for micro-
wave relay, antennas, diversity, and auto-
matic tuning; his design is the most widely
installed 6000 mc/s microwave relay in
this country. The CAA recently purchased
Mr. Dyke’'s microwave relay design for
installation in some 140 stations through-
out the U. S., which involved an outlay of
approximately $7 million for this equip-
ment.

He is a graduate of the University of
California at Berkeley, and of the Uni-
versity of Chicago School of Business Ad-
ministration, His memberships include the
Armed Forces Communications and Elec-
tronics Association, Petroleum Electrical
Suppliers Association, and the Aircraft
Owners and Pilots Association.

%
<

The R. \W. Johnson Company recently
announced an expansion of its consulting
engineering services to industry and gov-
ernment, and a change of location to 9372
Hillview Rd., Anaheim, Calif. The firm
specializes in test-range instrumentation,
industrial electronics, new project plan-
ning and organization, and technical pro-

(Continued on page 48A)

May, 1958



R S ———

.—-
2 ]

|
‘l_
e

i

Rectifier Corp.

The diodes listed are typical of the wide selection available at International
Rectifier to solve your rectification problem...with excellent reliability! Your
Jetterhead inquiry will bring the bulletin you specify and—if you include the
details of your project—a recommendation stating the diode best suited to
your need. The illustration at left suggests the scope of our complete line of
selenium, germaniuin and silicon rectifiers for all dc needs from microwatts
to megawatts, literally the widest range in the industry.

EXECUTIVE OFFICES: EL. SEGJNDO, CALIFORNIA ¢ PHONE OREGON 8-6281 * CABLE RECTUSA & NEW YORK AREA OFFICE: 132 EAST70TH ST,, PHONE TRAFALGAR 9-3330

CHICAGO AREA OFFIZE: 205 W, WACKER DR,, PHONE FRANKLIN 2.3888 ® NEW ENGLANO AREA OFFICE: 17 DUNSTER ST,, CAMBRIOGE, MASS,, PHONE UNIVERISITY 4-6520

WORLD’S LARGEST SUPPLIER OF INDUSTRIAL METALLIC RECTIFIERS « SELENIUM - GERMANIUM ¢ SILICON
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IERC
HEAT-DISSIPATING
ELECTRON

IME” LOSSES

CAUSED BY HEAT, SHOCK AND VIBRATION!

Investigate the extraordinary tube-saving, cost-saving
potentials of IERC Heat-dissipating Tube Shields — the
only complete, commercially-available line of effective
heat-dissipating electron tube shields for miniature,
subminiature and octal/power size tubes. IERC's ex-
panded line of heat-dissipating tube shields for the
larger size power tubes offer, for the first time,
a practical method to retain these tubes in severe
shock and vibration environments!

The most complete electron tube heat-dissipation infor-
mation is yours for the asking! Technical data com-
prised of [ERC and independent laboratory test reports
will be sent upon request on your company letterhead.

CROSS-LICENSED W.TH NORTH AMERICAN AVIATION, INC.
PATENTED OR PATS PEND.

International

(m‘l> S :JJ\
electronic research corporation
145 West Magnolia Boulevard, Burbank, California

LATEST addition to IERC's product line is the IERC HEAT DISSIPATOR for POWER TRAN-
SISTORS. Effective reduction of temperatures, elimination of heavy, large or finned
surfaces plus adaptability for use in confined spaces are prime features. Technical
Bulletin PP112 is included with general IERC information sent on request.

Heat-dissipating electron tube shields for miniature, subminiature octal and power tubes
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{Continued from page 46A4)

posals. R, W. Johnson (8'42-A’45-M’45-
SM’'49), Chief Engineer of the firm, is
known in the test-range instrumentation
and industrial electronics fields, and until
recently was Director of Development at
Interstate Electronics Corp. in Anaheim.
Mr. Johnson is a Registered Professional
Engineer, and is the author of many papers
on management and technical subjects.

H. E. Hockeimer (M'52) has been pro-
moted to manager of the Field IZngineering
department of Philco Corporation’s Gov-
ernment and [ndus-
trial Division.

Mr. Hockeimer
has been with Philco
since 1947, and has
served in various
field and headquar-
ters  assignments.
He joined the G
and 1 Division in
1951 as a project
engineer on PPhilco’s
early microwave in-
stallations and has
been assistant manager of field engineering
since 1955.

A native of Winzig, Germany, Mr.
Hockeimer attended high school in Breslau
and studied electronics at the Breslau
Technical Institute. He also studied indus-
trial management and electronics at New
York University after completing an elec-
tronics course at the RCA Institute.

He worked for the American Military
Government in Germany from 1945 to
1946 and served as a communications in-
structor with the New York National
Guard from 1947 to 1951.

H. E. HOCKEIMER

.
o

Cascade Research Division, Monogram
Precision Industries, Inc. announces the
appointment of A. J. Thompson (M’55) as
a research and de-
velopment engineer.
Before joining the
Los Gatos, Cali-
fornia, microwave
component com-
pany, Mr. Thomp-
son was a senior
electronics research
physicist at Eitel-
MecCullough, Inc.,
having been with
Eimac since 1952.

A native of Pas-
co, Wash., Mr. Thompson majored in
physics, graduated with a B.A. degree
from the College of Pacific in 1952. l’ri?r
to this he spent two and one-half years in
the U. S. Navy.

In his new post, Mr. Thompson will be
working on traveling-wave tubes and
backward-wave oscillators.

A, J. THOMPSON

(Continued on page 504)
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DCH Resistors take WHEBBRATION
up to 2500 cps...yet retain 100% reliability!

Severe vibration is only one of many
tough parameters that DALOHM
DCH Deposited Carbon Resistors
meet with 100% reliability.

All DALOHM Deposited Carbon Resistors
surpass the extremes of resistor requirements
for their respective types, at the same time
providing a wide margin in precision, minia-
turization and reliability,

Look at these over-all parameters and see how
DALOHM Deposited Carbon Resistors can
help you meet your critical design problems.

e Precision toleronce: 1%

o Powered ot Vs, Y4, 2, 1 ond 2 wotts,

® Resistonce ronge from 1 ohm to 50 megohms.

® Surposs requirements of MIL-R-10509B.

* Temperoture coefficient: 140 ppm/degree C. to
500 ppm/degree C.

e Voltoge coefficient: 0.002% or less per volt.

TYPICAL DCH DERATING CURVE

% OF RATED POWER

120 150
AMBIENT TEMP-DEG. CENTIGRADE

A TYPE FOR EVERY APPLICATION
DCH TYPE

S

Completely sealed in newly developed, nan-hydro-
scopic ceramic; gives absolute protection from hu-
midity, salt spray, shock, vibration and other adverse
environmental conditions; 8 sizes from 9/32 x .155 to
2% x .400; power, resistance and tolerance as listed

at left Request Bulletin R-27

DC TYPE
W v T C—A

Silicone sealed providing maximum protection from
abrasion, moisture, salt spray and ovher environ-
mental conditions; 8 sizes from 9732 x 3/32 to 2:1/16
X 5/16; power, resistance and tolerance as listed at

left. Request Bulletin R-24

MC TYPE

Latest development in deposited carbon; melded in
plastic for complete protection from moisture; salt
spray, shock. vibration and all environmentai condi-
tions; 3 sizes from % x Y to 2% x %; powered at ',
1 and 2 watts; resistance and tolerance as listed at
left.

Request Bulletin MC

JUST ASK US

DALOHM line includes a
complete selection of preci-
sion wire wound, power and
precision deposited carbon re-
sistors. Also trimmer poten-
tiometers, precision
wire wound and deposited
carbon. and collet fitting
knobs. Write for free catalog.
If none of DALOHM stand-
ard line meets your need, our
engineering department is
ready to help solve your prob-
lem in the realm of develop-
ment, engineering, design and
production. Just outline your
specific situation.

DALE
PRODUCTS,
INC.

1302 28th Ave.
Columbus, Nebr., US.A.




NEW
REGTANGULAR

For Antenna

Pattern Measurements
Featuring New
Plug-In Potentiometers

improved

RECORDER

PEN SYSTEM

writing speed: 40 inches per second (maxi-
mum);

response: choice of linear, logarithmic and
square-root or any combination;

accuracy for linear response: +0.3% of full
scale over entire range;

accuracy for logarithmic response: +0.2 db
over entire range of 40 db;*

accuracy for square-root response: +0.5% of
full scale over first 20 db, 1% over next
20 db range;*

sensitivity: 1, 10 and 500 microvolts give full
scale deflection for linear, square-root and
logarithmic responses respectively.

* The accuracy and dynamic range of the recorder refer

to the input of a square-law detector. The recorder

actually has a dynamic range of 80 db.

SCIENTIFIC-ATLANTA,

2182 Piedmont Road, N.E.
Atlanta 9, Georgia

PADS

Rt pag)

FOLDERS

50A

> v/}%" PLATFORMS

[FOA M RPAK

CUT MAILING COST
CUT BULK & WEIGHT

Counteract postal increases with Sure, Safe,
Economical, Light-As-A-Feather package interiors. ..

FOA N PAK

FLAKE-FREE FABRICATED STYROFOAM

CHART SYSTEM

o speed: 12 inches per second {maximum);

® scales: 0.5, 3 and 18 degrees of antenna
rotation per inch of chart travel;

o chart accuracy: 0.02 inch static and 0.06
inch at chart speed of 4 inches per
second.

PRICES:

The Series 121 Rectangular Recorders are

available in the following models:

Model 121-A Logarithmic

Model 121-A-1 Linear-Logarithmic . 4,800

Model 121-A-2 Linear-Square Root . 4,800

Model 121-A-3 Linear-Logarithmic-
Square Root

INC. \\§\

AL

COST LES

¢ Eliminates bulky, old fashioned packaging

e Reduces product breakage and presents
your product as A Jewel on a Pillow".

j SEND US YOUR NEXT PROBLEM—WE WILL RE-
5 TURN IT SOLVED AT NO COST OR OBLIGATION

See this miracle of modern packaging at the
Packaging Show, Coliseum, Booth 909,N.Y.C.
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G. L. Haller (A'28-M’'36-SM'43-F’50)
51, has been elected a Vice-President of the
General Electric Company, it was an-
nounced recently.

Dr. Haller is
General Manager
of General Elec-
tric's Defense Elec-
tronics Division, a
position he has held
since 1956.

Dr. Haller was
born in Pittsburgh,
Pa., on May 8§,
1907, graduated
from Mercersburg
Academy in 1924
and received the
following degrees from Pennsylvania State
University: B.S. in E.E. 1927; E. E. 1934;
M.S. in Physics 1935, and Ph.D. in Phys-
ics 1942.

He was a radio engineer with Westing-
house Electric and Manufacturing Com-
pany from 1927 to 1929 and an audio engi-
neer with E. A. Myers and Sons in Pitts-
burgh from 1929 to 1933, before returning
to Penn State as a graduate assistant.

He remained at the university until
1935 when he became a radio engineer for
the War Department at Wright Field
where he served until 1942.

From 1942 to 1946 he was on active
duty in the Signal Corps, later the Air
Force, attaining the rank of Colonel in
1945. He received the Legion of Merit for
the development of the Air Force radar
countermeasures program.

In 1946 he became assistant dean of the
College of Chemistry and Physics at
Pennsylvania State University and a year
later was appointed dean. He held that
position until 1954.

During the period 1946 to 1954 he also
helped found, and served on the Board of
Directors of the consulting firm of Haller,
Raymond and Brown, Inc.

In 1954, after serving as a part-time
consultant to the General Electric Com-
pany for several years, he joined the com-
pany as manager of its Electronic Labora-
tories, with headquarters at Syracuse,
N. Y.

He was appointed General Manager of
the Company’s Defense Electronics Di-
vision in 1956.

Dr. Haller is a member of the Army
Electronic Proving Ground Advisory
Council, the Technical Advisory Panel on
Electronics for the Assistant Secretary of
Defense, and Chairman of the Electronics
Division of the American Ordnance As-
sociation.

Dr. Haller also is a fellow in the Ameri-
can Physical Society, an associate fellow
in the Institute of Aeronautical Sciences, a
member of the American Institute of Elec-
trical Engineers, the American Society for
Engineering Education, and the Franklin
Institute, and a life member of the Air
Force Association.

He is a Registered Professional Engi-
neer in the State of New York.

(Continued on page 53A4)
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us | SEMECOR

2. !

ALL STAINLESS STEEL
FUSITE TERMINAL

3. Y

-y

4.

Fraction of an inch of
gold wire and alumi-

Precision bit of silicon
crystal is fused with
heat to ends of wire
iniserts.

Assembly is enclased
in miniature can und
projection welded
closed.

]

Terminal as supplied
by Fusite. V-24 glass
and all stainless steel.

num wire are inserted
and crimps folded over
tight. (See photo B)

Inside end of straight
wire electrode is
crimped to a hollow
open lop shell. (See
photo A)

This application is typical of the hundreds of
electronic components whose continuing cperation is
assured by the safety factor of a terminal with electrodes
fused into the glass. The resulting rigidly fixed position
of the electrode guards against damage to the finished
assembly through movement of an electrode depending
only on compression for its position in the glass.

Robert A. Rutherford, Vice President of U. S. Semi-
conductor Products, permits us this direct quotation.

“The Fusite header provides us with a very satisfactory
solution to the problem of the lead wires turning in the header.
The fused glass to steel has solved this very troublesome problem.
The stainless steel material also
provides excellent corrosion resis-
tance. Aside from receiving a supe-
rior product from Fusite, we have
also received very excellent service
and a great deal of cooperation from
both the compuny and their repre-
sentative.”

Test samples of any style termine!
available on request. Stainless
stee! available on most Fusite
Standard Headers.

Write Dept. 6-2

'I‘I-IE F“SlTE CORPORATION :(

6000 FERNVIEW AVE., CINCINNATI 13, OHIO

In Europe: FUSITE N.V. Konigweg 16, Alemlo, Holland

« TERMINALS =

PROTECT PROOLCT | =
PERFORMANCE 5
v.

o
4 N
Epmel
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TYPE 543

DC 10-30MC
USClllUSBUPE

This new fast-rise oscilloscope with the
Tektronix Plug-In Feature is extremely
versatile and easy to operate. With a
single Type 53/54 fast-rise plug-in pre-
amplifier the Type 543 handles the usual
applications in the DC-to-30 MC range.
Many other inexpensive plug-in units
are available for the more-specialized
jobs, including one for transistor rise,
fall, delay and storage time testing.

M AN ME
iGN T

MAIN CHARACTERISTICS

VERSATILITY HIGH WRITING RATE
Nine Available Plug-In Preamplifiers—Wide Band, Dual Trace, 250 cm/psec. 10-kv accelerating potential assures bright trace
Low Level, Differential, and others for specialized applications. for operation in single-sweep applications, and with low sweep

repetition rates.

HIGH PERFORMANCE

Dg to 30 MC wit: :’os'-lrise plu?-in units, TYPE 543 PRICE, without plug-in units. . ........ $1200
DC to 24 MC with dual-trace plug-in unit, . .
Type 53/54K Fast-Rise Unit, .. ................... $125
0.02 psec/cm to 15 sec/cm sweep range. Type 53/54C Dual-Trace Unit. oo v oo oivvnnnnn. $275
EASY OPERATION Type 53/54R Transistor Test Unit. .. ...............L $300
24 Calibrated Direct-Reading Sweep Rates. Prices f.0.b. factory,

Sweep Magnification—2, 5, 10, 20, 50, and 100 Times.
Preset Triggering—Eliminates triggering adjustments in
most applications.

Please call your Tektronix Field Engineer or Repre
Single Sweep Operation—Lockout-Reset Circuitry for 4 9 pres<

; sentative for complete specifications and, if desired,
one-shot recording. to arrange for a demonstration at your convenience.

-

. - . .
ADD SWEEP LOCKOUT to your Tektronix Type ' k, ' ’
531 and 541 Oscilloscopes—order Modification Kit e ron 'x’ n c.
K531 Sweep Lockout, Tek. 040-118.......%$25
P.0.Box 831 ¢ Portland 7, Oregon
for Type 532

K532 Sweep Lockout, Tek. 040-147.......$25 Phone CYpress 2-2611 ¢ TWX-PD 311 « Cable: TEKTRONIX
52a WHEN WRITING TO ADVERTISERS PLEASE MENTION--PROCEEDINGS OF THE IRE May, 1958
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(Continued from paye 50A4)

Herbert Harris, Jr. (S'37-A’41-M’55)
has been appointed Manager of Sperrv
Gyroscope Company’s Air Armament Di-
vision.

Mr. Harris joined
Sperry in 1942 as
an assistant project
engineer. Since then
he advanced stead-
ily to project engi-
neer, senior project
engineer,  section
head and, in 1948,
was made head of
the special weapons
engineering depart-
ment. In 1951 he
became engineering director for air arma-
ment and, in 1957, chief engineer for the
Air Armament Division.

He received his B.S.E.E. degree from
Rensselaer Polytechnic Institute in 1938
and his M.S.E.E. degree the following
year. He then worked as a research assist-
ant at Massachusetts Institute of Technol-
ogy's Center of Analysis while complering
most of the requirements for his Ph.D.
degree.

Ten patents have been filed in Mr.
Harris' name and others are pending. He
has written material for publication on
servo-mechanisms and a wartime report
on servos for the National Defense Re-
search Council, in addition to many papers
for various technical publications. He is
also a member of the American Institute of
Electrical Engineering.

H. Hargris, Jr.

k3
o<

The appointment of Peter Humeniuk
(SM’52) as Manager—Engineering of Gen-
eral Electric’'s Television Receiver De-
partment, at Syracuse, N. Y. has been re-
cently revealed.

Mr. Humeniuk is a native of Hamilton,
Ontario and graduated from the University
of Toronto in 1943 with a Bachelor of Ap-
plied Science degree in electrical enginecr-
ing.

As an undergraduate, Mr. Humeniuk
worked at Defense Industries, Ltd. in
Ajax, Ontario as a technical assistant 0
the electrical maintenance superintendent
and at the Ford Motor Company of
Windsor, Ontario in both structural draft-
ing and tool and die repair. Following his
graduation, Mr. Humeniuk worked in the
Research Enterprises of ‘Toronto in the
radar approvals laboratory and also as a
laboratory demonstrator at the University
of Toronto. In 1944, he joined the Cana-
dian General Electric Co. as a radio engi-
neer, later becoming a television engineer.

In 1948 he joined Philips of Canada as
a television engineer heading up their
electrical television subsection and spent
six months in their main plant at Eind-
hoven, Holland, in TV engineering.

In 1950, he returned to the Canadian
General Electric Company as manager of
engineering for both radio and television.
Two years later he was appointed manager

(Continued on page 56A4)
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a :I;I'IUS'I‘ for
missile
measurements

FM Telemetering equipment is quickly and accurately checked with the unigue instru-
ments described below. All are immediately available against DX Pricrities.

FM DEVIATION METER mode! 928/2
Freq. Range: 215 to 260 Mc, directly calibrated
Modulation Fregs: 50 cps to 120 ke,

Deviation Ranges:
0 to 100, 200 and 4C0 kc, or to order,

Accuracy of Measurement: 3%

Built in crystal standardization, aural and visual
manitoring, countar type discriminator. Instru-
ment is ruggedized and waterproof.

FM DEVIATION METER model 928,
similar to 928/2, covers 20 to 500 Mc.

FM SIGNAL GENERATOR model 1066/1
Freq. Range: 10 to 470 Mc in 5 bands.

FM, continuously variable:
0 to 100 kc. Higher to order.

AFrequency: 1 to 200 kc. calibrated
Stability: .0025% per 10 min

AMPLITUDE MODULATOR model 1102 For use
with any Sig Gen, Gives monitored AM, 0 to 80%
nith zero FM, Handles any wave shape.

EDDYSTONE FM/AM RECEIVERS,
models 770 R. 770 U

Model 770U covers 150 to 500 Mc, 77GR covers
19 to 165 Mc. Both are sensitive, stable, directly
calibrated and have excellent logging scales.

AS SUPPLIED TO: uS Sigral Corps, Wright Patterson AFB, Navy Electronics Lab, AEC, Convair,
Martin, Douglas, McDonazll, GM, Chrysler, etc., etc.

\ MAR'CONI instruments

111 Cedar Lane ¢ Englewood, New Jersey
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General Eleetrie Semiconductor News

New fixed-bed mounting withstands

SPECIFICATIONS
OF THE SIX SILICON
Enirren CruaRaCreRISTIC UNIJUNCTION TYPES
Tree 2N4G3 Absolute maximum
SIICON UNAUNCTION TRANSISTOR ratings {25°C)
RMS power dissipction
0 mw
RMS emitter current
0 ma
Peak emitter current
2 amps
Emitter reverse
Ver:20v voltoge 60 volts
Operoting temperature
10 15 20 25 30 35 40 45 50 JEACUCCENN-F3S L]
g Canciamoenrs 150°C.
Storage temperoture

Photomicrograph of the transistor showing

the fixed-bed construction. Critical ele-
ments are like a solid block in their re-
sistance to impact, with no suspended parts

to be shaken loose.

The unijunction features open-circuit-stable negative resistance character-
istics. In switching and oscillator applications. ene unijunction not only
does the work of two transistors with less circuitry, but the circuit is also
more stable over a wide temperature range.

To help vou in vour use of the unijunction, a new series of curves has
been developed as shown. It points up emitter characteristics at different
base-to-base voltages. The unijunction is also the first G-E transistor to be
converted to the new impact-resistant Fixed-Bed Mounting process as
described above.

Please send for complete data on the six unijunction types — sample
circuits, theory and specifications.

YOUR G-E SEMICONDUCTOR SALES REPRESENTATIVE will be glad to
give you further information and specifications on General Electric tran-
sistors and rectifiers. Spec sheets, bulletins, and other data can also be ob-
tained by writing Section 55448, Semiconductor Products Dept., General
Electric Company, Electronics Park, Syracuse, N. Y.
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tremendous impact and vibration

“GOLF CLUB TEST” General Electric transistors with Fixed-Bed Mounting
have been struck full force with a No. 2 Iron. After traveling forty yards, tests
showed they still worked perfectly.

“JACKHAMMER TEST’ Another G-E transistor with Fixed-Bed Mounting was
taped to a pneumatic drill, which was then operated for ten minutes. When
the transistor was removed, tests showed it still worked perfectly.

Ceramic disk guards against major causes of transistor failure

In General Electric’s new Fixed-Bed Mounting, critical ele-
ments of the transistor are welded flat on a disk of ceramic.
Thus any impact must be great enough to damage the disk
itself hefore transistor failure can occur. In conventional
methods of manufacture, impact need only peneirate the
transistor’s metal case in order to damage the standard
upright header.

Because of their many suspended parts, standard upright
headers are also subject to inertial stress at a number of
points. General Electric’s Fixed-Bed Mounting eliminated
all but one of those parts—the suspended aluminum emitter
lead. And this is provided with enough slack to absorb
inertial stress, with connection points so securely welded
that the unit withstands far more than the military cen-
trifuge test of 20,000 G’s.

To eliminate thermal stress, the coefficient of expansion
of G.E’s ceramic disk has been made equal to that of the
semiconductor metal. Previously, enough “play” had to be
allowed to absorb alternate expansions and contractions,
therebv reducing the strength and stability of the unit.

The Fixed-Bed Mounting’s electrical elements lie flat, in
close contact to the transistor case, providing greater heat
conduction out through the case. Therefore, the fixed-bed
construction cuts down junction temperature, making it
possible to double the power dissipation of the same tran-
sistor made with upright-header construction.

Fixed-Bed Mounted units have exceeded all standard
shock. centrifuge and temperature-cycling tests. General
Electric’s unijunction transistor (see below) now has this
feature.

New G-E Controlled Rectifier rectifies and
controls current up to 5 amperes at 300 v.

General Electric’s new silicon centrolled rectifier acts like a thyratron. In the reverse
direction, it’s a standard rectifier. But it will also block forward current until either a
critical breakover voltage is exceeded or a signal is applied to the third lead. Then it
switches to a conducting state and acts as a forward-biased silicon rectifier.

ANODE CATHODE

s —

The controlled rectifier can be actuated by a little as 15 mw. Breakdown occurs at
speeds approaching a microsecond, after which voltage across the device is so low

GATE that current is determined by the load. This enables the user to contrel a large anode-
to-cathode current with an extremely small amount of power, or to switch power from

'O P N P N O ‘ ' high impedance to low impedance in microseconds.
d)GATE Applications include replacement of relays, thyratrons, magnetic amplifiers, power

transistors and conventional rectifiers. Sample quantities of the controlled rectifier
are now available. Prices will be sent on request.

GENERAL @3 ELECTRIC

May, 1958 554

The controlled rectifier is a four-layer silicon
device with a “‘gate” to which a signal can be
applied to control forward current. It can handle
more than one kw of power.

NEED A FEW SEMICONDUCTORS IN A HURRY?
Check your local G-E distributor first. You'll find his
delivery, service facilities and prices are hard to beat.

PROCEEDINGS OF THE IRE



MAGNETRONS

Tegﬁng KLYSTRONS

CARCINOTRONS

©® OTHER MICROWAVE TUBES, COMPONENTS OR SYSTEMS?

Hivstrated: 18 megawatt pulse
modulafor with high-voltage power
supply in separate cabinet. Unit de-
signed fo operate high-powered
magnetrons. Peak output pulse volt-
age: 100 KV; pulse current: 180 am-
peres peak; maximum duty cycle:
.001; pulse widths: 2, 4 and 6 psec.

Come to Manson for the widest selection of standard Pulse Modulators
and High-Voltage Power Supplies covering all useful power levels. From
kilowatts to tens of megawatts, M has precisi gi ed de-
signs for operation and test of magnetrons, klystrons, traveling wave
tubes, backward wave oscillators, lighthouse tubes, pulse transformers,
waveguide ponents and related devices. The wide range of standard
medels is readily adaptable to meet individual specifications.

HIGH POWER PULSE MODULATORS:

Hard- and soft-tube types from 16 kw. to 30 megawatts peak power
output, and higher. Average output powers as high as 60 kilowatts,
Typical operating features include: continuously adjustable voltage
control; discrete or variable pulse widths; internally- and externally-
controllable repetition frequencies; auxiliary synchronized outputs; pulse-
shape monitoring circuits; and interlocking and overload protection.

HIGH VOLTAGE POWER SUPPLIES:

High-voltage DC and AC types, single- or multiple-output, regulations
and stabilities to 0.01%. Standard and custom designs to satisfy your
specific tube testing or production problems: highly-regulated supplies
uniquely svited for TWT test and operation; unregulated high-power
supplies for systems testing; and complete power sources for controlling
all aspects of tube production.

Write today for complete details on our full line of high-power pulse-
test equipment and high-voltage power supplies, including applications

and performance date.
LAIORATOR]‘\S.E

STAMFORD, CONN.

mMmanson

207 GREENWICH AVE.

Manson offers to i s ond technici o rewording present and ottractive future in Connecticuts

| & IRE People
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(Continued from page 53A4)

of engineering and manufacturing, radio
and television and, in 1955, manager of
that company’s radio and television plant
operation. This latter post he held until
this recent appointment.

He is a member of the Association of
Professional Engineers of Ontario and has
been actively engaged in the Engineering
Alumni Association of the University of
Toronto.

,
D

O. M. Dunning, Vice-President in
charge of the Engineering & Production
Division of Airborne Instruments Lab-
oratory, Mineola,
N. Y., has an-
nounced the ap-
pointment of W. F.
Woodbury (A’44-
M’45) to the posi-
tion of Assistant to
the Vice-President.
Mr. Woodbury was
formerly the sales
manager of the gov-
ernment and com-
mercial division of  W. F. Woobsury
Hazeltine Electron-
ics

Mr. Woodbury is a member of the
Washington Engineers Club, American
Ordnance Association, Armed Forces Com-
munications and Electronics Association,
and the American Society of Naval Engi-
neers.

3

The appointment of E. M. Baldwin
(M’54) as general manager of Fairchild
Semiconductor Corporation, Palo Alto,
Calif., has recently
been announced. Dr.
Baldwin will also
serve as a vice-
president and mem-
ber of the board of
directors of the cor-
poration.

The company,
which was formed
in October, 1957, is
presently setting up
to manufacture a
line of high-fre-
quency silicon diffused transistors.

Dr. Baldwin has an extensive back-
ground in large-volume production of
semiconductor devices. He has been as-
sociated with the Hughes Aircraft Com-
pany, Products Group, Semiconductor Di-
vision, for the past five years, most re-
cently as manager of product engineering.
Prior to joining Hughes, Dr. Baldwin was
assistant director of the Nuclear Research
Center at Carnegie Institute of Tech-
nology. He received both the M.S. and
1).Sc. degrees in physics from Carnegie
Institute of Technology.

Dr. Baldwin is a member of the Ameri-
can Physical Society and served as Chair-
man of the IRE Professional Group on
Electron Devices for the Los Angeles
Chapter.

(Continued on page 58A)

E. M. BAaLpwiIN
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...application problems solved by

ESC custom-built delay lines

In the past three years alone custom-built ESC delay
lines have solved 6,704 different military and indus-
trial application problems...so it's a good bet that we
are already experienced in designing a unit very close
to what you need. As the first company exclusively
devoted to the manufacture of delay lines, we pio-
neered in the elimination of costly overspecification
and brought economical custom-building to the delay
line field.

To insure strict adherence to your specifications,
the prototype unit is subjected to comprehensive test-

ing and the results of these tests are submitted to
you. On this laboratory report are included submitted
electrical requirements, photo-oscillograms (which in-
dicate input and output pulse shape and output rise-
time), the test equipment used, and an evaluation of
the electrical characteristics of the prototype.
Whatever the application, the odds are 6,704 to
1 that ESC can design and build precisely the delay
line you need—and do it easily, efficiently and exactly
as specified! Write today for complete technical data.

exceptional employment opportunities for engineers experienced in pulse techniques

PROCEEDINGS OF THE IRE

CORPORATION

534 Bergen Boulevard, Palisades Park, New Jersey
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MINIATURIZED

CAVITY
AIRCRAFT

BEACONS
MISSILES

® High Power Pulsed Oscillator — 2 KW
® Completely Sealed with O rings

® Rugged — GL-6442 Ceramic Triode

® Miniaturized — 5.75” long — 1.75” dia.

® Stable over wide temperature ranges
® Tunes 200 mc in S-band

TOMITRON INC.

168-25 HILLSIDE AVENUE
JAMAICA, NEW YORK ® OL. 7-6300
Klystron Cavities & Power Supplies

Frequency Meters
Impedance Measuring Equipment

I | % IRE People

(Continued from page 56A4)

| L. J. Boss (A'44-M'50) has been ap-
pointed to the recently created post of
Engineering Administrator for Lynch
Carrier  Systems,
Inc., manufacturers
of carrier, telephone
and multiplexing
equipment. He will
serve in the capac-
ity of business man-
ager for the Engi-
neering Department.
The position of
Engineering Admin-
istrator has been
established to re-
lieve engineers of
the administration of record keeping, in-
| formation flow and coordination of engi-
neering work with other departments.
| Mr. Boss came to Lynch from the San
Francisco office of the Philco Corporation
where he was West Coast regional manager
| for the government and industrial division
during the past eight years.
Born in R. L., Mr. Boss completed his
| education in electrical engineering at the
University of R. I. He began in the East
with electric power utilities and after a
period of self-employment, he became sales
manager of mobile communication for the
| Federal Telephone & Radio Corporation.

L. J. Boss

In addition to industrial activities he
did important pioneering work in photo-
electric photometry under the supervision
of Harvard College Observatory and the
American Association of Variable Star Ob-
servers.

,
<

The appointment of J. R. Saliba (M'39-
SM’43) as sales engineer for Du Mont
oscilloscopes and associated electronic test
instruments is announced by Allen B.
Du Mont Laboratories, Inc.

Mr. Saliba will be part of the home
office sales engineering force responsible
for providing technical back-up and in-
formation for customers and the field sales
force. He will help set up technical training
programs in the field and in the plant, and
assist in all phases of the instrument divi-
sion program.

Immediately prior to his new appoint-
ment, Mr. Saliba served with the U. S.
Army Ordnance Corps as a second lieu-
tenant. Before military service, he was
associated with Presto Recording Co. and
Avion Division, ACF Industries, both in
Paramus, N. J.

Mr. Saliba received his master’s degree
in business administration from the Har-
vard Graduate School of Business Admin-
istration, after he was graduated from
Massachusetts Institute of Technology
with a bachelor’s degree in electrical engi-
neering.

He holds membership with the Ameri-
can Ordnance Association and Phi Mu
Delta.

(Continued on page 60A4)

Biggest Communications and Electronics Show Held in Washington!
AFCEA 1958 CONVENTION .=,

cJQ' the trine of

JUNE 4,5, & 6 SHERATON PARK HOTEL P

* Kk %

EVENTS

* Kk &

Professional Papers . . .
MORNINGS 9:45 to 11:15

1. Rocket communications—what it means to Armed Forces, in-
dustrial and mobile communications.

2. Practical applications of electronics in medicine.

3. Interference problems. Practical ways to improve the use of

the spectrum,

. Transistor applications (solid-state physics} in military elec-

tronics.

. Computer control in Satellite measurements.
.+ Computer use in stock control methods.
. New uses of printed circuits.

Advances in facsimile for Armed Forces use.

. Effects of radiation on electronic gear.
+ Any other subjects of timely importance.

o*\;KICAno,Q

‘SSOCI at ot

WEDNESDAY
Presidents’ Meeting, 2:00 p.m.
Keynote Luncheon, 12:30 p.m.
Panel Discussion, 2:00 p.m.
Reception, 6:30 p.m.
Buffet supper, 7:45 p.m.
THURSDAY
Council and Directors’ meeting, 9:00 a.m.
Tour with Luncheon — Andrews Air Force
Base, 11:30 a.m.
Reception, 6:30 p.m.
Banquet, 7:45 p.m.
FRIDAY
Industrial Luncheon, 12:30 p.m.

Ladies’ Activities, Luncheons & Banquet speakers to be an-
nounced later.

) Show Hours: Wed.- Thurs. 11am-7pm, - Fri. 11am-5pm
For information write: SIGNAI— The Official Publication Of

The Armed Forces Communications and Electronics Associofion

1624 EYE STREET, N.W., WASHINGTON 6, D. C.
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LA-260 Oscilloscope...

the first CRO designed to military
requirements with plug-in single or

dual trace vertical preamplifiers. New
technique permits all d-c supply voltage
regulation to better than 0.1% . ..
including d-c filament voltage. Flat 5"

CRT increases viewing area, screen
visibility from greater distances.
Improved electron optics assure
brighter high-speed pulse traces.

high reliability and wide frequency
= ' range are featured in this superior

designed counter. Eight place, in-line
( read outs.afford clear, sharp digits,

h f | LA-80 Electronic Counter. ..
'
|

‘! “ visible at any angle. Other features
Bean ¥ include MIL spec design, temperature
insensitivity, wide time interval range
and simplified circuitry.

LA-70 Frequency Meter...
generates and measures frequencies
from 10 KC to 3000 MC with 1 x 10—¢

accuracy . . . particularly suitable for
VHF receiver measurements in mobile
service ... weighs only 42 pounds.

Oscillator is stabilized by use of
thermostatically controlled 1 MC
precision quartz crystal. Stability over
six months — 1 part 10¢.

LA-90 10x3
Frequency Standard . ..

based on new approach to precise
crystal oven regulation to provide (1)
long term temperate life (2) excellent
stability over wide ambient
temperatures (3) elimination of
permanent temperature shifts found

in thermostat or thermistor devices,
o and (4) use of JAN tubes and magnetic
-~ mw beam switching tubes for reliability.

For complete information write to:

Savoic Laboralories Inc.

MORGANVILLE, NEW JERSEY

z
©
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NOW! a be?tyer L-Band TR

in a smaller package

Crystal protection guaranteed over 500 hour
minimum tube life at full rated power in
Microwave Associates new TR!

NEW, FIELD-TESTED DESIGN

Designed specifically to overcome the
field deficiencies of conventional 6633
tubes, the MA 336/7166 offers sub-
stantially improved performance in
all characteristics. See comparison
chart below.

Several hundred of these tubes have
been in the field for many months and
are used in early warning systems op-
erating 24 hours a day.

The first failure has yet to be reported
either from the field or from monthly
production life tests!

The MA 336 is a compact, rugged tube
built for maximum reliability and com-
pletely guaranteed for performance.
It is in full production and available
now.

PROGRESS IN SWITCHING DEVICES

Microwave Associates’ special switch-
ing devices group under the direction
of Dr. Lawrence Gould is making
steady advances in the art. Available

COMPARISON CHART

MA 336 /7166

Conventional #£6633

Crystal protection

Guaranteed for 500 hrs.
min. at full rated pow-
er: 2 megawatt peak

Not guaranteed

Recovery time

Short . . . less than
25 seconds

Long 45, seconds

Low level charac-
teristics

VSWR 1.3 max. over
full band. Insertion
loss: 0.5 db (.7 db at
end of life.)

VSWR 1.4 max. In-
sertion loss: C.7 db
(1.0db at end of life.)

Size

1.25" long

10.1”” long

2

60A
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right now are
high performance
tubes of advanced
design: high pow-
er single and dual
pre-TR tubes;
low level receiver
protector tubes
and high power
ATR tubes.

If you are inter.
ested in switching
high powers and

in guaranteed

crystal protection
at any frequency
write or call for
full information

MICROWAVE ASSOCIATES INC.
BURLINGTON, MASSACHUSETTS . Telephone BRowning 2-3000

|

(Continued from page 584)

J. E. Ebert (A'43-SM’53) has been ap-
pointed to the newly-created post of Chief
Microwave Engineer of the F-R Machine
Works, Inc. He will
haveengineeringre-
sponsibility for the
Microwave Compo-
nents and Micro-
wave Test Equip-
ment that sells un-
der the tradename
of FXR.

Mr. Ebert joined
the company in 1953
as the assistant chief
electrical engineer.
His work since that
time has been primarily connected with
the design and introduction of an ex-
tensive commercial line of precision micro-
wave test equipment.

Since 1942 Mr. Ebert has been asso-
ciated with the test equipment field in
various engineering and supervisory posi-
tions. During World War Il he was a
staff member of the Microwave Research
Institute of the Brooklyn Polytechnic In-
stitute, then engaged in special develop-
ment work for the Radiation Laboratory
of M.I.T. Until 1953 Mr. Ebert was an in-
structor in the evening school of the
Brooklyn Polytechnic Institute.

Mr. Ebert received his B.E.E. degree
from the Brooklyn Polytechnic Institute.
He has written several papers on uhf and
microwave measurement techniques and
equipment. In addition, he holds more
than a dozen patents in the United States,
Canada and Great Britain. Mr. Ebert is a
member of Sigma Xi, Eta Kappa Nu, and
Tau Beta Pi.

>
3

J. E. EBERT

°
o

The U. S. Naval Research Laboratory
has announced the appointment of A. H.
Schooley (A’'35-SM’47-F’54) as the new
Associate Director
of Research for
Electronics.

Mr. Schooley re-
cently resumed his
position as Superin-
tendent of NRL's
Electronics  Divi-
sion after a year's
leave of absence.
During this time, he
served under the
termsof the Mutual
Assistance Pact as
an advisor to the Brazilian Navy in mat-
ters related to the establishment of a
Brazilian Naval Research Institute in Rio
de Janeiro.

He has been with the Naval Research
Laboratory since 1940, becoming the first
superintendent of the Electronics Division
when it was formed in 1954. “For develop-
ment of precision ranging circuits for fire-
control radar,” Mr. Schooley was awarded
the Distinguished Civilian Service Award,

A. H. SCHOOLEY

(Continued on page 62A)
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ANNOUNCING Sperry Silicon
Semiconductor Devices

High-temperature diodes and transistors now in production

The Sperry Semiconductor Division of Sperry Rand Corporation is now
making available to military and commercial manufacturers a new line of
silicon devices. Performance proven, these high-quality diodes and tran-
sistors have been employed in many Sperry Rand systems which had to
meet stringent military and commercial specifications.

SILICON DEVICES NOW IN PRODUCTION

B High-conductance diodes for general purpose applications, 100,
200 and 400 ma types (rated current at 1.0 v). Working voltage
up to 300 volts. Subminiature glass package.

¥ High-current switching diodes. Switches Y2 amp. in less than 0.8
usec. Reverse voltage up to 200 volts. Subminiature glass package.
¥ Ultra-fast computer diodes for all computer requirements. Work-
ing voltage up to 200 volts. Subminiature glass package.

B High-speed computer transistors. Total switching time typically
less than % usec. Very low saturation resistance. JETEC-30 case.

PROCEEDINGS OF THE IRE May, 1958

Write for data sheets on all these new produc-
tion items. We also welcome inquiries on any
applications calling for special silicon semicon-
ductor devices.

SP[HH SEMICONDUCTOR DIVISION

Sperry Rand Corporation

South Norwalk, Connecticut

ADDRESS ALL INQUIRIES: Marketing
Department, Great Neck, N.Y.,or Sperry
Gyroscope offices in Brooklyn, Cleveland,
Seattie, San Francisco, Los Angeles, New
Orleans, Boston, Baltimore, Philadelphla.
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WAVE

Type FRA1

FREQUENCY RANGE:

20 cps to 16 ke/s

3 BANDWIDTHS:

2 8

1 dB down =1 =4
60 dB down =35 %55 =110 -

VOLTAGE RANGES:

100 uV f.s. to 1000 V f.s.

ACCURACY:
Frequency: 1% + 1 ¢ps
Voltage: 0.5 dB

ANALYSER

LN

Represented in Canada by

1.5 ke/s output available for recording pur-
poses. Direct reading = 25 cps incremental
frequency dial. Main dial logarithmic from
100-2000 cps, otherwise linear. Calibrated in
volts and dB. Built-in oscillator for inter-mod-
ulation measurements supplied on request.

RADIOMETER

72 Emdrupvej, Copenhagen NV, Denmark

BACH-SIMPSON - London/Ontario
Represented in the United States by

WELWYN INT.

INC. - 3355 Edgecliff Terrace, Cleveland 11, Ohio

i Worid’s LOWEST PR

sistorized tape recorder, imported

togethers, capturing the magic of speech

shows! Educators, too, agree that students, thru coliege level, benefit greatly from studying with a tape
recorder. Business men can pack it in brief case or bag and take it along on trips to record letters,
speeches, instructions, ideas; faithfully records verbal agreements, discussions. Perfect for recording

interviews.

PENNIES TO OPERATE — The ingenious Tel-Tape records, plays back and erases — even has variable speed
controls! Operates.on 4 ordinary C-batteries available at any store for pennies. A simple press of a button

and you're ready to record. It's so simple,

UNCONDITIONALLY GUARANTEED — A wonderful gift for all — for home, school or business.
I"FiLNOR PRODUCTS INT, Dept. -39, 01 W. 3T ST New York 1, K.Y,

Comes complete with sensitive micro- ! I enclose $ {check or mone
oo y order) for the items
g:m;;,p:ea:-::}‘& tape ~ $29.95 plus : thatdl have fchecked belov:. Please send at once under the
: ) . conditions of your warranty.
AVAILABLE ACCESSORIES : E] COI:[PLETE ngnm;: REgORDEI'!‘, rrlicr%pm% IHetad ;S.et,
- i agnetic Recording Tape, Spare Reel an EE Instruction
e oriack thre ragh, Ty axtachmant for | Booklet. $29.95, plus $1.50 postage and handiing.
STETHO HEAD-SET—Like a doctor’s steth. , 1 Patchcord, $2.00 [ Set of 4 Batteries, 80c
oscope. Lightweight. Leaves hands free 1 [ Stetho Set, $6.95 [0 Magnetic Tape, $1.25
RE,Eolr otgp;:g,z e;cz.s i b+ .25 | Please Print To Avoid Errors And Delay
{ D m .25
BATTERIES — Set of 4 ... .. . 80c : Name
UNCONDITIONALLY GUARANTEED FOR 90 T ADAPESS ..o
DAYS AGAINST MECHANICAL DEFECTS. 1
I‘II.NOR Pkonucrs INC ) City - Zone sm; .
’ ® Send C.0.D. Enclosed is $3.00 deposit. | will pay
Dept. M-33, 101 W. 31 St N. Y. 1, N. Y. } postman $ ............ .. plus all C.0.D. and shipping
' charges for the items ordered.

transistor TAPE RECORDER

HI-QUALITY REPRODUCTION! WEIGHS ONLY 2 LBS.!

PRECISION ENGINEERED — This amazing new, battery-operated, portable, fully tran-
from West Germany,
tions as machines costing five times as much.

FOR HOME, STUDENTS, BUSINESS — It will be the center of attraction at home for recording family get-

PRICED Tape Recorder!
PRECISION,

. Pcnu'n’;':', |
BATTERY OPERATED

$2995

plus $1.50
pp. & Hdig.

is precision engineered to render the same func-

and song of family and friends — records radio, record and ;v

even a child of five can operate it!

62a
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the Navy's highest civilian award, in 1945,
He has done considerable research in
oceanography as it affects radar propaga-
tion, and is also active in advancing engi-
neering management.

A native of Terril, Iowa, Mr. Schooley
received a Bachelor of Science degree in
electrical engineering from lowa State
College and his Master of Science degree
in the same field from Purdue University.
Before coming to NRL, he was with RCA
Radiotron, where he designed and built
the first miniature radio tubes, now widely
used by the electronics industry.

A registered professional engineer in
the District of Columbia and a member of
Sigma Xi, Mr. Schooley has several
patents in the field of electronics and is the
author of numerous technical articles. He
is presently serving as chairman of the
Washington, D. C. IRE Section.

A. C. Petrasek (SM’52) has joined the
Applied Science Corporation of Princeton
(ASCOP) as southwestern sales manager
of the electronics
company’s indus- ¥
trial products line.

Mr. Petrasek will
direct the salesengi-
neering of ASCOP’s
new industrial tel-
emetering and su-
pervisory  control
systemin the south-
western states. The
company’s district

A. C. PETRASEK

office is at 4918
Greenville Ave.,
Dallas, Tex.

For the last four years, Mr. Petrasek
was with Collins Radio, first as sales man-
ager for microwave equipment in Dallas
and later as sales manager for Collins
Radio of Canada Ltd. Previously, he was
engaged in sales engineering of world wide
communications projects for General Elec-
tric International.

Mr. Petrasek has been an amateur
radio operator (W5IXI) for 25 years. A
retired Army infantry captain, he was a
communications instructor at Ft. Benning,
Georgia.

He is a member of the Petroleum Elec-
tric Supply Association and the Armed
Forces Communications and Electronics
Association.

C. H. Knowles (M’55) has joined the
Semiconductor Division of Motorola Inc.
In his new post Knowles's responsibility
will be for development and exploratory
production of video vhf and uhf transis-
tors.

Mr. Knowles comes to Motorola from
the Bell Telephone Laboratories at Mur-
ray Hill, N. J. There he supervised ex-
ploratory developmental efforts in high
frequency transistors. He was also re-

(Continued on page 64A4)
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Stendard types of Alite high
voltage bushings are available in
various sizes and configutations.,

In all phases of planning for ceramic-to-metal seals—
from design to finished assembly—you can rely on
ALITE for the know-how and “do-how” required to
produce highest quality ceramic-metal components

for critical applications.

High alumina Alite is the ideal material for making
rugged, high performance hermetic seals and bushings.
It has superior mechanical strength, high temperature
and thermal shock resistance, plus reliable electrical
lNSlDE LOOK AT AL'TE"’ characteristics. Our complete high temperature
) metalizing and bonding facilities assure delivery of
ARG TOATCIC the finest seals available—mass-spectrometer tested
Bulletins A-20 and A-7R A
o) o (0 PRt GO for vacuum-tightness.
vital technical data ond Please contact us for valuable performance data

E;;‘_’d"; information. and information regarding ceramic-to-metal
R applications . . . no obligation.

ALITE bivisioN

New York Office
60 East 42nd St.

AKRON 9, OHIO

12F
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SYNCHRO
ACCURACY

ELIMINATE MULTI-SPEED SERVOS
AND COMPLEX ELECTRONIC DEVICES

_g 204

F A

—
(=]
1

ERROR-SECONDS O

Sales and Engineering Offices: 1378 Main Avenue, Cl

NEW ULTRA-PRECISE SIZE 25 SYNCHROS

Extremely precise data transmission is possible through the use
of Kearfott's Size 25 synchro resolvers. The inherent precision
of these units provides a three sigma accuracy of approximately
35 seconds in a typical 3 unit string without the use of auxiliary
equipment. Ruggedly constructed of corrosion resistant mate-
rials, they possess the required reliability for all missile applica-
tions. Available as transmitters, differentials and control trans-
formers with a maximum error from E.Z. of 20 seconds arc.

SIZE 11 SYNCHROS

Size 11-2 phase 4 wire synchro resolvers for
data transmission combine the advantages of
small size with high accuracy. Corrosion re-
sistant materials are used in the construction
of these units. Available as 60X transmitters,

*&’fﬂ,tm : differentials and control transformers with a
TRANSMITTER

maximum error from electrical zero of 3 min-
i utes arc. Standard 3 wire synchros are avail-
able from production with 5, 7 and 10 minute
maximum error from E.Z.

component and system developments.

Challenging opportunities at Kearfott in advanced

PRECISION

GENERAL

m
0
C
T
4
m
Z
-4
N

- Rearfott

CORPORATIO

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

Midwest Office: 23 W. Calendar Ave., La Grange, Illinois
South Ccnt;al Office: 6211 Denton Drive, Dallas, Texas
West Coast Office: 253 N. Vinedo Avenue, Pasadena, California
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(Continued from page 62A4)

sponsible for the Bell Laboratories produc-
tion engineering in high frequency transis-
|

tors at the Western Electric Company,
Laureldale, Pa.

A graduate of Alabama Polytechnic
Institute, Mr. Knowles also attended
Vanderbilt University.

The appointment of C. L. Hogan
(SM’54) Professor of Applied Physics at
Harvard University to the post of Man-
ager of Motorola’s Semiconductor Div. at
Phoenix, Ariz. was recently made known
by D. E. Noble, executive vice-president
in charge of the Communications and In-
dustrial Electronics, Military and Semi-
conductor Divisions.

Dr. Hogan will complete the university
year at Harvard and will move to Phoenix
in June.

Dr. Hogan’s twelve years’ of civilian
experience embraces his experiences as re-
search engineer for Anaconda Copper
Mining Company, instructor at Lehigh
University, member of technical staff of
Bell Laboratories, and Professor of Applied
Physics at Harvard University. He has
written extensively, holds two patents, and
acted as consultant for several industrial
laboratories. He is an authority on the
microwave properties and application of
ferrites.

Dr. Hogan is a member of the American
Physical Society, Technical Panel on
Magnetic Materials (Materials Advisory
Board for the Department of Defense),
and Subcommittee on Magnetic Materials
(AIEE) Advisory Council of the Depart-
ment of Electrical Engineering of Prince-
ton University, and the Second vice-
president of Harvard Engineering Society.

Sperry Gyroscope Company has re-
cently announced the formation of a new
Countermeasures Division. The new di-
vision, currently weapon system division
for production and development of B-52
electronic countermeasures, also will be
responsible for other company ECM pro-
grams.

N. L. Winter (M’'47) heads the new
Countermeasures Division. As manager of
an extensive and autonomous organization
within the Sperry Gyroscope family, Mr.
Winter will be in full charge of company
ECM engineering, manufacturing, sales,
purchasing and service activities.

Use your
IRE DIRECTORY!
It's valuable!

—
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RELY ON RMC

for TC Capacitors

760
.520 .610 790
260 355 “‘.5'70’\ "‘.ow "‘
290 ’ ‘.400‘ e s RMC
(" Amc 200, 470
Qn:? ; : 275 ,
z z z z z
z = z | = g
TC 1/4 Dio. 5/16 Dia 1/2 Dia. 5/8 Dio. 3/4 Dio. 7/8 Dia.
P-100 1- 3 MMF 4- 9 MMF 10- 20 MMF A =] =
NPO 2-13 14- 30 31- 69 70- BSMMF 86-115 MMF 116-150 MMF
N- 33 2- 13 14- 30 31- 56 57- 62 63-100 101-150 :
N- 75 2-15 16- 30 31- 56 57- 68 69-125 126-150 |
N- 150 2-15 16- 30 31- 67 68- 75 76-140 141-175 :
N- 220 3- 15 16- 30 31. 75 76-100 101-140 141175 !
N- 330 3-15 16- 30 31. 75 76-100 101-150 151190
N- 470 3- 20 21- 51 52. 80 81-120 121-200 £ 201-240 |
- N-750 5- 30 31- 68 69-150 151-220 221-300 - 301-375 ;
| N-1500 10- 51 52120 121.200 201-270 271-470 471560
N-2200 20. 75 76-150 151.200 1201-300 301-680 2 :
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TYPE C DISCAPS meet all specifications of
the ElA standard RS-198. These temperature
compensating DISCAPS are rated at 1000 V.D.C.
to provide a higher safety factor than other
standard or mica capacitors.

Constant production checks assure that all
specifications on temperature characteristics are
met. Another phase of RMC quality control
consists of a 100% test for capacities.

Over the years leading manufacturers have
relied on RMC for quality of product and
maintenance of delivery schedules. Write today
on your company letterhead for information.

_
DISCAP
CERAMIC
CAPACITORS

May, 1958

SPECIFICATIONS

LIFE TEST: As per EIA-RS-198

POWER FACTOR: Over 10 MMF less than .1% ot 1
megacycle. Under 10 MMF less than 2% at 1
megacycle

WORKING VOLTAGE: 1000 V.D.C.

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

CODING: Copacity, talerance and TC stamped on disc

INSULATION: Durez phenalic-vacuum woxed

INITIAL LEAKAGE RESISTANCE: Guoranteed higher than
7500 megohms

AFTER HUMIDITY LEAKAGE RESISTANCE: Guoronteed
higher than 1000 megchms

LEADS: Na. 22 tinned copper {.026 dia.)

iOLERANCES: *=5% *£10% *20%

These capacitars canform ta the E.LA. specification for
Class 1 ceramic capacitars.
The capacity of these capacitors will not change

under valtage.

g |

RADIO MATERIALS COMPANY
A DIVISION OF P, R. MALLORY & CO., INC.
GENERAL OFFICE: 3325 N. Collfornle Ave., Chicago 14, 1IN,
Two RMC Plants Devoted Exclusively 1o Ceramic Capacitors

FACTORIES AT CHICAGO, ILL. AND ATTICA, IND. |

i et — ¢
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TPC-2 Specitications

Input Voltage: 12 vdc nominal

Input Current: 6.2 a full load, 0.8 a no load
Maximum Rated Output: 400 ma ? 150 vdc or 200 ma @
300 vde

Efficiency:  Better than 80% at full load
Load Regulation:  Less than 15%, No Load to
Full Load

Less than 8%, One-Half Load to
Load

Full Loa

Ambient Temperature: —40° F. to + 150° F,
Ripple:  0.5% full load, RMS basis
Dimensions: 3% Hx 3%, Lx2%" W

Weight: 134 Ibs,

There's an

DC:DC
AC-DC

New circuit developments now enable SIE to offer
transistorized power supplies to cover all possible appli-
cations: DC to DC, DC to AC and AC to DC: regulated
and unregulated, high and low voltage and current ratings,
for laboratory, industrial and military installations.

Especially significant is SIE’s new circuit which per-
mits operation from DC input voltages above 30 volts
without requiring special transistors.

In the 60 watt TPC-2, an ingenious case design
permits it to be used in free air without a heat sink, or
attached to a heat sink in a confined space.

SIE Power Supply
to meet

any application

Check these specifications. They will
suggest many new applications for
these latest SIE contributions to Elec-
tronic Instrumentation for Industrial
Progress.

SOUTHWESTERN INDUSTRIAL

ELECTRONICS COMPANY
2831 POST OAK ROAD o P 0 BOX 13058  HOUSTON, TEXAS

Price:  $125.00 (F.0.B. Houston, Texas)

PHILCO.

Transistor

Center, U.S.A.

...your FIRST source
for all transistor in-
formation and prices

?‘;Sls’.
e o]
A P
<
9
@ .
Enrer

PHILCO CORPORATION
Lansdale Tube Co. Div.
Lansdale, Pennsylvania
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Section
Meetings

O A 00

OO
AKRON BEAUMONT-PORT ARTHUR

Visit Facilities of Air Force Base, H. S. Williams,
Jr., USAF; 2/25/58.

“Documentation Retrieval,” J. V., Perry,
Western Reserve University; Joint meeting with
PGEC; 2/18/58.

BUFFALO-NI1AGARA

“The Role of Electronics in U. S. Naval Avia-

tion,” \W, F. Cleaves, Bendix Radio Corp.; 3/12/58.

ALAMOGORDO-HOLLOMAN

“Component Reliability,” J. K. Sprague;
“Selected Aspects of Quality Control.” B. Hecht;
“New Products for Military Applications,” C.
Killen, Sprague Electric Co.; 2/19/58,

CENTRAL FLORIDA

“Effects of Nuclear Weapons.” J. C. Clark,
Convair; 1/16/58.

Film—*“The Challenge of Outer Space,” W
Von Braun, L. M. Orman, Army Ballistic Missile
Agency; 2/19/58.

ALBUQUERQUE-LLOS ALAMOS

“Electronics—A Little History and A Look
Ahead,” J. Sprague, C. G. Killen, and Bernard Crscinn
Hecht, Sprague Electric Co.; 2/17/58. ——

“Sources of Radio Interference in Automotive

ATLANTA Electrical Systems,” B. H. Short, General Motors;

2/18/58.
“Space Travel,” V. Crawford, Georgia Institute

of Technology; 2/28/58.

DaLLas

“Problems and Progress in Computer Process
Control,” T. M. Stout, Ramo-\Vooldridge Corp.;
BALTIMORE 2/4/58.

Panel: “The Role of the Electronics Depart-
ment in Modern Aircraft and Guided Missile Com-
panies,” R. C. Blaylock, Chance Vought; B. Kelly,
Bell; I. N, Palley, Temco; F. W, Davies, Convair;
Moderator: W. R. Hedeman, Texas Instruments;

“Radar Weather Information Display Sys- 3/4/58.
tem,” T. W. R. East, McGill University; 3/11/58.

“Simplifying Linear and Non-Linear Systems,”
S. J. Mason, M.I.T.; 2/12/58.

BAY OF QUINTE

(Continued on page 68A)
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Preserver

Described as the most potent of all ground-to-air
defense missiles, the Bomarc pilotless inter-
ceptor, designed by Boeing, stands poised for
the destruction of any “enemy”’ bomber within
a 200-300 mile range. Its booster rocket has the
power to hurl it more than 60,000 feet straight

Tmk(s) ®

Official U.S. Air Force Pholo

It tracks down an enemy at 300 miles

up; then, powered by two ramjet engines, it
hurtles by electronic instinct to its target at
up to 3 times the speed of sound. For this
guardian of our homes and way of life,
RCA has been privileged to supply important
advance components of the guidance system.

DEFENSE ELECTRONIC PRODUCTS

CAMDEN, NEW JERSEY

May, 1958

RADIO CORPORATION of AMERICA
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CHICAGD

TRANSFORMERS

Designe

d and Built

in accordance with MIL-T-27A
DELIVERED FROM STOCK!?

n l‘r N w
1‘51:1#1

o
i

( .—.’..l l‘l‘,.

¢

Your local electronic parts
distributor can give you fast
delivery on hundreds of types
of transformers designed and
built in accordance with
MIL-T-27A specifications.
They are in stock, backed up
by the largest factory inven-
tory of military transformers
in the industry.

Ask your distributor for
CHICAGO catalog CT3-57,
listing detailed electrical and
physical specifications on
these units, or write to
Chicago Standard Trans-
former Corporation.

S
CHICAGO STANDARD TRANSFORMER CORPORATION

3504 Addison Street, Chicago 18, lllinois
431 Greenwich St. o

Export Soles: Roburn Agencies, Inc. o

68A
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RANGE OF RATINGS

400 CYCLE

Power

Filter Reactors
Filament
Step-Down

40 to 300 DCMA, 510 V. CT

40 to 300 DCMA, 2.0 henries
6.3 V. CT, 3 to 20 Amp.
140 Va, 28.5 V., 3 phase

to 1100 V. CT

MILITARY STANDARD

Power

Filament
Audio

70 to 250 DCMA, 400 V. CT
to 1600 V. CT
2.5106.3 V., 2t0o 20 Amp.
50 to 15,000 2 pri., 4.0
to 135,000 @ sec., .03 to 2.0 W

TRANSISTOR AUDIO

Input
Interstage

Driver

Output

60 Q pri., 10 Q sec., .05 W.

100 to 500 2 pri., 200 to 5000 Q sec.,
.03t0 .25 W.

100 to 2000 2 pri., 100 to 200 @ sec.,
.05t0.5 W,

20 to 9800 2 pri., 4 to 15 Q sec.,
.05 to 10.0 W.

GENERAL TYPES

Power

Filter Reactor
Filament

Multiple Filament
Audio Input

Audio Output
Saturable Transformers

10 to 300 DCMA, 500 V. CT

to 1100 V. CT
10 to 300 DCMA, 8 to 15 henries
5t0 10.0 V., 1.25 to 5.0 Amp.
5t012.6 V., 1 to 6 Amp.
50 to 20,000 2 pri., 150 - 50,000 2 sec.
300 to 20,000 2 pri., 4 to 600 2 sec.

2.7 to 18 W. power output

tUnder Military Reduced Inspection Quality Assurance Plan (RIQAP)

New York 13, N.Y.
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DENVER

“Microwave Generation & Amplification by
Atomic and Molecular Processes,” R. C. Mockler,
National Bureau of Standards; 2/21/58.

DEeTROIT

“900 Megacycles for Mobile Communications,”
C. Willyard, Motorola, Inc.; Joint meeting with
PGVC; 2/21/58.
EMPORIUM

“Ceramic Stacked Mount Receiving Tubes,”
R. Slinkman, Sylvania Electric Prod. Inc.; 2/18/58.

FLORIDA WEST CoAsT
“Data Link Transmission Systems,” C. K. Law,
RCA; 2/19/58.
Fort HuacHucA

“Digital Data Concepts,” R. E,
Radiation, Inc.; 2/24/58.

Marquand,

HamiLTON

Film Entitled—“The Strange Case of the
Cosmic Rays,” 3/10/58.

Hawan

“A Practical Approach to Selecting a Loud-
speaker Enclosure,” D, Pang, U. S, Naval Shipyard;
1/8/58.

“Between
2/12/58.

“Psychology and the Electronics Engineer,”
F. Mason, Pearl Harbor Naval Shipyard; 3/12/58.

the Atmospherics,” G, Reber;

HousToN

“Oceanographic Instruments during the IGY,”
H. J. McLellan, Texas A & M College; 2/18/58.

“Radio Waves from Outer Space,” J.o w,
Findley, National Radio Astronomy Observatory;
3/4/58.

HuNTSVILLE

“Wave Analysis Problems in Guided Missile
Research,” T. L. Greenwood, Army Ballistic Missile
Agency; 2/25/58.

ISRAEL

“Can Energy be Generated by Controlled
Thermonuclear Fusion,” G. Schmidt, Technion
Institute Haifa; 1/21/58.

ITHACA

“Infra red,” A. H. Canada, General Electric
Co.; 2/13/58.

Kansas City

“Symposium on Millimicrosecond Pulse Tech-
niques.” N. S, Nahman, C. Womack, E. J. Martin
Jr., Univ. of Kansas Research Foundation; 1/14/58.

First Annual Award Banquet, Honoring J. C.
Shipman, speaker—W. H. Graham; 2/11/58.

LonG IsLAND

New Transistor Applications—“New Highs in
Transistors,” J. Angell; 2/11/58.

“Missile Guidance—Radar Guidance.” Messrs.
Records. Hill, Muller, Revercomb, General Electric
Co.; 2/13/58.

“Radio Navigation and Command Guidance,”
W. Palmer and R. Davis, Sperry; 2/20/58.

“Infra red Guidance,” J. Sanderson; 2/27/58.

“Guidance System Evaluation,” J, C. Fletcher;

3/6/58.
(Continued on page 714)
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mm;RODUCTION TESTING

of Coils, Capacitors, and Resistors!

SPECIFICATIONS
OSCILLATOR FREQUENCY RANGE: 200 Kc. to 70 Mc.
in 11 ranges, using 6 plug-in inductors.

INDICATING SYSTEM: Large 5” cathode ray tube,
calibrated in % G on the vertical axis and %
L-C on the horizontal axis.

TOLERANCE LIMITS: £25% Q, calibrated in incre-
ments of 5%; £5% and £20% L-C, calibroted
in increments of £1% and 5% respectively.

Q RANGE: 50 te 500

INDUCTANCE RANGE: 1 Microhenry to 10 Milli-
henries.

CAPACITANCE RANGE: 2 MMF. to 1000 MMF.
RESISTANCE RANGE: 1000 to 500,000 Ohms,
POWER SUPPLY: 105-12S Volts, 50-60 Cycles.
PRICE: $750.00 F.O.B. Boonton, N. J.

PROCEEDINGS OF THE IRE May, 1958

D> SAVES VALUABLE INSPECTION TIME

Gives you instantaneous readout

P> EXTREMELY SIMPLE TO USE
No operator training required

P> NO TUNING OR ADJUSTMENT NECESSARY
Gives simultaneous indication of both Q and L-C

P> ELIMINATES OPERATOR MEASUREMENT ERROR
Single readout on large CRT screen

Write for complete information

OONTON'-
paplo \I/p,
ORPORATION N\ o

. _‘Boonton, New Jersey
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i IPG60 PRESSURE TRANSDUCERS :
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: THE RELIABLE HEART i
!
'\ OF PROCESS CONTROL '
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|
Statham Model IPG60

applications requiring accurate

OUTPUT: Approximately 35 millivolts Statha m n Stru m e nts’ I nc U

full scale at 14 V. excitation
PRESSURE MEDI!A: Non-corrosive fluids

pressure transducers are
suttable for a variety of

pressure measurements.

The evolution of industry toward automation has created a demand for precision data han-
dling systems capable of monitoring and controlling process variables. Statham Model IPG60
pressure transducers are specified in the Beckman 112 Data Processing Computer — the first
system of its type to meet successfully the stringent requirements of the process industry.
The output of this highly accurate pressure transducer provides the Beckman system with
vital information signals required for successful process control. Accuracy within =149
makes the Model IPG60 suitable for use in a wide variety of pressure measurement require-

ments. Complete data on the Model IPG60, or information on other Statham instruments, are
available upon request.

RANGE: 0 to + 15 psig.

254 Carpenter Road, Hato Rey, Puerto Rico ® Cable Address: STATRICO
A subsidiary of Statham Instruments, Inc., Los Angeles, Calif.

WHEN WRITING TO ADVERTISERS PLEASE MENTION- PROCEEDINGS OF THE IRE

pressure transducers
are specified for the
Beckman 112 Data

]
1
]
: Statham Model IPG60
1
| Processing Computer.

NON-LINEARITY & HYSTERESIS:
of puerfo rico Not more than %£0.25% of full scale
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MILWAUKEE

“The Effects of Research,” F. J. Larsen: Joint
meeting Engineers’ Society of Milwaukee, amd
affiliated Engineering Societies; 2/20/58.

“Correlation Analysis,” V. C. Rideout. Univer-
sity of Wisconsin; 3/4/58.

NORTH CAROLINA

“Bagic Principles of Analog Computers,” I, &.
Owens, Duke University; 2/28/58.

NORTHERN ALBERTA
“Preservation of Wave Shapes in Television,”
A. St. Marie, Canadian Broadcasting Corp.;
2/14/58.

NORTHWEST FLORIDA

“Communications Theory and the Test Prob
lem,” J. C. O'Brien, Associated Missile (AMF)
1/28/58.

“Migh Gain Telemetry Antennas,” C. II
Hoeppner, Radiation Inc.; 2/19/58.

“Microwave Amplification by Stimulated Elec-
tronic Radiation,” R. F. Simons, Airborne Instru-
ments Lab.; 3/4/58.

OxkrLAHOMA CiTY

“Microwave Radio Application to Protective
Relaying,” L. G. Walker, Motorola Inc.; 2/18/58.

“The Road Ahead in Data Reduction,” H. P. T,
Corley, U. S. Air Force; 3/11/58.

OMAHA-LINCOLN

“Rockets, Satellites, and Space Travel,” W. J.
Conner, Jr., and B, O'Brien, General Electric Co ;
2/27/58.

OTTAWA

“Trend of Overseas Telecommunication De-
velopment,” R. G. Griffith, Canadian Overseas
Telecommunications Corp.; Joint meeting with
Engineering Institute of Canada, AIEE, IRE;
2/27/58.

“Cunning Circuits,”—A Panel Discussion,
N. F. Moody, Moderator; Panel Members: A. C.
Hudson, E. H. Hugenholtz, M. Levy, J. Loutit;
3/6/58.

PHILADELPHIA
“Management of a Navy R & D Activity.”

S. B. Spangler, U. S. Naval Air Dev. & Material
Center; 3/5/58.

PITTSBURGH

“The Theory and Application of Solion Units,”
D. W. Kuester, Naval Ordnance Labs.; 2/10/58.

“Transistor Versus Magnetic Amplifiers,” A, G.
Milnes, Carnegie Institute of Technology; Donald
G. Fink. IRE President, presented Fellow award to
R. A. Ramey at dinner meeting on Feb, 25;2/17/58.

PRINCETON

“Natural Computers—Reliable Response of
Unreliable Components,” W. S, McCulloh, M.I.T.;
presentation of Fellow Citation to R. W. Peter;
2/13/58.

REGINA

*“Video Testing Techniques in Television
Broadcasting,” A. Ste, Marie, Canadian Broadcast-
ing Corp.; 2/11/58.

SAN ANTONIO

“The Solion Cell—A New Circuit Device,”
N. N. Estes, Texas Research Associates; 1/15/58

(Continued on page 72A4)
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BALANTING LABORATORES NC.

T smmast ¢ 00 beavE Wi pns

N
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STANIGLE FOR BvinLaap

RE>DS rgc e 0
STAMLL fom DO owrt N“ 20 Ol =
0 0Amr
A\

VOUTS FUlL sths

PRICE: $290

SPECIFICATIONS
FREQUENCY RANGE 0.05 cps to 30KC

down to 0.01 cps with corrections

VOLTAGE RANGE 0.02 to 200V peck to peak lowest reading cor-
responds to 7.07mv rms of a sine wave

ACCURACY 3% throughout ranges end for any point on meter scale
IMPEDANCE 10 megohm by any average capacitance of 30 uuf
OPERATION Unaffected by line variation 100 to 130V, 60 cycle, 45 watt

FEATURES
Pointer “flutter” is almost unnoticeable down to 0.05cps, while at
0.0lcps the variation will be small compared to the sweep observed
when employing the tedious technique of measuring infrasonic waves
with a dc voltmeter.
A reset switch is available for discharging “memory” circuits in order
to conduct a rapid series of measurements.
The reading stabilizes in little more than 1 period of the wave.
Meter has a single logarithmic voltage scale and a linear decibel scale.
Accessories are available for range extension up to 20,000 volts and
down to 140 microvolts.

For further information on this and other Ballantine instruments

write for our new catalog.
D,
R)
J
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NOW! GO—NO GO—COMPARATIVE
MEASUREMENTS AT A GLANCE

For Quality Control and Production Tests From DC to 250 MC!

9000000000000 0000000000000000000000000

NEW HIGH SPEED

COAXIAL

Reference and Test

900ccc0000000c00000cs0000s

®eevccsosvvosveceeee

$250.00
F.0.B. PLANT
Model FD-30*

For further informotion

cations ond Specificotions write to:

*Specify 50 ohm or 75 ohm

APPLICATIONS:

Audio — Video — Intermediote — R.F.
Circuitry — Passive Networks — Vacuum
Tubes — Diodes — Transistors — Etc,

Permits Dual Scope Presentations——

SWITCH

s09c0sevevsvvocc

or 10 cps,

impedance

%

5
1

We woudd fike to dend you oun hook!

“THE NEW WORLD
OF ELECTRONICS"”

of interest to anyone
in Electronics

72A

* EASY TO APPLY
* POSITIVE LOCK
® MILLIONS IN USE

TIMES FACSIMILE

TOP HAT

CLAMPS FOR PLUG-IN UNITS

A dependable, improved clamp for
electron tubes, relays and capacitors.

Write for Catalog

CORPORATION
40 WEST 58th ST., NEW YORK 19, N. Y.
523 L ST, N.W., WASHINGTON 5, D.C

40 00 0000000000000 00000000000000000000000s000cs0
.

aw AMPHENOL ELECTRONICS CORP., 1830 S. 54th Ave., Chicago 50, Il

An oscilloscope presentation of a
typical Amplifier in Production Test.

Frequency sange of coaxial circuit is from DC to
250 MC with a VSWR of less than 1.1 at 50 or
75 ohms impedance. Switch contacts *’Mercury-
Wetted" with an adjustable switch rate of 30, 15

anApph'-} ‘JERROI—D

ELECTRONICS CORPORATION, Dept. TED-14
Philadelphia 3, Pa.

NAME.
COMPANY,
TITLE =
ADDRESS. -
g QIry, ZONE STATE
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SEATTLE

“Digital Differential Analyzers,” D. Thomp-
son, Testco; 2/5/58.

“The Education and Scientific Challenge we
Face Today,” Senator Jackson, U. S. Senator from
Washington; Joint meeting with IRE, WSPE,
ASME, AIEE, AICHE, ASM, ISA, and ASCE;
2/14/58.

“A 100 Channel Pulse Height Analyzer, Theory
and Circuit Design,” G. Utting, Technical Measure-
ments Co.; 3/3/58.

SHREVEPORT

Panel Discussion On the Explorer, A. M.
Randolph, R. W. Bains, H. Porter, E. Gordon;
E. D. Nuttall, United Gas Labs.; 3/4/58.

SoutH BEND-MISHAWAKA

“The Bendix-Missile Plant Computing Facil-
ity,” J. R. Voss, Bendix Aviation Corp.; 1/30/58.

Tokyo

“Engineering Educational Situation in the
United States,” J. D. Ryder, Michigan State Univ.;
1/18/58.

ToLEDO

“Germanium The Magic Metal,”—Tape Talk
by General Electric Co.; 1/16/58.

Guided tour through the Sun Oil Company;
2/13/58.

TORONTO

“Recent Developments in Video Tape Record-
ing Equipment,” J. E. Detlor, Ampex Corp. of
Canada; 3/3/58.

TwiN CITIES

“Noise in Transistors,” A. Van Vliet, Univ. of
Minn.; 2/17/58.

Data Transmission: Present and Future, A. B.
Convey, American T & T Co.; 3/11/58.

VANCOUVER

“Radio Astronomy,” L. Doherty, National Re-
search Council; 1/20/58.

“An Introduction to Information Theory,”
F. Schrack; “Electronic Counter-Measures,” G.
Sage; “Radio-Telephone Communications,”; Uni-
versity of British Columbia; annual students’ night;
2/17/58.

WASHINGTON

Panel Discussion of “Transition Problems in
the Development and Integration of Equipment
into Presently Operating Two-Way Mobile Radio
Systems,” C. B, Plummer, FCC, J. P. Fogarty,
Bendix, W. J. Weisz, Motorola, S. F. Meyer,
DuMont Labs., J. R. Neubauer, RCA, N. Shepherd,
General Electric; Joint meeting with PGVC;
3/3/58.

WESTERN MASSACHUSETTS

“Missile Guidance,” C. E. Gallager, G.E,;

2/11/58.
WICHITA

“Jonosphere Probing by Radio,” R. L. Schrag,

Univ. of Wichita; 2/26/58.

WILLIAMSPORT

Discussion of Section's activities, W. H.
Bresee, Presiding Officer; 2/13/58.

(Continued on page 74A4)

Find facts faster
in the
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SPECIAL
PACKAGING
FOR DIODE
ASSEMBLIES

SEMICONDUCTORS

r
Creating a new world with ELECTRONICS

May, 1958

At Hughes, the technique of multipie unit packaging has been perfected to an
extent never before achieved. Now specific circuit configurations can be
housed in any one of four Hughes packages. Each has its own advantages but
all offer one prime advantage—convenience.

Many individual parts are reduced to a single component—solving a spare
parts problem for matched units by eliminating the chance they will become
separated; circuit design and installation are simplified: and space problems
are minimized by the unusual compactness of Hughes multiple unit packaging.

With these features Hughes combines the ability to adjust to a wide range of
individual requirements. while providing a completely satistuctory assembly.
ENCAPSULATED PAIR
468" x 312" x .2"

ENCAPSULATED QUAD
75" x.5" x.25"

METALLIC OCTAL SOCKET

ENCAPSULATED 9-PIN

MINIATURE

Both are plug-iny intended primarily

These two Hughes solder-in units can as direct tuhe replacement, and hoth

house cither matched or unmatched can he adapted to contain special cir-

diodes in u variety of different ways. cuit configurations,

Applications: Full wave rectifier—bridge rectifier—modulator—demodulator—phase
detector—and many others.

For literature, write: HUGHES PRODUCTS, Semiconductor Division, International Airport Station, Los Angeles 45, Calif.

)
: HUGHES PRODUCTS E

© 1958, HUGHES AIRCRAFT COMPANY
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DEVIATION, cps WITH THE

New DONNER 2102

3 Wide or narrow hand selectivity
% 160 uv to 500 v full scale range

% Convenient operation

+100

% Rugged electrically, rugged mechanically
3 $545.00 for either cabinet or rack mount

Donner’s new Model 2102 Wave Analyzer accurately measures
amplitude and frequency for each component of a complex in-
put waveform, whether or not the components are harmonically
related. Selectivity, controlled by a front panel switch, provides
narrow or wide band pass, Narrow selectivity permits easy
separation of input signal components. Broad selectivity permits
rapid scanning of the spectrum,

HOW IT OPERATES — Fundamental frequency of the waveform is
set on a large dial with input attenuated to 0 db, the 100%
reference level. Tuning the dial to the frequency of each com-
ponent of interest gives the relative amplitude of that compo-
nent on the panel meter.

SPECIFICATIONS
Frequency range 30 cps to 50 k¢
Full scale meter Indications for input signals from 160xv to 500 v
Voltage accuracy 5% of full scale
Input impedance 200 k ohm

Domestic price  $545.00 f.o0.b. factory for either
cabinet or rack mount

Write for complete technical specifications. Address Dept. 455

D 0 n nE SCIENTIFIC

COMPANY
CONCORD, CALIFORNIA

WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE
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SUBSECTIONo

CHARLESTON

“Tropospheric Scatter Communications,” R. D.
Chippe, Federal Tel. & Tel. Labs.; Joint meeting
with AFCEA; 1/15/58,

“Decisions for Americans,” R. Bennet; 2/20/58.

KITCHENER-WATERLOO

“Proposed Revision of Methods A-343 for AC
Magnetic Testing,” D. C. Dieterly, Armco Steel
Co.; 2/24/58.

“The Acoustical Design of the Stratford Festi-
val Theatre,” R. H. Tanner, Northern Electric Co.
Ltd.; 3/10/58.

LANCASTER

“Research, An Investment in the Future,”
C. T. Pearce; Westinghouse Electric Corp.; 1/16/58.

LAs CRUCES-WHITE SANDS

“Current Trends in Component Development,”
J. K. Sprague; “Military Applications and New
Products,” C. G. Killen; “Quality Control,” B.
Hecht, Sprague Electric Co.; 2/20/58.

“The Communication Theory Model and
Economics,” by S. Bagno; speaker: I. L. Carbine,
New Mexico College of Agriculture and Mechanic
Arts; 3/11/58.

LEHIGH VALLEY

“Adventuresin Electronics,” C. Hoyler, R.C.A.;
2/24/58.
NASHVILLE
“See Where You Can’t Be,” M. M. Haertig,
G.E. Co.; Election of officers; 2/12/58.

NORTHERN VERMONT

“Medical Electronics Research,”
University of Vermont; 2/24/58.

F. Sichel,

ORANGE BELT

“Systems Engineering,” J. Byrne; “Coexistence,
of the Transistor is Here to Stay,” N. J. Krilanovich,
Motorola Research Lab.} 1/28/58.

“Contemporary Infra-Red Detecting Equip-
ment,” R. W. Powell, Aerojet General Corp.;
2/25/58.

PASADENA

“Stereo-Disc Recording,” J. G. Frayne, \Westrex
Corp.; 2/18/58.

SAN FERNANDO VALLEY

Field Trip of Rocketdyne Test Facility,
speakers: P. Vogt, F. Williams, Rocketdyne;
2/12/58,

SANTA BARBARA

“Gamma Radiation Rate Effects on Semi-
Conductor Diodes.” J. W. Clark, Hughes Aircraft
Co.; 2/11/58.

Come again!
Radio Engineering
Show
March 23-26, 1959

New York Coliseum

May, 1958



A Viking Fable

When the terrible green monster suddenly appeared alongside the
good ship Viking Queen, all hands save one promptly disappeared over
the side into the chill waters of the North Atlantic. Only Lief Smorgas-
bord, radar operator, remained aboard to face the beast.

If we may take a trembling Lief from history, we will follow the
conversation that ensued:

Lief (trembling): Why .. . why did’t you show up on my scope?

Monster (in a high, feminine voice): I'm enchanted, that's why!
Oh, Mr. Viking, I'm just a poor princess who has been bewitched and
transformed into a teen-age she-sea serpent! If you could answer the

Mysterious Riddle, you could break the spell and marry me!
Lief (still trembling): The Mysterious Riddle?
Monster (hopefully): It goes like this.

Heart of that which has no ears, but hears;
No eyes, but sees; no nose, but knows . . .
Tube B or not Tube B, that is the question/

Lief managed to answer the riddle, breaking the spell and instantly

transforming the monster into a lovely princess. And so they were married
and lived happily ever after *

* The single word was “*Bomac,” of course. Lief knew “Tube B
or not Tube B” must refer to Bomac tubes, heart of any radar system
(“that which has no ears, but hears, etc.””) Smart one, that Smorgasbord.

ria kel e .I'i Nest niueyopave tu e

] -2' - ,' ! g | b : A
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(bomace

Leaders in the design, development and manufacture of TR, ATR, Pre-TR tubes; shutters;
reference cavities; hydrogen thyratrons; silicon diodes; magnetrons; klystrons; duplexers;

Oftlces In major cities—Chicago » Kansas City. « Los Angeles « Dallas + Dayton « Washington «
pressurizing windows; noise source tubes; high frequency triode oscillators; surge proféctors. (e

Seattle » San Francisco « Canada: R-D-R Associates Limited, 1470 Don Mills Road. Don Milis,
[BY:[DMETD - Export: Maurice |. Parisier, 741-745 Washington St., N.Y.C. 14, N.Y.




- FREED

MIL-T-27A POWER,
FILAMENT, PULSE

& AUDIO TRANSFORMERS

FOR IMMEDIATE
DELIVERY FROM STOCK

POWER TRANSFORMERS -STANDARD
All primaries 105/115/125 v., 60 c.p.s.

Filament Filament
#1 #2

Hi » ;| miL

[T a |z a
Wo.| Sec. |at°3 HEH
MGP1/400,/200 |/ [185 2[6.3] 3| Ha
[MGP2| 650 |\/ |260 2(6.3[4[ 18
MGP3| 650\ |245 5[5.0[ 3] X8
MGP4| 800\ (318 . 3[6.3] 8| L8]
MGP5| 900/ 345 3/6.3] 8/ M8
MGP6|  700|\/ 255 KB
MGP7| 1100 v/ (419 |. LB
McPs|  1600] v/ |640| 1 _['NB]

FILAMENT TRANSFORMERS-STANDARD
All primaries 105/115/125 v., 60 c.p.s.

Secondary Test
Volt | Amp | VRMS
MGFT | 25 | 30 | 250 | B
MGF2 25 10.0 2,500 GB
MGF3 | 5.0 30 | 2500 | FB
MGF4 | 50 | 100 2,500 | HB
MGFS [ 63 | 20 | 2500 | FB
MGF6 | 63 | 50 | 2500 | GB
MGF7 | 63 | 100 | 2500 | I8
MGF8 | 63 | 20.0 | 2,500 | KB
MGF9 | 25 | 100 | 10000 | 1B
MGF10 50 | 100 | 10000 | KB _

Lle
s =
g 2 &5
ol g% HE
. LE]E 228 (2 (2| 2|8
£ 53| e 1388 2323
3EEE| wwen | %2 | F 2 E|3
W] 10.25/0.25/0.25 | 0.21.0 |.004 |3 (0.7 |250
MPT2 | VT 0.25/0.25 0.21.0 | .004]2 [0.7]250
MPTI Vv | 05/05/05 0.2:1.5 |.002/3 10250
LALEE ~05/05 02:1.5 |.002]2 [1.0|250
MeTS |\ —05/05/0.5 0520 |.002/3 |1.0]500
MPTE |y 0.5/05 0520 |.002]2 [1.0]500
w17 |y 0.7/0.3/0.7 0515 |.002] 3 [1.5] 200
MFTB vV |\ 0.7/0.7 0.51.5 |.002]2 [1.5]200
MPTS (vl 1.0/1.0/1.0 | 0735 [.002]3 [2.0|200
MPTI0]\ |\ 10/1.0 8735 |.002] 2 [2.0]20c
MPTI [ [y 1.0/1.0/1.0 | 1050 |.002|3 qu_'_ou
»_ar'nz_vl_\ v ]0.15,0.15/0.3/0.3| 0.2-1.0 | .004/ 4 [0.71700
’l:m resp. 300 to 10000 cps - 2 08 All €
=p. 308 — =A%
‘ lmpadance
" :
52 Appheation s 3
MGA? Singie or P.P. Plates 90 ‘

— to Single or P.P. Grids |VOK [ V  split
MGA2 [Line to Yoice Coil

Send for further informoation on theso units, or
speciol designs. Also ask for completo
laboratory test instrument cotalog.

FREED
TRANSFORMER (0., INC.

1720 weirield Street
Brookiyn (Ridgewood) 27, New York
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MGA4 | Line fo Line ;:',’,,} Sk | oo
MGAS [Single Plote to Line  |15K e ‘ [4040 | 33 |
MGAS Sinale Plate 1o Voice Cail |70 [4.8.16 [4040 133 |
MGAT Single or P.P. Plates fo Line 15K } e [1010 5 | |
MGAS P.P. Plates o Line 24K |\ |00, 1001 130
MGA9 PP, Plates to Line b0k | S 0|y

Courses in Practical Radio-Electronics

EIA AcTivITIES

The electronics industry continued its
growth during 1957 to become the fifth
largest U. S. manufacturing group, the
1958 EIA “Electronics Industry Fact
Book” reveals. The 4th edition of this
EIA publication has been prepared by the
Marketing Data Department to provide a
reference guide for industry use. The publi-
cation is being sent to all EIA member
companies this week and later will be
made available to non-members and the
general public at 50 cents a copy, Execu-
tive Vice-President J. D). Secrest said.

The booklet’s preface states that the
value of consumer products, tubes, semi
conductors, components, and military and
industrial equipment reached $7.6 billion
in 1957. When distribution and mainte-
nance costs and broadcasting revenues are
added, electronics industry sales exceed
$13 billion—a twelve-fold expansion dur-
ing the 12 years since the end of World
War IL Continuing, the booklet points
out: “An outgrowth of the prewar radio
industry, electronics finds its techniques
used increasingly by all segments of the
economy. Government purchases of mili-
tary electronic equipment reached an all-
time high of $3.9 billion during 1957, In-
dustrial and commercial electronics in-
creased by fifty per cent from $950 million
to $1.3 billion. Annual factory sales of
consumer products are up from $1.4 billion
to $1.5 billion reflecting the resurgence of
radio and phonograph popularity. The
15.5 million radios that moved from the
production line during 1957 are the great-
est number since 1948. Phonographs, par-
ticularly “Hi-Fi,” plus record player at-
tachment sales passed the five million
mark for the first time in the industry’s
history.”

* The data on which these NOTES are based were
selected by permission from Industry Reports, issues
of February 24, and March 3, 10 and 17, pub-

lished by the Electronic Industries Association
whose helpfulness is gratefully acknowledged.
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and Television Engineering Technology

Pioneer

(GOVERNMENT

The Weather Bureau will use radio-
television CONELRAD signal to flash
emergency flood and storm warnings, but
success of the warning plans will depend
largely on the ability of radio manufac-
turers to include a low-cost automatic
alarm feature in future radio receivers,
according to F. W. Reichelderfer, Chief
of the Bureau. The Weather Bureau chief
estimated there are more than 200,000
CONELRAD alert receivers in operation
in the U. 8. .. . The FCC’s Technical Re-
search Division in the Chief Engineer’s
office has released a report titled “A Pre-
liminary Analysis of Multicasting” which
evaluates the advantages of a possible new
approach to overcome difficulties en-
countered in providing uhf television serv-
ice in rough terrain from a single trans-
mitter. The technical information con-
tained in the report may be of special in-
terest to T'V engineers. A copy may be ob-
tained from the Technical Research Di-
vision, Room 7506, New Post Office Build-
ing, Washington 25, D. C., upon individual
request. . . . The Federal Communications
Commission was issuing an order to delay
the processing of all subscription TV appli-
cations until 30 days after Congress
adjourns while some Congressional mem-
bers were offering arguments in favor of
pay-TV trials. \WWarned by both the House
and Senate Interstate and Foreign Com-
merce Committees not to go through with
the plan to accept applications for pay-
TV after March 1 until Congress had a
chance to act on pending bills affecting
pay-TV, the Commission announced it
will not process any applications for it
until 30 days after Congress adjourns,
variously estimated to be sometime in late
fall. Meanwhile, Congress could pass legis-
lation which would flatly prohibit pay-TV.

(Continued on page 78A4)

in Radio Engineering Instruction Since 1927

KECPD Accredited
Technical Institute
Curricula

Request your free Home Study or
Resident School Catalog by writing to: Dept. 265E

3224 16th St., N. W. Washington 10, D. C.

Approved for Veteran Training
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FOR ACCURATE ATTENUATION OVER A WIDE FREQUENCY RANGE...

RF Attenuators by DAVEN

These units are used in signal generators, wide-band
amplifiers, pulse generators, field intensity meters,
micro-wave relay systems, and repeater stations. They
find application as laboratory standards, test equip-
ment, and for checking out all types of instruments.

Daven RF Attenuators are available, in combina-
tion, with losses up to 120 Db in two Db steps; or
100 Db in one Db steps. Due to their internal circuitry
and construction, they have a zero insertion loss over
the frequency range from DC to 225 megacycles.

Standard impedances are 50 and 73 ohms, with
special impedances availabie on request. Resistor ac-
curacy is within =29 at DC. An unbalanced circuit
is used which provides constant input and output
impedance. The units are supplied with either
UG-58/U or UG-185/U receptacles or Coaxial lead
terminations. Individual units with single-section cav-
ities can be obtained.

Many of these types are available for delivery from
stock.

L0SS TOTAL | STANDARD

B bb | IMPEDANCES
| RFA & RFB 540 1,2,3,4D0 10 | 50/509 and 73/73Q
RFA & RFB 541 10, 20, 20, 20 Db 70 | 50/50Q and 73/73Q
) RFA & RFB 542 2,4,6,80b 20 50/50Q and 73/73Q
Solenoid actuated RF RFA & RFB 543 20, 20, 20, 20 Db 80 50/50Q and 73/73Q
Attenuators are also RFA & RFB 550 1,2,3,4,10Db 20 50/50Q and 73/73Q
available in various RFA & RFB 551 10, 16, 20, 20, 20 Db 80 | 50/50Q and 73/73Q
decibel combinations RFA & RFB 552 2,4,6,8 200b 40 | 50/50Q and 73/73Q

and any number of
steps up to 5.

Write for complete information

LARGEST

M A Ny¥r®Emédm®S=T U R E R OF

Other Db loss combinations are available.

«DAVEN-

Livingston, N. J.

ATTENUATORS



stoddart
coaxial

attenuators
and |
terminators

made with exclusive
Stoddart Filmistors
for highly accurate

and stable resistive values

0 position TURRET ATTENUATORS
with simple “pull-turn-push’ operation

Extremely precise resistance values from dc to
3000 mc are maintained by Stoddart-developed
Filmistors — thin metallic films in ceramic forms
which are assembled in properly designed coaxial
sections. Turret units are small, and built for long

service,

ATTENUATOR PADS
Uniform size, many combinations

You can specify these small “in-the-line’
pads in any conceivable combination of
male and female Type C and Type N con-
nectors. Single pads with female connectors
can be provided with flange for panel mount-
ing. Convenient to use ... pads have maxi-
mum length of only 3” for any attenuation
value. Electrically, pads are the same as
those in turret model above.

VSWR: Better than 1.2 to 3000 mc.
Characteristic Impedance: 50 ohms

Attenuation Value: Any value from
0 db to 60 db

Accuracy: 0.5 db
Power Rating: 1.0 watt sine wave
Connectors: Type N, female

COAXIAL TERMINATIONS
small, stable ~50 or 70 ohm

V2-watt terminations —50 ohms impedance,
TNC or BNC connectors, to 3000 mc. Low
cost. VSWR less than 1.20.

1-watt terminations —50 ohms, DC to 3000
mc or DC to 7000 mc. VSWR less than 1.20.
Type N or Type C connectors, male or
female. 70-0hm, Type N, male or female ter-
minations available.

Platinum film resistors, gold-plated elec-
trical contacts, durable satin chrome exte-
rior finish, Wattages are continuous sine
wave ratings.

All items immediately available from stock

stoddart

Send for Attenuator Catalog A-2

atrcraft radio co., inc.

6644 Santa Monica Blvd., Hollywood 38, Calif. < HOllywood 4-9294
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(Continued from page 76A)

MiLiTARY ELECTRONICS

The Office of Technical Services, Com-
merce Department has made available to
industry the following reports and catalogs
of technical reports (CTRs): “Research,
Problem-Solving, and the Use of Technical
Information in Small and Medium Sized
Manufacturing Firms,” number PB 131578,
priced at 75 cents each. The report is the
result of a survey of over 500 firms ranging
in size from 50 to 1,500 employes. The
CTRs recently published of interest to
electronic firms, and priced at 10 cents
each, are: “CTR-249—Printed Electronic
Circuits, 1947-58"; “CTR-250—Electronic
Miniaturization, 1944-58”: “CTR-99—
Paper Capacitors, 1937-57,” and “CTR-
336—Transformers, 1927-58.”. . . Though
spending by the Military Departments for
electronics in the first quarter of the cur-
rent fiscal year was at a near-record level,
second quarter spending showed a sub-
stantial increase, according to the latest
EIA compilation. Defense electronics pro-
curement in the quarter ending Dec. 31
totaled $967.5 million, up from the $926
million spent in the first quarter and over
the $876 million spent by the military for
electronics in the second quarter of fiscal
year 1957. Cumulative spending for elec-
tronics by the Defense Department during
the first six months of the current fiscal
year amounted to $1,893.5 million com-
pared with the $1,513 million spent during
the like six-month period in fiscal year
1957. . . . The Signal Corps has announced
the development of an extremely bright
and high-speed character display tube and
its use as the essential display device in
the Army’s MISSILE MASTER system.
The tube was developed by the Allen B.
DuMont Laboratories, Inc., and displays
distinctively shaped characters to indicate
the various types of information gathered
by the complete system relative to enemy
aircraft, friendly aircraft, and NIKE bat-
teries in the area, the Signal Corps said.
The important features of the tube are that
the characters are generated by electronic
equipment outside the tube, which means
savings in replacement cost. It also pro-
duces a far brighter display without the
inconvenience of flickers. . . . Douglas Air-
craft Co. has received a $43.5 million con-
tract from Western Electric Co. for fabri-
cation and production of additional units of
the Army NIKE-HERCULES missile. . . .
Lt. Gen. D. L. Putt, Air Force Deputy
Chief of Staff for Research and Develop-
ment, revealed a new “dyna-soar” re-
search vehicle which he said “will far
exceed the performance of the X-15.” The
term, he said, is a contraction of the words
dynamic soaring and means that utilization
of forces employed for flight are both
centrifugal and aerodynamic. The facts
were told to House Armed Services Com-
mittee members recently. The proposed
research vehicle, he said, “is both small and

(Continued on page 80A)

May, 1958



Now, Tung-Sol offers designers a complete line
of high reliability Germanium PNP Transistors!

TYPE APPLICATION

MEOIUM POWER AUOIO TYPES (To-9 Outline)

2N381 Ovutput Amplifier
2N382 Output Amplifier
2N383 Ovtput Amplifier
2N460 General Purpose Industriol
2N461 General Purpose Industrial

HIGH FREQUENCY TYPES (To-9 Outline)

2N404 Computer
2425 Computer
2N426 Computer
2N427 Computer
2N428 Computer
2N413 RF Amplifier
2N414 RF Amplifier
2N416 RF Amplifier
28417 RF Amplifier

HIGH POWER TYPES (To-3 Outline)

2N242 Audio Amplifier
2N378 Power Switch
2N379 Power Switch
2N380 Power Switch
2N459 Power Switch

i

EIA TO-9
OQutline Package

MAXIMUM RATINGS (25°C)

EIA TO-3
Outline Package

Tung-Sol types and
ratings are listed below
with the types they replace.
From these, spot your
needs! Then, for long-life
operation, specify
Tung-Sol!

TYPICAL VALUES (25° Q)

Pc Vce Yeb e Tj MAX. Icbo Hfe fab Ge
mw volts volts ma °C pna mec db
200 25 25 200 85 20 36 1.2 31
200 25 25 200 85 20 54 1.5 33
200 25 25 200 85 20 72 1.8 35
200 — 45 400 100 15 25 1.5 39
200 — 45 400 100 15 50 1.5 41
100 24 30 400 85 5 30 12 —
100 20 30 400 85 5 30 4 —
100 18 25 400 85 5 40 6 —
100 15 20 400 85 5 5 11 —
100 12 15 400 85 5 80 17 —
100 15 — 200 B85 5 e
100 15 — 200 85 5 — 5 —
100 15 — 200 85 5 — 10 —
100 15 — 200 85 5 —_ 20 —
Pc Vee Veb e T MAX. Icbo Hfe fab Ge
w  volts volts Amps. °C ma mec db
15 45 —_ 2 85 1.0 50 0.4 34
15 20 40 3 85 0.5 35 0.3 24
15 40 80 3 85 0.5 30 03 23
15 30 60 3 85 0.5 60 0.4 29
15 60 105 3 85 0.5 40 0.3 24

NOTE: Similar type references are listed ot time af printing and shauld be interpreled os appraximate equivalents.
This reference daes not necessarily imply exact electrical ar mechanical interchangeability.

To fill your special transistor requirements or for full
facts on any of these standard Tung-Sol types, write or
phone: Semiconductor Division, Tung-Sol Electric Inc.,
Newark 4, New Jersey. Sales Offices: Atlanta, Ga., Co-
lumbus, Ohio, Culver City, Calif., Dallas, Tezx., Denver,
Colo., Detroit, Mich., Irvington, N. J., Melrose Park, Ill.;
Newark, N. J., Seattle, Wash. . . . Canada: Toronto, Ont.

PROCEEDINGS OF THE IRE
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SIMILAR TYPE REFERENCE

2N61, 2N186/A, 2N187/A, 2N266

2N60, 2N180, 2N181, 2N18S5,
2N188/A, 2N226, 2N311, 2N403,
2N408

2N59, 2N224, 2N241/A, 2N265,
2N270

2N44
2N43

2N581

2N394, 2N578

2N269, 2N395, 2N579

2N123, 2N315, 2N396, 2N580
2N316, 2N397, 2N582

2N111, 2N135, 2N410

2N139, 2N112, 2N136, 2N218,
2N412

2N1V3
2N114

2N155, 2N176, 2N250, 2N257,
2N301/A, 2N350, 2N351, 2N554,
2N555

2N255

2N158/A, 2N251, 2N296, 2N297
2N156, 2N256, 2N387

2N375

79A



precious

me‘al [ um"HJ”‘HJJ‘.“‘HJ”HHWH“mHH”m‘H“u“mmm‘\‘”Um”\‘\\uwummww‘wmHm:‘mm‘ I il
The following transfers and admissions Evjen, H. M., Sierra Vista, Ariz.
mefa"lll'gy have been approved and are now effec- Eyster, J. A., Dobbs Ferry, N. Y.
| tive: Fraser, J. M., Murray Hill, N. J.
k f | Friedman, S., Rocky Hill, Conn.
WOI' S Ol' . Heyne, J. B., Santa Monica, Calif.
Transfer to Senior Member Hilliard, I. W., Natick, Mass.
Adams, R., Winnipeg, Man., Canada Imhoff, J. J., Los Angeles, Calif.
you ! Anstett, F. D., Roslyn Heights, L. I, N. Y. Jaeger, R. P., Murray Hill, N. J.
* Anthony, J. P., Jr., Houston, Tex. Kabhler, F. C., Washington, D. C.

FER )
1§ ’ a/
Q v

\

The J. M. Ney Company, with
more than 146 years in the highly
specialized precious metal busi-
ness, has gathered a wide back-
ground of information for ana-
lyzing the properties and uses of
precious metal alloys and devel-
oping alloys for specific applica-
tions.

With facilities for subjecting ex-
perimental and standard alloys to
a full range of physical, electrical,
and metallurgical tests as well as
tests simulating actual and accel-
erated conditions, Ney offers a
valuable service to the rapidly
growing electronics industry.

Coupled with the development
help that Ney offers are extensive
manufacturing facilities for the
production of materials and small
precious metal parts in either
standard shapes or to customer
specifications. Our catalog de-
scribing our proprietary alloys,
line of standard contacts, resist-
ance wires, and engineering serv-
ices is available on request.

The J. M. Ney Company

P.O. Box 990, Dept. E, Hartfard 1, Conn.

82a
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Bartlett, P. G., Severna Park, Md.
Barton, G. R., Syosset, L. I, N. Y.
Beeny, L. S., Bogota, Colombia, S. A.
Bernstein, P. P., Los Angeles, Calif.
Buchanan, W. D., Riverside, Calif.
Bussgang, J. J., Cambridge, Mass.
Callan, R. W., Santa Monica, Calif.
Canup, R. E., Houston, Tex.

Cole, E. B., Jr., Baltimore, Md.
Dander, D. A., Emporium, Pa.

Eller, J. E., Jr., Portsmouth, Va.
El-Sabbagh, H. H., Alexandria, Egypt
Filman, N. J., Santa Monica, Calif.
Fujii, T., Tokyo, Japan

Gardner, J. M., Van Nuys, Calif.
Gausman, T. E., Emporium, Pa.
Gregory, J. G., Waltham, Mass.
Hadlock, C. K., Santa Monica, Calif.
Hana, T. C., Little Neck, L. I, N. Y.
Hepburn, J. C,, Malverne, L. I, N. Y.
Herbert, H. W., Emporium, Pa.

Iler, G. W., Scotia, N. Y.

Jennings, M. H., Boston, Mass.
Johnson, D. H., Culver City, Calif.
Kent, L. 1., Flushing, L. 1., N. Y.
Kimball, V. L., Las Cruces, N. M.
Koerner, C. T., Glendale, Calif.
Komen, P. J., Jr., Albuquerque, N. M.
Liimatainen, T. M., Washington, D. C.
Maguire, L. R., Emporium, Pa.
Malcolm, L., Van Nuys, Calif.
Marcille, R. T., Medfield, Mass.
Martin, E. J., Jr., Kansas City, Mo.
Masching, R. G., Hyattsville, Md.
McCoy, R. T., Palos Verdes Estates, Calif.
Nadler, B. D., Bayside, L. 1., N. Y.
Olson, R. L., Cedar Rapids, Iowa
Rettig, A. S., Haddonfield, N. J.
Roark, G. L., Aberdeen, Md.

Rubaii, I. H., Kansas City, Mo.
Rubenstein, C. F., Farmingdale, L. 1., N. Y.
St. John, K. M., Hicksville, L. 1., N. Y.
Shearer, C. W., Montreal, Canada
Storer, J. E., Waltham, Mass.
Strelzoff, J. A., East Lansing, Mich.
Sturdy, W. W., Whippany, N. J.
Sumoski, A. W., Washington, D. C.
Thatcher, W. H., Whippany, N. J.
Travis, C. M., Fort Worth, Tex.
Venaglia, E. J., Huntington, L. 1., N. Y.
Weirich, E. M., Arlington Heights, I1l.
Willard, D. D., San Jose, Calif.

Woodbury, W. F., Valley Stream, L. I., N. Y.

Admission to Senior Member

Allgaier, W. A., Emporium, Pa.
Band, H. E., Pinehurst, Mass.
Bjornson, W. G., Sr., San Diego, Calit.
Brown, A, B., Jr., Murray Hill, N. J.
Byrum, E. J., Whippany, N. J.
Churchill, P. K., Tell City, Ind.
Cutler, M., Los Angeles, Calif.
Davis, R. E., Pittsburgh, Pa.
Domenichini, C. P., Lexington, Mass.
Douglas, D. L., Los Angeles, Calif.
Eakin, K. G., Utica, N. Y.

WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE

Katz, R. E., Washington, D. C.
Machol, R. E., Ann Arbor, Mich.
Morse, E. K., Silver Springs, Md.
Paluka, C. F., St. Paul, Minn.

Potter, N. S., Glen Burnie, Md.

Quirk, R. W., Los Angeles, Calif.
Rustad, A. C., Westbury, L. I, N. Y.
Ryder, E. J., Murray Hill, N. J.
Sargent, R. S., Alexandria, Va.
Sawada, F. H., Berwyn, Il

Schappals, E. A., Kensington, Md.
Schroeder, G. F., Long Island City, N. Y.
Simons, D. E,, Silver Spring, Md.
Smith, D. W., Glenarm, Md.
Smolinski, A. K., Warszawa, Poland
Snyder, W. F., Boulder, Colo.
Soltwedel, E. B., Santa Monica, Calif.
Stewart, R. J., Conaga Park, Calif.
Stumpff, H. G., Emporium, Pa.

Trunk, E. G., New Hyde Park, L. 1., N. Y.
Van Asselt, R. L., Lancaster, Pa.
Vepa, R. K., Calcutta, India

Walters, G. A., Belmont, Calif.
Woodside, C. S., Warrenton, Va.

Transfer to Member

Abrams, C. F., Syosset, L. 1., N. Y.
Adams, H. J., New York, N. Y.
Anderegg, J. S., Cambridge, Mass.
Asaki, G. G., Glen Burnie, Md.

Aubrey, G., New York, N. Y.

Autery, R. M., Westerville, Ohio

Ayer, W. T., New York, N. Y.

Ayers, R. D., Los Angeles, Calif.
Baake, D. W., Riverside, Conn.

Becker, D. R., Whittier, Calif.

Bell, J. E., Whiting, Ind.

Bockwoldt, W. H., Sherman Oaks, Calif.
Bowman, W. G., Alamogordo, N. M.
Branham, D. W., Dallas, Tex.

Brumley, C. H., Rochester, N. Y.

Bryla, L., Pomona, Calif.

Cagle, D. S., Oakland, Calif.

Canfield, H. H., Elmhurst, 11l

Carroll, L. R., Claremont, Calif.
Chressanthis, A. G., Philadelphia, Pa.
Clapp, G. V., Jr., Hermosa Beach, Calif.
Clothier, C. M., Farmingdale, L. I., N. Y.
Criswell, J. J., Lubbock, Tex.

Dame, A. M., Washington, D. C.
Davidson, R. A., Salt Lake City, Utah
Dunn, E. J., Tucson, Ariz.

Eble, B. B., Paoli, Pa.

Eck, E. J., Burlington, Iowa

Feingold, W., Fresh Meadows 65, L. I. N. Y.
Fewer, D. R,, Dallas, Tex.

Fockens, P., Oak Park, Il

Franklin, L. F., New York, N. Y.
Freck, W. L., Calgary, Alta., Canada
Hailey, W. H., Coral Gables, Fla.

Hall, H. S., Towson, Md.

Harden, O. C., Freeport, Il

Hardin, R. H., Los Angeles, Calif.
Hatzidakis, K., Montreal, Que., Canada
Haussig, L., Levittown, L. I, N. Y.

(Continued on page 864)

May, 1958



AT (GRS TR R

. oweEriNG 90 feet above the New England countryside at
Westford, Mass., this giant 84’ tracking antenna is part of a new,
long-range radar installation now studying problems in ballistics
missile defense.

Equipped with an elevation-azimuth type mount designed
and fabricated in cooperation with M. I. T.’s Lincoln Laboratory,
the big dish can make a full 360° horizontal sweep and has a
vertical rotating capability of 90°. Like all Kennedy steerable
antennas, it features a light weight, aluminum dish supported by a
steel pedestal mounted on a concrete base.

This kind of achievement in antenna design and construction
is solid proof that Kennedy is the name to remember when you are
faced with antenna problems.

'World Radio Histol

28' RADAR
TRACKING ANTENNA |

ANTENNA EQUIPMENT

- D. S. KENNEDY & CO.

‘k COHASSET, MASS. — TEL: C0O4-1200

Tracking Antennas
Radio Telescopes
Down-To-Eurth SOLUTIONS (o Radar Antennas
Out-Of-This-World PROBLEMS | “Trans-Horlzon' Antennas
lonospheric Scatter
Tropospheric Scatter




*
Tonotron picture of the Los Angeles Yacht Harbor

The Hughes TONOTRON tube presents a complete spectrum of grey shades. Result: high-fidelity picture reproduction. The

illustration above, for example, is an unretouched photo of a typical radar display as viewed on the face of a TONOTRON
E.I.A. Type 7033 Tube.

Additional outstanding characteristics of the TONOTRON tube are high brightness (in excess of 1500 foot lamberts with
full half tone range) and controllable persistence. The family of TONOTRON tubes is ideally suited for ground mapping,

weather radar displays, slow-scan TV, “B” scan radar, oscillography, armament control radar, optical projection systems,
and miniature radar indicators.

Other Hughes cathode-ray storage tubes: The MEMOTRON® tube displays successive transient writings until intention-
ally erased. The TYPOTRON® tube, an exceptionally high-speed character writing tube, displays any combination of 63
letters or symbols until intentionally erased.

For complete technical data please write Hughes Products, Electron
Tube Division, International Airport Station, Los Angeles 45, California

2/ / .
” with ELECTRONICS

+ HUGHES PRODUCTS E

Creating a new world

*Trademark of Hughes Aircraft Company s

__________________________________ i
© Registered Trademark © 1958, HUGHES AIRCRAFT COMPANY
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odALite means Solderability!

e
g |

SodALite Solderability

AWG Wire Size | 20-37 | 36-30 | 29-24 | 23-20 |19 & heavier
Maximum Temp. (°F.) | 680° | 680° | 680° | 800° 800°
Maximum Time (Sec.) | 4 5 6 8 10

Tests on Auto-Lite SodAtLite show extreme
solderability of this polyurethane wire.

Here's a polyurethane base magnet wire insulation
that's self-fluxing, outstandingly easy to solder!

Fine sizes of SodALite magnet wire can be soldered
at 680° F. in approximately 5 seconds. Heavy wire
sizes can be soldered at 800° F. in approximately 10
seconds.

Conventional dip, iron, torch or gun methods will
produce excellent connections. There is no need for
brushing or chemical stripping because SodALite
vaporizes to produce a clean, solderable surface.
Although SodAlLite is self-fluxing, some operations
may require a non-corrosive flux for best results.
Excessively high temperatures will delay soldering
and may cause poor connections.

SodALite has higher dielectric strength values when
compared with other standard films. Tests indicate
only a small drop in dielectric strength after immer-
sion in water at room temperature. High frequency
characteristics and corona resistance, even in humid
conditions, exceed nylon insulations. SodALite is
compatible with a variety of phenolic alkyd, sili-

cone and polyester impregnating varnishes. Field
reports show it equal to other popular wires in
abrasion resistance and handling characteristics.

SodALite has excellent physical characteristics and
electric1 properties in addition to good resistance
to solvents, moisture, acids, and bases. SodALite
has unusual thermal properties and, when tested to
method of AIEE %57, has 10-15° C. higher thermal
rating than other widely used Class A insulations.

SodALite is offered as a 105°C. magnet wire, or
better. Higher temperature usage should be con-
sidered only after testing to the specific applica-
tions, because polyurethanes such as SodALite can-
not withstand excessive overload conditions. For
moderate overload conditions SodALite may be
considered for use up to 120° C.

Availability: Single, heavy, triple and quadruple
films in round AWG %8 through %40.

QUICK DELIVERY FROM THESE
PLANTS AND WAREHOUSES
Port Huron, Mich., YUkon 5-6131
Yonkers, New York, OXford 7-7440
Chicago, lllinois, WEbster ©-3144
Hazleton, Pa., GLadstone 5-4781 |

N S — gz AT = e e "t |
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AUTO-LITE

Wi oudCable, oivision

THE ELECTRIC AUTO-LITE COMPANY

Port Huron, Michigan « Hazleton, Pennsylvania
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The No. 37300 Series
Steatite Terminal Strips

Another exclusive Millen "*Designed for
Application’’ product is the series of steatite
terminal strips. Terminal and lug are one
piece. Lugs are Navy turret type and are free
flaating so as not fo sirain steatite during
wide temperature variations. Easy to mount
with series of round holes for integral chassis
bushings. Ideal answer to the "tropicaliza-
tion’* problem.

JAMES MILLEN
MFG. CO., INC.

MAIN OFFICE AND FACTORY
MALDEN
MASSACHUSETTS

~% Membership

(Continued from page 82A)

Hemmila, A., Palo Alto, Calif.
Henrikson, F. R., Waterford, Conn.
Hittel, 1.. A., Jr., Phoenix, Ariz.
Holmes, R. P., Valley Stream, .. I., N. Y.
Hooper, A. W., Winnipeg, Man., Canada
Howard, R. F., Maspeth, N. Y.
Hsueh, C. Y., Levittown, Pa.
Hyneman, R. F., Culver City, Calif.
Inouye, G. T., Los Angeles, Calif.
Insinger, R. H., Jr., Hatfield, Pa.
Jenkins, J. W., Alexandria, Va.
Jordan, D. R., New I’rovidence, N. J.
Karazia, R. J., Worcester, Mass.
Kaseman, . W., Lancaster, Pa.
Kavanaugh, R. J., Bristol, Conn.
Kent, L. L., Lutherville, Md.

Kozak, R. V., Toronto, Ont., Canada
Kring, J. D., Jr., Covina, Calif.
Lawlor, J. A., Sharon, Mass.

Leedy, C. A., Los Angeles, Calif.
Levine, 1., Brooklyn, N. Y.

Lewis, F. C., New York, N. Y.
Liggett, W. E., Liverpoool, N. Y.
Lind, H. V., Los Angeles, Calif.
Lindsay, J. E., Moorestown, N. J.
Livezey, F. M., I’hiladelphia, I’a.
Mack, R. A., Concord, Mass.

Mazur, S., Metuchen, N. J.
McCloud, B. J., Los Alameos, N. M.
McCoy, W. B., Highland, N. Y.
McDowell, W. J., Hull, Que., Canada
McPheeters, D. W., Binghamton, N. Y.
Millis, E. ., Houston, Tex,
Morrison, R. F., Jr., Rochester, N. Y.

For Those Who Demand Service!

““35 YEARS OF PROVEN
DEPENDABILITY"

Musal, H. M., Mundelein, Ill.
Neumann, H, J., Kenosha, Wis.
Noble, D. E., Scarborough, Ont., Canada
Noland, J. W., Inglewood, Calif.
Norris, W. J., Berkley, Mich,
Olken, H., Morton, Pa.
Patterson, R. L., Tucson, Ariz.
Patton, W, L., Los Angeles, Calif.
Pegler, H. M., New York, N. Y.
Peth, R., Chicago, Il
Pettersen, E. S., Middletown, la.
Pichert, J., Centerport, L. 1., N. Y.
Pugh, W. H., Scarborough, Ont., Canada
Puterbaugh, W. H., Jr., Waynesville, Ohio
Quist, R. C., Burbank, Calif.
Reinbolt, E. J., Huntsville, Ala.
Reinhold, W. D., Chicago, 11l
Reinke, R. V., Webster, N. Y.
Roberts, 1.. H., Akron, Ohio
Rock, F. E., Farmingdale, N. J.
Rockwood, J. B., Chula Vista, Calif.
Rowley, R. J., Cedar Rapids, Iowa
Rumph, G. F., East Northport, L. 1., N. Y.
Sackett, W. T., Jr., Bay City, Mich.
Safran, M., Huntington, L. I., N. Y.
Sakron, P. J., Pleasantville, N. Y.
Salame, G., Springfield, Mass.
Sarahan, B. L., Tuckahoe, N. Y.
Sarnaw, W. ., San Diego, Calif.
Schack, R. H., Huntsville, Ala.
Schieferstin, R. W., St. Petersburg, Fla.
Schiffman, M. M., Watertown, Mass.
Schmidt, W. E., Chicago, Il
Schneider, R. F., Sunnyvale, Calif.
Schnitger, A. W., Garden Grove, Calif.
Schonbrun, L. M., W. Los Angeles, Calif.
Schreiber, W. B., Jr., Yonkers, N. Y.
Schroeder, H., Dayton, Ohio
Schurbring, N. W., Hazel Park, Mich.
Schwartz, J. H., New York, N. Y.
Scott, R. G., Los Angeles, Calif.
Seif, E., I’hiladelphia, Pa.

(Continued on page 89A)

COSMIC CONDENSER CO.
853 Whittier St., Bronx, N. Y.

PHONE
LUdlew 9.3360

ROLYTIC
& PAPER
TUBULAR

e e T e T E——
DUCTION MOTORS OF CALIFORNIA

SYNCHROS

Military Type Size 11 Synchros are now available
® Fast Delivery

® To BuOrd. Standardization Spec. MIL-S-16892

® Specialty Rotating Instruments

® Made in the following types:

11CT4a, 11CX4q, 26V11CDX4aq,

26V11CX4a, 26V11TX4q, 26V11CT4a.
DC Synchro movements are available with an angular
Size 10 position error of less than *+ 1%(without pull-off magnets).

DC Synchro o
'} For detailed information write
1%

i INDUCTION MOTORS OF CALIFORNIA

DIVISION OF INDUCTION MOTORS CORP.
6058 Walker Avenuve ¢ Maywood, California

e
i
-

Size 11 Synchro
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. . . from VHF into SHF

CW AMPLIFIER KLYSTRONS

The broad frequency coverage and wide range

of power levels now offered by Eimac ampli-

kOOOOOO_j — = 1 = = t = == fier klystrons is shown in the accompanying
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EITEL-McCULLOUGH, INC.

F O R N I

S A N

8 R U N O cC A L I

A

Eimac Pne?” for Power Amplifier Klystrons

EIMAC DESIGNED AND MANUFACTURED PRODUCTS

Negative Grid Tubes
Refiex and Amplifier Klystrons
Ceramic Receiving Tubes Vacuum Pumps

including more than 40 ceramic electron tubes

Vacuum Tube Accessories
Vacuum Switches



New trends and developments
in designing electrical products...

P-6...A special General Electric magnetic alloy with
high hysteresis loss and torque characteristics

P-6—a cobalt-nickel-vanadium-iron
alloy developed by G-E research
engineers — possesses a unique com-
bination of high residual induction
and low coercive force.

These properties make it ideal for
applications where high residual in-
duction is required without the ex-
cessive magnetizing forces necessary
with other magnetic materials such
as the high cobalt steels, the cobalt-
nickel-iron alloys, the cobalt-vana-
dium-iron alloys, and the alnicos.

Energy Product, B. H, (x 10°)
10 20 30 40 50
T T T

QUTSIDE CASING —
NONMAGNETIC

P-6 LAMINATED RING

RETURN PATH — SOFT
MAGNETIC MATERIAL

FIG. 2—Rotor for gyroscope motor
uses laminated P-6 hysteresis ring.
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FIG. 1—Hysteresis loop, energy product,
and magnetization curves for P-6 alloy.

The residual induction of P-6 is
14,000 gausses . . . over 30% greater
than either 17% cobalt-steel alloy
or 6% tungsten-steel alloy. The
maximum energy product of P-6
is 410,000 gauss-oersteds. Figure 1
shows the magnetization, hysteresis
loop, and energy product curves for
P-6 alloy.

The P-6 alloy is also useful where
ease of workability of the magnetic
material is desired. Because it is
aged at a high temperature, it can
withstand greater operating tem-
peratures than tungsten-steels and
cobalt-steels without undergoing
subsequent aging.

One of the major uses for P-6 is
in rotors* for hysteresis motors (fig.
2). These motors exhibit high start-
ing torques and can synchronize high
inertia loads without auxiliary start-
ing equipment. Most important, the

88a

torque produced is constant and
doesn’t fluctuate with rotational
speed.

In this type of motor, there is a
hysteresis loss in the rotor material
caused by the revolving magnetic
field. This loss produces torque be-
tween the permanent magnet rotor
and the spatially revolving magnetic
field.

Because the theoretical torque pro-
duced is directly proportional to the
hysteresis loss in the rotor, it is ad-
vantageous to obtain the highest
possible value of hysteresis loss in
the rotor material.

To do this, a material must possess
a high hysteresis loss for a given
applied magnetizing force. Figure 3
shows a comparison between P-6
and other magnetic materials. Of the

materials tested, P-6 best fulfills the
desired characteristics.

Another use for P-6 is in hysteresis
clutches. This type of clutch is formed
when the wound field in the hyster-
esis motor is replaced by a rotating
permanent magnet member to pro-
vide field excitation.

Although hysteresis clutches are
larger than friction or magnetic
particle clutches of the same torque
rating, they have many advantages
such as high degree of reliability,
repeatability, linearity, and freedom
from excessive drag torque.

General Electric P-6 alloy is avail-
able in strips from .010” to .100”
thick, and in widths up to four inches.
In wire form, it is available in .0201”
to .102” diameters. P-6 should be
capable of being swaged, welded, ex-
truded and drawn. General Electric
Engineers currently are experiment-
ing with these forming operations.

The development of P-6 alloy by
General Electric is one of the many
examples of how G.E.s research in
magnetic materials is paying off. The
same experience, skill and facilities
that made this development possible
can be put to work solving your
magnet problems.

To get the expert design assist-
ance of G-E Magnet Engineers, or
your copy of the new G-E Magnet
Design Manual, simply write: Mag-
netic Materials Section, General
Electric Company, 7808 N. Neff Blvd.,
Edmore, Michigan.

Material Peak H nPnk B Coercive Force [ Residual Induction Loop Area
Oersteds He—0 Br—6; Bauss-Oersteds
70.0 15,500 51.7 13,400 2,860,000
P-§ Allo 65.0 15,000 51.0 12,900 2,720,000
4 60.0 14,500 50.8 12,200 2,540,000
55.0 10,900 45.2 8,500 1,610,000
50.0 4,100 25.0 2,100 290,000 1
5.75% Chrome Steel 70.0 6,900 38.0 4,600 1,210,000
90.0 8,700 44,0 6,100 1,700,000
1 l?,O }g,gog 68.7 9,220 2,872,500
?1.4 ,001 61.9 6,950 1,885,000
17% Cobalt Steel 79.2 7,500 5201 4,540 11005,000
69.6 5,000 35.0 2,315 446,000
100.0 12,450 28.0 9,150 1,297,000 i
6% Tungsten 61.5 10,000 23.2 7,200 774,000
Magnet Steel 50.0 8,500 20.5 6,050 624,000
45.5 8,000 18.0 5,650 499,000
FIG. 3—Comparison of P-6 and three typical magnetic alloys.

*Gyro spin motor rotor courtesy of Minneapolis-Honeywell Regulator Company

Progress Is Ovr Most Important Product

GENERAL @3 ELECTRIC
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Selvaggio, N. J., Queens Village, L.I,N. Y.
Sharp, B. M., Seattle, Wash.

Shaw, H. F., Silver Spring, Md.
Siegal, M. E., Rochester, N. Y.
Sirbola, G., Sacramento, Calif.
Siukola, M., Woodlynne, N. J.

Slack, C. B., Winchester, Mass.
Sleven, M. O., College Point, L.I,N. Y.
Smith, A. H., Jr., Cochituate, Mass.
Smith, W. J., Rego Park, L. I,N. Y.
Somermeyer, H. F., St. Paul, Minn.
Sprunk, W., Jr., San Francisco, Calif.
Stapp, I. P., Pittsburgh, Pa.

Stember, L. H., Jr., Columbus, Ohic
Stevens, W. T., Jr., St. Paul, Minn.
Stone, A. P., Jackson, N. IL.

Stone, I. C., Norwood, Mass.

Strong, M. E., Severna Park, Md.
Stubbs, G. S., Philadelphia, I’a.
Summer, H. M., Auburn, Ala.
Summers, J. W., Los Altos, Calif.
Sutherland, R. I., San Mateo, Calif.
Swan, R. L., Hawthorne, Calif.
Sweet, L. O., Brooklyn, N. Y.

Talley, W. K., Brighton, Mass.
Thompson, R. W., La Crescenta, Calif.
Tidd, E. D., Whippany, N. J.

Utt, O. IL.., Monroeville, Pa.

Vogt, G. A., Whitby, Ont., Canada
Wade, J. A., Tucson, Ariz.

Wade, R. A., Pittsburgh, Pa.

Wang, F., Los Angeles, Calif.
Watkins, P. L., Rockville, Md.

W eeks, R. L., Mountain View, Calif.
Wendlandt, C. W., Richardson, Tex.
Wisnowski, W. C., Norwood Park, IlL
Wright, R, E., Stanford, Conn.
Zimmer, J. T., Natick, Mass.
Zitovsky, S. A., Paramus, N. J.

Admission to Member

Alway, C. D., Kalamazoo, Mich.
Andrews, W. E., Jr., New Orleans, La.
Atkinson, J. H., San Jose. Calif.

Baker, C. E., St. Louis, Mo.

Bancroft, IH. S.. Westmont, Collingswood, N. J.
Barker, H. J., Wayland, Mass.

Barnett, R. 1., Jr., North Hollywood, Calif.
Barton, R., Philadelphia, I’a.

Battison, A. H., Vestal, N. Y.

Batty, R. A., Johnson City, N. Y.
Beaton, I1. F., Elmhurst, L. I., N. Y.
Beckerman, L. M., Canton, Ohio
Belirent, 1. F., Boulder, Colo.

Besag, P. L., Palo Alto, Calif.

Betts, W, K., Apalachin, N. Y.

Binkey, R. A., Hollywood, Calif.

Ritner, R. J., Lexington, Nebr.

HBonner, . R., Los Angeles, Calif.
Bowman, C., Camden, N. J.

Brecht, L. R., Jr., Hicksville, L.. I., N. Y.
Bright, D. W., Saugerties, N. Y.
Broatch, N. L., Torrance, Calif.
Brockett, G. F., Idaho Falls, Idaho
Brooks, F. C., Alexandria, Va.

Brown, F. M., Dayton, Ohio

Bryson, W. B., Keyport, N. J.

Carlisle, %, L., China Lake, Calif.
Carlson, L. L.., Emporium, I’a.

Carr, E. G., Beverly, Mass.

Carriere, J. M., Ottawa, Ont., Canada
Cary, H., Hilliards, Ohio

Casey, R. H., Camnden, N. J.

Chandra, A. N., Chelinsford (Essex), England
Chang, J. J.. ’hiladelphia, I’a,

Chapsky, J., Los Angeles, Calif.

Chazen, J., West End, N. J.

Clark, W. H., Jr., Dayton, Ohio

Clarke, W. E., Belleville, Ont,, Canada
Coker, Q. W., San Antonio, Tex.

(Continued on page 90A)
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WBD Precision

Alloys are Meeting

the Challenge of
industry’'s Most Unusual
| Applications

In addition to the complete line of precision resistance, chemical and
| mechanical alloys, Wilbur B. Driver, produces alloys for special pur-
poses. These custom alioys, vacuum melted and processed into wire
or strip, solve critical production problems. This new service provides
industry with complete engineering and‘h\roduction facilities and fea-
tures one of the nation’s largest vacuum-melting installations. Ask our

Sales Engineering Department }\
"\ A ‘.

for complete information.
.- /

Precision alloys for all
applications including —

Nickel Chrome Filament and Grid
Heat Resisting Beryllium Copper
| o Low Temperature Coefficient Stainless Steel
[ High Temperature Coefficient Pure Nickel

Glass Sealing Monel*

*T.M. International
Nickel Co.

— available in wire, rod, ribbon and strip

{ — with insulations of enamel, Formvar, liquid Nylon,
[ cotton, silk, Nylon and fibre glass

WILBUR B.DRIVER CO.

Main Office: NEWARK, N. J. * Tel. HUmboldt 2-5550

For Over 40 Years Melters and Manufacturers
of Precision Alloys for All Industries

Mfg. Plants: 1875 McCARTER HWY., NEWARK 4, N. ). - 2734 INDUSTRIAL WAY, SANTA MARIA, CAL.
In Canada: CANADIAN WILBUR B. DRIVER CO., LTD., 85 KING STREET EAST, TORONTO 1, CANADA
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332P133-3C POTCORE

micro-miniature

potcores

Made of Ferroxcube 3C material, the No. 332P133-
3C potcore by FXC is less than 34” in diameter
and successfully eliminates pulse transformer
problems created by limitations in weight and
space. The coils for this potcore are wound on a
specially designed nylon bobbin. The shape of the
potcore, combined with the high-permeability ma-
terial surrounding the windings, gives excellent
shielding and effectively minimizes stray fields.
The potcores can be placed close together or even
stacked, with negligible coupling between coils.

33 —
—‘in I-« = I——ovs s 0
Lid) 2 8 f. 0
SEcTIon N A jiiiiy i || SECTION
[y o =t AA
A .150

>

276

090
332F175 BOBBIN

Requests for literature and engineering samples should
be made on your company letterhead and addressed to:
Applications Engineering Department
FERROXCUBE CORPORATION OF AMERICA
(A subsidiary of North American Philips Co., Inc.)

50 South Bridge Street, Saugerties, New York

WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE
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Coleman, D, T., Jr., Baltimore, Md.
Colin, R. 1., Nutley, N. J.

Collins, R. F., Torrance, Calif.
Collmer, R. C., Tempe, Ariz.
Conroy, T. R., Long Branch, N, J.
Conti, E, A., Redwood City, Calif.
Corbett, H. L., Jr., Portland, Ore.
Crosby, J. C., Arcadia, Calif.
Crowley, T. J., New York, N. Y.
Cubbage, J. F., Phoenix, Ariz.
Daugherty, L. C., Oklahoma City, Okla.
Davidson, K. W., Richardson, Tex.
Davis, A, J., Hinsdale, Mass.

Davis, C. F., Jr., Brighton, Mass.
Davis, E. S., Arlington, Mass.
Davis, H. H., Ontario, Calif.

Davis, W. B., Toronto, Ont., Canada
Day, B. E., Scotia, N. Y.

de Haas, T., Montreal, Que.. Canada
Dell’Acqua, L., Nutley, N. ).

Demo, R. D., Liverpool, N, Y.
DeMyer, D. L., Flint, Mich.
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den Brinker, C. S., Taplow nr. Maindenhead

(Berks.), Great Britain
Denny, J. H., Syracuse, N. Y.
Desautels, G. L., Haddonfield, N. J.
Dewire, G. M., Syracuse, N. Y.
Divilbiss, J. L., Champaign, Ill.
Doelger, R. J., Jr., Shrewsbury, N. J.
Dowden, W. M., Montoursville, Pa.

Drumeller, C. C., Oklahoma City, Okla,

DuBose, T. 1., Milwaukee, Wis.
Dumert, V., London, England
Eisenberg, M., Philadelphia, Pa.
Ekstrom, J. L., Baltimore, Md.
Ellis, A., Manhattan Beach, Calif.
Engler, C. D., Rochester, N. Y.
Eng, R, E., Torrance, Calif.

Fagan, B. B., Arlington, Va,
Feaster, J. A., South Bend, Ind.
Fiol, L. E., Mayaguez, Puerto Rico
Fitta, E. R., Belleville, IIl.
Flaherty, R. J., Poughkeepsie, N. Y.
Flattau, W., Elmhurst, L. I., N. Y.
Forsberg, A. W., Amityville, L. I, N. Y.
Fossler, K. L., Houston, Tex.

Fowler, R, H., Westhampton Beach, L. 1., N. Y.

Fowler, T, C., Ridgecrest, Calif,

Fox, R. M., Webster, N. Y.

Freeman, P. S,, Rosedale, L. I, N. Y.
Friddell, H. G., Zenith, Wash.

Fuchs, W, C., Libertyville, IlI.
Ganter, C. F., Syracuse, N. Y.

Gass, C. A, Grandview, Mo.

Gay, R. E., Mt. Pleasant, S. C.
Gillespie, C. M., Jr., Tucson, Ariz.
Gilliam, T. J., Puente, Calif.

Gilmore, R. P., Bellaire, Tex.

Golec, E. J., White Plains, N. Y.
Goodman, R. L., Inglewood, Calif.
Greaney, E. J., Long Beach, Calif.
Greear, D. W., Alexandria, Va.
Green, F. D., Saskatoon, Sask., Canada
Greenbaum, M., New York, N. Y.

Greenwood, S. W., Bradford, Yorks, England

Grieco, L., Philadelphia, Pa.
Grigsby, L. L., Lubbock, Tex.
Goldberg, J. J., Van Nuys, Calif.
Grim, E. D., Merchantville, N. J.
Grimes, W. H., Dayton, Ohio
Guditz, E. A,, Lexington, Mass.
Gunby, G. C., Seattle, Wash.
Gunderson, D. C., Whippany, N. J.
Haas, C. J., Columbus, Ohio
Hagerett, R. E., Whippany, N. 1o
Haines, G. L., Cedar Rapids, Iowa

Halpin, A. T., Jr., Massapequa Park, L. 1., N. Y.

Hand, J. E., Indianapolis, Ind.
Hankey, 1. L., Frederick, Md.
Hansen, R. E., Fayetteville, N. Y.
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May, 1958



environmental

CANNON PLUGS ®

» 1. The DPSM
World’s first environmental magnesium connector

Sealed for high altitude and pressure applications. .. exceptionally light}

First completely environmental rack-panel connector
First rack-panel connector that can be used as cable connector

Four different sizes « Many insert arrangements « Polarized —4 alternate
positions « Floating mounts + Moisture proof
Available with—Hermetic sealing + Co-axial contacts ¢ Thermo-
couple contacts » Crimped contacts * Air lines

Can be back-mounted —permitting bench fabrication of harness
assembly.

Write today for catalog DPSM-1

2. CT-E
Designed for commercial jet airliners

Shorter —lighter

No moisture trap + Moisture proof + Easy to assem-
ble » Vibration proof

Series CT-E Connectors meet strict space and
weight requirements. . .are immediately avail-
able in all MS insert patierns. Meet MIL-C-5015.

Write today for catalog MS-E-3

The excellent performance of each of

these new plugs has been amply proved
in actual use. You can depend on them
for the optimum efficiency and reliabil-
ity characteristic of all plugs in the
complete Cannon line.

Please refer to Dept. 377
CANNONJPIUGS)

CANNON ELECTRIC COMPANY
3208 Humboldt St., Los Angeles 31, Calif.
Where Reliability for Your Product
is Qur Constant Goal.
Foctories in Los Angeles; Solem, Moss.; Toronto;
London; Melbourne; Poris; Tokyo. Representotives

ond distributors in oll principol cities. Pleose see
your Telephone Yellow Book.

PROCEEDINGS OF THE IRE May, 1958
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COMPLETE LINE 125° C

VO MOTOR TACH GENERATORS

to your precise specification

Pp=n- « Bcth Damping and Intezrating types availab e wth parameters to your requirement.
===+ Complete siz2 range: 8, 10, .1, 15, 18. Jan be designed with gear train.
P o _54°C t0 4-125°C ambient temperazura rar.ge.
® P « Designed to MIL-E5272.
P« Assembled under closely controiled environmental conditions.

Browne Advertising

g

MR |

it

MOTOR { GENERATOR
Oster Type Size Length Wi, Rotor Rated Voltage No load Watts Stall | Exait Output Lin.% Nult Phase
s ol 45 F1 o1 WML | d | o0 Rem | sonkem | " B
8MTG-6201-01 8 1.850 2.3 0.77 26 ' 40/20 6,500 2.2 0.16 26 0.25 0.5 15 + 5
*10MTG-6228-02 10 2.157 4.2 0.72 ' 115 r 115/51.5 9,500 2.8 0.26 115 045 15 19 +10
10MTG-6229-12 10 2.100 2 1.09 ! 33/16.5 52/26 9,500 3.0 0.28 26 045 r 15 13 +10°
*10MTG-6229-03 10 2.100 2.9 1.09 | 26 ' 26 10,500 30 0.26 18 0.3 I 15 12 +10°
10MTG-6229-15 10 2.100 & 1.09 [ 26 I 26 10,500 3.0 ‘ 0.26 26 0.3 | 1.5 12 +10°
*10MTG-6232.05 10 2.104 4.2 L1 I 115 | 36/18 6,500 35 0.26 us | 630 L5 15 | +10°
11MTG-6251-13 11 2.531 70 13 115 l 115/51.5 6,500 35 ‘ 0.63 ils | 055 0.5 19 +10°
11MTG-6251-00 11 2.531 7.0 L1 115 l 40/20 6,500 35 0.63 115 | 055 15 19 +10°
11MTG-6254-01 l 11 2.200 6.0 i1 115 | 115/51.5 6,500 35 , 0.63 115 { 0.55 ’ 15 19 | +10°
15MTG-6280-C1 15 3.281 14.0 5.3 115 115/51.5 5,000 6.2 L5 s | 30 0.2 | 13 + 5°
t*15MTG-6276-03 15 3875 | 150 44 115 51.5 8,500 5.8 [ 070 | 115 | 275 | 02 13 + 0.5°
18MTG-6302-02 18 3.680 ' 20.0 5.7 115 115/51.5 9,000 16.0 27 115 30 0.2 13 + 5°
18MTG-6302-04 IBJ 3.680 | 20.0 5.7 J 115 115/57.5 I 4,800 9.2 J 2.4 115 3.0 ] 0.2 13 | +5
LIS - S W ML - e - — S — | SN

*These units designed for 85°C ambient but same characteristics can be designed for 125°C. tAdditional 21.4 watts for heater, the values given are independent of ambient temperature.

Other products include servos, synchros,

resclvers, motor-gear-trains, AC drive MANUFACTURING CO.

motors, DC motors, servo mechamsm as- Your Retating Equipment Specialist

semblies, reference and tachometer gener-
ators, servo torque units, actuators and / - ) ;
motor driven blower and fan assemblies. Racine Wisconsin

Avionic Division

35333 So, Sepulveda Blvd.

Culver City, California

Phones: EXmont 1-5742 TExas 0-1194
TWX S. Mon 7671

237 North Main Street
Hempstead, L. |., New York
Phone: IVanhoe 3-4653
TWX Hempstead N. Y. 705

EASTERN OFFICE WESTERN OFFICE

Interesting, varied work on designing transistor circuits and
Engineers For Advanced Projects: servo mechanisms. Contact Mr. Robert Burns, Personnel
Manager, in confidence.
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Now...
MASS-PRODUCED
COMPUTER-TYPE
H-F TRANSISTORS

For high-speed switching
For high-frequency amplification

Production of CBS high-frequency transistors
has been stepped up for a growing variety of
applications. The 2N438, 2N439 and 2N440 are
now available in quantity for multivibrator and
blocking oscillators . . . gate and flip-flop circuits

.. and r-f, i-f, and high-fidelity a-f amplifiers.

All three types are alloy-junction for greater
uniformity, higher voltage and current, flatter
gain and lower saturation resistance. They em-
ploy the standard IETEC TO-9 package welded
to achieve reliability never before approached
with NPN transistors.

PRABORB SR ABR

Note the many desirable features. You may be
able to use these CBS transistors. Write for
Bulletin E-268 giving complete data and helpful
application notes.

-
INK38

CHECK THESE FEATURES
1. High frequency respanse:

2NAIB. .5 e e e Ey S .2.5 to 5 me.
2N439. .. i S35t ....51t0 10 mc.
2N440.............. .........10 mc and up.
2. High operating voltage. .. ... .up to 30 volts.
3. High switching speed ... ... ..below 0.2 usec.
4. High current amp. factor.. .... .., up to 100.
5. High dissipation rating .. .. .. up to 100 mw.
6. Low leakage current. .. .. .. 2uamps av.
7. Low collector capacitance . . .. ... ... 10 upf.

peEpBe

Reliable products
through Advanced-Engineering

semiconductors

CBS-HYTRON
Semiconductor Operations, Lowell, Mass.
A Division of Columbia Broadcasting System, Inc.
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HOW LEVINTHAL
CAN HELP

yours for a favorable reactance

This communication notes the entrance of Levinthal
into a new branch of the equipment-engineering
field — pulse transformers and other reactance units.

The examples shown are in no way typical. They
just happen to have been among the first group
produced. Pulse transformers for spark-gap crow-
bar application to 100 kv, they are rated for 135-kv
secondary peak voltage, 0.5-usec max pulse width,
and 0.002 max duty.

If you need pulse transformers, including those
to MIL-T27A, we'd like to hear from you, and if
you indicate an interest in crowbars, we'll send you
a specification sheet. Please note, however, that the
bottleneck in our production is the baking oven.
We can’t make anything larger than 3% x 5% x 8 ft.

WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE May, 1958
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TIREL.........

in rectifier design by

Amperex’

designers and manufacturers of the world’s most complete line of rectifiers

THE NEW 7136 single-anode, high-voltage mer-
cury-vapor rectifier. A plug-in replacement for the
575A, surpassing it in capacity and dependability, with
higher peak inverse voltage. Offers trouble-free opera-
tion in induction and dielectric heaters.

Peak Inverse Voltage: 15 kv
Average Anode Current: 3 amps

tifier. Uses short, flexible filament leads to eliminate
possibility of high contact resistance. This prevents

voltage drop across the filament at all times. Preferred
by equipment manufacturers and users for broad-
casting, induction and dielectric heating equipment.

Peak Inverse Voltage: 15 kv
Average Anode Current: 5 amps

THE 6786 super-power, grid-controlled, mercury-
vapor rectifier. Guarantees precise electronic control
for industrial oscillators up to and in excess of 100 kw
output. Proven long life in actual field tests.

Peak Inverse Voltage: 15 kv

Average Anode Current: 10 amps continuous;
15 amps intermittent

ask Amperex about mercury-vapor, inert gas
and grid-controlled rectifiers

for communlications and industry

AMPEREX ELECTRONIC CORP., 230 DUFFY AVENUE, HICKSVILLE, LONG ISLAND, N. Y.

In Canada: Rogers Electronic Tubes & Components, 11.19 Brenicliffe Road, Leaside, Toronto 17, Ont,

THE NEW 869 Bl heavy-duty mercury-vapor rec- (

under-emission and tube damage, and insures proper .

/)

Attach flexible leads )
to connector screw.
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your color and black-and-white TV set designs!

More than a decade ago...RCA took the lead in the design and development of superior quality, dependable
picture tubes. And...through intensive concentration on superior quality...has maintained industry leadership.

For example, RCA’s 21CYP22 is the only conumnercially available picture tube for color-TV. Featuring an all-
glass envelope, the RCA-2ICY P22 offers improved color-purity and registration, life-like flesh-toncs, dynamic
black-and-white performance, and simplicity of adjustment on the TV-set production line. RCA’s complete line of
picture tubes provides any and all types required by equipment designers, in any price bracket.

RCA'’s picture-tube productior is carcfully monitored by continuously operating 1000 hour Jife-test racks,
under “accelerated life” conditions. 2000 hour life-tests under simulated “home conditions”, inspections for
uniformity of aluminum and phosphar coatings, screen brilliance, resolution, spot size, and contrast. Such rigid,
self-imposed, RCA quality controls gives you maximum assurance of “D-P-T"—Dependable Picture Titbes for
your TV-set designs! For the latest sales information on RCA picture tubes for color or black-and-white, contact
your RCA Field Representative.

RADIO CORPORATION OF AMERICA
Electron Tube Division Harrison, N. J.

®

RCA FIELD OFFICES

Eost...744 Brood Stseet, Nework 2. N J.
HUmboldt 5.3900

Midwest.. Suite 1154, Merchandise Mort
Plozo, Chicogo 54, Itl. WHiteholl 4-2900
West ... 6355 E. Woshington Boulevord,
Los Angeles 22, Calif. RAymond 3-BJ61
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Poles and Zeros

The Editorial Survey. The
results of last fall’s poll of Sec-
tion and member opinion on
the PrOCEEDINGS and other
IRE publications, summarized on page 822, have been a sub-
ject of recent discussion by the Editorial Board. The first
reaction has already appeared in the changed location of the
PrOCEEDINGS Contents page, and other changes are being
considered.

The Editorial Board has interpreted the Survey results as
a directive to increase its efforts in the publication of tutorial
and review papers. Such papers are not easy to obtain and
usually must be the result of concerted solicitation by the
Editorial Department; they do not often come painlessly
through the mail slot. Of this work, a difficult point is to de-
cide on just what topics you members feel the educative urge.
The survey did yield a lengthy list of titles for such papers and
a program is being undertaken to locate suitable authors and
impress upon them the importance of the paper—as well as
its shipping date to us.

We feel that the Survey was largely interpreted by our
members as applying to the current publications, and prob-
ably does not reflect in any major manner the research use of
past issues in the libraries. With the PROCEEDINGS directed to
publish articles of major significance as well as readable arti-
cles, it becomes difficult to judge a paper in terms of the read-
ing ability of our audience ten years hence. Who among us
understood the first solid-state papers of ten years ago—yet
today, holes, donors, minority carricers, intrinsic conduction,
are commonplace. Do we make our point?

Space given to the various departments was generally con-
firmed by member opinion, although some changes in manner
of presentation and treatment arc under consideration. In this
connection it has long been the [iditor’s opinion that further
emphasis might be given to the meetings of the Board of Di-
rectors, so you members might learn that they are just people,
after all, rather than some abstract group meeting on Cloud
Nine. The fact that the Board, as a matter of policy, is now
holding more of its meetings in connection with regional con-
ferences, seems to confirm our view.

Present reports of Board actions filter down through Sec-
tion officers, or by press releases covering election or award
results. After the next meeting of the Board an attempt will
be made to write a brief story covering the meeting highlights,
without reading like a set of minutes. In particular we do not
intend to report on who moved to buy which vendor’s red ink,
first because it is not important (the motion, that is), and
second because this is a detail of Headquarter's operation with
which we do not clutter the Board agenda up—if our meaning
is clear. It is hoped, however, to let our members know when
major changes in policy are discussed and adopted.

/N\

Down-Under Land. Continuing our travelogue of last
month, it probably should be recorded that in February we
had an opportunity to visit our counterpart organization,
IRE Australia. This brother organization, which celebrated
its 25th anniversary last October, is composed of another
bunch of good guys just like we are. Having sat at lunch in
Sydney with their Council, it was our feeling that should
their group of twenty-four sit down at lunch with our Board
of Directors, you would be unable to separate the twain, ex-
cept possibly by phonic analysis. While the pronunciation
may differ, and we had some difficulty understanding that
when “the mile came at ten,” it was merely the arrival of a
letter, yet the basic problems and operations of our two or-
ganizations are identical and so are our governing boards.

A society of 2000 members and 8 Sections, they appear
about to begin a period of expansion, and thus are probably
following U. S. pattern with a time delay. Such a delay is
evident in many aspects of Australian life. Economic factors
such as small markets and high transportation costs oc-
casioned by the great distances have limited industrial de-
velopment until recent years. However, with increased immi-
gration of displaced persons now being permitted, and with
natural population growth, the markets are becoming reason-
able. Local production can reduce costs and raise quality, and
the latter improvement is badly needed if we assume that the
Australian housewife can be made as hungry for gadgets as
her U. S. sister. We saw no evidence of a Madison Avenue
influence, but complaints of several ladies who had lived in
England or the U. S. convinced us of their susceptibility to
special pleading. Certainly the present high costs and lowered
quality were evidenced by a small washing machine, not auto-
matic, at $450 U. S., a well-known 17" table model TV set at
$450, or one of the “lowest-priced three” automobiles at
$5000.

Close relations already exist between our two societies,
and we can hope that the investment of IRE Australia, in a
lobster luncheon for the IRE USA, Editor, will pay off in
even closer ties.

Space. In beginning this travelogue last month, the Editor
reported the not-profound conclusion that travel is broaden-
ing. He now wishes to report further not-profound observa-
tions resulting from 26,000 miles of travel in the Far East and
Australia, to wit: Five-sixths of the world’s surface is indeed
covered by water. The remainder of the earth’s surface is
always covered by clouds. Maps utilizing Mercator’s projec-
tion are inaccurate. There are 300,000 bicycles on the streets
of Saigon at 5:30 each day. The girls in Saigon look nice on
bicycles. All air travel in that part of the world will be rough.
Cities in the Far East should be moved closer together.—
J.D.R.
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Kemneth V. Newton

Director, 1957-1958

Kenneth V. Newton was born in Odessa, Mo. on May 26,
1922. He received his Bachelor’'s degree in education, physics,
and mathematics from Central Missouri State College. In
1942 he entered the Graduate School at the University of
Missouri as a Graduate Assistant in the Physics Department.
After serving as Instructor, he was commissioned into the
United States Naval Reserve in 1944 and served as Radar
Officer. As Design Engineer with the Systems Research Labo-
ratory of Johns Hopkins University, Capehart-Farnsworth
Corporation, and Emerson Electric Manufacturing Company
from 1946 to 1950, he was chiefly concerned with military
electronic systems, particularly bombing computers. During
this time, Mr. Newton taught part-time at Indiana Technical
College and did graduate work in electrical engineering at
Washington University. He is now a registered Professional

Engineer in the State of Missouri. In August, 1950, he joined
the Kansas City Division of the Bendix Aviation Corporation
and served as Liaison Engineer and Senior Project Engineer.
He has been Supervisor of the Components Engineering De-
partment since December, 1955.

Mr. Newton joined the IRE as an Associate in 1946, and
in 1953 he became a Senior Member. He has actively partici-
pated in the Kansas City Technical Conference, now called
the Mid-America Electronics Conference, for the past several
years, and in 1954 he served as Chairman of the Kansas City
IRE Section.

He also served on the Papers Committee of the Electronic
Components Symposium last year, as a member of the Nomi-
nations and Appointments Committee and IRE Region Six
Director this year.

'World Radio Histo!
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Scanning the Issue

JTAC—Ten Years of Service (Fink, p. 823)—This month
marks the tenth anniversary of the founding of one of the
most unique advisory bodies ever to serve a profession or
industry. The Joint Technical Advisory Committee, com-
posed of eight distinguished engineers, was established by the
IRE and the Electronic Industries Association to provide the
FCC with objective, expert technical assistance on matters
pertaining to the allocation and utilization of the radio spec-
trum. In ten years, the JTAC has amassed an extraordinary
record of public service and an equally extraordinary reputa-
tion throughout the world for impartial and sound technical
judgment on some of the knottiest problems ever to confront
an industry. The inspiring record of this group of “consulting
engineers to the world” is now recounted by the President of
the IRE and former Chairman of JTAC.

A Statistical Description of Coincidences Among Random
Pulse Trains (Stein and Johansen, p. 827)—The author con-
siders the following problem: Suppose there are several trains
of pulses, all proceeding at the same time. The pulses occur at
random. All we know is that the pulses in each train occur at
some average rate and that the pulse lengths are distributed
according to some probability law. What are the chances that
pulses will occur in all trains at the same instant, and for how
long an instant? The answer to this question automatically
provides an answer to a similar question of much more im-
mediate practical importance: In a communication system
using diversity reception techniques, what are the chances
that serious fading will occur on all receiving channels at the
same instant, and for how long an instant? The reviewers
felt that the concise and clever answer provided by this paper
would interest specialists in many different fields. Between
them they named seven: communication systems, informa-
tion theory, antennas and propagation, broadcast transmis-
sion systems, electronic computers, instrumentation, and ra-
dar.

Transient Response of Drift Transistors (Johnston, p.
830)—The drift or graded-base transistor was proposed about
two years ago as a way of obtaining a high cutoff frequency
without the difficulty of making a very thin base. The re-
sistivity of the base increases from emitter to collector in such
a way as to hurry the minority carriers toward the collector
by means of a “built-in” field. This paper analyzes the im-
provement in transient response caused by this built-in field,
thus filling out our understanding of a type of transistor
which is now coming into important use.

Terminal Properties of Magnetic Cores (Chen and
Papoulis, p. 839)—Magnetic cores are being widely used as
memory and switching elements in computers. Their opera-
tion in applications involving events much longer than one
microsecond is well understood and readily determined from
the B-H hysteresis loop for the material. For shorter events,
cores less than one thousandth of an inch thick are required
and the B-H loop no longer suffices to predict the circuit per-
formance of the cores. A new approach has been developed
which now permits the designer to determine the circuit char-
acteristics of thin cores.

Some General Properties of Nonlinear Elements—Part
II. Small Signal Theory (Rowe, p. 850)—Two years ago the
PROCEEDINGS published a study of nonlinear reactance devices
which related the signal powers at the input, output and local
oscillator frequencies, giving very useful information about the
gain and stability of such devices as magnetic and dielectric
amplifiers. Since then, the great interest that has arisen in
parametric amplifiers in general, and the new ferromagnetic
amplifiers in particular, has made this study one of the most
basic and widely referenced papers to appear in the Pro-
CEEDINGS in the recent past. The results have even found

3

application in quantum mechanical systems such as masers.
The sequel to this study is now presented. It goes beyond
general energy considerations and delves into specific device
characteristics such as gain, bandwidth, impedance and sensi-
tivity, showing the way these quantities depend on the
amount of nonlinearity. This, like its predecessor, will un-
doubtedly become somewhat of a classic.

Very Low-Noise Traveling-Wave Amplifier (Kinaman and
Magid, p. 861)—1'wo months ago a backward-wave amplifier
was described that had a record low noise figure of 3.7 db.
Two letters in this issue report an even lower 3.5 db. This
paper reports on another low noise tube capable of at least
6.3 db, and in a number of instances showing 4.8 to 5 db.
The 3.7 db tube, it must be remembered, was a research
model whereas the tube described here is now commercially
available. It represents the culmination of six long years of
effort to reduce the noise figure of traveling-wave amplifiers
below the old 9 db level.

New Applications of Impedance Networks as Analog Com-
puters for Electronic Space Charge and for Semiconductor
Diffusion Problems (Cremoénik, et al, p. 868)—Many mathe-
matical problems involve partial differential equations for
which no exact solution is known. In this paper the authors
set up networks of resistances and resistance-capacitance
chains whose voltages, currents and impedances correspond to
significant parameters in equations of this sort. They are thus
able to produce approximate solutions to important equa-
tions which arise in the design of triodes and the study of
diode junctions, offering both a short-cut in designing tubes
and new information on the behavior of semiconductors.

IRE Standards on Solid-State Devices: Methods of Test-
ing Point Contact Transistors for Large-Signal Applications
(p. 878)—This Standard stipulates the methods of measuring
the important characteristics of point-contact transistors in
power amplifiers, pulse amplifiers, oscillators, multivibrator-
type switches and other large-signal applications.

Carrier-to Noise Statistics for Various Carrier and Inter-
ference Characteristics (Clarke and Cohn, p. 889)—Pro-
cedures are presented for determining what per cent of the
time the carrier-to-noise ratio will fall below any given
minimum value under a variety of signal and noise conditions.
The results are presented graphically in a form that can be
converted to any practical situation and are applicable to the
design of radio communication systems of many types.

Simultaneous Asynchronous Oscillations in Class-C Oscil-
lators (Disman and Edson, p. 895)—This paper covers the
general problem of oscillator starting and the specific problem
of simultaneous oscillations at two unrelated frequencies.
Although few systems require such a phenomena, asynchro-
nous oscillations do sometimes occur as an undesired effect,
such as spurious responses in a crystal, and this study sheds
light on how to eliminate them. Perhaps more important, the
concept of negative discrimination by which the authors ex-
plain the existence of asynchronous oscillations provides a
new tool which might well find useful applications in predict-
ing the behavior of nonlinear devices.

Theoretical Diversity Improvement in Frequency-Shift
Keying (Pierce, p. 903)—The advantages of using more than
one receiver to help overcome the effects of randomly fading
signals have been recognized for over a decade. The growing
importance of binary data transmission has led more recently
to a study of diversity reception as applied to frequency-shift
keying systems in particular. The analysis presented here
determines the best methods for combining the several signals
received by the several receivers under various circumstances
so as to insure the most reliable transmission of the message.

Scanning the Transactions appears on page 924.
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Section Survey of IRE Editorial Policies

Sections in obtaining a grass-roots expression of
opinion from the membership concerning the
present policies and procedures governing the PROCEED-
INGs and other IRE publications. Toward that end, the
Editorial Board submitted to each Section Chairman a
series of 12 questions on which information was desired,
as set forth on page 884 of the June, 1957 PROCEEDINGS.
Forty-three Sections, one Subsection and one Student
Branch responded by conducting surveys among their
members and summarizing the results for the Editorial
Board. It was recognized that the fashion in which the
polls were taken would not lead to statistically accurate
results. It was hoped, however, that the results would
provide a crude measure of any major trends of opinion
or preference that might be helpful to the Editorial
Board.
The major findings of the survey can be summarized
as follows:

][ AST year the Editorial Board asked the holp of IRE

1) PROCEEDINGS Papers

Most members agree that the PROCEEDINGS should
continue to carry technical papers on important work,
even though advanced and highly technical in nature.
They do not want to lower its standards or value as a
high quality technical journal. Some papers, it is felt,
are too specialized and should be published in the
TraNnsacTIONS. Others are considered unnecessarily ob-
scure to the nonspecialist and should be clarified, but
not simplified. The primary and most widely expressed
request was that the number of review and tutorial
papers be increased. As a result, the Editorial Board is
stepping up its program of review papers.

2) PROCEEDINGS Departments

The PROCEEDINGS departments are all put to good
use except “Technical Committee Notes.” “Scanning
the Issue” is the most widely read and “Abstracts and
References” the most valued for reference. There were
a number of suggestions that TRANSACTIONS articles be
listed or reviewed in the PROCEEDINGS. Apparently,

quite a few members are unaware of the “Abstracts of
IRE TraNnsacTiONS” section of PROCEEDINGS. The new
“Scanning the TrRANsSACTIONS” department, which be-
gan in February, 1958, takes care of those who requested
reviews,

3) Mechanical Aspects of PROCEEDINGS

Some members have difficulty finding the contents
page and binding the editorial matter. All other me-
chanical aspects, including mailing, are good. The Table
of Contents has since been moved to the front page of
the issue.

4} Other Publications

The TraNsAcTIONS, DIRECTORY, CONVENTION REC-
ORD and STUDENT QUARTERLY are, in general, well
received and approved in their present form.

5) Miscellaneous Comments

(a) The special issues of the PROCEEDINGS are very
popular with all members.

(b) Most members save and make reference to back
issues of the PROCEEDINGS.

(c) Amajorityfind the advertisements of definite value
and spend at least half of their reading time on adver-
tisements.

(d) The IRE Standards which appear in the Pro-
CEEDINGS are received with considerable interest.

(e) It was suggested that subject and author entries
in the annual indexes list the issue and page number
rather than a cumulative index code number. This sug-
gestion is being adopted for future indexes.

The Editorial Board feels that the survey was a worth-
while endeavor in that it produced a number of helpful
guidelines and useful suggestions. As noted on page 819
of this issue, several changes have already been put into
effect. Others are under consideration and will be an-
nounced as they materialize.

We are most grateful to the Sections and to the many
members who participated in the survey for the con-
siderable time and thought they gave. The results have
proved well worth the effort.—The Editor

CT2NEEET O



1958

PROCEEDINGS OF THE IRE

823

JTAC—Ten Years of Service®

DONALD G. FINK{, PRESIDENT, IRE

This month marks the tenth anniversary of the founding of the Joint Technical
Advisory Committee (JTAC) under the sponsorship of the IRE and the Electronic In-
dustries Associatian. This distinguished group of eight engineers, in the course of ad-
vising the FCC on many knotty problems in the administration of the radio spectrum,
has achieved an outstanding reputation for disinterested and expert judgment. To
mark the occasion, we have asked the IRE President, former member and past chair-
man of the Committee, to review the activities of JTAC during its first decade.

~—The Editor

@N March 23, 1948 the late Wayne Coy, Chair-

man of the Federal Communications Commis-

sion, addressed the President’s Luncheon at the
IRE National Convention. The Guest of Honor at the
luncheon was IRE President B. E. Shackelford and the
Toastmaster was W. R. G. Baker, Director of the En-
gineering Department of the Electronic Industries
Association. Ben Shackelford and Doc Baker listened
well to what Mr. Coy had to say: the FCC was in need
of assistance in arriving at an adequate national allo-
cation of television facilities, there were many other
conflicting demands for spectrum space (notably those
of the land mobile service), and the FCC was therefore
in need of advice of a particularly disinterested kind.

At the time, the established instrument for conveying
professional and industrial opinion on allocations to the
FCC was the Radio Technical Planning Board. This
was a massive aggregation of 13 panels which had been
formed during the war to advise the Commission on
post-war allocation problems. The RTPB was organized
according to the services demanding spectrum space;
one panel for vhf (FM) broadcasting, one for tv, one for
portable mobile communications, and so on. The RTPB
panel chairmen reported individually at the FCC hear-
ings and the Planning Board itself did not attempt to
moderate the often conflicting opinions and recom-
mendations of the panels. It was Chairman Coy’s point
that the administration of the spectrum should not be
guided by groups devoted to particular services. On
July 1, 1948, the RTPB was disbanded and its functions
were taken over by the existing committees of IRE and
EIA (then known as RMA).

Less than two weeks before the RTPB expired, on
June 17 and June 20, respectively, Drs. Shackelford and
Baker put their signatures on the charter of a new or-
ganization, the Joint Technical Advisory Committee.
JTAC was specifically conceived to meet the need ex-
pressed by Chairman Coy. It was to be a committee of

* Original manuscript received by the IRE, March 11, 1958.
t Director of Research, Philco Corp., Philadelphia, Pa.

eight members. Its jobs in the words of its charter were
to ‘‘obtain and evaluate information of a technical or
engineering nature relating to the radio art, for the pur-
pose of advising government bodies and other industrial
and professional groups ... to determine what tech-
nical information is required to insure the wise use and
regulation of radio facilities . . . to sift and evaluate
information thus obtained so as to resolve conflicts of
fact, to separate matters of fact from matters of opinion,
and to relate the detailed findings to the broad problems
presented to it . . . to present its findings in a clear and
understandable manner . . . available to the profession
and the public . . . (and) to appear as necessary before
government bodies or other parties to interpret the
findings of the Committee. . . .. ”

The genesis of JTAC goes back to Dr. Shackelford.
When he assumed the IRE Presidency in 1948, he pro-
posed the formation of an IRE Technical Committee
on Spectrum Utilization to gather evidence on the
characteristics of different portions of the spectrum and
to correlate them with the needs of particular classes
of service. Encouraged by Chairman Coy’s speech, he
met with Dr. Baker and together they roughed out a
plan for a joint IRE-EIA Committee to consider the
techniques of spectrum utilization and to assist the
FCC as requested. The idea was broached to the re-
spective Boards of Directors and received their blessing.
Two men were selected to serve as the first JTAC
Chairman (P. F. Siling) and Vice-Chairman (D. G.
Fink). These men met in IRE Headquarters on May
12, with a number of other interested engineers, to draw
up the charter which was later ratified by the sponsoring
bodies. To fill out the roster, Ralph Bown, Melville
Eastham, John V. L. Hogan, E. K. Jett, Haraden Pratt,
and David B. Smith were appointed to membership.
The members and their terms of office during the past
ten years are listed in Table I. L. G. Cumming, Tech-
nical Secretary of the IRE, has served as JTAC’s Secre-
tary since 1948.

The past and present members of JTAC include five
IRE presidents and eleven members of the IRE Board
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TABLE 1
PRESENT AND FORMER MEMBERS OF JTAC
Lloyd V. Berkner President, Associated Universities, Inc. 1952-1955
Ralph Brown Retired; formerly Vice-President and Director of Research, Bell Telephone Laboratories | 1948 to date
A. B. Chamberlain Chief Engineer, Columbia Broadcasting System—Television 1954-1955
Melville Eastham Retired; formerly President, General Radio Company 1948-1950
Donald G. Fink Director of Research, Philco Corporation; formerly Editor, Electronics 1948-1954; 1956-1957
T. T. Goldsmith, Jr. | Vice-President, Allen B. DuMont Laboratories, Inc. 1950-1952
Ralph N. Harmon Director and Vice-President for Engineering, Westinghouse Broadcasting Corporation 1955-1956

John V. L. Hogan
Dorman D. Israel
Ewell K. Jett

1. J. Kaar
Arthur V. Loughren
Haraden Pratt

William H. Radford
Philip F. Siling

David B. Smith
Ernst Weber

President, Hogan Laboratories, Inc.; Founder, IRE

Executive Vice-President, Emerson Radio and Phonograph Corporation

Vice-President, Director of Television Baltimore Sunpapers; formerly Federal Communica-
tions Commissioner

Vice-President and Engineering Director, Hoffman Electronics Corporation

Vice-President, Airborne Instruments Laboratory, Inc.

Vice-President, Dualex Corporation; formerly Telecommunications Advisor to the Presi-
dent of the United States

Prﬁ/tie?s%r of Electrical Communications and Associate Director, Lincoln Laboratory,

Director, RCA Frequency Bureau

Vice-President—Research, Philco Corporation

President, Polytechnic Institute of Brooklyn

1948 to date
1952 to date

1948-1950
1950 to date
1951-1955; 1957 to date

1948-1951

1956 to date
1948 to date
1948-1952

1955 to date

of Directors. All are Fellows of the Institute. Concern-
ing membership, the JTAC charter has this to say:
“The members shall be chosen on the basis of profes-
sional standing, integrity, and competence to deal with
the problems to be considered by the Committee. The
members shall be chosen from among all qualified engi-
neers irrespective of the organizations to which they be-
long or the companies by whom they are employed, and
shall operate without instruction. Half of the members
shall be nominated by IRE and half by EIA, and the
appointment of all members shall be confirmed by both
bodies. None of the members shall receive any regular
compensation for services from the National or any
State Government.”

THE EARLY YEARS—TELEVISION
ALLocATIONS AND COLOR

Early in May, 1948, Commissioner Coy asked that
IRE and EIA assist in collecting information on alloca-
tion of uhf channels to television. At the JTAC organi-
zation meeting of May 12, it was agreed that the first
formal activity would be in answer to this request. The
Vice-Chairman met with the FCC staff on June 18 and
obtained a list of technical questions which were trans-
mitted to IRE and EIA committees and to the technical
press. By September 16, the JTAC had been fully or-
ganized and a 150-page report, “Utilization of Ultra-
High Frequencies for Television,” had been produced
and approved by the Committee. This report, Volume
1 of the Proceedings of the JTAC, was presented that
month before the FCC Hearing on UHF Allocations,
Docket 8976.

In the first report, JTAC established three degrees of
reliability of the information it presented. Class A data
were defined as “Established fact—data on which there
is a general agreement among informed specialists, based
on adequate measurements or theory.” Class B was
assigned to “Engineering estimates—data based on
limited experience, or statements based on theory not

fully confirmed.” Class C was flatly labeled “Specula-
tion—conjectures based on more or less arbitrary extra-
polation from limited experience.”

The report laid out the principles of predicting cover-
age and interference on uhf channels and stated typical
values of noise, noise figure, transmission line loss, ef-
fective heights of antennas, transmitter power, and
radiator gain-then available at the center and the ex-
tremes of the uhf band. Pointing out that measurements
of field strength generally ran well below theoretical
predictions, the report made the then astounding esti-
mate that a uhf station would need from 5 to 20 megw of
effective radiated power to lay down a signal strength
of 5000 uv per meter at 40 miles from a 500-foot radi-
ator. Ten years later such power levels were actually
authorized for uhf stations (5 megw have been permit-
ted by the FCC since 1956, and several stations are now
operating at levels above a megawatt).

JTAC made the observation in this report that “the
place in the spectrum in which it is technically possible
for 6-megacycle black-and-white television immediately
to expand its number of channels is in the immediate
vicinity of the present commercial channels.” This ad-
vice, if it had been taken in the light of the remarkably
accurate concurrent prediction of the Senate Advisory
Committee on Color Television respecting the competi-
tion to be expected between uhf and vhf stations, might
well have altered the whole face of television allocations
today. JTAC advised against shared operation and
“interim” allocation of tv channels. It concluded that
“from available data, coverage comparable with that of
the vhf service, using available or potentially available
transmitter power, is not possible on the ultra-high
frequencies with ground-based transmitters.”

The second volume of the JTAC Proceedings, “Allo-
cation Standards for VHF Television and FM Broad-
casting,” came along only three months later, and was
presented to the FCC Engineering Conference on that
subject (Docket 9175) in December, 1948. Four EIA
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Committees and two IRE Committees acted for JTAC
in assembling data. The upshot of this study as a set of
specific recommendations for tv and FM allocations,
giving signal strengths, co-channel and adjacent-channel
protection ratios for urban and rural service. With minor
modifications, these numbers are now parts of the FCC
Standards of Good Engineering Practice for these serv-
ices. Noted for this first time in this report was the
improvement in co-channel interference resulting from
“phase-synchronization” of television carriers, later
embodied in the offset-carrier principle of television
frequency assignments.

Next came Volume 4.! It bore the innocuous title,
“Comments on the Proposed Allocation of Television
Broadcast Services.” It dealt with the issues before the
FCC in the Hearing that began September 26, 1949
(Dockets 8736, 8975, 8976, and 9175), one of which was
color television. Part 1 of the report dealt with the then
proposed allocations of vhf and uhf channels. JTAC
strongly recommended that channels be grouped within
given service areas so as to minimize the damage to the
service caused by local oscillator radiation and image
responses. Such a plan assumed standard intermediate
frequencies in receivers, and JTAC pointed to the EIA
proposal for 41.25 mc (sound IF) as a suitable choice.
These recommendations are now thoroughly embedded
in the official FCC uhf television allocation plan. JTAC
gave credit to one of its consultants, John D. Reid, for
suggesting the principle of alternate grouping of chan-
nels and to Raymond Simonds for conducting detailed
studies of this and other proposals. Also reported were
extensive tests of co-channel interference with offset
carrier assignments, compared with results under the
older nonsynchronous and phase-synchronized systems.

The color television issue, considered at the same
hearing, was whether 6-mc color television service was
feasible. JTAC undertook in Part 2 of Volume 4 to de-
scribe and analyze no fewer than 12 different color pro-
posals, using 6 and 12-mc bandwidth, of the simultane-
ous, field-sequential, line-sequential, and dot-sequential
types. The systems were compared on the basis of eight
essential characteristics, ranging from resolution and
color fidelity to flicker and color breakup. JTAC recom-
mended no one of the color systems but suggested a six-
step procedure to be followed by the FCC before choos-
ing any color system. The FCC did not follow the latter
advice and shortly thereafter authorized the field-
sequential color system. A reluctant public and the
Korean War then took over. In retrospect, the subse-
quent chapters in the history of color tv seem to follow
closely the JTAC six-step program.

These were parlous times. The Table of Color Sys-
tems prepared at JTAC’s request by an EIA Committee
was approved for presentation to the FCC on August

1 Volume 3 and eight other volumes, issued annually to date, con-
tain the correspondence and minutes of the Committee.
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18, 1949. On August 24, a letter describing the work of
RCA on a 6-mc compatible color system was sent to
the JTAC Chairman. On September 22, JTAC author-
ized the addition of the new information to the table,
just in time to present it to the Commission on Sep-
tember 26. The writer’s copy of Volume 4 contains the
inked-in entry of the RCA data, since there was no time
to reprint the report. A supplement containing the re-
vised table was issued later.

One remaining study of television allocation data
was then pending. In March, 1950, Volume 5 of the
JTAC Proceedings, “Adjacent-Channel Interference
in Monochrome Television,” was issued. This authorita-
tive statement of propagation data and the properties
of receivers was prepared by a new JTAC creature, a
Subcommittee of Consultants specially chosen to deal
with this particular issue. A very high proportion of
the data in this report were asserted by JTAC to have
Class A reliability. Through EIA, the selectivity char-
acteristics of more than 100 different models of tv re-
ceivers, representative of neariy 3 million receivers (the
great majority of those then in the hands of the public)
were studied and applied to interference predictions.
Subjective tests of adjacent-channel interference, in
which 109 observers participated, were also reported.

SPECTRUM CONSERVATION AND SINGLE SIDEBAND

By 1951, when the new television allocation was ready
to go into effect and color was safely in the hands of
NTSC, the JTAC members were at last free to start
something on their own. At the meeting of January,
1951, the discussion reverted to the purposes first pro-
posed by Dr. Shackelford early in 1948, that is, the in-
fluence of technical factors on spectrum allocations in
the broad sense. A subcommittee of three JTAC mem-
bers was formed and directed to prepare, with the as-
sistance of qualified experts, a report outlining a pro-
gram of spectrum conservation. A stable of 22 authori-
ties was thereafter assembled, the report was outlined,
and the work was parceled out.

A year later the final draft of the report was ap-
proved by JTAC. Things then moved fast. It was de-
cided that the report merited wide distribution and
that it should in fact be published in book form. IRE
and EIA agreed to provide a fund of $7000 to under-
write the printing of 3000 copies, a publisher was found,
and by September, 1952, the book “Radio Spectrum
Conservation” was off the press and in the mails.

This volume (Volume 8 of the JTAC Proceedings),
more than any other project, has brought international
recognition to JTAC. Copies were sent to radio regu-
latory bodies throughout the world. The book was
widely and favorably reviewed and it remains today the
only definitive treatment of the problems of spectrum
administration. Reading it, Martin Codel was inspired
to label the JTAC members “consulting engineers to
the world.” Contained in the book are a history of allo-
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cations, a 90-page summary of propagation character-
istics prepared by six internationally recognized author-
ities under the supervision of Dr. J. H. Dellinger, an
ideal allocations table, and a critique of the present allo-
cation. The book concluded with the proposed program
of dynamic conservation and contained a bibliography
of 137 items.

Another major publication project of JTAC culmi-
nated in the December, 1956, special issue of the Pro-
CEEDINGS OF THE IRE on single-sideband techniques.
In October, 1955, the FCC issued a Public Notice stat-
ing that it proposed to consider single-sideband tech-
niques for future use in the mobile radiotelephone serv-
ice. At its January, 1956, meeting JTAC decided, on
its own motion, to conduct a study in support of the
FCC inquiry and to collect information from organiza-
tions known to be active in this field. Another subcom-
mittee was set up, consultants were assembled, and
invitations to contribute were sent out. The response
was phenomenal. No fewer than 34 papers were sub-
mitted and 30 of these were selected to appear in the
JTAC report. Meanwhile, IRE had been approached
concerning its interest in publishing the papers and the
SSB special issue was the result. Chairman McCon-
naughey of the FCC wrote the preface to the issue, stat-
ing that “the work of the IRE and the JTAC will be of
material assistance to the Commission in making pro-
vision for single-sideband transmission.”

OTHER INVESTIGATIONS

Space does not permit a detailed account of the many
other thorny issues on to which the JTAC members and
their consultants have torn their hands. But mention
must be made of the important contribution made to
the allocation of channels in the land-mobile service. An
expert subcommittee of consultants under the devoted
leadership of the late Fred T. Budelman investigated,
at length and under great pressure, the possibility of
splitting channels in this service. JTAC confirmed the
opinion of this group that channel splitting was feasible
and so informed the Commission. The Commission then
amended the rules governing the 152-162-mc band, and
required the use of narrower channels in new equip-
ment built after October, 1958, and in all equipment by
1963.

Several JTAC subcommittees have dug into the
troublesome problems of radio interference and spurious
emissions. One of these worked closely with the manu-
facturers of rf stabilized arc welders to find means of
mitigating interference. In January, 1957, JTAC re-
ported to the Commission that “the technique of re-
duced duty cycle operation of welders was a technical
solution for significantly reducing unwanted radiation.”

Following the appearance of the special issue of the
PROCEEDINGS oF THE IRE in October, 1955, on forward
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scatter propagation, JTAC addressed itself to the ques-
tions of allocating scatter communications service, in
view of the interference potentials inherent in the high
transmitter power and receiver sensitivity of this new
mode of operation. Three subcommittees are still at
work on this subject. JTAC has also helped in the set-
ting up Cooperative Interference Committees, to assist
the FCC in running down the causes and cures of radio
interference on a local community basis.

1t is too much to expect that every project undertaken
by JTAC would be crowned with success. For example,
it became increasingly apparent to JTAC and industry
groups that there was insufficient coordination on prob-
lems of frequency utilization and conservation among
the United States Government, nongovernment users,
and manufacturers. In 1954 the then chairman of
JTAC, Lloyd V. Berkner, acting for the Committee,
attempted to get various government agencies in-
terested in implementing a program of spectrum con-
servation. Nothing ever came of it. Then as now,
the ponderous machinery of government administra-
tion proved invincible to prodding from without. An-
other well-intentioned activity was an effort conducted
from 1952 to 1954 to recommend simplifications in
the technical requirements embodied in the FCC Rules
and Regulations and the Standards of Good Engi-
neering Practice. In March, 1954, the Committee ad-
vised the Commission that it was unable to make any
specific recommendations, beyond a few minor sugges-
tions dealing with the land mobile and broadcasting
services. JTAC wisely concluded that changes in this
arca were so deeply involved in administrative proce-
dures and policy that they lay beyond the purview of a
committee bounded by technical considerations.

The record of JTAC is a brilliant one of public service
in a difficult context. On behalf of IRE, the writer can
find no better words to underscore the ten-year record
than those which appeared in the special issue of the
IRE PROCEEDINGs sponsored by the JTAC on single-
sideband techniques: “This Committee of eight senior
statesmen has, since its creation in 1948, conducted
its affairs with such singular wisdom that it has achieved,
preeminently among engineering advisory bodies, the
unquestioned confidence of the profession, the industry
and the government. ... This standing has been
achieved not by avoiding controversial issues but by
meeting them with pertinent technical data, carefully
identified as to reliability, and by truly objective
evaluation of their significance. The JTAC charter
requires its members to serve wholly without instruction
from their employers or any other organization, and the
record shows wholehearted compliance with this neces-
sary prerequisite to public and professional trust.”

Congratulations, JTAC members, and best wishes for
the next decade!

oo
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A Statistical Description ot Coincidences Among
Random Pulse Trains®

S. STEINY, SENTOR MEMBER, IRE AND D. JOHANSENTY, MEMBER, IRE

Summary—A simple formulation is developed for describing
statistically the time coincidences among a set of random pulse
trains. Specifically, each pulse train is assumed to consist of pulses
occurring randomly and having pulse lengths with some known dis-
tribution. It is then possible to determine the statistical distribution
for the resulting durations of coincidences among several individually
specified random pulse trains. From this can be derived such corol-
lary results as the average duration of the resuiting coincidences.

I. INTRODUCTION

know what effect diversity operation has upon the
effective duration of fades of the diversity combined
signal. Conceptually, this problem is essentially identical
to that of determining the statistics of the time coinci-
dences among a set of random pulse trains. A very sim-
ple formulation for this problem has been developed,
which does not appear to have been previously described
in the literature. The important result is the derivation
of a statistical distribution for the durations of the
coincidences, when a similar distribution is known for
the pulse lengths in the individual pulse trains. This
result is obtained by setting up the problem in such a
manner that deriving the distribution of the durations
of the coincidences is reduced to the almost trivial
problem of determining the probability of a coincidence
at any instant.
It is expected that the results may have application
in other fields, and hence the problem is presented in
the form of the random pulse train model.

I[N scatter cominunications, it is often important to

II. STATISTICAL DESCRIPTION OF A
RaNpom PuLsg TRAIN

We consider first the statistical description of a
random pulse train, such as shown on any line of Fig. 1.
The pulse train consists of a series of pulses occurring
in a random manner, specified by some average rate of
occurrence and with pulse lengths distributed according
to some probability law. [The average rate of occurrence
and the distribution of pulse lengths may be given
separately. If so, they can be combined (see Appendix I)
to give the statistical quantity, g(x), used below.] The
function ¢;(x), which we regard as the basic statistical
description of the 7th random pulse train, is defined by
the property:

gi(x)dx =expected number of pulses per unit time,
whose length is in the range (x, x +dx).

* Original manuscript received by the IRE, November 26, 1957.
t Hycon Eastern, Inc., Cambridge, Mass.

We also define a cumulative function,

Qi(x)= [ qi(x)dx = expected number of pulses per unit
time, whose length exceeds x.

We shall consider that our final statistics are representa-
tive of sufficiently long periods of time so that these
“expected” values are in fact the probability distribu-
tions which would be measured for the quantities de-
scribed above.

We next note that the total fraction of time during
which pulses are occurring is

R; = f xgi(x)dx (time per unit time).
0

1I11. COINCIDENCES AMONG SEVERAL RANDOM
PuLse TRAINS

We now consider several independent random pulse
trains, such as the four designated as “inputs” in Fig. 1.
The pulses are shown by the heavy outlines. Let us in-
vestigate the statistics for the intervals of time during
which pulses are occurring simultaneously in all the
“input” trains. (We may visualize a circuit which pro-
duces output pulses whenever, but only when, pulses
are occurring simultaneously in all input lines.) The
resulting coincidence pulses are designated in Fig. 1 as
the output. The manner in which they occur is clearly
indicated. Now let us designate by

Qom Qon, and Ron

quantities which describe the output in a manner analo-
gous to the quantities ¢, Q; and R; already defined for
the inputs. Here » is the total number of random pulse
train inputs. Our problem clearly is:

Given
gi(%) or Qi(x);

to determine

fori=1,.--,n,

@on(%) OF Qon(%).

Let us first consider the simplest aspect, namely that
of determining R,.. By assumption, the occurrence of
pulses in any input train is a completely random process,
independent of the occurrence of pulses in any other
input train. Hence R,, is obtained from the various R;
by the law governing the probability of simultaneous
occurrence of independent events. In other words, since
R; is the fraction of time for which pulses occur in the
ith train, the probability, or fraction of time, for which
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Fig. 1—Coincidences among random pulse trains.

pulses occur simultaneously in all trains, is simply

()

Returning now to our stated problem, we need to de-
termine the statistics with respect to the length of co-
incidence in the output. Clearly, we require a criterion
enabling us to sort the conditions producing coincidence
pulses, according to the length of the latter. This is
most simply accomplished as follows:

Let us choose a specific length of coincidence pulse,
7, and imagine deleted from Fig. 1 all pulses of length
less than 7 (input pulses shorter than 7 can certainly
never contribute to coincidences longer than 7). Let
us also substract a length 7 off at the leading edge of all
remaining pulses; we thus obtain a reduced picture indi-
cated by the hatched pulses in Fig. 1. Carefully con-
sidering this reduced picture, we note that any simul-
taneous coincidence of hatched elements for all input
trains always corresponds to a hatched element in the
output; that is to say, since every input train actually
has a pulse in progress for an interval 7 preceding the
hatched element, the output hatched element will also
correspond to a coincidence pulse in progress for a pre-
ceding interval of time 7. Furthermore, it is readily
visualized that this characterization must include every
event leading to an output coincidence pulse of length
T, Or greater.

But we have already indicated the occurrence-prob-
ability relation which will hold between the hatched ele-
ments in the input and output pulse trains. Since the
hatched elements occur independently among the in-
puts, we can directly apply the reasoning which led to
our earlier statements concerning R,, and R,

Specifically, the fraction of time occupied by hatched
elements (pulses, with lengths diminished by 7) in, say,
the 7th input train, is

fm(x — 7)qi(x)dx.

Similarly, for the output, the comparable quantity is
given in terms of the (unknown) function g,.(x) as

fm(x — 7)@on(x)dx.

The probability law for independent events now gives
immediately

fI °°(7:: — 1)gi(x)dx. (2)

t=1¢ ¢

f (x — T)gon(x)dx =
Integration by parts gives directly

fm(x — 1)g(x)dx = an(x)dx. 3)
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so that our result has the alternative form

ﬁwQ,,,‘(x)dx =

This is valid for any value of 7, and if it is now differen-
tiated with respect to 7, we have the desired result

[T Q«a)dx 4)

=1 7

d n ©
Qn(r) = = =11 | Qi(x)dx. ()

dr w1 s

This is also readily seen to be identical to the form

2 - AQ:(T) .

Qi(x)dx

Outr) = { 11 “awas} ©)

=l 1 te=]

“T'his is the solution to our stated problem. It is not dif-
ficult to use for computational purposes, even if the
Q; can only be integrated numerically. For the relatively
common case where the input random pulse trains have
identical statistics, Q:(x) =Q(x),

Qon(r) = nQ(r)[fwa(x)dx]n—l. )

A useful corollary of our computations is the result (see
Appendix II) that the average duration of coincidence
pulses, s, is given by

1 1
— =2, —> (8)
Xon =1 Xy

where #; is the average pulse length in the sth train. For
n statistically identical input trains, this has the simple
form

x;
Xop = — * 9
n

For the interesting communications application’ to fad-
ing carriers, where diversity is based on selection of the
strongest signal among 7 available, fades below a specific
level occur in the output only when all n channels fade
below that level simultaneously. It is interesting to
note that the average resulting fade durations are then
reduced in length by a factor of n.

Finally, it may be remarked that interest may lie not
in the time rate of occurrence [g:(¢)] of coincidences of
various length, but rather in the distribution of dura-
tions among such coincidences as do occur. If so, the
various relations introduced in the appendices can
readily be used to recast the various results so that
they involve only such distributions.
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ApPENDIX |

ALTERNATIVE DESCRIPTION OF THE
RanNpoM PuLse TRAINS

Often, measurement data on random pulse trains
may be obtained not in a form involving g:(x) or Q;(x)
directly, as defined in the text, but rather through the
quantities

R;=probability, or fraction of total time, that a
pulse is in progress in the sth random pulse
train.

W(x) = probability that any particular pulse in the
ith train has a length exceeding x.

Also, related to Wi(x) is the probability density wi(x),
such that

wi(x)dx = probability that any particular pulse in the
sth train has a length in the range (x, x 4dx)

and, of course,

d
wi(x) = — E Wi(x). (10)

The average pulse length in the ith train is then (in-
tegrating by parts)

X = f:xw;(x)dx = f:W;(x)dx.

Then, clearly, the average rate at which pulses occur in
the 7th train is

(11)

= (pulses/second).

#|=

It immediately follows that the quantities used in the
text are given by

R;
gi(x) = — wi(x), (12)

H

R;
Qi(x) = — Wia). (13)

X

ArpEnDIX 1]
AVERAGE LENGTH OF THE COINCIDENCES

If we define w,,(x) and W,,(x) for the output coinci-
dence pulses, analogous to the probabilities defined
above, we may write

Ron

Xon

Qon(x) = —— Wen(2).

(14)
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This may be solved conveniently for %,, by setting Hence,

x=0. By definition W,,(0) =1, and thus

; Ron (15)
xon = .
Qon(0)

But, from our basic result, (6),

Q:(0) o
uQQ,(x)a’x

0

0un(0) = { nf w@-(x)dx} >

[T

Also,

0 R'_ v 00
f Qix)dx = Tj Wi(x)dx = R;. (16)
0 Xid o

May
_([[z) & 2O
00 - {Irf £ 5
_ =, Q:«(0) .
= R, ;1 N (17
Finally
R; R;
Qi0) = = I(0) = =, (18)
X X
and so
1 on(0 "1
L Q0n(0) 2 (19)
Fon R,, =1 X

T'ransient Response of Drift Transistors”
R. C. JOHNSTONT, MEMBER, IRE

Summary—The short-circuit transient response of a drift tran-
sistor is found for a step of input current. The one-dimensional
partial differential equation for minority carriers in the base is solved
by a Laplace transform technique yielding the rise, storage, and fall
times in the common-emitter and common-base configurations. The
improvement in rise time due to the built-in field in a drift transistor
is found to be less in the common-emitter than in the common-base
configuration, which in turn is found to be less than the improve-
ment previously predicted. The built-in field is shown to lengthen
storage time, but other effects of the field such as low a; tend to
cancel this out in a practical transistor.

INTRODUCTION

HE drift or graded-base transistor has been pro-
posed as a way of obtaining a high cutoff fre-
quency without the difficulty of making a very
thin base. The resistivity of the base increases from
emitter to collector in such a way as to cause the minor-
ity carriers to be swept toward the collector by a “built-
in” field. The effect of this field on the common-base

* Original manuscript received bv the IRE, November 11, 1957;
revised manuscript received, February 24, 1958. The research in
this paper was supported jointly by the U. S. Ariny, Navy, and Air
Force under contract with Mass. Inst. Tech. and is based on a thesis
submitted in partial fulfillment of the requirements for the degree of
Electrical Engineer at M.L.T.

t Lincoln Lab., M.L.T., Lexington, Mass.

cutoff frequency has been analyzed,!'? but the effect of
the field on the transient response in the common-
emitter and common-base configurations has not been
treated. The Laplace transform method used by Mac-
donald? to find the common-base transient response for
a homogeneous-base transistor is extended to the drift
transistor and to common-emitter and saturation con-
ditions.

ASSUMPTIONS

The following assumptions are made:

1) The transistor is considered one dimensional.

2) The minority carrier density is much less than that
of the majority carriers.

3) The mobility is constant. Actually, it decreases
for high conductivities and injection levels. This

1J. L. Moll and I. M. Ross, “The dependence of transistor pa-
rameters on the distribution of base layer resistivity,” Proc. IRE,
vol. 44, pp. 72-78; January, 1956.

2 H. Krémer, “Zur theorie des diffusions- und des drifttran-
sistors,” Arch. Elec. Ubertragung, vol. 8, pp. 223-228, 363-369, 499
502; 1954.

3 J. R. Macdonald, “Solution of a transistor transient response
problem,” IRE TRraNS. oN Circuit THEORY, vol. CT-3, pp. 54-57;
March, 1956.



effect has recently been taken into account in a
computer solution.*

4) The field due to the grading of impurities is con-
stant throughout the base region. This implies that
the collector voltage is large enough to insure that
the part of the base region having a nonconstant
field is within the collector space charge region.

5) The base lifetime is infinite.

6) The collector load is small enough to allow the
effect of collector capacity and space charge
widening to be neglected.

7) An n-type base is assumed for convenience in
notation.

8) The emitter transition capacity, Crg, can be
neglected. For some graded-base types this re-
quires that a bias emitter current be used. Fig. 1
illustrates the effect of Cre. In a graded-base
transistor Crg tends to be larger because the resis-
tivity on the edge of the base region is lower than
in a homogeneous-base transistor, while Caits tends
to be smaller because of the higher cutoff fre-
quency. Therefore, a bias current may be re-
quired so that the condition Cqi>CrE is {ulfilled.

Il . aOIz
n_"_
! B
i I, = I°_.
o— A = — ' ’ &—o
I, =—
b l t I J_ Caitr ~ Te
Lo
10 'I:

Crg » const

Te Tcdm
. ——o

Fig. 1—Effect of emitter transition capacity.

The field in the base due to grading of impurity densi-
ties can be obtained from the following equations.

n o= nett Y= (1

p = na (A G—®) )

m—p=Np—Ns=N 3)
ay

EFE=——"_: 4

e 4

A solution for the field yields

kT 1 dN
E=—-———" (5)
g n+p dx
1f # and p differ greatly in magnitude
kT dIn N
F=—— (6)
q dx

with a solution for the constant field case

N = Nog (aBoitDz, (M)

4 {1, B. von Horn and W. Y. Stevens, “Determination of transient
response of drift transistors using the diffusion equation,” IBM J.,
vol. 1, pp. 189-191; April, 1957.
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Substitution of (7) into (5) gives
N N
E = E, = Fy —V—— (8)
n+p VN + dng?

which shows that the field due to an exponential grada-
tion is constant for N>>n; but decreases as N approaches
n;. In practice this impurity gradation is obtained by
gaseous diffusion of n-type impurities into near intrinsic
material of either # or p type. The substitution of the
resulting distribution, an exponential plus or minus a
constant, into (5) gives the field. The exponential
minus a constant distribution gives a field which may
actually rise as x approaches the collector junction.®

The error function distribution obtained for some
types of diffusion is similar to the exponential distribu-
tion, but substitution into (5) gives a field less constant
than (8). The nonuniformity of mobility should also
be taken into account in any exact solution. In view of
the difficulties of taking the exact field into account, a
constant field has been assumed.

Basic EQUATIONS

The two fundamental equations® governing minority
carrier flow in a semiconductor are the continuity
equation

L aL(x D) p(x 1) — pol®) _ 3P, 1)

= 9
q ox Tp at ©
and the transport equation
[ {z,t) ap(x! I) <
= - D,,a—+uplz(x)p(x, n.  (10)
x

q

The derivative of (10) is substituted in (9) to give the
differential equation governing hole flow in the base of
a p-n-p transistor:

ap(x, ¢ ap(x, ! dE
U #p[E(x) PO | w0 © (9]
9x? x dx
_ P_(EC, ) ,_,,po,(x) = a—p(x,l) -1
P al
Assumptions 4) and 5) lead to the simpler form
92p_(_x19 — (ﬁ E)_a—p(x, ) = i a—p(x,l_) - (12)
dx? D, ox D, d

\Vith zero initial conditions the Laplace transform
with respect to time gives

32P(x, s) 2\ 9P(x, s) s
(YR s

dox o
where 2/f is the notation of Kromer® for (u,/Dy)E.

(13)

s R. C. Johnston, “Transient response of drift transistors,”
M.I.T., Electrical Engineering thesis, App. 1; January 22, 1958.

s J. L. Moll, “Junction transistor electronics,” PrRoc. IRE, vol. 13,
pp. 1807-1819; December, 195S.
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Note that f has the dimensions of length. Eq. (13) is
easily solved by means of the substitution P =e™=.

1 1 s a1l .
R RSt ELIC

P(x, s) = ¢#"(4 cosh T'x + B sinh I'x). (15)

The constants 4 and B of (15) may be found for the
common-base, common-emitter, and saturation bound-
ary conditions, and the inverse transforms obtained.
Before this is done it is appropriate to consider the
expression w, the base width, over f, which will appear
as a parameter in the solutions,

'i”_ Hp 9
/2D,

2kT

AV is the potential energy drop across the base. A
second useful expression for w/f is obtained from (6).

w q w 1 v dln N
—=——f de=——f - dx
f 2kT 0 2 0 dx

1 N(0)
—In .
2 N(w)

7

CoMMON-BASE ACTIVE SOLUTION
Transient Case

Due to the assumption of infinite base lifetime, «, the
current gain, is one. However, calculations for the ho-
mogeneous-base case’'® show that for reasonable value
of @, the major effect of recombination is just to change
the amplitude of the output. Thus in the equations of
this section, & can be introduced as a multiplier of the
emitter current with little error. A small step of emitter
current, Ale, is considered to be superimposed on the
initial current. The transient solution for the collector
current is obtained by applying the boundary condi-
tions to (15) and taking the inverse transform.

P(s,w) =0
Ale
I(s,0) = — (18)
s
Al e sinh T'(w — %)
P(s, x) = — - (19)
gD,Ts

w
cosh 'w + —ﬁsinh Tw
Tw

The collector current is obtained by applying the trans-
port equation (10) to (19) and setting x =w.

w
cosh T'w + ~£ sinh Tw
Tw

7]. S. Schaffner and J. J. Suran, “Transient response of the
grounded base transistor amplifier with small load impedance,” J.
Appl. Phys., vol. 29, pp. 1355-1357; November, 1953.

8 Macdonald, op. cit.
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It is now convenient to normalize the time scale. A
basic theorem? states that if s is multiplied by a con-
stant, say w?/D, and the function multiplied by the
same constant, then the time scale is multiplied by the
reciprocal or D, /w2

Al .ev!f
i(’\, w) =
: (21)
I AR
cosh A+ "y + /‘7 Wwé sinh A+ =
)\ J—
o
where
w? D,
A= s and T =-—1¢,
pJ w?

There are two approaches to finding the inverse
transform. For a homogeneous-base transistor, Schaff-
ner and Suran'® have expanded the hyperbolic function
into a series of exponentials which is the transform of a
series of error functions. However, the series converges
slowly for large values of time and it is not possible to
solve for switching times. Another objection for the
present purpose is that when the method is used on (21),
complex error functions result. It is more fruitful to
perform a partial fraction expansion which involves
finding the residues at the poles.

The above function has poles at A\=0 and at

e N

cosh /‘/)\—{—F:cos /‘/-—)\— —ﬁ-
: L w?
—w/fsin /‘/—A — I

or

where

(22)

Table I column (a) gives Ai,, the values of A which
satisfy this equation, vs w/f.
The inversion of (21) is accomplished as follows:

® M. F. Gardner and J. L. Barnes, “Transients in Linear Sys-
tems,” John Wiley and Sons, Inc., New York, N. Y., p. 226; 1942.
10 Schaffner and Suran, op. cit.
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TABLE 1
NUMERICAL RESULTS
) Common Base B N
@ | ® | @
w/f ”n To(0)
k1» Kln
B To(w/f)
0 0 —(x/2)2 —4/x 1
1 —(37/2)? +4/3x
2 —(57/2)? —4/57 f
2 0 |  —9.2395 | =-2.2665 | 3.05
1 —29.8745 +2.1948
2 —69.544 —1.6235
4 0 —22.607 | =5.7031 | = 5.77
1 —44 666 l +9.6242
2 —84.938 —-9.,1722
3 —144 .478 +7.8609
4 | —223.590 —6.6010 |
Common Emitter
Sinusoidal _ _
corilmon base l an=0.95 an=0.90
w/f| @ | (@ | 7(f) o ® (h) ‘ ®
wa(w/f)| Méw/f) \ | M(w/f)
wal0) R
0 2.4324 1 -0.1 1 -0.2 1
2 —0.2697 2.697 | —0.5478 | 2.739
4 (17.67 7.26 —0.4662 4.662 | —0.953 | 4.76
Sinusoidal .
common emitter Saturation
i 6)) (k) 0]
7 _
ws(w/f)
Xe fw/f)
wp(0)
0 2.0169 1 1.0
2 0.299
4 9.17 4.55 0.0218
I\, w) eol!
Al, B w/
A (cosy + ——'( sin y)
y
KO had Kln
= — 4 _— 23
)\ rg )\ - )\ln ( )
evl!
Ko = =1 (24)
LW n 1, w
cos j —+ —sinj—
f J f
/(N — Ain)
Kln = ' ’
w/f .
M cosy 4 —sin A | A=Ma
y y=Vin
2ev!! in
- > . (25)

Ccos yan

833

P

l
|
]

0.0 0

|-
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Fig. 2—Collector current vs normalized time for step of emitter
current with built-in field as a parameter.

Ie
LT T T T Tosa
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1
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]
t
// to
,I (37) Ie Kio
|

Fig. 3—Method of finding rise time.

Values of the residues, Ki,, are given in Table I column
(b). The inversion of (32) gives

i(T, w)
Al,

=14 D Ki.e.

n=0

(26)

Fig. 2 is a plot of (26) with parameter w/f. The infinite
series converges very slowly near the origin, becoming
worse for large values of w/f. The dotted lines represent
portions of the curve where the series converged so
slowly that it was necessary to estimate. For large values
of w/f the delay represents the major portion of the 0-90
per cent rise time. It can be shown that if diffusion is
negligible compared to drift, the response is a delayed
step with delay

1
Te=—0-
2w/f

For large values of w/f the actual response approaches
this delayed step. To find rise times, the series in (20) is
terminated after one term.

i(T, w)

=14 KT, (27)

This result is seen in Fig. 3. The collector current is
considered to rise from zero to the final value, /¢ sat. The
0-90 per cent rise time is found using Fig. 3 and (27).
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I,(l + Kloe)‘wT) = 0.9 Ic sat
D 1 (—Klo)le

To='_p‘to= n e
wz _>\10 Ia - 09 Ic sat

28)

For the homogeneous-base case, w/f=0, (28) reduces to
the equation of Ebers and Moll," with the differences
that a has been assumed to be one, the opposite sign
convention is used on I, and the constants are slightly
different so as to take account of the delay present in
the common-base mode.

Eq. (28) must be used with caution for large values of
w/f and for I, larger than about twice I, ... because the
terminated series, (27), becomes inaccurate. However,
for I, =1, . the equation is accurate. Thus, a common-
base transient improvement factor can be defined as the
ratio of the 0-90 per cent rise time of a homogeneous-
base transistor to that of a graded-base transistor.

T'o(0) _ =X In (lfO) (4/7) ) (29)
w 1r2/4 ln (10)(—K1o)
7, (7)

Values are given in Table I column (c) and are plotted
in Fig. 4.
Sinusoidal Case

The sinusoidal transfer function previously obtained
by Kromer? results when s is replaced by jw in (20).

I[(jw, w)
L(jw) w? | w?
C

The frequency at which |a| is 3 db down, w,, may be
expressed in terms of the dimensionless constant, «.

D,

K —

w?

31)

W =

It may be found by solving (30) for the value of

w?
5 Jwa =
»

for which |a| is 3 db down. Values of « are given in
Table I column (d) for w/f=0 and 4. Column (e) gives
the improvement factor

Kw/f)  walw/f)

K(O) wa(o)

which is plotted in Fig. 4. For comparison the improve-

1 J. J. Ebers and J. L. Moll, “Large-signal behavior of junction
transistors,” Proc. IRE, vol. 42, pp. 1761-1772; December, 1954.
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(MPROVEMENT FACTOR
)

Fig. 4—Improvement factors for sinusoidal response (3-db frequency)
and transient response (0-90 per cent for step of input current)
of drift transistors vs w/f (for same base width).

ment factor (w/f)*? obtained by Krémer® is shown as a
dotted line.

The magnitude and phase of @ vs w/w, is shown in
Fig. 5 for w/f=0 and 4. Lee® has plotted the magnitude
of a vs w for w/f between plus and minus 3 using (30) as
derived by Kromer.

ewls
— — I 0
of  w w t0)
=T sinh —jw + F
—jw + — »
D, f2

The first-order approximation™ for  with w/f=0 can
be obtained from (30). The first two terms of the power
series for cosh x are retained.

1 1

alj) = —— =

w?
147

(32)

1452
2DP ]wa

where k=2,

The magnitude and phase of this approximation are
also shown in Fig. 5. Middlebrook?* has also plotted this
approximation and the exact function for w/f=0. The
additional phase shift introduced by the field is related
to the relatively large delay found in the step response.

2 H. Kromer, “The Drift Transistor” in “Transistors I,” RCA
Labs., Princeton, N. J.; 1956,
. BC. A. Lee, “A high frequency diffused base germanium tran-
sistor,” Bell Sys. Tech. J., vol. 35, pp. 23-34; January, 1956.
. “E. L. Steele, “Theory of alpha for p-n-p diffused junction tran-
sistors,” PROC._IRE, vol. 40, pp. 1424-1428; November, 1952.

1R, D. Middlebrook, “An Introduction to Junction Transistor
'll‘glge;)ry,” John Wiley and Sons, Inc., New York, N. Y., p. 200;



1958 Johnston: Transient Response of Drift Transistors 835
T 1T ] e,
o—_ b 1120 e =1 [ioeaL TRaNsISTOR| ¢
I l | WITH age |
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00— = A1 - 00°
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ael ~ B - e Fig. 6—Assumption regarding « in common-emitter configuration.
T-l
ol g ) 1 o and
[ Al el 1
%o 5T os [ ;—.'a— —lo_—a.ﬁ,f I(S’ w) = —7;/,"— ’ (35)
" cosh T'w + —= sinh Tw — ae*//
Fig. 5—Absolute value and phase of « vs w/wa with parameter w/f- Tw
s Next, the time scale is normalized as before.
Alye!! 1
I\, w) = — — —_———— (36)
> h1/x+w2+ v/ 'h1/>\+w2 1
cos — —————— sIn — — ae”
f2 A w? 1z
12

CoMMON-EMITTER ACTIVE SOLUTION

Transient Case

The assumption a=1 will obviously not do for the
common-emitter case. However, as mentioned in the
common-base solution, the effect of « may be separated
out. The assumption is much better for the common-
emitter solution because the error is small compared to
the slower time constant obtained in common-emitter
operation. The three components of «, emitter effi-
ciency, surface recombination, and volume recombina-
tion, are lumped into a frequency independent oy effec-
tively in cascade with the emitter as shown in Fig. 6.

The boundary conditions applied to (15) for a step of
base current are

P(s,w) =0

I(5,0) = a [ATIb + I(s, zv)] (33)

M [1—

<>\1 + J‘f)

with solution

Alye*!! sinh T'(w — x)

- —— (34
gD,T's w/f . L
cosh T'w + —I‘— sinh Tw — ae*!/

w

P(s, x) =

L ff
il 4/x1+%+~zﬁif—

This function has a pole at A=0, one for (A +w?/f?) real,
and an infinite number for (A+w?/f?) imaginary or
complex. The two major poles are so close together
compared to the outer poles that the latter may be
neglected. The location of \;, the pole nearest the
origin, is given in Table I columns (f) and (h) for
a=0.9 and 0.95. These values were found by a trial and
error solution of the denominator of (36). The inverse
transform of (36) is found by letting

10,w) = 224 37)
w) = —
’ AA— N
and solving for the residues in the usual manner.
Alyewlt
Kn=——""——¥—¥——8Z-+—=AI (38)
w w 1—a
cosh — + sinh — — ae*¥
—— — - (39)

w2'
1+ jfz

1/

Numerical evaluation of these residues shows that X is
within a few per cent of — K,. Neglecting the outer poles
is therefore justified. The inversion of (37) gives

T, w)

a

=1 — M7,

(40)

I,

1 —-a
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A solution for the switching time gives

D, 1 I

To =—1 = In — (41)
w? (—)\1) 1—a
I, — 0.9

Ic sat
a

which is the same as that obtained by Ebers and Moll
except for the modified time constant. The improve-
ment in transient response,

AM(w/f)
MO)

is given in Table I columns (g) and (i) and is plotted in
Fig. 4.

Sinusoidal Case

The sinusoidal transfer junction may be obtained
from (35) by replacing s with jw.

I(j“’a w) _
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1.2 _ - ——
"
T

“s

Fig. 7—Absolute value and phase of 8 vs w/wg with parameter
w/f (common-eniitter configuration).

The first neglected term of the expansion for cosh x is
(1 —«) times as large as the corresponding term in the
common base (32). This fact explains why the first-
order approximation given in (44) is so good. It also
accounts for the near exponential common-emitter
transient response.

I( 4 - w? w?
o) 1/ —det o+
P

ae!’
Wi v e )
— = sinh —jw+ — — aevl/
— w4 — P
D, 12
SATURATION

The frequency at which |8], the common-emitter cur-
rent gain, is 3 db down is defined as w;.

w5=x.(1-—a)—g-
w?

(43)

The factor x, may be found as before and is given in
Table I column (j) for «=0.95. Column (k) gives the

improvement factor
wgl —
_ f

«(7)
ws(0)

ke(0)

which is plotted in Fig. 4 vs w/f. Notice that it coin-
cides with the common-emitter transient response
improvement factor. The first-order approximation for
B with w/f=0 can be obtained from (42).

a
. a l—a
Bja) = , -
oo 142
2D, wg

which gives the value of «, as 2. Fig. 7 shows the magni-
tude and phase of B(jw)/B(0) for w/f=0, and 4, and of
the first-order approximation as given in (44).

In the saturation region the collection junction be-
comes forward biased and the hole density at x=w is
allowed to rise from zero. A straightforward application
of the boundary conditions

Al,
I1(5,0) = a

I(s,w)=0

to (15) could be used. However, the assumption of a
one-dimensional transistor is usually poor in saturation
operation. The method used by Ebers and Moll!! has
been successful for the homogeneous-base transistor and
will be used here. The transient solution is broken up
into a normal and an inverse component as shown in
Fig. 8, and the effects of the transistor not being one
dimensional are included in the characteristics of the
inverse component. The result of the separation, shown
in Fig. 9, is a fictitious circulating current which is
useful in introducing the effect of ay and a;, the forward
and inverse current gains, respectively. The curvature
shown is due to the built-in field in a graded-base transis-
tor.

The hole density plots may be replaced by (20), the
common-base transfer function. The sign of f is negative
for the inverted solution.

Let the forward transfer function be F, and the in-
verse function be F,. Then
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Fig. 8—Base hole density in saturation and manner of
decomposition into three components.

Iq (0)

I sot

s

Fig. 9—The three components of hole density in saturation.

12 = F111 = Fl(AI¢+ Fz[z)
F.Al,

Iy=———

1 — F\F,

The expression for I3 is then substituted into (19) (with f
replaced by —f) and the transform of the hole density
at the collector obtained.

P\, w) = —

2

D)\1/X+w2 h21/)\ _w
gD, = cos| +f‘2_

The function has a pole at A=0, one for

real, and an infinite number for

o
/‘/X‘*‘F

Johuston: Transient Response of Drift Transistors

837

imaginary or complex. The outer poles will be neglected
as in the common-emitter solution. The first pole from
the origin, A1, may be found for w/f=0 by retaining
two terms of the power series for cosh v/Ar.

~ M\ ?
cosh? VA1 = ayar=2{ 1 + —
a

— w(l — VVayar) (46)

b4
S5 = —)\1 =
w2

which is the same as the corresponding expression of
Ebers and Moll!

WNWI

(47)

——— (1 — anar)
wy + wr v

if wy =w; and ayay is near one. By considering the for-
ward and inverse components to have different effective
base widths it is possible,’® with a few approximations,
to derive (47) from the transform of the collector hole
density. For the drift transistor, the bracketed term in
the denominator of (45) must be solved numerically.
However, by expressing the hyperbolic functions in
terms of exponentials and by retaining only the major
terms, an expression for s; is obtained which agrees with
the numerical solution for w/f>2.

D,
- [f(w/N]1 — axar)
w

S1

D,, (4 w? , //) (1 )
- — = (- — anay).
Vi

= (48)
Values of f(w/f) are given in Table I column (I).
Notice that the presence of the built-in field tends to re-
duce this factor and thus to lengthen storage time.
The effect of this field on storage time has been the sub-
ject of much speculation. At first glance one might
expect the presence of the field to sweep out the holes
more quickly. A qualitative explanation for the above

wz
Al ,ayare”!’’ sinh /‘/X + °j—_z

— . (45)

2 . w
smh2 A + F — aNar

w/f

Vieg

results can be obtained by examination of (47), the
expression of Ebers and Moll. The effect of the field is to
increase wy and decrease wy. The resultant factor is
roughly equivalent to f(w/f) in (48).

For the same base width and (1 —ayay), then, the
graded-base transistor would have a longer storage time
than the homogeneous base. However, measurements

18 Johnston, op. cit., App. IV.
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show that oy is quite low. The field tends to force the
holes away from the emitter and to the surface. It also
causes the hole density to build up at the collector re-
sulting in an increase in volume recombination and a
decrease in the efficiency of the collector as an emitter.
The three factors combine to reduce o to about 0.6 for
the Philco micro-alloy drift transistor 2N501. A rough
check on the theory may be obtained by comparing this
transistor to a homogeneous-base transistor of similar
geometry, the Philco micro-alloy 2N393. The ratio of
storage time, homogeneous to graded, is given by the
ratio of (48) to (47). The values for w and o given in
Table II are median values based on measurements.

TABLE 11
MEASURED PARAMETERS REGARDING STORAGE TIME

Homogeneous Base Graded Base

N393 2N 501
)
D,
wN (2r)(41410%) 2 - (2r)(41410%)(2.6)
w
wr (27)(8+10%) w/f 2.3-3.4
ayar 0.916 aya;y 0.6

The width of the constant-field portion of the base is
estimated to be 0.39 times the base width of the
homogeneous-base unit. The value of w/f is difficult to
measure but lies in the range given. The ratio of storage
times, given by (48) over (47), is in the range 1.7 to 7.9
while actual measurement gives about 2.3. It is en-
couraging that the theory gives numbers in the right
range and perhaps more careful measurements would
show better agreement.

CONCLUSION

The short-circuit transient response of a drift transis-
tor has been found for a step of input current. The
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method used was to apply various boundary conditions
to the one-dimensional partial differential equation
which was then solved by a Laplace transform tech-
nique. The trans‘orm, containing hyperbolic functions
of the square root of s, was expanded into a series of
partial fractions which were then inverted into a serics
of exponential functions of time. The improvement in
rise time due to the built-in field was obtained by neg-
lecting the higher order terms and is presented in nu-
merical form. This improvement is shown to be less in
the common-emitter than in the common-base con-
figuration. The improvement in common-base cutoff fre-
quency is shown to be less than the value given by
Kromer.

Since the common-emitter performance is not directly
related to the common-base performance, the a-cutoff
frequency is not a good way to specify the high-frequency
performance in common-emitter circuits. A measure-
ment coming into use is the frequency at which the
short-circuit common-emitter current gain is unity. For
ease of measurement, this frequency is usually K times
the frequency at which the gain is K where K is about 5§
to 10. This measurement is variously known as fr, fhy.,
and gain-bandwidth product.

The partial differential equation was also solved, sub-
ject to the conditions of saturation. In this case, the
“improvement factor” turned out to be much less than
unity. However, it was found that many of the assump-
tions, such as constant mobility, constant field, and
one dimensionality, break down in saturation. An at-
tempt was made to include some of these effects through
the mverse current gain and a much better experimental
agreement was obtained.
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Terminal Properties of Magnetic Cores”

T. C. CHEN{, SENIOR MEMBER, IRE, AND A. PAPOULISY, SENIOR MEMBER, IRE

Summary—The reversal of magnetization of cores with rectangu-
lar hysteresis loop is investigated. For materials whose thickness is
more than one thousandth of an inch, the switching is determined
from the static loop and the solution of the appropriate field problem;
for thinner materials the B-H concept is not sufficient to determine
the instantaneous state of magnetization and to characterize the core
as a circuit element a new approach must be used. In this paper it is
shown that the terminal properties of these cores can be obtained
from their dynamic step response; the analysis is based on the phys-
ics of magnetization and is experimentally verified.

I. INTRODUCTION

lar hysteresis loop are being used widely, particu-
larly in digital computers and similar data proces-
sing systems, as shift registers, counters, storage devices
and other logical elements.! In these applications the

H N recent vears, small magnetic cores with rectangu-

I
\l S N N R
N

Fig. 1—Output voltage of a 4-mil Orthonik core driven by a step-
current driver. Calibration: 60 mv/div, 3 usec/div.

cores are switched totally or partially from one direction
of magnetization to the opposite. In the simplest form
of operation the magnetization reverses through the
application of a constant magnetizing current; Fig. 1
and Fig. 2 give typical voltage outputs for cores of
thickness 4 mil and § mil, respectively. For the analy-
sis and design of a system containing such elements one
should be able to describe their terminal properties with
the smallest possible number of parameters, that is, to
“predict” their circuit performance under any driving
conditions in terms of these parameters.

The magnetic properties of a core are usually derived
from its static hysteresis loop; in interpreting it one

* Original manuscript received by the IRE, October 7, 1957; re-
vised manuscript received, January 6, 1958. Part of a paper presented
at the Symposium on the Role of Solid-State Phenomena in Electric
Circuits, Microwave Res. Inst., Polytechnic Inst. of Brooklyn, April,
1957.

t Burroughs Corp. Res. Center, Paoli, Pa.

t Polytechnic Inst. of Brooklyn, Brooklyn, N. Y.

'\V. N. Papian, “A coincident-current magnetic memory cell for
the storage of digital information,” Proc. IRE, vol. 40, pp. 475-478;
April, 1952.

assumes that for a given H, due to all causes (external
drivers, eddy currents, and free magnetic poles), B takes
instantly the value given by the B-H loop. The above
interpretation is adequate if the times involved are
much longer than 1 microsecond; this is the case for
the switching of cores of the order of 2 mils or more.
For such cores, which in the following will be called
“thick,” the state of magnetization can be predicted
from the B-IT curve and the solution of the appropriate
field equations. Since the B-H curve is nonlinear, in
general one can give only a numerical solution to this
problem; however, for cores with ideally rectangular
hysteresis loop (see Fig. 3) an analytic solution is
possible.?3

S .

Fig. 2—Output voltage of a thin core driven by a step-current driver.
Core: 80 wraps of 3-mil 4-79 Mo-Permalloy. Calibration: 0.75
v/div, 1 ps/div.

| _+Bs

T
!

Fig. 3—Idealized rectangular hysteresis loop.

For “thin” magnetic cores (of the order of } mil) the
eddy-current effect is negligible; the application of a
current establishes instantly the same H; throughout
the cross section of the material. With the usual inter-
pretation of the B-H curve one would expect the mag-
netization to reach instantly the value B(H;) and the
voltage output would be an impulse; but this is not the

2 \V. MacLean, “Theory of strong electromagnetic waves in mas-
sive iron,” J. Appl. Phys., vol. 25, pp. 1267-1270; October, 1954.

3 A, Papoulis, “Penetration of an electromagnetic wave into a
ferromagnetic material,” J. Appl. Phys.,, vol. 25, pp. 169-176;
February, 1954.
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case as one can see in Fig. 2. Thus, the familiar concept
of the B-H curve fails to describe the dynamics of
magnetization of thin cores; to describe the time-lag
between the application of a field and the resulting mag-
netization, and to determine the output signals, a new
theory must be developed.+¢

In Section II the switching of “thick” cores is re-
viewed; it is assumed that B takes instantly the value
given by the static B-H curve, and the resulting field
problem is solved for square-loop materials. Various
driving and loading conditions are considered and the
developed results are experimentally verified.

In Section I1I the reversal of magnetization of “thin”
cores is considered; since the eddy currents are negligi-
ble, H is uniform throughout the material but B does
not take instantly the value given by the B-H curve.
It is shown that the output due to an arbitrary driver
can be obtained from the step response of the core; its
circuit properties are thus determined from a single
terminal measurement. The analysis is based on the
domain theory of magnetization, however, the results
describe the terminal properties of the core and can be
followed without any physical considerations; they are
justified by the agreement between theory and experi-
ment.

In Section 1V the analysis is applied to cores of inter-
mediate thickness. Due to the eddy currents, H is no
longer known and B is a function of ] and ¢ as in Section
III; a field problem results whose solution gives B, H
and the output waveforms.

It is shown that in all three cases there exists a unique
relationship between the flux ® in the core and the ap-
plied coulomb-turns

Q= i i Nkj;‘ik('r)d'r

Ik

per meter, where 1 is the current through the kth wind-
ing having N, turns, and / the length of the magnetic
path. From this relationship the terminal properties of
the core are derived without any further consideration
of the field problem or the internal mechanism of mag-
netization; thus, for the dynamic study of switching
the B-H curve is replaced by the ®#-Q curve.

II. EpDY CURRENTS
The Voltage-Current Characteristic of the Core

The cores under consideration are formed from a
toroidal tape of thickness d, height k, and radius r

¢ N. Menyuk and J. B. Goodenough, “Magnetic materials for
digital computer components, [—A theory of flux reversal in poly-
crystalline ferromagnetics,” J. Appl. Phys., vol. 26, pp. 8-18; Jan-
uary, 1955.

8 N. Menyuk, “Magnetic materials for digital computer com-
ponents, II—Magnetic characteristics of ultra-thin molybdenum-
permalloy cores,” J. Appl. Phys., vol. 26, pp. 692-697; June, 1955.

¢ K. H. Stewart, “Ferromagnetic Domains,” Cambridge Univer-
sity Press, Cambridge, Eng.; 1954.
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(Fig. 4); d is of the order of 1 mil, % and 7 a fraction of
an inch. Since d<, k the resulting field can be approxi-
mated by a uniform plane wave with H in the z direc-
tion and E in the y direction;’ x is the direction of
propagation and the origin is taken at the surface of the

material. Because of symmetry it suffices to determine
E and H in the (0, d/2) interval.

L\
e R
e

m

h

7
<

I
7

Fig. 4—Cross section of magnetic laminatiorn.

With the above assumptions Maxwell's equations
take the form

oE 0B )
ox - ot

oH

— = — ¢E (2)
ox

where ¢ is the conductivity of the material and B a
known function of H given by the B-H curve of Fig. 3,
thus

B = — B,
B =4 B,

H<H,
H> H..

for

for

For initial and boundary conditions we have

H(x,0) =0 3)
d
E(q ) t> =0 (4)
and
1 n
H(0,1) = H,(t) = 7 D Nuia(®) (5

where 1, is the current through the kth winding having
N, turns and !=2n7 the core circumference; (4) follows
from the core symmetry. We assume that the core is in
the — B, state at t=0 and that the applied field H;(f)
is greater than H, thus causing a reversal of magnetiza-
tion from —B, to +B,; this reversal will start at the
surface of the core and will propagate into the interior
reaching the point x, at time £. Hence

7D. F. Hunt, “Saturation Time for Deltamax Transformer,”
Burroughs Corp., Paoli, Pa., Internal Rep. IR78; July, 1951.
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B=+ B, for x<ua,

(6)
B= — B, for x> x,.
B is discontinuous at x =x, but constant in every other

point, hence

for every

X # X,

Therefore, E(x, t) is constant in the (0, x,) and (x,, d/2)
intervals; the constant value of E in the (x,, d/2) inter-
val must be zero since E(d/2, 1)=0 [see (4)] and the
value in the (0, x,) interval we shall denote by E,(¢).

Thus
E(x, ) =0

for x > x, (7)

E(x, t) = E,(f) for x<x, (8)

(see Fig. 5). To determine E,(t) we integrate (1)

a2 9B
E(, ) = E,() = f — dx. 9)
0 dt
But
aj2 d
Bdx = B,x, — B, (-— - x.)
0 2
hence
d iz dx,
— Bdx = 2B, —
dtJ dt
therefore

Xa

d
En(t) = 230 —d[— (10)

From (7), (8), and (2) one can readily see that H is con-
stant for x> x, and varies linearly in the (0, x,) interval;
but H < H, for x>x, and H> H, for x<x, [see (6)] and
since H is continuous, we must have

H(x,t) = H, for x> x,

and

x
H(x,t) = H.+ (H; — H,) <1 — -—> for x < x,. (11)

X,
From (2), (8), and (10) we readily derive

——H‘(’)_H"—E(z _ 28, % 12
= u)_‘ ndt' ()

ax,

Thus, we obtained a simple differential equation for x,
whose solution is given by

Chen and Papoulis: Terminal Properties of Magnetic Cores
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Fig. 5—Variation along x of: (a) magnetic flux density,
(b) magnetic and electric field.
ey ————— -
f [Hi(s) — H.]dr
%) = : (13)

B,
When x, reaches the center of the core the material is

completely switched from —B, to +B,; the required
time ¢, we shall call “switching time:”?

(t)—-d—
Xe\ls) = 2

hence [sce (13)]

o B,d?

[t - s - (19

from which ¢, is determined if H;(¢) is known. The volt-

age output 7{(f) across a one-turn winding is given by
d®/dt where

® = 2k Bdx
0

hence [see (9) and (10)]
dx,
r(t) = 2hE,(!) = 4hB, —Z . (15)

From (12), (13), and (15) we have the output
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2h|H(t) — H dd
") = —= Ly -2 e 'm“l
— H(r) — H.]d I
V;ﬁlh) ldr ‘
as a function of the applied field H(¢).
The Flux Charge per Meter Curve
We define the coulomb-turns per meter Q as the in-
tegral of the applied field; thus
1
[0]0)) —f H(r)dr = — E Nkf w(r)dr. an N
komm1 0 \\
Assuming H;(t)>>H, we obtain from (16) 0 _fs t

(18)

hd,
<I>+<I>,=41/ 4
do

®=—&, = — hiB,

since

for

Q=o.

The core is switched when ® =®, and the required value
of Q is given by
da®,

Q. = B (19)

Thus knowing Q we can determine the flux through the
core; (18) characterizes the core completely. For 0> Q,
we clearly have ®=9,.

Constant Applied Field
If H(t)=H,=constant, then [see (13)]

v = 1/(Ha ‘,B.C)t

The switching time ¢, and the voltage output 7(¢) are
given by [see (14) and (16)]

_ oB,d? 20
 4(H,— H,) @y
and
44*B,(H, — H.)
r(t) = 1/—(” - ) c (21)

In Fig. 6 the output as given by (21) is plotted; it
agrees with the actual response of Fig. 1 except for small
t and for ¢t>¢,. The discrepancy between the perdicted
and the observed response for ¢ close to zero is due to
finite rise time of the driver and the finite speed of do-
main reversal as will be seen later. For a perfectly square
loop, 7(¢) is zero for t>¢,. However, in an actual core B is
not constant for > H, but it increases. Assuming that
B increases linearly with H, we can find the output for
t>1t, by solving a linear problem with the proper initial

Fig. 6—Predicted voltage output of a thick core
driven by a step- -current driver.

condition at ¢=¢,. The dotted line in Fig. 6 will result;
the knee of the curve in Fig. 1 is reached when x, reaches
the center of the core.

Loaded Core

Next we shall consider a core loaded with a resistance
R across an N turn winding and driven by a current
driver I. With r(f) the one-turn output, the current
through the resistance is given by

Nr(1)
R

causing a field

2

N—N 0]
R—Rr.

The total applied field is given by

2

Hi= H - HR—H—Q——F(t) (22)

[see (5) and (15) ] where H is the field due to the driver.
With

2hN?

== (23)

we obtain from (10), (12), and (22)

dx,
2B,ox, =H - H. 24)
di

Solving the above equation for x, and inserting into (15)
we obtain the output voltage. The results are plotted in
Fig. 7(a) for a constant current driver and various
values of R; the dotted lines give the response for ¢>¢,.
In Fig. 7(b) the experimentally obtained responses are
given.
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>

e(t)ﬂ

(b)

Fig. 7—Voltage output of a loaded thick core driver by a step-current
driver: (a) theoretical, (b) experimental. Core: 8 wraps of 1-mil
Orthonik. Driving field: 202 AT/m. Read-out winding: 30 turns.
Load resistance: R= o, 42 and 94 ohms. Time scale: 1 us/div.
Voltage scale: 6.9 v/div.

IHI. TN CorEes
Basic Assumption

[t will be assumed that if at a certain time ¢ the mate-
rial is in the state B(¢) and the applied field is 7(t), then
the rate of increase of B is given by

dB

- f(B)[H() — Ho] for H({) > Hy  (25)
where I7, is a constant of the material. In (25) f(B) is a
function of the instantaneous state of magnetization
and does not depend on the way in which this state is
reached; for II(t) <II, the state of magnetization does
not change. A similar relationship was developed em-
pirically by Rising® from experimental data obtained
mainly through repeated application of short square
pulses; it was then observed that the resulting increase
in B obeyed (25). In the Appendix it is shown that
(25) can be predicted from the domain theory of mag-
netization, however, for the discussion of the terminal

8 [, K. Rising, “Magnetic-Core Pulse Amplitiers for Digital
Computers,” Master’s thesis, M.I.'T., Cambridge, Mass.; 1953.
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properties of the core it might be accepted as an as-
sumption whose justification will follow from the agree-
ment between the predicted results and the experi-
mentally obtained data. In the following it is seen
that, with (25), the voltage-current characteristic of the
core driven by an arbitrary driver can be derived from
its dynamic step response.

Voltage-Current Characteristic

From Constant-Current Response: \Ve denote by a(¢)
the voltage output when a constant field /1, is applied
and by V(¢) the output resulting from the application
of an arbitrary field H(¢). When I;(¢) is applied, a state
B of magnetization is reached at time ¢, and when 17, is
applied the same state is reached at time ¢; thus we have

dB
aW) = hd —= = f(B)[Ha — Ho) (26)

dB
V() = hd o f(B)[H() — H,). (27

Considering ¢ and ¢’ as functions of B and eliminating B
we obtain ¢’ as a function #/(f) of {. To determine this
function we divide (27) by (26);

dit () — I,

a1, — Ho (28)
results, whose solution is given by
V= fo ‘ fi ;(j):é:"- d1. (29)
But
V() = hd ﬁ;— = hd ﬁ;- il—, = a(t) d—l’ (30)
dt dar di dt
therefore

H;() — 11 t Hi(r) — Ho 7
V() = )= %[f L) = -"er. (31)
I, — H, Jo Hs— Hy
The above equation establishes the voltage-current
characteristic and describes the core as a circuit element.

If
II,({) = H, = constant
then

H, — H,
where b= ———:

32
H, — I (32

V() = kalk]
Thus if the core is driven by constant drivers of various
amplitudes, the resulting outputs are similar.

From Constant-Voltage Response: A similar relation-
ship can be obtained in terms of the current response
b(t) resulting from the application of a constant voltage
7, across a one-turn winding. With {,=H,l and b(¢')
=1I(¢')] we have from (29)



( 3 ( )

If an arbitrary voltage driver V{(¢) is applied causing a
current 7(¢) then

Vo = 1B
0= W—Tf( )i(®) — 4o].

Reasoning as above we obtain

d_t’ _ V() , V) = Vs i(t) — i?
dat Vs (') — 1o
hence
P40 Y (r) ,
i(t) — 4 = v, [b(fo v, dr> - 10:|. (34)

The Flux Charge per Meter Curve

The flux charge per meter relationship can readily be
determined from (25); indeed, by integrating we have

f :]}% = fo t[H;(-r) — H,ldr.

With the charge-turns per meter Q defined as in (17) we
have

wird  dB
f_¢,/ha ]—'(?) = Q — Hq. (35)
If
Q> Huo
then
F(®) =¢Q (36)

where F(®) is the left-hand side in (35). The plot of the
®-Q curve for a §-mil 4-79 Mo-Permalloy is given in
Fig. 8.

Experimental Verification of Theoretical Results

The developed results will be experimentally verified
by observing the voltage response V(¢) of a thin core
driven by a linearly increasing function of time, and
comparing with the predicted voltage as given by (31).
We have used a(¢) rather than b(t) since it is easier to
obtain a constant current source. The rise time of the
driver was about 0.1 usec and the magnetic core con-
sisted of 80 wraps of §-mil 4-79 Mo-Permalloy lamina-
tion. The voltage response was observed across the
terminals of a 15-turn winding and the core was reset by
a separate winding.

For a field H;(t) <H, there is a small reversible in-
crease in B which does not satisfy (25); to eliminate its
effect, a(¢) is obtained by first prepulsing the core with
a field equal to H, and then applying the switching cur-
rent. To find H, the core is switched with constant cur-
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Fig. 8—The flux-coulomb turns per meter curve for thin cores.
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Fig. 9—Plot of peak values of output voltage against driving current.

rent of various magnitudes and the peaks are plotted
as functions of the applied currents. From (32) one sees
that the points thus plotted should fall on a straight line
whose intercept with the current axis will give the cur-
rent o necessary to establish //,. From Fig. 9 we see that
this is indeed the case; thus we obtain 4,=11.5 ma. An
independent verification of this value is given by apply-
ing currents smaller than 11.5; the resulting small flux
variation is then reversible. With currents greater than
11.5 ma an irreversible flux variation is observed.

With 4, established, we apply currents of the form of
Fig. 10(a) obtaining a(¢) with I,=28 ma and I, =45 ma,
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Fig. 10 —Prepulsed step response: (a) driving current, 40=11.5 ma,
(b) voltage output with I; =28 ma and I, =45 ma.

1

respectively. The results are shown in Fig. 10(b). We
next apply a ramp function

I(t) = 25t + 11.5 ma (¢ in psec)

as shown in Fig. 11(a); the output voltage V() is given
in Fig. 11(b). In Fig. 12 we have traced V(¢) from Fig.
11(b) and plotted its value obtained from (33) with a(¢)
the step response of Fig. 10(b). The difference between
the theoretical and experimental results is of the order
of measurement accuracy.

IV. CoRES OF INTERMEDIATE THICKNESS

The delay in switching cores of intermediate thickness
is caused by the induced currents and the finite speed
of increase in B [see (25)]. If a constant current is ap-
plied, the magnetization will reverse throughout the
material but with a speed that will decrease with the
distance from the surface, since the field is no longer
uniform. The magnetization will be reversed first near
the surface, and the reversed zone will widen until it
covers the entire cross section of the lamination. Thus

Chen and Papoulis: Terminal Properties of Magnetic Cores
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Fig. 11—Prepulsed ramp response: (a) driving current,
(b) observed voltage output.
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Fig. 12—Calculated and observed voltage output of
a thin core driven by a ramp current.

we picture the domain growth as in Fig. 13; for ¢ smaller
than a certain time #, which will be determined, the
state of magnetization will be as shown in Fig. 13(a).
For ¢t>ty the magnetization of the material will be re-
versed in a layer from the surface to the point x,
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Fig. 13—Reversal of magnetization in a magnetic core of inter- 2
mediate thickness: (a) for { <t,, (b) for £>f,.
[Fig. 13(b) ] but unlike the analysis in Section 11, the re- & e o) 2O 943 Y
2x/d

maining of the lamination is not in the — B, state: thus
the increase in the flux is not caused by the motion of
the plane x=x,, but by a volume growth in the un-
saturated portion of the core.

Analysis of Magnetic Reversal

To determine the reversal of magnetization one must
solve the field equations (1) and (2) with the boundary
cenditions (3), (4), and (5). Unlike the discussion in
Section 11, B is not a known function of 77 but it satisfies
(25) and the boundary condition

B(0, x) = —B.. (37)

With an arbitrary f(B) these equations can be solved
only numerically; in the following a variational method
is used to give an approximate solution. To determine
the field distribution inside the material it is assumed
that f(B) is constant for B < B,

f(By = C for
f(B) =0

with the value of 7 thus computed and the actual f(B)
the response will be evaluated as in (31).

We define the time ¢, as the maximum time such that
for t<to the magnetization of the core is nowhere re-
versed; we then have for ¢ <t, [see (38)], f(B)=C and
from (25)

—B, < B<B,
B =B,

(38)
for

aB
— = C(H — H,). (39)
at
Egs. (1), (2), and (39) give
*H
o = C(H — Hy) (40)

an ordinary differential equation in H, whose solution
is given by

Fig. 14—Magnetic field distribution inside a }-mil
4-79 Mo-Permalloy lamination.

Hi(l) — H, d
H—- Hy= —coshy 7—x> (41)
cosh y —
77
(see curve a in Fig. 14) where
¥t =¢oC (42)

is a constant and H,(t) is the field at the surface of the

material as given by (5). To determine ¢, we integrate
(39) [see also (37)] for x=0

t)
B, ! = C f [Hi(r) — Holdr — B, (43)
0
to is such that B(0, ¢¢) = B,, hence
to 2B,
f [Hi(zr) — Holdr = ) (44)
0 C

the above gives ¢, if H;(t) is known.

For t> 1, the magnetization is reversed up to the point
x,(¢); with I1, the value of I{ at the point x, we have for
x> x,

H,— H, d
——————— coshy(;— > (45)

(5
Cos -— — X
Y 2

since (40) still holds, and [see (2)]
Vs
ag

To determine 77, we have as in Section 11, (12),

H, — H,
E=

sinh ¥y (% - x) (46)



1958 Chen and Papoulis:
]1.-([) — H,
E(xu l) = El(t) = (47)
ox,
(46) and (47) give
,(H — H
H, — Hy= ——— ®= d° : (48)
1+ yx,tanh v <—2— — x,)
inserting (48) into (45) we obtain
d
[H.(t) — H,) cosh ¥ <T — x)
H-—Hy=——————————— ————— (49)

d d
cosh v <7 - x.) + %, sinh ¥ <—2— — x.)

In Fig. 14, the dotted line, the normalized quantity
(H,— H,)/(H,— Hy) is plotted as a function of x, for a
constant applied field ;(t) = H,; in the same figure the
solid lines are the plots of (H— H,)/(H.—1I,) for the
same driver and various values of x,. To deterniirie I7
for a given ¢ we must first find x, as a function of time.
We first determine the initial condition for B at f=to
from (39) and (41); it is given by

B(IO; x)

no(5 %)
00572

= G y fo [Hi(r) — Haldr — B,  (50)
cosh vy 7

we then integrate (39) and find the value ¢ for which
B(t, x) = B,. Thus we obtain, omitting the details of the
derivation,

t
c f [H(r) — o) dr
¢ 1 d
= 2B, [? yix,? + vx, tanh v <; - x.)] . (3

IEq. (51) gives x, as a function of time. The switching
time is the time for which x,=d/2. It can readily be
found from (51) if H(f) is known. For a constant applied
field H;=H, (51) gives

dz, (52)

thus the relation between £ and d? is a straight line
with fo the time intercept; (52) has been experimentally
verified.*

Knowing the field distribution as a function of time
we can find the voltage output using the results of Sec-
tion I11; the rate of change of flux through a section of
the core of thickness dx and height & is given by [see

(33)]
] ,

dx H(x, 1) — Ho { f‘]](x, =
i mo—m Lo m-m 7
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Fig. 15—Voltage output of a 1-mil 4-79 Mo-Permalloy core
driven by a step current: (a) calculated, (b) observed.
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Fig. 16—Voltage output of a prepulsed thin
core driven by a step current.

hence the voltage output V,(f) across a one-turn winding
is given by

Ve(®)

a2 _ : _

_ 2 f Hz, ) — Ho [ f HSh) = Ll d,]dx_ (53)
dJ, H, — H, o H,— I

In Fig. 15(a) we have plotted V.(¢) as given by (53) with

I(t) =constant and d =1 mil; the details of the com-

putation are omitted. In Fig. 15(b) the experimentally

obtained output is shown.
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The Flux Charge per Meter Curve

The ®-Q relationship can be established for an arbi-
trary f(B) without the solution of the resulting field
problem. If we assume that the step-response a(¢) of the
corresponding thin core tends asymptotically to zero,
then the field B(0, ) at the surface of the core and the
total flux ®(¢) through the core will increase with ¢;
B(0, t) can, therefore, be considered as a function
w(P) of the flux ®. From (25) we have

dB(0, 1)

i = f(B)[H{() ~ H.)

therefore

f ’ ﬂgg(z) if Q) > Hot. (54)
s, f(B)

The left-hand side in (54) is a function F(B) of B, hence
QW) = F(B) = F(w(®)) = W(®).

The ®-Q relationship is thus established; it is valid
also if a(t) becomes zero for a finite ¢, as one can readily
see by a limit argument.

For the theoretical determination of W(®), the func-
tion w(®) should first be determined from the solution
of the field problem; however, if the step-response V,(¢)
is known then W(®) can readily be obtained; indeed
from

20 = [ V(nir,

t
00 = [~ Bdr = (H, — Hox
0
we obtain Q as a function W(®) of ® by eliminating ¢.

V. APPENDIX
THEORY OF DOMAIN REVERsAL-1!

To establish theoretically the validity of the assump-
tion given by (25), the main features of domain reversal
should be considered. The domains are caused by inter-
atomic forces that tend to align with each other the
magnetic moments of a ferromagnetic material; with no
other forces present the material will thus be uniformly
magnetized. However, because of the crystal symmetry,
the presence of tensions, and the existence of local fields,
certain directions are energetically preferred and the
domains are oriented in a direction that minimizes the
crystalline, magnetostrictive, and field energy. The field
is caused by the applied and induced currents and the

® R. Becker and W. Doring, “Ferromagnetism,” Springer, Berlin_
Germany; 1939,

10 R. Bozorth, “Ferromagnetism,” D. Van Nostrand Co., Inc.,
New York, N. Y.; 1951,

1t 1. L. Snoek, “New Developments in Ferromagnetic Materials,”
Elsevier Publishing Co., Inc., New York, N. Y., and Amsterdam,
Netherlands; 1947.
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free poles resulting from the variation of the magnetic
moment M. Since in general there is more than one
direction of minimum energy, the domain orientation
is not unique. If, for example, the crystalline energy
prevails and the crystal is cubic, its six axes will form
possible domain directions. When the material is in a
nonmagnetized state the domains are oriented at ran-
dom in each of these directions and the average mag-
netization is zero. The application of a sufficiently high
field H will cause all the domains to turn in its direction
and if H is removed they will turn in the direction near-
est to the applied field.'? Thus, the residual magnetiza-
tion will result since the domains are no longer oriented
at random in all possible directions of minimum energy.
If in particular one of these directions is parallel to the
applied field for all crystals, then there will be no rota-
tion after the field is removed and the material will re-
main saturated; its “squareness” will equal one.

Suppose that a square-loop core is magnetized in the
—z direction and its magnetization is reversed through
the application of a field in the 42z direction. The re-
versal will take place either through a direct rotation of
domains or through a motion of the wall that separates
domains of opposite direction. However, the minimum
field necessary to rotate the domains is higher than the
field required to switch the core; we must then assume
that the switching takes place mainly through wall mo-
tion for which smaller fields are required.®® For the re-
versal to take place through wall motion there must
exist inside the material some regions, the nucleations,
that are either oriented in the 42z direction before the
field is applied, or require a small field for their forma-
tion. This is possible because of the local fields caused by
the discontinuity of the magnetic moment M at the
crystal surfaces and at the surfaces of foreign substances
that are present in the material. The resulting free poles
change the energy balance so that the external field H,
necessary to rotate the domains is much smaller than
the field required without free poles.

The exact determination of the shape of the domain
walls and their motion does not seem possible unless
cores of special geometrics and treatment are con-
sidered." For an analysis of the terminal properties of
the core the following simplifying assumptions are
made.

The magnetization reverses through wall motion; thus
we ignore the effect of the formation of nucleations. For
fields that are much greater than the starting field H,
this approximation is satisfactory; however, to minimize
the nucleation effect in the experimental verification of
the developed analysis, the core is prepulsed with a

12 A, Papoulis, “The nondestructive read-out of magnetic cores,”
Proc. IRE, vol. 42, pp. 1283-1288; August, 1954.

13 J. B. Goodenough, “A theory of domain creation, coercive
force in polycrystalline ferromagnetics,” Phys. Rev., vol. 95, pp. 917-
932; August, 1954.

14 H. Ekstein, “Theory of remagnetization of thin tapes,’”’ J. Appl.
Phys., vol. 26, pp. 1342-1343; June, 1955.
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field somewhat smaller than H, before applying the
switching pulse. In Fig. 16 the step response of a pre-
pulsed core is shown. One notices that the first maximum
is not present and it can be attributed to the formation
of the nucleating centers.*

The domains grow uniformly throughout the cross
section of the material; thus the special conditions near
the surface of the core are ignored.

We shall further assume that when the magnetization
reaches the state B (the term uo/ will be omitted in
B=uoH+ M), the available wall area depends only on
B, independently of the way in which this state is
reached. With S the total wall area per unit volume we
thus have

S = ¢(B) (55)

where ¢(B) is a function of state. With v the velocity of
wall motion of the 180° walls the rate of increase of
magnetization is given by

dB
— = 2B,4S = 2B.é(B)

dat &

since in the unit of time the magnetization changes from
—B, to +B, in the volume v.S.

Since the number and shape of the growing domains
is not known, ¢(B) cannot be directly evaluated; in
the following it is seen that it can be sletermined through
terminal measurements. However, certain properties
of ¢(B) can be stated a priori; indeed for small values
of B, ¢(B) increases since the area of the domain walls
increases with their size. This increase continues until
the walls start colliding with each other; ¢(B) thus
reaches a maximum and then decreases to zero when
the material is completely switched. ¢(B) can be given
explicitly for domains of simple shapes. For needle-like
domains ¢(B) is constant; for splerical domains of
radius », B is proportional to * and the wall area to r?,
hence

¢(B) = KB?3.

For cylindrical domains of radius r, B is proportional to
r? and .S proportional to r, hence

#(B) = K+/B. (57)

It is scen presently that the experimentally computed
¢(B) agrees in its increasing portion with (57), thus
suggesting a cylindrical growth.!

To determine the rate of domain growth the velocity
v of the wall motion must be known as function of the
applied field H;. It is assumed that!¢-'7

1 C, Kittel, “Physical theory of ferromagnetic domains,” Rev.
Mod. Phys., vol. 21, pp. 541-583; October, 1949,

18 K. J. Sixtus and L. Tonks, “Propagation of large Barkhausen
discontinuities,” Phys. Rev., vol. 37, pp. 930-958; September, 1931.

17 H. J. Williams, H. Shockley, and C. Kittel, “Studies of the
propagation velocity of a ferromagnetic domain boundary,” Phys.
Rev., vol. 80, pp. 1090-1094; December, 1950.
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Fig. 17—Plot of f(B) for a }-mil 4-79 Mo-Permalloy lamination.

v = a(H; — Ho) (58)

where a and H, are constant of the material. The above
is approximate, actually the wall satisfies a second-order
differential equation* but the acceleration term is neg-
ligible for the applications under consideration in which
the times involved are greater than 1 usec.

From (56) and (58) we obtain the desired equation

dB
= = 2B,a¢(B)(H; — Ho) = f(B)(H: — H,) (25)

where

f(B) = 2B,a¢(B). (59

The function f(B) can be determined from the con-
stant-current step-response a(¢); indeed from
O = hd dB '
a(l) = —
dt

and (25) we obtain

1 t
B({) + B, = ;i»fo a(r)dr (60)
(BO) = (61)
hd(H, — Ho)

eliminating ¢ between (60) and (61) we obtain f(B). With
a(t) as in Fig. 16, f(B) is computed as above and the
result is plotted in Fig. 17. The initial rise in Fig. 16 is
due to the finite rise time of the driver; the remaining
part of the increasing portion of a(¢) is nearly a straight
line. This indicates that the domains grow as cylinders
and their area is given by (57) as one can readily see
from

0 W t+
wmsTy e e

and (61).



850

PROCEEDINGS OF THE IRE

May

Some General Properties of Nonlinear Elements.

I1. Small Signal Theory”

H. E. ROWE{f, ASSOCIATE MEMBER, IRE

Summary—The simplest types of nonlinear capacitor modulators,
demodulators, and negative conductance amplifiers, in which com-
ponents at only two signal frequencies are present, are studied by
means of the well-known small-signal analysis. The results of this
analysis of course agree with the general energy relations of Part I,
but in addition give the gain, bandwidth, terminal admittances, and
sensitivity (to changes in the terminal admittances or in the local
oscillator drive) of these devices, and show the way in which these
quantities depend on the amount of nonlinearity. In general, the
bandwidth of all of these devices approaches zero as the nonlinearity
approaches zero.

Three cases are considered; f; is the local oscillator frequency.

1) Noninverting modulator and demodulator—signal frequencies
fi and f,=fi+fi. This device is stable and yields maximum gain
with matched source and load. Under matched conditions the gain is
equal to the ratio of output to input frequency; for widely separated
signal frequencies the modulator has substantial gain, the demodu-
lator an equal loss. Only a relatively small amount of nonlinearity
is required to attain a bandwidth equal to the low-signal frequency.
Since source and load are matched the sensitivity is zero.

2) Inverting modulator and demodulator—signal frequencies
fi1 and f_=fi—f.. This device is potentially unstable; its input con-
ductance is negative and match is impossible. The modulator gain
again exceeds the demodulator gain, the ratio of the two being the
same as in the noninverting case; but now both gains may be made
as large as desired at the expense of narrow bandwidth and high
sensitivity. For gains equal to the ratio of output to input frequency
(as in the matched noninverting device) the bandwidth is slightly
smaller than in the noninverting case; again a relatively small
amount of nonlinearity yields a bandwidth equal to the low-signal
frequency. For a larger amount of nonlinearity, substantially greater
gains can be obtained with moderate bandwidth and sensitivity.
However, a demodulator with high gain must have a very narrow
bandwidth and a high sensitivity.

3) Inverting negative conductance amplifier. The negative input
conductance of the inverting device discussed above may be used to
provide amplification at a single frequency. Substantial gain at
moderate bandwidth and sensitivity may be obtained at either signal
frequency; as with the inverting modulator and demodulator, high
gain implies narrow bandwidth and high sensitivity. A large non-
linearity is desirable to achieve the maximum bandwidth.

Finally, the general energy relations of Part I for nonlinear re-
actors are shown to apply to lossless linear variable reactors for
arbitrary signal levels if the powers at the different frequencies
in these equations include mechanical as well as electrical power.

INTRODUCTION

N Part I! two independent equations relating the
]:[ powers at the different frequencies in nonlinear ca-
pacitors and inductors were derived. These general
energy relations are independent of the nonlinear char-
acteristic, the external circuit, and the signal levels at

* Original manuscript received by the IRE, December 20, 1957;
revised manuscript received February 6, 1958.

t Bell Telephone Labs., Inc., Holmdel, N. J.

1 J. M. Manley and H. E. Rowe, “Some general properties of
nonlinear elements—I’art 1. General energy relations,” Proc. IRE,
vol. 44, pp. 904-913; July, 1956.

the various frequencies. These relations have been de-
rived in a simpler way for quantum mechanical systems
such as Masers.? Alternate classical derivations for non-
linear capacitors and inductors have been given.’+*

Although these results give useful information about
the general behavior of various nonlinear reactor de-
vices, they are, of course, not a substitute for a detailed
analysis of a particular device. While in general a com-
plete analysis will be difficult to carry out, one impor-
tant case in which it may be accomplished readily is the
well-known small-signal case,®~® in which the levels of
the signal components applied to the nonlinear element
are much smaller than the level of the local oscillator.

The present paper uses the standard small-signal anal-
ysis to discuss the behavior of the simplest nonlinear
reactor devices, used to illustrate the general energy re-
lations in Part I, in which only one of the principal side-
bands of the applied signal about the local oscillator fre-
quency is allowed to carry a significant amount of
power. The results in the small-signal case of course
agree with the general energy relations, but in addition
yield expressions for the gain, bandwidth, impedances,
and sensitivity (to changes in the terminal admittances
or in the local oscillator drive) for the various modula-
tors, demodulators, and negative conductance ampli-
fiers. These results may be of interest in connection with
the various recent microwave devices of this type using
p-n junctions and ferrites.'®=!2 As in Part I, the analysis
will be carried out for the nonlinear capacitor only, since
the corresponding analysis for the nonlinear inductor is
very similar.

2 M. T. Weiss, “Quantum derivation of energy relations analogous
to those for nonlinear reactances,” Proc. IRE, vol. 45, pp. 1012-1013;
July, 1957.

3 B. Salzberg, “Masers and reactance amplifiers—basic power
relations,” Proc. I1RE, vol. 45, pp. 1544-1545; November, 1957.

4 C. H. Page, “Frequency conversion with nonlinear reactance,”
J. Res. Natl. Bur. Standards, vol. 58, pp. 227-236; May, 1957.

$ L. C. Peterson and F. B. Llewellyn, “The performance and
measurement of mixers in terms of linear-network theory,” Proc.
IRE, vol. 33, pp. 458-476; July, 1945.

¢ A. van der Ziel, “On the mixing properties of nonlinear con-
densers,” J. Appl. Phys., vol. 19, pp. 999-1006; November, 1948.

7 H. C. Torrey and C. A. Whitmer, “Crystal Rectifiers,” McGraw-
Hill Book Co., Inc., New York, N. Y.; 1948.

8 C. F. Edwards, “Frequency conversion by means of a nou-
linear admittance,” Bell Sys. Tech. J., vol. 35, pp. 1403-1416;
November, 1956.

* S. Duinker, “General properties of frequency-converting net-
works,” Dissertation, Technical University of Delft, Netherlands;
June, 1957.

10 A, Uhlir, “Two-terminal p-n junction devices for frequency
conversion and computation,” Proc. IRE, vol. 44, pp. 1183-1191;
September, 1956.

1t H. Suhl, “Proposal for a ferromagnetic amplifier in the micro-
wave range,” Phys. Rev., vol. 106, pp. 384-385; April 15, 1957.

12 N\, T. Weiss, “A solid-state microwave amplifier and oscillator
using ferrites,” Phys. Rev., vol. 107, p. 317; July 1, 1957.
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For convenience the frequencies involved in the two
types of devices to be considered are shown in Fig. 1
(taken from Fig. 2, Part I), together with the corre-
sponding general energy relations and modulator and
demodulator power gains, given in Part I. The notation
and terminology will remain the same. f; is the local
oscillator frequency, f; the lowest signal frequency (nor-
mally small compared to the local oscillator frequency
for modulators and demodulators), f; =f; +fi. For mod-
ulators the signal input is at f;, the signal output at
either f, or f_; for demodulators the signal input is at
either f, or f_, the signal output at f;. The I#’s represent
power flowing into the nonlinear element at the corre-
sponding frequencies indicated by the subscripts. G,
represents power gain, defined as the ratio of power de-
livered to a specified load impedance to the power ab-
sorbed by the input of a transducer,® the subscripts
indicate the direction of travel of the signal. The names
inverting and noninverting were chosen because these
devices respectively do and do not invert the signal
spectrum when used as modulators or demodulators. A
detailed discussion of the operation of these devices is
given in Part I,

INVERTING
DEVICES

NON-INVERTING
DEVICES

f‘= LOCAL OSCILLATOR FREQUENCY

f=fief, t=4-4
SPECTRUM
fL f, f, fL fo f,
GENERAL ENERGY { & ! -
RELATIONS h Wi w
My e =2 =0
T o
MODUL ATOR G o= -w,_ o Goyli= e !
POWER GAIN PL+= “wy Ty PL-= "y 1
DEMODUL ATOR Gz -wy _fl G 1= L _f_L
POWER GAIN LT T T, p-1= w. T

Fig. 1—Signal and local oscillator frequencies, general energy rela-
tions, and power gains for nonlinear reactor devices.

Finally, the general energy relations of Part I for
nonlinear reactors are shown to hold true for any lossless
linear variable reactor if, assuming the reactor to be
varied mechanically, both electrical and mechanical
power at every frequency are included in the analysis.

SMALL-SIGNAL ANALYSIS® ?

In this section the well-known small-signal analysis is
summarized briefly for a nonlinear capacitor. The
charge g will be some function of the voltage v,

q = f(v). (1)

Let ¢, and v, be the carrier components of charge and

13 ASA C42, “American Standard Definitions of Electrical
‘Terms,” August, 1953.
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voltage, consisting of fundamental components and
harmonics of the local oscillator frequency fi. Then in
the absence of signal

q1 = f('”l)- (2)

Let the signal components of charge and voltage be
given by 8¢ and év, small compared to the carrier com-
ponents ¢; and »;. Then,

40

6qg = f'(v1)-8
g = f'(n1) o o

f'(v) = (3)
Now f'(v,), which may be thought of as an equivalent
linear time-varying capacitance, will be periodic, of
fundamental frequency fi. Therefore, it may be written
as a Fourier series,

f'(m) = D, Cnei™*

=00

x = 21rflt (4)

1 2x
(= —f f(v)e = dx
2 J o

Crn = C_p*1 (5)

Thus, as far as the signal components g and dv are con-
cerned, the nonlinear capacitor may be replaced by an
equivalent linear variable capacitor whose variation
with time is determined by the nonlinear characteristic
and by the local oscillator waveform. The origin of time
has been arbitrary up to now; we can always choose it in
such a way that

C, = C_; = positive real, (6)

and in the following we will assume that this has been
done.

IF'or our special case we now assume that the non-
linear capacitor is terminated in an ideal filter such that
signal voltages at only the three frequencies f;, f1+=fi
+f1, and f_=f,—f; are allowed to exist across the non-
linear capacitor. Then,

Vi *e ity 4 Y _*e—ite—w) Vi*e v
+ Vieiv + V_eiev + V, eit=tn) (7
8q = Qe i L O *emitem) L Qrte—iv
+ Qzei” + Q__ei(:—u) + Q+ei(z+u) + .- (8)

o =

x = 2mful y = 2xful. (9)
As indicated, d¢ will contain additional components at
all of the frequencies mfi+f;, m=2, 3, - - - . However,

since the ideal filter suppresses the voltages at these
frequencies, no power can flow except at the principal
signal frequencies fi, fitf:;, and so these other com-
ponents play no part in the present analysis. Substitut-
ing (4), (7), and (8) into (3), we find that the final re-
sults for the components of interest can be written in
the usual matrix form

14 The * indicates the complex conjugate.
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Q-* Co Coi C_a|[V-*
O |=|C G CafiVu (10)
0+ C, Ci Co JLV,

Since I =72xf-Q and I*= —j2xf - Q*, we have from (10)
the well-known relation

I —j2xf_Coy —j2xf_C_y —j2nf-C_o|[V-*
I |={ j2=fiCy  j2efiCo  j2xfiCy || Vi |-(11)
Iy 2xfsCy j2xfyCy J2xf+Co Vs

Eq. (11) describes the small-signal behavior of the
nonlinear capacitor when all three signal frequencies are
present. For the noninverting devices of Fig. 1, we as-
sume the voltage at the frequency f_=fi—fi is sup-
pressed by the ideal filter. Setting V_*=0 in (11), and
noting (6),

Noninverting casc
I 2xfiCo  j2xfiCi [V
I:I+:| - [ j2uf+Ch j21rf+Co:| [V,J'
In the alternate case the voltage at the frequency
f+=f1+f1 is suppressed, and setting V,=0in (11),

(12)

Inverting case
[I; :| B [ 72xfiCo j21rf,C1][V, :|
I-* —j2rf-C, —j2xf-Cod LV_*]
Since Coand C, are real, the admittance matrices of (12)
and (13) are pure imaginary.

(13)

GAIN AND TERMINAL ADMITTANCES FOR A FOUR-POLE
WiTH A PURE IMAGINARY ADMITTANCE MATRIX

Consider a linear four-pole characterized by a pure
imaginary admittance matrix, such as those of (12) and

(13).
[21- o 72l
I, jBu jBnllVal
The nonlinear capacitor may be treated as such a four-
pole; the two signal frequencies are assumed to be
brought out at two different ports by the ideal filter as-

sociated with the nonlinear element. The powers flowing
into the network at the two ports are

(14)

W1 = % Re Vlll*, Wz =
Then from (14) we have

'; Re VzIz*. (15)

w, W, 1 [Vl* Vo* ][I]
— 4+ —=-—Re
By, By 2 By, BadLI
1 [Vl* Vz*:| [jBn jBl2][Vl]
= —Re|l— —||". " =0.
2 B,; By ]le ]Bzz Ve
Therefore,
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W, W,
—_— 4 —=0
Bl2 B2l
—W, B, —-w, B,
T W, Bw 0 W. B $

From (12) and (13), therefore, we have for the nonlinear

capacitor:
Noninverting case Inverting case

Energy relation

w, W, W, Ww_
——4+-—T=0 —_— =0
fi  f+ i f-
Modulator power gain
~We f —w.  f
Gpiy = =— Gu-=-—""—=— -
Wl fl 44 i fl
Demodulator power gain
- Wl i - Wl fl
Got1 = — Gpi=——=—"—- (I7)
Wi  fr W- J-

Thus, the small-signal results agree with the general
energy relations of Part I, shown in Fig. 1.

Next consider the four-pole terminated in admit-
tances Y, and Y, and driven by current sources, as
shown in Fig. 2. g; and g. represent the internal genera-
tor conductance and the load conductance, and B, and
B, represent the terminal susceptances added for match-
ing purposes. The input admittances are given by

v By 4 B1:Bn
1in = JDn DY
g + ](Bz + Bzz)
By2:Bn
Voin =jBoz + —— (18)
81 +](Bl + Bu)
20 i
1 | 98 Bl [ E e
EY15—) Y,_,: Yo < B2 igzi «YZSI{

} : l [JBar B2z ] '
TS g 8y - Y=9:+382 '
Fig. 2—Linear four-pole driven by current sources.

The admittances seen by the current sources are
Yo=Y+ Y
By:Bxn
=g+ j(Bi+ Bu)+—
g2 +](Bz + Bzz)
Veo=YV:+Von
By:Bn
= g2+ j(Bz + Ba) + - — - (19)

g1 +](Bl + Bn)

Next we determine the transducer gains G, defined
as the ratio of the power delivered to the load to the
available power of the source, for various types of de-
vices. We consider two cases separately.
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Case 1
Bmle > 0.

These conditions correspond to the noninverting non-
linear capacitor devices (12). From (16),

G, > 0. (20)
For all terminal conditions (18) show that
ReViiw>0 Re Vi > 0, (21)

so that these devices are always stable.

We next determine the transducer gains for the signal
input and output at opposite ports (corresponding to
the transducer gains for the noninverting modulator and
demodulator). From (16) the power delivered to the
load equals the power gain G, times the power entering
the input port of the four-pole. The latter is found in the
usual way in terms of the admittances (18) and (19).
Thus,

Yl in
F41

2

4 Re

Gu2 = Gpl2

' ylt

E4

Y‘ n
4 Re —
82

Gp2l —’2'_ H
}21

g2
where the corresponding power gains G, are given in

(16), or for the nonlinear capacitor in (17). From (20)
and (21),

Gl2l - (22)

G > 0. (23)

The maximum value of G,, defined as the maximum
available gain, is attained for conjugate match at both
ports; the terminal admittances must then satisfy the
relation

1§ + 7(B1 + Bu)]-[g2 — j(Bs + B1s)] = BuBan
or
Z[g1+j(Bi+ Bu)] = £[g2 + j(B: + Ba)]
| g1 +5(Bi+ Bu)| - | g2+ 5(Be+ Bu) | = BuBar. (29)

In this case (22) becomes G;=G,, and thus the maxi-
mum available gain is equal to the power gain.

Eq. (24) indicates that a wide class of possible termi-
nal admittances will yield a conjugate match at input
and output ports. Indeed, for any output admittance
whatever, a corresponding input admittance can be
found that will match both input and output, and vice
versa. The reason for this is easily seen. A four-pole of
the special type given in (14) (all terms pure imaginary)
must satisfy the general energy relation of (16) or (17).
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Since the power gains are independent of the terminal
admittances, the transducer gain is maximized and
made equal to the power gain by adjusting the generator
(load) admittance for match, for any load (generator)
admittance. The choice from the infinitely many possi-
ble pairs of terminal admittances must be made on
grounds other than gain, such as maximizing the band-
width of the device.

Case 2
By2Bs < 0.

These conditions correspond to the inverting non-
linear capacitor devices (13). From (16),

G, < 0. (25)
Eq. (18) shows that for all terminal conditions
Re Yl in <O Re Yz A << 0, (26)

so these devices are potentially unstable. Under certain
terminal conditions they will oscillate, so that a small-
signal analysis is invalid. If the device is stable, the
transducer gains G2 and G (corresponding to the in-
verting modulator and demodulator transducer gains)
are again given by (22).

Since from (25) and (26) both G, and Re Y;, are
negative, (22) shows that

G >0 (27)

as before. In this case, since the input conductance will
always be negative (26), match is never possible, and the
transducer gain can be made as large as desired by
operating close enough to instability, making the factor
| ¥./g|? in the denominator of (22) small enough.

The operation discussed so far has assumed a genera-
tor connected to one port of the four-pole and a load
connected to the other. In the nonlinear capacitor de-
vices the separate ports, of course, correspond to the
different signal frequencies; the gains correspond to
operation as a modulator or demodulator. However, in
the present case, (B2By <0, corresponding to the in-
verting case), another type of operation is of interest in
which gain at a single port (or signal frequency) is ob-
tained by utilizing the negative input conductance of
the device.

Assume that a circulator!® is connected between the
generator and the four-pole (or nonlinear capacitor) as
shown in Fig. 3, so that the incident and the reflected
waves may be separated easily. W; represents the power
in the incident wave, equal to the available power of the
source; W, represents the power in the reflected wave,
transmitted to the load by the circulator. W, represents
the power entering port 1 and W, the power entering
port 2, as before (both will be negative in the present

B A. G. Fox, S. E. Miller, and M. T. Weiss, “Behavior and appli-
cations of ferrites in the microwave region,” Bell Sys. Tech. J.,
vol. 34, pp. 5-103; January, 1955.
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case). The negative conductance transducer gain at
port 1, considering W, as the useful output, is given by

W,

Gy = W, '

Since the input conductance is negative, the reflection
coefficient is greater than unity, and power gain is ob-
tained,

CIRCULATOR

\ i W,

L JBH JBIZ . !
JB.ﬂ B 822
|| JBar jBaz | |

!

1

)
S _4 1 B
L ] B2Bxy < 0

Fig. 3—Linear four-pole operated as a negative
conductance amplifier.

e

From previous discussion the power and transducer
gains considering — W, as the useful output are defined

by
—-W, —W.
12 =

Gp12 = W1 W.-

)

given in (16) and (22). Conservation of power requires
that

Wi=W,+ W,
Then,
th2

=1——=1- 28
W Gplz ( )

with a similar expression for G, the corresponding
negative conductance gain at port 2. From (22) we
finally obtain

(29)

Since Re ¥, <0 (26), (29) shows that

G > 1, (30)

By making | ¥./g|? in the denominator of the second
term, sufficiently small the gain can be made as large as
desired,
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Eq. (29) applies equally well to the first case discussed
above (B2B2 >0, corresponding to the noninverting
case). Here, since Re ¥;,>0, (29) states that 0 <G,<1.
Of course we do not expect to obtain gain in this way
from a device with a positive input conductance.

NONLINEAR CAPACITOR MODULATORS AND
DEMODULATORS

Noninverting Case

Consider a nonlinear capacitor whose terminal admit-
tances consist of a parallel combination of conductance
and inductive susceptance, as shown in Fig, 4. Here the
two signal frequencies f; and f, are assumed to be
brought out at separate terminals by the ideal filter
associated with the nonlinear element, The g's represent
the internal generator conductance and the load con-
ductance.

LOW-FREQUENCY HIGH-FREQUENCY

GENERATOR GENERATOR
_orLoAo. R LoAD.
a1 i)
rs—> Y?: "CAPACITOR | Yo %Lt 9:3 s
e Ay
W AL =9 el

Fig. 4—Nonlinear capacitor with parallel resonant
terminal networks.

We now select the terminal admittances to yield a
symmetric single-peaked response curve of maximum
gain and bandwidth. The terminal admittances must be
matched at midband (24); to obtain a symmetric char-
acteristic they are made parallel resonant at midband
with their associated self-susceptances of the nonlinear
capacitor matrix. Thus,

V4 [g1 +j(Bl + Bu)] = /£ [gz +j(Bz+ Bzz)] =0
Bl = - Bu By = — Bj,
31

Denoting the midband frequencies by the subscript ,

8182 = Bi2Ba.

f1,, = midband frequency,
f_}_ = ,;l_m + ny
éf = 0 at midband, (32)

The terminal inductances L; and L, and the terminal
conductances g; and g, in Fig. 4 are given by

1 1
472f1,2C, 4 2Co’

g8+ = 47°C 1 fimf tm.

L; =

(33)
We may then write Yi.= Yl+ Yiin' the admittances

seen by the current sources in Fig. 4, in the following
convenient form,
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(707

ch
— =140 +—
g o 1+ j0.+F4
) o
(X0
Y+a=1+jQ F +—__ i _{lﬂl f+m- -, (34)
0 o 1 + jQuf:
where
27f1mCo 2mf1mCo
8 =——— + =
4 8+
m ] 1
e el () B
im l im
te )
< flm
- 5f 1
+=f_+_f_+_=(1+__)— SN
fem [+ fim ( 5f)
1+ —
fim
From (33),
CO 2 18
=(—). 36
0104 (C) (36)

Maximum bandwidth is obtained for equal load con-
ductances.

st =8+ = 8= 2TC1\/flmf+m- (37)

By choosing other matched terminal admittances of
the form shown in Fig. 4, in accordance with (24), sym-
metric double-peaked response curves and a wide va-
riety of asymmetric response curves may be obtained.
However, the present choice permits the simplest dis-
cussion.

In further discussion only the narrow-band case will
be considered. Here,

(38)

Thus we may set the numerator of the second term on
the right-hand side of the two equations in (34) equal
to 1. The input admittance of the nonlinear capacitor
now may be represented by the equivalent circuit shown
in Fig. 5, consisting of a parallel resonant circuit and a
series resonant circuit in parallel. For the special termi-
nal admittances of (33) both circuits are resonant at
midband and the two resistors are equal; the restriction
on the terminal conductances in (33) requires that the
product of the separate bandwidths of the parallel and

18 The Q's of (34)-(36) and (51)—(53) should not be confused with
the Q’s of (8) and (10).
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series resonant circuits of the equivalent circuit of Iig. 5
must be a constant. For equal terminal conductances,
(37), these two bandwidths become equal. This condi-
tion can be seen to maximize the bandwidth over which
the input power to the nonlinear capacitor remains con-
stant, and hence to result in the greatest operating
bandwidth for the nonlinear capacitor used as a modula-
tor or as a demodulator.

NON-LINEAR CAPACITOR
AND TERMINATION

1

1

1

,% L’ ;
]
Co= =C |
:

+

1]

]

]

GENERATOR

NON-INVERTING CASE!
INVERTING CASE!

Fig. 5—Equivalent circuit for input admittance
of nonlinear capacitor.

Making the terminal conductances equal, (37), and
using the narrow-band approximation (38), (34)-(36)
become

Y, _ Y. ~ (1440 + 1
(1+ jx)
M R LR (39)
g G \/flrr-f+m

The modulator and demodulator transducer gains G,
are now determined in the narrow-band case from (22)
and (39),

1
4 Re T .
. Jjx
c,rcp—’— —T —— G, o
1 % 1 —
REEARsrprs +<\/2>

with corresponding subscripts on G, and G,. The power
gains G, are given by (17) and (32) as

1+6f
_f+_f+m f+m
pl+—;l“—7l: 6]‘—
1+ -~
flm
of
1+ —

G l=£=£’1—f""_. (41)
" fim 1+_5f_
Sem

In the narrow-band approximation we neglect the fre-
quency variation of (¢, due to the second factor of (41),
and substituting into (40) finally obtain for G,
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G”+ = ';:-—:F(x) Gl+l = %F(x)
Fa) = —— 12T,
xX)=—""— x = == =—F——30
Cl \/flmf+m

1+<i ‘
\/§>

for the modulator and demodulator gains, respectively.
At midband (42) becomes

Sf4m

Guy = Gpip = -f+—
" for x = 0. (43)

im

Gt = Gpr1 = —

* i

The 3-db bandwidth for both modulator and demodu-
lator now is determined by setting G, = 3G,.

F(x) =3
x =+ 2. (44)
Then, from (42),
of = + i 9 V2 imfim (45)
2 Co

so that the 3-db bandwidth B for both the noninverting
modulator and demodulator becomes

G T
= a flmf+m
ey

flm

The present narrow-band discussion depends on hav-
ing a small fractional bandwidth at the low-signal fre-
quency, as stated in (38). Therefore, from (46) we must
have

B C:

=y /2

(46)

G /LI,
CO 2 f+m
The ratio C1/Co may be taken as a figure of merit for the
nonlinear element. If the element becomes linear this
quantity approaches 0; the maximum value it can at-
tain for a nonlinear element whose ¢-v characteristic
must always have a positive slope is 1, although this
maximum value can be attained only for a highly ideal-
ized nonlinear capacitor.!” Eq. (46) shows that even for
a very modest amount of nonlinearity the fractional
bandwidth at the low-signal frequency will be large for
the usual case where the high-signal frequency is much
greater than the low-signal frequency, (f4/fi)>>1. In fact
the narrow-band analysis will be invalid for many cases
of practical interest, although it gives a general indica-
tion of the response. Of course we may always return to

(47)

17 Torrey and Whitmer, op. cit., pp. 410-411. The proof here is
given for a nonlinear conductance, but applies equaliy well to the
present case of a nonlinear capacitance.
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(34) and perform an exact calculation for the cases of
interest, but this will not be done here.

Finally, we consider the sensitivity of the device at
midband to small changes in either of the terminal con-
ductances or in the nonlinear capacitor parameter Ci.
The sensitivity S is defined as the fractional change in
G, divided by the corresponding fractional change in
the parameter causing the variation in gain.'® Thus,
zero sensitivity is desirable, and a high sensitivity un-
desirable in a device. In the present case the device is
matched at midband, and so

dG/G: dG./G,
T dg/g dCCi
Let us consider briefly one numerical example. Let
Jfim = 100 mc Jf4+m = 20,000 mc
f1 = 19,900 mc, local oscillator frequency
Then the modulator gain at mid-band is

Gu+ = 200 10 lOg G”+ = + 23 db.

(48)

The demodulator gain is

10 lOg Gl+l = — 23 db

G = —
“t 200
The 3-db bandwidth is given by

C, B C,
B = 2000 — mc —) =20—"-

CO 100 me CO
For a value of Ci/Co=1/20, corresponding to a very
small nonlinearity, the fractional bandwidth at the low-
signal frequency, given by the narrow-band approxima-
tion, equals unity. Thus, for moderate nonlinearity we
expect wide bandwidths from these devices.

Inverting Case

We now repeat the above analysis for the inverting
case. Again consider the nonlinear capacitor terminated
at the signal frequencies f; and f_ as shown in Fig. 4.
The terminal admittances are now chosen to yield a
symmetric single-peaked response curve; they are again
made parallel resonant at midband with their associated
self-susceptances of the nonlinear capacitor matrix, as
in (31). Now, however, the input conductance of the
nonlinear capacitor is negative and match is impossible,
and so the terminal conductances are no longer re-
stricted by a condition such as the last equation in (31).
Denoting the midband frequencies by fim and f_» as
before,

Ji=fm+8f
fo=fm=¥f

8f = 0 at midband. (49)

18 H. W. Bode, “Network Analysis and Feedback Amplifier De-
sign,” D. Van Nostrand Co., Inc., New York, N. Y.; 1945.
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Then the terminal inductances L; and L_ in Fig. 4 are
given by

1

=— 50
47%1n2Co 1y

L

T 47 f_n2Cy .

The admittances seen by the current sources in Fig. 4,
Y=Y+ Y, may then be written

Y a<1ifaz—{n><l_f%>

PR T Y
AYANL
Z_‘ —14jO.F_ — —<1 tlf 11351; - {"-">-, (51)
where
 21f1nCo  2af_Co
T
L L if_>_ Lo
ned_fe (i, 8 o
-0 <1_li> o
S-m
Y 47r2f::£:,,.c,j _ 010. <_g)2 18 (53)

As discussed below, the parameter o determines the
midband gain. For a fixed value of @, maximum band-
width is again obtained for equal load conductances, as
in the noninverting case.

flmf—m
gz=g—=g=27rC11/~~' (54)
24
Considering again the narrow-band case,
8
'”!—' «1
im !
| &
__f_ <1, (55)

—m

we set the numerator of the second term on the right-
hand side of (51) equal to 1. Thus, the input admittance
of the nonlinear capacitor is again represented by the
equivalent circuit of Fig. 5, except that all three ele-
ments of the series resonant circuit are negative. For
the terminal admittances of (50) both circuits are reso-
nant at midband. In this case, the parameter a deter-
mines whether this network is stable or unstable,

0 < a <1 stable

a > 1 unstable, (56)
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as shown by a Nyquist diagram. While this method of
studying the stability is not strictly valid, it is assumed
to give a reliable indication of stability.

For a fixed value of a the product of the separate
bandwidths of the parallel and series circuits of Fig. 5
must be a constant. For equal terminal conductances
(54) these two bandwidths become equal. This condition
can be seen to maximize the bandwidth over which the
power returned by the nonlinear capacitor to the source
remains constant, and hence to yield the greatest oper-
ating bandwidth for the inverting modulator or de-
modulator.

For equal terminal conductances (54), in the narrow-
band case (55) the admittances (51)—(53) become

yl: y—l

- I .
4 4 Chat! (14 jx)

47Cy Co a
x=-—pf = —1/———5].
g CI Imj—m

Under stable operating conditions, 0 <a <1, the modu-
lator and demodulator transducer gains are given by
(22) and (57);

$7

4Re1:1_ s
X
Gi=G— I _
[P (1 - a)?
I — - a
|+ 1+ jxl
1 2
Y — _*+i N - - 3 (58)
3+ a?) 3 + 2a)
14 x? 2
(1—a)? (1—a) (1—a)

Making the usual narrow-band approximations for G,
(17), and noting that G, is negative, we obtain for the
modulator and demodulator gains

o 4o

G‘_=——G y &)y

T e = O
_ b

G:-z—f_m (1= oy G(x, a)

14 x?
e L
1+(1_a)2x2+(1_a)2x‘ (l_ﬁx“

=22 i ¥ (59)
- CI flmf—m )

The midband gains are no longer equal to the ratio of
output-to-input frequency, but become

o 4
Gu- = = (l—a)?]
;lm 4 * for x = (60)
m (24
Gy = 2. |
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The factor containing « varies from 0 to ® as « varies
from 0 to 1, so that the midband transducer gain may
be as large as we please. The 3-db bandwidth in both
cases is again found by solving

G(x, a) =

(M

(61)

for x and substituting into (59) to determine the band-
width as a function of a. This cannot be done in closed
form because of the complexity of G(x, «), so we will
study two special cases to illustrate the general be-
havior.

First, consider the behavior close to instability, where
a is almost equal to 1. Then, the solution to (61) is
found to be

x =+ 31— a). (62)
From (59),
16
of = & 7} E Vmf-m(l — a), (63)

so the 3-db bandwidth for both the inverting modulator
and demodulator becomes

1 C’\/——
=] -—2—- a flmf—m(l —a)
. Lfor (1 — a) K 1. (64)
B 1C Jfm ,
— = S N = )
flm 2 CO flm )

This is similar to (46) for the noninverting case, except
for the factor (1 —a). From (64) and (60) we see that as
a—1 and instability is approached, the gain increases to
infinity and the bandwidth decreases to zero. \WVe have

w
VG B = [l

C" L for (1 — o) K 1, (65)
\/—G:B - al)flm 5

showing the way in which bandwidth may be exchanged
for gain.

Second, consider the behavior when the midband
gains are equal to the ratio of output to input fre-
quency, as in the noninverting case. From (60),

4o

— =1 a = 0.172, (66)

(1= a)?
The solution to (61) is then,

x = + 0.513, (67)

so that from (59),

; " 1.24 C, \/f (68)

f = I 2 CO lmf—m

and the 3-db bandwidth for both modulator and de-
modulator becomes
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G — )
B=124 - N finf—m |
*_ lfora=0172.  (69)
B Cl f—m
— =124y J
flm CO flm

Comparison with (46) shows, for equal midband gains
and signal frequencies, the inverting device will have
slightly less bandwidth than the noninverting device.

Finally, the sensitivities at midband to small changes
in either of the terminal conductances or in the parame-
ter C, are given by

th/G‘ 1 + 24
" dg/g 1—a '
As a—1 and instability is approached the sensitivity
— 00,

Let us take as an example the same signal frequencies
used in the previous section to illustrate the noninvert-
ing modulator and demodulator, and consider the be-
havior of the inverting modulator and demodulator for
several values of a.

Sim=100 mc f_,»=20,000 mc
f1=20,100 mc, local oscillator frequency

dG,/G,
T dCy/C

= — 25,. (70)

Sensitivity
. Mog;ilstor Den](ggilillator Bandwidth Cemnel
10 log G- 10 log Gi_s conductance)
g
0.172 +23 db —23db 1752 Ci/Comc  —1.414
0.9 +48.5 db +2.5db 70.7 C;/Gmec —19
+69 db +23db —199

0.99

7.07 Ci/Co mc

In the first case, «a=0.172, the modulator and de-
modulator gains are simply the ratio of output to input
frequency, as in the noninverting case. The bandwidth
of the inverting modulator and demodulator is slightly
less than that of the corresponding noninverting device.
By operating close enough to instability the midband
gain can be made as large as desired. However, as a—1
the bandwidth will become very small and the sensitiv-
ity very large. Thus, for «=0.99 an infinitesimal de-
crease of x per cent in either source or load conductance
will cause an increase in gain of 199x per cent;a 1 per cent
decrease in either terminal conductance or a § per cent
increase in C, (caused perhaps by a slight variation in
the local oscillator drive applied to the nonlinear ele-
ment) will cause the device to become unstable.

The possibility of exchanging bandwidth for gain in
the inverting case may permit us to use to better ad-
vantage a nonlinear element with a large nonlinearity
as an inverting modulator or demodulator than as a
noninverting device; in the above example, if C,/C, is
close to 1, substantially greater gains at moderate band-
widths can be obtained if a moderate sensitivity is not
objectionable. However, we see that a demodulator with
high gain will have a very narrow band and a high
sensitivity, and such a device would not appear to be
too practical.
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NONLINEAR CAPACITOR NEGATIVE CONDUCTANCE
AMPLIFIERS

We now consider the use of an inverting nonlinear
capacitor device as a single-frequency amplifier, by
utilizing its negative input conductance. A circulator is
assumed connected at the input port corresponding to
the frequency to be amplified, as shown in Fig. 3, so
that the incident and the (amplified) reflected waves
may be separated. The discussion in the last section re-
garding the choice of terminal admittances to yield a
symmetric single-peaked over-all response curve of
maximum gain and bandwidth applies equally well to
the present case. Thus (49)-(57) remain valid for the
negative conductance amplifier; and from (29) and (37),
or from (28) and (59) we have

4a
Gu=6G__=14+4———0G(x, a)

. (71)

with G (x, a) as given in (59). The response is the same
at both the low and the high signal frequency. At mid-
band the gains become

(1 4—aa)2= (1 =

Gui = Gee = 1 + ) forx =0, (72)

1l —a
This type of operation will be of interest only when «
is close to 1 so that substantial gains can be obtained;
under these conditions the term unity in (71) and (72)
may be neglected compared to the second term, so that

the 3-db bandwidths are given approximately by
G(x, a) = 3, (73)

which is the same as (61) for the modulator-demodulator
bandwidths. Therefore, the bandwidth as a negative
conductance amplifier is the same as (64),

1 ¢
B=— — \finfm(l —a) for (1 —a) K 1; (74)
2 Co

and the gain-bandwidth product is
Cc

VG- B = = \/fofm for (1 — a) K 1.

Co (73)

The midband sensitivities to small variations in either
terminal conductance or in C, are
dG[/G[ 40 1 2
— . —
l14al—«a 1l -«
for1 — o) K1,

dg/g

Se, = — 28, (76)

the same as (70) for « close to 1.

In considering a numerical example we choose signal
frequencies different than those used in discussing mod-
ulators and demodulators, since there is no reason now
for one of the signal components to be a low (IF) fre-
quency.
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fin=10,000 mc f_»=20,000 mc
f1=230,000 mc, local oscillator frequency

Sensitivity

o Negative Conductance Gain  Bandwidth (terminal
10 log Gui =10 log G.— conductance?

S,
0.9 +25.6 db 707 Ci/Co mc —18.95
0.99 +46.0 db 70.7 Ci\/Comc  —199.0

Once again as a—1 the gain and sensitivity approach
infinity, the bandwidth approaches zero. 1{ the non-
lincar element has a reasonably large nonlincarity,
moderate gains and bandwidths at either signal fre-
quency can be obtained, with of course a moderate sen-
sitivity to variations in the terminal conductances or
in the parameter C..

GENERAL ENERGY RELATIONS FOR LINEAR
VARIABLE REACTORS

Since the general energy relations of Part I for non-
linear elements are valid for arbitrary levels at the vari-
ous frequencies present, they of course must hold when
the signal levels are small, as shown in the special case
considered here. This has been shown in general for the
small-signal case, including all of the frequencies mf},
mf1+ fo, by using the general matrix equations of the
equivalent linear variable reactor.®

We may show, in a simple way, that these general
energy relations apply to any lossless linear variable
reactor varied periodically in time, for arbitrary signal
levels. Consider linear inductors and capacitors that are
varied mechanically and have no mechanical or electri-
cal losses. Then (24) and (25) of Part I' will remain
valid if W,, is now taken to be the sum of both the
electrical and mechanical power supplied to the variable
reactor at the frequency ]mfl—}-nfol. For convenience
let the fundamental frequency at which the reactance is
varied be f1, and the fundamental frequency of the ap-
plied electrical signal fo. Then for n#0, W,, will con-
tain only electrical energy; mechanical energy can occur
only for n=0.

First we note that such a variable reactor may be re-
placed by an equivalent nonlinear reactor, plus an as-
sociated local oscillator, which for small signals is
identical as far as the signal-frequency terminals are
concerned. The nonlinear characteristic and the local
oscillator driving waveform, consisting of the frequen-
cies mf;, must be chosen so that the equivalent time-
varying reactance is identical with that of the original
variable reactor, and so that the signal components are
small compared to the local oscillator component. There
are, of course, a great many ways of doing this, and
consequently, there 