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AND
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The moisture-resistance curves
show how Type 160P Difilm® Black
Beauty® Capacitors outperform all
other commercial tubulars
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To test tubular capacitors, we figuratively
brought jungle conditions into the laboratory.

The curves tell what happened. A. DIFILM® DUAL DIELECTRIC (PAPER and POLY-

Difilm Black Beauty Molded Capacitors with- ESTER FILM), sofid impregnant, molded case

stood almost 4000 hours (95 to 100% R. H. B. PAPER DIELECTRIC, solid impregnant, molded case

at 40 C) with no change in humidity resistance! C. DIFILM DUAL DIELECTRIC (PAPER and POLYESTER FILM), solid
. impregnant, dipped coating
. °'h‘l°')',f,'|”b”|c‘:"s c°f:'e c'°s:’ fo ;h'ihperhl'm' D. POLYESTER FILM DIELECTRIC, moided case
:\"c‘:' ;:nmw ‘:g“' ,°t's P °VEI ?msetves £, PAPER DIELECTRIC, wax or oil impregnant, molded case
t 'e ru:t crs\d e:)m m0|? L;relpr::o ?:15 in enters F. PAPER DIELECTRIC, solid impregnant, waxed cardboard jacket
cinme S LGRS U G.  PAPER DIELECTRIC, wax or oil impregnant, waxed cardboard jacket
For complete technical data on
Difilm Black Beauty Capacitors,
;’8{;5 'fo;_ ingm;at:;mgf Bullsehn You can get off-the-shelf delivery at factory
- CRUCU BT prices of Replacement Type TM Capacitors (same
tion, Sprague Electric Company, construction as O. E. M. Type 160P) in pilot
235 Marshall Street, North Adams, quantities up to 249 pieces from your local
Massachusetts. Sprague Industrial Distributor.
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Charles Steinberg and others in our Department of Medical and
Biological Physics have been engaged in developing a computer
system to aid in the diagnosis of heart disease.

Computers Will Aid in the Diagnosis of Heart Disease

The diagnosis of heart disease can
be greatly facilitated by making use of
the high operational speed and vast
memory of a digital computer. A com-
puter system can be programmed to
accept the analog electrocardiogram
signal from the patient, convert the
data to digital form, recognize the im-
portant patterns, measure the signifi-
cant characteristics of these patterns,
and indicate the likelihood of a particu-
lar cardiac pathology.

It is envisioned that one computer
installation will serve many physicians.
While a physician is recording a pa-
tient’s electrocardiogram in the con-
ventional way in his office, he will be
able to simultaneously send the signals
~—via telephone circuits—to the com-
puter center and receive a report within
minutes to corroborate his diagnosis.

As a step toward the realization of
diagnostic computer centers, an experi-
mental system is being developed at
AIL*. One of the most important parts
of the system is the computer program
that determines the likelihood of car-
diac discase. To develop the program,
data was collected on 45 subjects, of
whom 15 had aortic valvulitis, 15 had
hypertension, and 15 were normal.
Four kinds of signals were recorded for
cach subject (see illustration): an elec-
trocardiogram (ECG), a balistocardio-
gram (BCG), a phonocardiogram
(PCG), and an arterial-pulse (AP) re-
cording.
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* Sponsored by the Heart Disease Control Program,
Bureau of State Services Division of Chronic Dis-
eases, U.S, Public Health Service, Washington, D.C.
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Discrete portions of each of the four
kinds of cardiogram waveforms from
each subject were selected for the basic
input data. A total of 45 parameters
were measured for each of the 45 sub-
jects and consisted mainly of peak am-
plitudes, durations and intervals.

The means, variances and correla-
tion coefficients were calculated for
each of the three groups of subjects.
All parameters that were not significant
in distinguishing one group from
another were eliminated by standard
statistical techniques. The remaining
parameters were combined in a multi-
dimensional probability-density func-
tion.

Three probability-density functions
were computed—one for each of the
three groups of subjects. For each sub-
ject, the ratio of the hypertensive-group
probability-density function to the
normal-group probability-density func-
tion—the hypertensive-likelihood ratio
—was calculated. Similarly, the aortic-
valvulitis-likelihood ratio—was calcu-
lated. The likelihood ratios were then
used to determine to which one of the
three groups a tested subject belonged.
The likelihood ratios enabled the com-
puter system to identify 26 out of 30
subjects who had either hypertension
or aortic valvulitis.

The programming of the computer to
recognize pathological data was based
on manually derived measurements of
significant parameters of the waveform
data. To automate the technique, a
pattern-recognition program for elec-
trocardiograms was developed. One
objective was to develop a computer
program that would recognize and
measure parameters from any electro-
cardiogram taken with any lead system
and from any subject.

The electrocardiogram parameters
selected for measurement were the
wave onset, wave peak, wave termina-

tion, and time intervals in the P, Q, R,
S, T and U waves. The program is also
designed to recognize whether the P
wave is diphasic. bifid or trifid.

The point of greatest negative rate
ot change—after the R wave and be-
fore the S wave—was selected as a ref-
erence point that is repetitive in any
ECG. Starting at this point, the wave-
form for one complete heartbeat can
be isolated and the starts, peaks and
terminations of the P, Q, R, S, and T
waves can be recognized, and their am-
plitudes. durations and intervals can be
measured. With this program of pattern
recognition, the computer correctly
measured 767 out of 770 ECG parame-
ters.

In future phases of this investigation
of the use of computers as dlagnosnc
aids, the number of test-subjects will
be increased, the likelihood ratio will
be computed for other cardiac condi-
tions, and pattern-recognition pro-
grams will be developed for other types
of cardiac signals.
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METAL FILM RESISTORS OFFER 5 |
DISTINCT TEMPERATURE COEFFICIENTS
TO MEET ALL CIRCUIT REQUIREMENTS |

Providing close accuracy, reliability and

RUGGED END'(AP slal)lll!y with low controlled temperature
coeflicients, these molded case metal-film

resistors outperform precision wirewound

CONSTRUCTION and carbon film resistors. Prime charac-
teristics include minimum inherent noisc

level, negligible voltage coeflicient of re-
FOR LONG TERM glig 8

sistance and excellent long-time stability

STAB““-Y un(le_r _rutcd load as _well as under severe
conditions of humidity.

Close tracking of resistance values of 2
or more resistors over a wide temperature
range is another key performance charac-
teristic of molded-case Filmistor Metal
Film Resistors. ‘This is especially impor-
tant where they are used to make highly

EX(EP‘"ONA[ accurate ratio dividers.

v/

? Filmistor Metal Film Resistors are au-
tomatically spiralled to desived resistance
> RES|STANCE To values by exclusive Sprague equipment.

The metallic resistive film, deposited by
¢ MO'STU RE AND high vacuum evaporation, bonds firmly to

special ceramic cores. Noble metal termi-
ME(HAN'(A[ DAMAGE nals nsure low contact resistance.

The resistance elements, complete with
end caps and leads attached are molded in
dense, high temperature thermosetting

L material to form a tough molded shell for
maximum protection against mechanical
damage, moisture penctration and re-
peated temperature cycling.

SURPASS Mll-R-|0509 Filmistor Resistors, in 14, 14, 16 and |
watt ratings, surpass stringent perlor-

PERFORMAN(E mance requirements of MIL-R-10509D,
Characteristics G and E. Write for Engi-

neering Bulletin No. 7025 to: Technical

REQUIREMENTS l.ilerai’ure Secuon, Sprague Llectric Co.,

235 Marshall Street, North Adams, Mass.

For application engineering assistance write:

Resistor Division, Sprague Electric Co.
Nashua, New Hampshire
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A basic formula from Information Theory provides a measure of the amount of information in a particular type of message, such as TV ... helps determine the frequency
bandwidth, for example, required to transmit the messages. Information Theory, pioneered at Bell Laboratories, guides the search for better communications systems,

DISCOVERY

AT BELL TELEPHONE LABORATORIES

New knowledge comes in many forms. Sometimes it comes in
a mathematical formula. Usually it comes after much thought
and experiment and the fruitful interaction of different minds
and abilities. Most often. too. a particular discovery is small.
But many small discoveries have a way of leading to big ad-
vances at Bell Laboratories—advances like the transistor . . .
or, more recently. the gaseous optical maser. forerunner of
communications at optical frequencies. Opportunities for dis-
covery are enhanced by the abilities of the scientists

and engineers and the range of the facilities at Bell
Laboratories. world center of communications re-

search and development.




MICROWAVE ASSOCIATES
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Microwave Power
from
Varactor Diodes

Eﬁ‘icient conversion of microwave power has been
accomplished with a variety of new varactor fre-
quency multipliers developed at the Waveguide
Systems Division of Microwave Associates, Inc.

We have produced microwave power of several
watts at UHF frequencies, several hundred milliwatts
at X-band frequencies, and tens of milliwatts at Ka-
band frequencies. The curve above indicates more
accurately the power levels achieved by these Micro-
wave Associates units. They employed doublers and
triplers.

Efficiencies of these units range from 80 — 909, in
the UHF region and from 20 — 309, at X-band. At
present, the highest efficiencies are achieved at rela-
tively narrow bandwidths (19,-2%,). However, our
capabilities are rapidly improving efficiencies for
broader band operation. An example of a fixed-tuned
broadband unit is a ““tripler” which provides an out-
put of 10 milliwatts over a 149, range at X-band.

Because of their efficiency and simplicity, these fre-
quency multipliers are of considerable interest to sys-
tems engineers designing radar exciter circuits, low-
power transmitters, stable local oscillator and paramp
pump sources, and other circuits which require high
frequency stability and exceptionally long life. These
varactor multiplier circuits are generally passive, re-
quiring neither tuning nor external bias voltage.

Our progress in producing efficient microwave

PROCEEDINGS OF THE IRE December, 1961

POWER OUTPUT — WATTS

.010

ALL SOLID-STATE
FREQUENCY MULTIPLIERS
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power with all-solid-state techniques is related to per-
formance of the most advanced high-power epitaxial
varactors with significantly lower losses. The capa-
bilities of Microwave Associates’ Semiconductor
Division in producing such varactors is a most posi-
tive asset. As this article is being printed, the multi-
plier performances shown here have already been
exceeded.

We are also developing chains of these frequency
multipliers to provide moderate amounts of power
when driven by transistor oscillators. Efficiencies of
these multiplier chains (RF output/DC input) are
as good or better than equivalent klystron sources.
Compactness and all-solid-state reliability are equally
important benefits.

If you have an application for efficient varactor
frequency multiplication or would like to discuss the
very latest capabilities of these units, please write to
Mr. Herbert Cox, Waveguide Systems Division.
We'll be pleased to send you a new article on Varactor
Frequency Multiplication by Mr. M. E. Hines.

MICROWAVE ASSOCIATES, INC.

WAVEGUIDE SYSTEMS DIVISION

Burlington, Massachusetts « BRowning 2-3000
Western Union Fax « TWX: Burlington, Mass. 942
Export Sales: MICROWAVE INTERNATIONAL CORP.
36 W. 44th Street, N.Y.C., N.Y., U.S.A., Cable MICROKEN
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SHOWN ACTUAL SIZE

SIZE 5 COMPONENTS

FOR SERVO SYSTEM MINIATURIZATION

A complete family of Size 5 components for every servo system
function is now available from Kearfott. Stainless stee! housings,
shafts and bearings protect the units against environmental
extremes and contribute to stability under shock, vibration, and
temperature fluctuations. « Standard 26-v, 400-cps excitation.
* Operating temperature range —55° to +125°C.

CHARACTERISTICS
SYNCHROS

VOLTAGE NULL ERROR
{400 cps) T.R. (mv) (min)
Transmitter
CJO 0565 100 26 454 34 10
Control Transformer
Low Z-CJ0 0555 100 11.8 1.765 34 10
High Z-.CJ0 0552 900 11.8 1.765 34 10
Differential
€10 0595 100 118 1.154 34 10
Resolver
Low Z-.CJO 0585 100 26 1.0 34 10
High Z-CJ0 0589 100 26 1.0 34 10

SERVO MOTORS SYNCHRONOUS MOTOR

J126-06 1126-02 CJ0 0172 200
No-Load Speed 9800 rpm 9800 rpm Pull-In Torque  0.06 in. 02
Stall Torque 0.10in. 0z 0.10 in. 0z Pull-Out Torque 0.10in. 0z

Rotor Moment of Inertia  0.175 gm ¢cm? 0.175 gmcem? | Pull-Out Power 4 w
Voltage ¢1 /92 (400 cps) 26 /36-CT 26 /26
Power Input /Phase 1.7w 17w

MOTOR GENERATORS

MOTOR. CJ40812001 €J00812650 CJ00813200
Voltage ¢1 /92 (400 cps) 26 /36-CT 26 /36-CT 26/26
Power /¢ 15w 15w 15w
No-Load Speed 8000 rpm 8000 rpm 8000 rpm
Stall Torque 0.10in. oz 0.10in. 0z 0.101in. oz
GENERATOR

Voltage (400 cps) 26v 26v 2%v

Volts /1000 RPM 0lv 0lv 05v

Null 1.3mv 10 mv 6.7 mv

Size 5 gearheads range in reduction ratios from 20:1 to 1019:1 for servomotors
and motor tachometers above. In addition to Size 5 clutches, brakes, and brake-
clutches, Size 6 are available.

Write for complete data

KEARFOTT DIVISION
D GENERAL PRECISION. INC.

Little Falls, New Jersey

Meetings

with Exhibits

@ As a service both to Members and the
industry, we will endeavor to record in this
column each month those meetings of IRE,
its sections and professional groups, which
include exhibits.

A

December 12-14, 1961
Eastern Joint Computer Conference.
Sheraton-Park lotel, Washington, D.C.
Exhibits: Mvr. Charles Phillips, 3603
Jordan Road. Washington 16, 1).C.

February 7.9, 1962

3rd Winter Convention on Military
Eleetronies, Ambassador Hotel. lo=
Angeles, Calif,

Exhibits: Mr. Walter E. Peterson. ¢ o
IRE lLos Angeles Office, 1435 South
L.a Cienega Blvd.. Los Angeles. Calif.

March 1-3, 1962

Fighth Scintillation and Semiconduc-
tor Counter Symposium, Shoreham
Iotel, Washington, D.C.

Exhibits: Dr. George A. Morton. RCA
Labs., Princeton. N.J.

March 26-29, 1062

International Radio & Electronies
Show and [RE International Con-
vention, Waldorf-Astoria Totel and
New York Coliseum, New York. N.Y.

Exhibits: Mr. William (. Copp, IRE
Advertising Dept.. 72 West 45th St
New York 36, N.Y.

4pril 11-13, 1962
SWIRECO (South West IRE Con-
ference & Electronies Show), Rice
Hotel, Honston, Texas
Exhibits: Mr. J. C. Robinson, P.O. Box
1505, Houston, Texas

Viey 1-3, 1062
Spring Joint Commputer Conference,
Fairmont Hotel. San Franecisco, Calif.
Exhibits:  Mr. John W Ball, Pacifie
Telephone Co.. 3210 Arden Way. Sac-
ramento. Calif.

May 1416, 1962
NAECON (National Aerospace Elecs
tronics Conference), Biltmore Haotel.
Dayton. Ohio
Exhibits: IRE Dayton Oftice, 33 N. Tor-
rence St.. Dayton, Ohio

Vay 23.25, 1962
National Telemetering Conference.

Sheraton Park Hotel.  Washington.
D.C.

Exhibits: Mr. H. W. Royee, Martin Com-
pany. Baltimore. Md.

June 12-14. 1962
Armed Forces Communications &
Electronies Show, Sheraton Park
and  Shorcham THotels. Washington,
D.C.
Exhibits: Mr. William C. Copp. 72 W,
J45th St.. New York 36, N.Y.

(Continned on page 10A4)
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Complete Sweeping Oscillator
and Frequency Marker Systems

|
|
J

KAY Vﬂri~5W€€ﬂS ® TWO UNIT SYSTEM 2-220 mc

o Fundamental Frequency — No Spurious Beats

wav lari-Sweep

o Built-in Attenuators e Direct Reading Frequency Dials ;fzegg%lgylgE;)i;gneds(cc\;\i/re%rt-rseggfﬁgindgialOperation):
e Stable Wide Sweeps « Stable Nar,row Sweeps sfw”t".w'“’{“s(?°"“"‘(’°.‘,‘s" variable to maximum
i m e mc) or o
® 1'0 v into 70 Oth, AGC d 2enzt’er tfaraesquency fbel%v»?vso mc). °
Sweep Rate: variable, 10 to 40 cps; line lock.
MODEL 'F and MODEL RADAR RF Output: 1.0 V rms (metered) into nom. 70

ohms (_ZO c;hms upondrt;qugast). AGC'd to =0.5 db
over widest sweep and tuning range.
4-120 MC VARI-SWEEP MODEL IF Attenuators: Switched 20, 20, 10, 6 and 3 db,

Frequency Range: 4 to 120 mc in six overlapping bands. plus continuously variable 6 db.

Sweep Width: Continuously variable to maximum of at least 30 mc (above Price: $795.00 f.0.b. factory. $875.00 f.a.s. N,
50 mc) or 60% of center frequency below 50 mc.

Sweep Rate: Variable around 60 cps. Locks to line frequency. 2
RF Output: 1.0 V rms into nominal 70 ohms (50 ohms upon request). KAY Vaﬂ"/l”ﬂrkfr MOOEL H
AGC'd to +0.5 db over wndest sweep and over tuning range. . VARIABLE MARKER: (CW or “‘Birdie pip").
Zero Reference: True zero line during retrace. IFrequengy Féange: 1.7 to 230 mc in ten over-
. . ) . apping bands.
A?tenuators. Switched 20, 10 and 3 db: variable 6 db. RF Level: 1.0 V rms into 70 or 50 ohms, metered.
Fixed Markers: Up to eleven, pulse-type, crystal-controlled markers at Flatness: +0.5 db, AGC'd.
cus.tomer specified frequencies. Accurate to +0.05%. Attenuators: Switched 20, 10, 6, 3 db, contin-
Variable Marker: “Birdie pip” marker continuously variable from 2 to 135 uous 6 db. .
mc in 6 overlapping bands. Direct-reading frequency dial accurate Frequency Dial: Direct reading, accurate to =1%.
to within +1.0%. Marker Amplitude: Variable to 5.0.volts peak.
X , HARMONIC MARKER: (Picket-fence pip or CW).
Marker Output: Approx. 5 V peak. Sweep Output: Approx. 7 V peak. Intervals: Switched 250 kc, 500 kc, 2.5 mc, 5.0
10-145 MC VARI-SWEEP MODEL RADAR mc, other frequencies can be specified.
H H Accuracy: +0.01%.
Sa!me as Model IF in a dufferent frgquency range. Price: $845.00 f.0.b. factory. $930.00 f.a.s. N.Y.
Price: $950.00 f.o0.b. factory, including cabinet. $1045.00 f.a.s. New York. Other Vari-Marker Models — Fixed and Vari-
Crystal markers $20.00 ea. able Markers.

WRITE FOR CATALOG INFORMATION.

KAY ELECTRIC COMPANY

Dept. 1-12, Maple Avenue, Pine Brook, N.J.,, CApital 6-4000

PROCEEDINGS OF THE IRE December, 1961 9A



MINIATURE
TRANSFORMERS

delivered in
24 hours

TOROIDS

Custom-engineered to

w Exacting Specifications.

* Frequency range: 20 cycles—100 ke

* Power level: Up to 150 watts

* Operating temp. range: -65 to 130°C
® Size range: Approximately % to 4’ O.D.
® DC current range: Depends on the size,
frequency and power level

MICROTRAN Quality and
Reliability Guaranteed!

MICRO MINIATURE
TRANSISTOR

TRANSFORMER
5 Molded (M) % x 54" x %™
» Hermetic (-H) %5(,” x 1%, ", wt. % oz.
Open Frame (-F) " x '%,” x %", wt. 4 oz.

| Primary | Secondary

Number | Application
MMTI* Line to Base
MMT4* PP, Coll. to P.P. Base
MMT7* Coll. to P.P. Base
MMT8* P.P Coll. to P.P. Base 50,000C.T. 1,200C.T.
MMT3* Line to P.P. Base 600 CT. 1,200C.T.
MMTI11* P.P. Coll. to P.P. Base or Line 4,000CT. 600C.T.
MMT17* P.P. Coll. to P.P. Base 10,000CT. 200C.T.
MMT18* P.P. Coll. to P.P. Base 25,000C.T. 1,200C.T.
MMT18* Coll. to P.P. Base 2,500 2,500 C.T.
MMT26" Line to Base 600C.T. 600C.T.

“Add either H, -M, or -FB to Part No. to designate construction
See catalog for detailed information,

600 600
50,000CT. 600 CT.
25000 120007,

Set of 9 tran;:merf'l'bvers impedance range of 150 through
200,000 OHME. Matches most new transistor impedance
ratings.

FULL DESIGN DATA ENCLOSED

« Nomographs and circuitry for determining correct imped-
ances * Power versus DBM chart o Guide to MIL-T-27A
» (Cross Reference index « Outline drawings.

B MICROTRAN

FRANCHISED STOCKING DISTRIBUTORS

CALIFORNIA, INGLEWOOD

Newark Electronics Co., Inc
b CALIFORNIA, LOS ANGELES

Graybar Electric Company

Universal Radio Supply Co.
CALIFORNIA, SAN DIEGO

Telrad Electronic Supply
CALIFORNIA, SAN JOSE

Weatherbie tndustrial Electric
COLO., DENVER—Ward Terry
CONN., NEW HAVEN —Radio Shack
CONN., WATERBURY —Bond Radio
DIST. OF COL., WASHINGTON

Electronic Wholesalers, Inc.
FLORIDA, ORLANDO

East Coast Radio of Orlando Inc.
ILL., CHICAGO—Newark Elect.
INDIANA, SOUTH BEND~Rad:o Dist.
IOWA, CEDAR RAPIDS—Deeco. Inc.
KANSAS, WICHITA—Radio Supply
MARYLAND, BALTIMORE

Electronic Wholesalers, Inc.

D & H Drst. Co.. Inc. Indus. Sales Div
MASSACHUSETTS, BOSTON

Radio Shack Corp,

Sager Electrical Supply Co
MINN,, ST. PAUL—Gopher Electronics
MISSOURI, KANSAS CITY

Jones Electronic Sales
MISSOURI, ST, LOUIS

Interstate Supply Co
NEW JERSEY—Federated Purchaser, Inc
NEW YORK, LYNBROOK

Peerless Radio Distributors
NEW YORK, MINEOLA

Arrow Electronics, inc.

NEW YORK, NEW YORK CITY

Harrison Radio
NEW YORK, BUFFALO

Summit Dist. Inc
NEW YORK, SCHENECTADY

Schenectady Electronics
NEW YORK, UTICA

Valley Electronic Labs, Inc.
OHI0, CLEVELAND

Main Line Cleveland, Inc.
PENNSYLVANIA, ALLENTOWN & EASTON

Federated Purchaser. Inc.
PENNSYLVANIA, McKEESPORT

Barno Radio Co
PENNSYLVANIA, NORRISTOWN & PHILA.

Philadelphia Electronics, Inc
TEXAS, DALLAS —All-State Elect.
UTAH, SALT LAKE CITY—-S R Ross
WASHINGTON, SEATTLE—F. B. Connelley
CANADA, MONTREAL

Atlas Wholesale Radio tnc

ULTRA MINIATURE
TRANSISTOR
' TRANSFORMER
‘ Open-frame (-F)* Wt. .08 oz. size %~ x %" x "%
Molded (-M)* Wt. .14 oz. size ¥2" x %" dia.
\ Nylon Babbin, Nickel-Alloy Core. Levels to .5w.

~ Part ‘ | Primary [ Secondary
__Number | Appiication | Impedance (0.C.)| imped )

UM28{(*)  Choke 10 hy {0 dc)

UM29{")}  Interstage  60OOC.T. 600C.T.

UM30-(*)  Choke 1.5 hy (0 dc)

UM3L{*}  Interstage 10,000 C.T. 1,200CT.

UM32(*)  Output 1,500 C.T. 600

UM33-(*)  Output 1,000C.T. 600

UM34-*)  Driver 10,000 C.T. 600C.T.

“Add either -F or -M to part number to designate construction
See catalog for detailed information

VERI-MINIATURE
TRANSISTOR

TRANSFORMER
Open Frame (-FB)* Wt. .2 0z "% X" x %"

Molded (M)* Wt. J; oz " S % 14 high
Part | “Phimary Skcondary
Number | Applicati l",.' ped | “Wpedance
VYMI* Input ok | » 500 (1.5ma}
VM2*  Inputi@finicTstage 200, C006 600 (1.0 ma.)
VM3* Interstage ] 600 (1 ma.)
VM4* tnput g (nterstage 200,000 1,200(.72 ma,)
VM5* Interst3ge E 50,000 600 (1.0 ma.)
VME™ Interstage” 100,000 1,200C.T. (.72 ma}
VM8* Qutput 1,250 {2.0 ma.) 34
VMIO0* Interstage 2,500(15ma)  2500C.T.
VM11* Choke 20 hy. (Oma.) 12 hy. (5 ma.)
VMI3* Interstage 20,000 1,000 C.T. (.75 ma.)

“Add either .M, or -FPB to part number to designate construction.
See catalog. 4 color coded leads, resin impregnated.

Write TODAY for cotolog and price list of the complete MICROTRAN line

company, inc.
145 E. MINEOLA AVE., VALLEY STREAM, N. Y.

Meetings

with Exhibits

n

June 25-27, 1962

Sixth National Convention on Mili-
tary Electronies, Shoreham lotel.
Washington, D.C.

Exhibits: Mr. Ralph 1. Cole, Melpar, Inc..
3000 Arlingten Blvd., Falls Church.
Va.

August 21-24, 19A2

Western Electronies Show and Con-
ference (WESCON), Ambassador
Hotel & Memworlal Spurts Arena. Los
Angeles, Calif.

Exhibits: Mr. Don lLarson, WESCON.
1135 l.a Cienega Blvd., Los Angeles.
Calif.

August 29-September 1, 1962

Second International Conference on
Information Processing, Munich,
Germany

Exhibits: Dr. Heinz Billing, Max Planck
Institute. Munich, Germany

October 1-3, 1962

Eighth  National Communications
Symposium, Hotel Utica & Ultica
Municipal Auditorinm, Urieca, N.Y.

Exhibits: \Mr. R. E. Gaffney, General
Ilectric  Co., Light Military FEled
tronics Dept., Utica, N.Y.

October 8-10, 1962

National Elecironies Conlerence, Ex-
position Hall, Chicago, N

Exhibits: Mr. Rudy Napolitan, National
Electronies Conferenee, 228 N. LaSallc
St., Chicago. 1.

October 29-31, 1962

15th Annual Conference on Elee-
tronic Techniques in Medicine &
Biology, Edgewater Beach Hotel, Chi
cago, 11

Exhibits: Dr. J. E. Jacobs, 624 Linecoln
Ave., Evanston. [l

November 13-15, 1962

Northeast Research & Engincering
Meeting (NEREM), Somerset Hotel
&  Commonwealth  Armory. Boston.
Mass,

Exhibits: Mr. Stewart K. Gibson, ¢/o
IRE Boston Office, 313 Washington
St.. Newton, Mass.

A

Note on Professional Group Meetings:
Some of the Professional Groups con-
duet meetings at which there are ex-
hibits. Working committeemen on these
groups are askcd fo send advance data
to this column for publicity information,
You may address these notices to the
Advertising Department and of course
listings are free to IRE Professional
Groups.
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BIPC(T) Modules — Built-In-Place Components In Modular Form . . .

The Burroughs Corporation announces the commercial

Burroughs Corporation’s breakthrough in Built-in-Place

availability of tomorrow’s techniques . . . today. BIPCO
modules combine the reality of performance, low cost
and immediate availability, to signal a major transition
in the state of the art.

Thin Film Memory Planes and Solid State Multi-element
Modules are the first of the BIPCO module family. The
Thin Film Memory is capable of storing 20 words of 8
bits each for a total of 160 bits of information, and has
a cycle time of 0.2 microsecond. The Solid State Module
is a binary coded decimal to decimal diode converter which
utilizes 40 diodes in matrix logic.

Write for BIPCO Module Technical Brochure.

ANOTHER
Burroughs 3Corporation

ELECTRONIC

Components is made possible by the unique combination
of two major new techniques. First, multi-element com-
ponents are simultaneously fabricated within a single de-
vice. Second, these elements are placed in a predeter-
mined pattern in such a manner as to facilitate complex
internal connections.

This combination of techniques has resulted in BIPCO
Modular Devices with simple inputs and outputs which
perform functions normally requiring myriads of elements
and connectors.

ELECTRONIC CONTRIBUTION BY

COMPONENTS DIVISION
PLAINFIELD, NEW JERSEY

Formerly Electrunic Tube Division
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3 TYPES
HERMETICALLY SEALED CELLS

& @& o

BUTTON 20-500 mAh

2 TYPES
VENTED CELLS

POCKET PLATE
10 Ah-2048 Ah

CYLINDRICAL
100 mAh-4.0 Ah

SINTERED PLATE

! 500 mAh-240 Ah

(Miniaturized e

e and Large \
g Industrial Types)

RECTANGULAR 1.5-2.3 Ah

NICAD Batteries, in miniaturized Sealed and Vented Cells, are constantly
in demand where there is a vital need for highly reliable and durable
power sources. Suitable for the most stringent military requirements,
these versatile cells are also adaptable to a wide variety of critical com-
mercial, consumer and industrial applications.

Rechargeable, miniaturized, lightweight, NICAD Sealed Cells require no
maintenance and operate in any position. High current discharge capa-
bilities and extended shelf life make these cells ideal for battery-powered
equipment that must operate instantly and efficiently.

NICAD sintered plate Vented Cells are designed to give exceptionally
long life under cycle and float service. They can be stored in any state
of charge for long periods without attention or fear of deterioration. They
will operate in any position on discharge.

Pocket plate types are ideally suited for standby power and control,
signal and alarm systems, emergency lighting, stationary engine cranking,
cycling service, switchgear tripping and closing, locomotive starting. They
seldom require maintenance, have an exceptionally long life and will
maintain sustained voltage at heavy discharge rates. There’s no sulphation,
no corrosive fumes.

For further information on both Vented and Hermetically Sealed Cells,
additional usage and application, write . . .

NICAD BATTERY DIVISION

GOULD-NATIONAL

BATTERIES, INC.

E-1405 1st National Bank Bldg.

St. Paul 1, Minnesota
INICAD] is a trademark of Gould-National Batteries, Inc.

="

-
\
A\

\ ¥

GOULO-NATIONAL

E

BATTERIES, INC.
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NICKEL CADMIUM RECHARGEABLE BATTRIES

FOR AIRCRAFT [l MISSILES [l CONSUMER PRODUCTS [l ELECTRONICS [l COMMUNICATIONS

CONSUMER

PRODUCTS

Cordless Appliances

Dictating, Recording
Equipment

Shavers

Radios

Hearing Aids

Electronic Medical Aids

ELECTRONICS

Instruments

Receivers/ Transmitters

Computers

Telemetering

Portable Communicctions
Equipment

MISSILES AND
ROCKETS
Control

Guidance
Telemetering

AIRCRAFT

Engine Starting
Emergency Lighting
Controls and Alarms
Rescue Gear

COMMUNICATIONS
Telephone
Telemetering
Microwave

TYPICAL USES

POWER PLANTS

Switchgear Operation
Supervisory Control

., Emergency Lighting and

Power
Microwave

RAILROADS
Switchgear Operation
Microwave

Engine Starting
Lanterns

INDUSTRIAL
Switchgear Operation
Emergency Lighting
Engine Starting
Flashlights and Lanterns
Cordless Power Tools

Engine Starting
Radio and Alarms
Life Boats

December, 1961



PROCEEDINGS OF THE IRE

0 max

NEW
SILICON
PLANAR

2N2049

1kc NOISE FIGURE

EXAMPLE OF LOW-NOISE AMPLIFIER DESIGN

Send for APP 11/2 and APP 36

MINIMUM BETA OF 75

Guaranteed noise figure below all other
devices, germanium or silicon, results
from: high gain (reduces middle frequency
shot noise), passivated surface {(cuts low-
frequency flicker), and alpha cutoff of
0.8mc @ 10uxA (shifts high-frequency
noise above the audio range). Extremely
low leakage (typically 0.4muA) makes pos-
sible low current operation.

December, 1961

PLANAR RELIABILITY, STABILITY
Performance characteristics of the 2N2049
are largely attributed to high degree of
uniformity inherent in the Fairchild Planar
Process. Parameter stability is assured as
all junctions are protected against contam-
ination or environmental change from the
start of manufacture by an integral oxide
layer.

.6V 2N2049
_ i ELECTRICAL CHARACTERISTICS (25°C) JEDEC T0-5
Sarx %u a7k E.En\ - MIN. MAX.
O s oo IcBO at Ve =60 V, I =0 10 muA
I SOURCE Wznzw hfe at 1 ke, Ig = 1.0mA 75
Lok asu J oo hip at 1 ke, Ig = 1.0mA 24 34 ohms
so B r\znzoas hgp at 1 ke, Ic == 1.0 mA 0.1 0.5 umhos
o ol ] LI NF at Ic = 100 4A, VeB == 10V,
Tk TRx s TIIK T K RSt f=1 ke, Rg‘-—‘ZK, BW=1 cps. 3.0db
- - hFE, d.c.puise, IC =100 uA,
VeE = 10V
(34

KIGH YIELD, LOW PRICE

Low price, resulting from high Planar
yields, makes it practical and economical
to specify the 2N2049 for a wide variety of
audio applications, and for differential
amplifiers and d-c amplifiers where stabil-
ity, low leakage, and low noise are prime
considerations. Get complete data and
pricing information from your Fairchild
distributor or sales office. Or write direct.

Al R e e
FAIRCHILD

T i - R
SEMICONDUCTOR

545 WHISMAN ROAO, MOUNTAIN VIEW, CALIF. - YORKSHIRE 8-8161 - TWX: MN YW CAL 853
A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION

13A



IRE News and Radio Notes

Current IRE Statistics
(s of October 31, 1961)

Membership—92,914

Sections— 111

Subsections—31

Professional Groups—28
Professional Group Chapters-—288
Student Branchest-—213

t See lune, 1961, issue for a list.

Calendar of Coming Events
and Author’s Deadlines*
1961

Dec. 12-14: Eastern Joint Computer
Conf., Sheraton-Park Hotel, Wash-
ington D. C.

1962

Jan. 9=11: 8th Nat’l. Symp. on Reli-
ability and Quality Control, Statler
Hilton Hotel, Washington, D. C.

Jan. 28-Feb. 2: AIEE 1962 Winter Gen-
eral Mtg., New York, N. Y.

Feb. 7=9: 3rd Winter Conv. on Military
Electronics, Ambassador Hotel, Los
Angeles, Calif.

Feb. 14=16: Internat’l. Solid State Cir-
cuits Conf., Philadelphia, Pa.

“eb. 14-16: Annual Meeting of Bio-
physical Society, Sheraton Park
Hotel, Washington, D. C.

Feb. 19-24: Winter Inst. on Optimum
and Adaptive Control Systems
Theory. Univ. of Florida, Gaines-
ville,

Mar. 1-3: 8th Scintillation and Semi-
conductor Counter Symp., Shoreham
Hotel, Washington, D. C.

Mar. 26-29: IRE Internat’l. Conv., Coli-
seum and Waldorf Astoria Hotel,
New York, N. Y.

Mar. 28-29: 3rd Symp. on Engrg. As-
pects of Magnetohydrodynamics,
Univ. of Rochester, Rochester, N. Y.

Apr. 10-12: 2nd Symp. on the Plasma
Sheath, New England Mutunal Hall,
Boston, Mass.

Apr. 11-13: SWIRECO (S.W. IRE Conf.
and Electronics Show), Rice Hotel,
Houston, Tex.

Apr. 24=26: Symp. on the Mathematical
Theory of Automata, United Engrg.
Ctr., New York, N. Y. (DL*: Jan. 5,
1962, Symp. Committee, Polytech.
Inst. Brooklyn, 55 Johnson St.,
Brooklyn 1, N. Y,)

May 1-3: Spring Joint Computer Con-
ference, Fairmont Hotel, San Fran-
cisco, Calif. (DL*: Nov. 10, 1961,
R. 1. Tanaka, Lockheed Missiles and
Space Co., Palo Alto, Calif.)

May 3-4: Ist International Congress on
Human Factors in Electronics, La-
fayette Hotel, Long Beach, Calif.

* DL = Deadline for submitting ab-
stracts.

(Continued on page 15A)
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MAKE BANQUET
RESERVATIONS Now

Because of the influx of advance reser-
vations for the Golden Anniversary Banquet
on March 28, to be held during the IRE
International Convention, IRE members are
urged to make their reservations at once by
sending a check for 815.00 per ticket to the
Institute of Radio Engineers, 1 E. 79 St
New York 21, N. Y.

GoLDsMITH RECEIVES
HoxNoR FroOM SMPTE

Dr. Alfred N. Goldsmith (M'12-F"15)
Co-Founder of the IRE and Editor Emeritus
of the ProciEninGs has been awarded hon-
orary membership in
the Society of Mo-
tion Picture and Tel-
evision  Engineers.
The SMPTE grants
this honor to those
who have “performed
eminent service in
the advancement of
engineering in mo-
tion pictures, tele-
vision, or allied arts.”
A, N, Gorpssrri Dr. Goldsmith is a

Past President of the
Society, and has been a member for 33 vears.

He is a graduate of the College of the
City of New York and of Columbia Univer-
sity. He taught electrical engineering at

C.C.N.Y. from 1918 to 1923 and was Vice
President and general engineer of Radio
Corporation of America from 1923 to 1931.
Since 1933, he has served as a consulting
engineer for RCA, the National Broadecast-
ing Company and Eastman Kodak Com-
pany.

Presentation of the honorary member-
ship was made during the 90th convention
of the SMPTE. Among the many honors he
has received are the IRE Medal of Honor
and the Founders Award.

MicRowavE TuBE CONGRESS
CALL FOR PAPERS

The Fourth [nternational Congress on
Microwave Tubes will be held September
3-7, 1962 at the Kurhaus Hotel, Scheven-
ingen, Netherlands. PPapers are solicited on
the following subjects: diodes and grid-
controlled tubes; velocity-modulation tubes;
traveling-wave tubes; backward-wave tubes;
magnetrons and M-type amplifier tubes;
parametric devices; gas discharge devices,
masers, irasers and lasers; tubes of special
design (undulators, Cerenkov Liffect, har-
monic generators, etc.); noise; electron me-
chanics; cavities and slow wave structures;
space-charge waves; measuring techniques,
and technology.

Summaries should be received before
March 135, 1962 at the Congress Office typed
on a special form obtainable from the Con-
gress Office, Postbox 62, Eindhoven, Nether-
lands.

TITUTE

O}

ELECTRICAJ

IRE President-Elect Patrick E. Haggerty and AIEE President Warren H. Chase exchange greetings at the
AIEE Fall General Meeting iv Detroit after the Board of Directors of AIEE passed a resolution, approved also
by the IRE Board, calling for the formation of a joint committee to explore a consolidation of the two societies.
Further details regarding the resolution are given in 1RE President Berkner's letter on page 1743 of this issne.
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these topic areas:

Coherent Optical Radiation Theory and

| Techniques

Application ot Coherent Optical Radia-
tion Devices

Cyrogenics and New Electronic Tech-

niques

Living Systems—Ideas for Weapon Sys-
tems

Progress Report on Molecular Electron-
ics

Radio Astronomy Techniques

Radio Astronomy, Present and Future

Communication Satellites, System De-
sign and Potential Use

Inertial Techniques for Acrospace Sys-
tem Navigation and Guidance

A Survey of Earth \erospace Radio
Propagation Phenomena

Rean Meadow Dr., Dayton, Ohio.

PROFESSIONAL GROUP NEWS

At its meeting on Septentber 12, 1961,
the 1IRE Executive Committee approved
the following new Chapters: PG on Anten-
nas and Propagation—Central Pennsyl-
vania Chapter; I’G on Antennas and
Propagation and Microwave Theory and
Techniques to be combined to form one
Joint Chapter—Baltimore Chapter; Joint
G on Antennas and Propagation and
Microwave Theory and Techniques—Or-
ange County Chapter (Los Angeles Section);
PG on Antennas and Propagation and
Microwave Theory and Techniques to be
combined to form one Joint Chapter-
Syracuse Chapter; PG on Communications
Systems—Monmouth Chapter (New York
Section); G on Information Theory—
Baltimore Chapter; PG on Microwave
Theory and Techniques—Florida West
Coast Chapter; ’G on Radio Frequency
Interference—Joint New York, Northern
New Jersey and Long Istand Chapter.

On October 17, 1961, the IRE Executive
Committee also approved the following new
Chapters: I’G on Communication Systems —
Boston Chapter; PG on Radio Frequency
Interference—I.os Angeles Chapter.

PROCEEDINGS OF THE IRE

Call for Papers

14T11 NATIONAL AEROSPACE ELECTRONIC CONFERENCE
(NAECON 1962)

May 14-16, 1962
Biltmore Hotel, Dayton, Ohio
The NAECON Conference is sponsored jointly by the Dayton Section of the

IRE and the PG on Aerospace and Navigational Electronics. Prospective authors |
are requested 1o submit the following by December 15, 1961

1) 100-word abstracts in triplicate, title of paper, name and address

2) 500-word summary in triplicate, title of paper, name and address

3) Biographical sketch of the author(s) in triplicate including education, experi-
ence, professional society membership, publications, honors.

Papers presenting original work are suggested in (but not necessarily limited to)

[nstrumentation for Astronauts
Aernspace Medival Electronies

Aerospace Communication and Telemetry

Reconnaissance, Photographic and Elec-
tronic

Millimeter Wave "T'echnology

30--300 KMC, Status and Potential Use

New Dimensions in FM

Advances in Computer Technology

Computers as Fools in Modern Engincer-
ing Design |

Biological Electronics

Systems Management

Adaptive Control Systems

Information Storage and Retrieval

Radiation Weapons

Nuclear Instrumentation for Civil De-

fence

Note: Only original papers which have not been presented or published prior
to the 1962 National Acrospace Electronic Conference will be considered; any
necessary military or company clearance must be obtained prior to submittal.

Address all material to G. A. Langston, Chairman, Papers Commiittee, 1725

BiorPHYSICAL SOCIETY To MEET
In WasHINGTON, D. C.

The annual meeting of the Biophysical
Society will take place February 14-16,
1962, at the Sheraton-Park Hotel, Wash-
ington, D. C.

The program will include symposia and
invited speakers in the following areas:

The Excited State and Photobiology—
Chairman, Dr. \\. Hollaender, Oakridge Na-
tional Lab.: Dr. M. Kasha, Florida State:
Dr. R. Hubbard, Harvard University: Dr.
R. Clayton, Oak Ridge; Dr. M. Delbrick,
California Inst, Tech.

Biological Replication—Chairman, Dr.
F. Crick, Cambridge University; Dr. H.
Aposhian, Stanford University; Dr. N. Zin-
der, Rockefeller Inst.; Dr. H. Taylor, Co-
tumbia University; and Dr. D. Mazia, Uni-
versity of California.

Statistics and Dynamics in Biological
Systems—speakers to be announced.

There will be no pre-registration fee. For
further information write Dr. Dean Cowie,
Meeting Chairman, Department of Terres-
trial  Magnetism, Carnegie Institute of
\Washington, 5241 Broad Rranch Rd. N.W,,
Washington 15, D. C.

December, 1961

Calendar of Coming Events
and Author’s Deadlines*

Comitimned from page 144)

May 4-5: Bay Area Symp. on Reliability
and Quality Control, U. S. Naval
Postgraduate School, Monterey,
Calif. (DL*: Dec. 15, 1961, F. B.
Durand, 553 Connemara Way,
Sunnyvale, Calif.)

May 8-10: Electronic Components Conf.
Marriott Twin Bridges Hotel, Wash-
ington, D. C.

May 14-16: NAECON, Dayton, Ohio.

May 22-24: Nat’l. Microwave Theory
and Techniques Symp., Boulder,
Colo. (DL*: Dec. 18, 1961, R. W.
Beatty, Nat’l. Bur. Standards, Boul-
der, Colo,)

May 23-25: Nat’l, Teiemetering Conf.,
Sheraton Park Hotel, Washington,
D. C.

June 18-19: Chicago Spring Conf. on
Broadcast and Television Receivers,
O’Hare Inn, Chicago, Ill. (DL*:
Feb. 15, 1961, A. Cotsworth, Zenith
Radio Corp., 6001 W. Dickens Ave.,
Chicago 39, I1.)

June 25-27: 6th Nat’l. Convention on
Military Electronics, Shoreham Ho-
tel, Washington, D. C. (DL*: Feb. 1,
1961, J. J. Slattery, The Martin Co.,
Baltimore 3, Md.)

June 25-30: Svmp. on Electromagnetic
Theory and Antetnas, Tech. Univ.
of Denmark, Copenhagen. (DL*:
Dec. 1, 1961, H. L. Knudson, ¥ster
Volgarle 10 G, Copenhagen K, Den-
mark)

June 27-29: Joint Automatic Control
Conf., New York Univ., New York,
N. Y. (DL*: Oct. 15, 1961 (ab-
stracts), Nov. 15, 1961 (papers),
H. J. Hornfeck, Bailey Meter Co.,
1050 Ivanhoe Rd., Cleveland 10,
Ohio)

Aug. 14-16: Internat’l. Conf. on Pre-
cision Electromagnetic Measure-
ments (former title : Conf. on Stand-
ards and Electronic Measurements),
Nat’l. Bur. Standards, Boulder, Colo.
(DL*: Mar. 15, 1962, Dr. G. Birn-
baum, Hughes Res. Lab., Malibuy,
Calif.)

Aug. 21-24: WESCON (Western Elec-
tronics Show and Conf.), Los Ange-
les, Calif.

Aug. 27-Sept. 1 : 2nd Internat’l. Federa-
tion of Information Processing So-
cieties Congress, Munich, Germany.

Sept. 3-7: Internat’l. Symp. on Informa-
tion Theory, Brussels, Belgium
(DL*: Jan. 1S, 1962, Dr. F. L.
Stumpers, Philips Research Labs.,
Eindhoven, Netherlands)

Sept. 3--7: 4th International Congress on
Microwave Tubes, Scheveningen,
Netherlands (DL*: Mar. 15, 1962,
Congress Office, Postbox 62, Eind-
hoven, Netherlands)

Sept.: 10th Annual Engineering Man-
agement Conf., New Orleans, La.
Sept. 19-20: 11th Annual Industrial
Electronics Symp., Chicago, Ill.
Oct. 1-3: 8th National Communications

Symp., Utica, N. Y.

Oct. 8-10: National Electronics Conf.,

Exposition Hall, Chicago, Ill.

* DI, = Deadline for submitting ab-
stracta.
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IRE APPOINTS SECRETARY
FOR STUDENT AFFAIRS

The Institute of Radio Engineers has ap-
pointed Mr. W. Reed Crone to the newly-
created post of Student Affairs Secretary of
the [RE. ie will
serve as a member of
the 1RE Headquar-
tersstatf in New York
to coordinate and
guide the IRE pro-
gram of activities
and services for its
rapidly growing stu-
dent membership.

IRE student
membership, which
W. R. Crone has more than

doubled in the last
decade, now comprises 17,000 students in
500 schools all over the world. The total
membership of the I1RE, including students,
is 91,000,

Mr. Crone will be concerned with the
publication of the [RE STUDENT QUARTERLY
as well as the activities of the 212 1RE
Student Branches.

Mr. Crone was born in Albert City,
towa, on January 25, 1931. le received the

S.E.E. degree from the University of
Wisconsin in 1955. Following three years ac-
tive duty in the Navy he entered Ohio State
University where he received the M.S. de-
gree in 1960. Prior to joining the IRE Head-
quarters stafl he was associated with the
Denver Rescarch Institute, University of
Denver. e is a member of Tau Beta Pi,
Fta Kappa Nu, and the IRE.

SYMPOSIUM ON
INFORMATION THEORY
To BE HELD IN BRUSSELS

The IRE Professional Group on In-
formation Theory will sponsor an Interna-
tional Symposium on Information Theory
in Brussels, Belgium, September 3-7, 1962.
The Symposium will be organized jointly by
the Benelux Section of the IRE and the
Belgian Society of Telecommunication and
Electronics Engineers, with the cooperation
of the Université Libre de Bruxelles,

A tentative list of subjects includes: cod-
ing and decoding of digital and analog com-
munication, studies of random interference
and of information-bearing signals, com-
pression, analyses and design of communi-
cation and detection systems, pattern recog-
nition, learning, adaptive filters, automata
and other forms of information processing
systems, processing of nervous information,
human operators, nervous systems, linguis-
tics, and the scientific method. 1t is hoped
than all papers can be printed before the
Symposium.

The following deadline schedule has been
set: 500-1000 word abstracts should be re-
ceived by Januvary 15, 1962; full length
papers are due April 15, 1962. Authors will
be notified of acceptance by February 1,
1962, \bstracts and papers should be sub-
mitted to the Chairman of the Organizing
Committee, Dr. F. L. Stumpers, Philips Re-

Call for Papers

6TH NATIONAL CONVENTION ON MIiLITARY ELECTRONICS
(MI1L-E-CON 1962)

June 25-27, 1961
Shoreham Hotel, Washington, D. C.

The MIL-E-CON 1962 Convention is sponsored by the IRE Professional Group
on Military Electronics. Ralph 1. Cole, Director, Government Project Service,
Westinghouse Air Brake Co., Falls Church, Va., is Convention President for
MIL-E-CON 1962.

Papers presenting original work in military electronics are invited for this meeting.
Suggested topics include, but are not limited to, the following:

Current Problems of Space Technology  Guidance and Control
Space Electronics Inertial Systems
Ranging and Tracking Reconnaissance Systems
Electronic Propulsion Communication Systems
Data Handling Systems Operational Analysis
Molecular Electronics and Systems Reliability

The technical program will include both classitied (confidential) and nunclassified
sessions, with the Air Force Systems Command sponsoring the classified sessions. An
unclassified and bound Praceedings of the Convention will be available at the meeting.

Prospective authors are requested to furnish the following information not later
than February 1, 1962; three copies of a 750-word, unclassified abstract of the pro-
posed paper plus the name and address of the author(s) and name and address of
his company or affiliation; three copies of a biographical sketch of the author(s),
including education, experience, memberships in professional societies, honors, pub-
lications. Each author must obtain the appropriate military and company clearances
for his abstract.

Send abstracts to J. ]. Slattery, F316, The Martin Co., Baltimore, Md.

CURRENT IRE STANDARDS

|
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discount will be allowed on order for 100 or more copies mailed to one address.

Standard Cost

IRE 2., 11., 15.S1 Standards on Antennas, Modulation Systems, and Transmitters:
Deﬁmtrons of Terms, 1948 . .

IRE 2.S1 Standards on Antennas and Wavegurdes
Adopted by ASA. (ASA C16.21-1954.)

Reprinted from the December, 1953, PROCEEDINGS. . . .. ..

IRE 2.S1 Standards on Antennas and Waveguides: Definitions for Wavegurde Com-
ponents, 1955.

Reprinted from the September, 1955, PROCEEDINGS. . . ... ...

IRE 2.S1 Standards on Antennas and Waveguides:
Measurements, 1959.

Reprinted from the April, 1959, PROCEEDINGS.

IRE 2.S2 Standards on Antennas: Methods of Testmg, 1948. Adopted by ASA (ASA
C16.11-1949.) .

IRE 3.S1 Standards on Audro Techniques : Deﬁmtrons of Terms, 1954.

Deﬁnmons of Terms, 1953,

Waveguide and Component

Reprinted from the July, 1954, PROCEEDINGS . . . .. .. ... ...... ..... .. $0.

IRE 3.S1 Standards on Audio Systems and Components: Methods of Measurement of
Gain, Amplification, Loss, Attenuation, and Amplitude-Frequency-Response, 1956
Adopted by ASA. (ASA C16.29-1957.)

Reprinted from the May, 1956, PROCEEDINGS . . L . $0.

IRE 3.S1 Standards on Audio Techniques: Definitions of Terms, 1958

Reprinted from the December, 1958, PROCEEDINGS . $0.

IRE 3.S2 Standards on American Recommended Practice for Volume Measurements
of Electrical Speech and Program Waves, '1953. Adopted by ASA. (ASA C16.5-
1954.)

Reprinted from the May, 1954, PROCEEDINGS

IRE 4.S1 Standards on Circuits : Definitions of Terms in Network Topology, 1950

Reprinted from the January, 1951, PROCEEDINGS. . . .. .. $0.

IRE 4.S1 Standards on Circuits: Definitions of Terms in the Freld of Lmear Varymg
Parameter and Nonlinear Circuits, 1953.

Reprinted from the March, 1954, PROCEEDINGS . $0.

IRE 4.S1 Standards on Circuits: Definitions of Terms for Lmear ngnal Flow Graphs,
1960.

Reprinted from the September, 1960, PROCEEDINGS $0.

IRE 4.S2 Standards on Circuits: Definitions of Terms for Lmear Passive Reclprocal
Time Invariant Networks, 1960.

Reprinted from the September, 1960, PROCEEDINGS. $0.

IRE 6.S1 Standards on Electroacoustics : Deﬁmtrons of Terms 1951.
Reprinted from the May, 1951, PROCEEDINGS. . . . . . $1

search lLaboratories, Eindhoven, Nether-
lands.
16A WHEN WRITING TO
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BOMAC MAGNETRONS

Designers of radar equipment
will find Bomac Laboratories’
new BLM-071 K,-band pulse
magnetron meets exacting
requirements for airborne
systems: lightweight, rugged,
powerful. This newest
contribution from Bomac is

a fixed-frequency tube
(15.9-16.1 kMc) rated at 100 kW
peak, at 0.001 duty cycle.

Cathode structure is greatly
improved over similar
magnetrons. Operable at high
ambient temperatures, with
input. output terminals
permitting pressurization to
30 psia. Special construction
L FEATURES: Freguency 15.9-16.1 kMc.
minimizes leakage current. Peak Power 100 kw.
High power output and low Roimalieifciencyisy

g Duty cycle 0.001 Max
operating voltage are Pulse width 0.06 to 1.2 usec.

combined in a compact,
ruggedized unit. Long life.
Weight: less than 82 Ibs.

The many advantages
to Bomac’'s BLM-077
magnetron make it readily N laboratories, inc.

adaptable to navigation. BEVERLY 2 MASSACHUSETTS

i X . / A Varian Subsidiary
high-altitude mapping.

. . Other Subsidiaries of Varian Associates:
airport surveillance, and S-F-D LABORATORIES, INC.

. . . . VARIAN ASSOCIATES OF CANADA, LTD.
similar app//caf/ons. Wirite SEMICON ASSOCIATES, INC.

) ) SEMICON OF CALIFORNIA. INC.

for full technical details. VARIAN A.G. (SWITZERLAND)

PROCEEDINGS OF THE IRE December, 1961 174



P.I.B. SympositM
CALL FOR PAPERs

The Twelfth Annual [nternational Poly-
technic Symposium will be held in the new
United Enginecering Center, facing the
United Nations Plaza, New York City, on
April 24-26, 1962. It will be devoted to “The
Mathematical Theory of Automata” and
will emphasize the application of mathe-
matical techniques to information-handling
systems. I’roposed topics to be included are
as follows:

1) Computability, classes of ‘Furing ma-
chines and automata, unsolvable problems,
problem coniplexity.

2) Symbolic logic, methods of program-
ming logical problems, theorem proving, al-
gorithms for quantification theory.

3) Procedures for search and learning,
search in discontinuous and discrete sys-
tems, random vs systematic methods, con-
vergence and random walk, Pandemonium
and Perceptrons.

4) Abstract algebra and linear graphs;
applications of lattice theory, semigroups,
rings, ete., to coding languages, and se-
quential transducers; application of linear
graphs to route problems, state diagrams,
etc.

5) Synthesis  procedures, design  with
“neurons” or other specific types of element,
reliability.

The Symiposiuim’s objectives are 1) to en-
courage the development and exposition of
basic theories and mathematical tools which
will be of help to the engineer in analyzing,
designing, and using information-handling
systems, and 2) to provide a forum for the
exchange of ideas among applied mathema-
ticians, computer engineers and those inter-
ested in information theory in the hope of
stimulating further development of those
branches of mathematics which might be
used in a theory of digital devices. The pro-
gram will contain both invited and contrib-
uted papers as well as a round-table dis-
cussion of future trends. The Proceedings
will be published as \'olume XI1 of the Poly-
technic Symposia Series.

This year, the Symposium is organized
by the Departments of Electrical Engineer-
ing and Electrophysics in cooperation with
the IRE Professional Groups on Electronic
Computers and Information Theory and the
Science and Electronics Division of the
AIEE. It is co-sponsored by the \ir Force
Office of Scientific Research, the Office of
Naval Research, and the U. S. Army Signal
Corps.

The closing date for submission of con-

CURRENT IRE STANDARDS
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IRE 7.S1 Standards on Electron Devices: Definitions of Terms Related to Phototubes,

1954.
Reprinted from the August, 1954, PROCEEDINGS.

....... $0.25

IRE 7.S1 Standards on Electron Devices: Definitions of Terms, Related to Ml(:ro-

wave Tubes (Klystrons, Magnetrons, and Traveling Wave Tubes), 1956.
Reprinted from the March, 1956, PROCEEDINGS. . . ... ... .. ..

........ $0.50

IRE 7.S1 Standards on Electron Tubes : Physical Electronics Definitions, 1957.

Reprinted from the January, 1957, PROCEEDINGS. .. .. .. ....

IRE 7.S2 Standards on Electron Tubes: Methods of Testing, 1950
Part 1 Reprinted from August, 1950, PROCEEDINGS:

Part 11 Reprinted from September, 1950, PROCEEDINGS. . .

$0.50

$1.25

IRE 7.82 Standards on Gas-Filled Radiation Counter Tubes: Methods of Testing,

1952. Adopted by ASA. (ASA C60.11-1954.)
Reprinted from the August, 1952, PROCEEDINGS.

$0.75

IRE 7.S2 Standards on Electron Devices: Definitions of Terms Related to Storage

Tubes, 1956.
Reprinted from the April, 1956, PROCEEDINGS. .

IRE 7.S2 Standards on Electron Tubes: Deﬁnxtnons of Terms 1957

Reprinted from the July, 1957, PROCEEDINGS. . .

$0.25

..... $1.00

IRE 7.S3 Standards on Gas-Filled Radiation Counter Tubes Definitions of Terms

1952.
Reprinted from the August, 1952, PROCEEDINGS.

$0.50

IRE 7.S3 Standards on Electron Tubes: TR and ATR Tube Deﬁnmons 1956.

Reprinted from the August, 1956, PROCEEDINGS.

IRE 8.S1 Standards on Electronic Computers: Deﬁnntnons of Terms, 1956
Reprinted from the September, 1956, PROCEEDINGS

$0.50

$0.60

IRE 8.S1 Standards on Static Magnetic Storage : Deﬁnntnon of Terms 1959

Reprinted from the March, 1959, PROCEEDINGS .

IRE 9.S1 Standards on Facsimile: Temporary Test Standards 1943

$0.50

$0.20

IRE 9.S1 Standards on Facsimile : Definitions of Terms, 1956. Adopted by ASA. (ASA

C16.30-1957.)
Reprinted from the June, 1950, PROCEEDINGS.

$0.60

IRE 10.S1 Standards on Industrial Electronics: Definitions of Industnal Electronncs

Terms, 1955.

Reprinted from the September, 1955, PROCEEDINGS.
IRE 11.S1 Standards on Modulation Systems: Definitions of Terms, 1953

Reprinted from the May, 1953, PROCEEDINGS.

IRE 11.S1 Standards on Intormation Theory: Deﬁnmons of Terms, 1958.
Reprinted from the September, 1958, PROCEEDINGS.
IRE 12.S1 Standards on Radio Aids to Navigation:

Adopted by ASA. (ASA C16.26-1955)

Reprinted from the Feburary, 1955, PROCEEDINGS.

$0.50
$0.50

$0.50

Deﬁnitions o'f'T.erms, 1954.

$1.00

IRE 12.S1 Standards on Navigation Aids: Duectnon ander Measurement 1959

Reprinted from the August, 1959, PROCEEDINGS.

$1.00

IRE 13.S1 Standards on Nuclear Techniques: Deﬁnntlons for the Scintillation Counter

Field, 1960.
Reprinted from the August. 1960, PROCEEDINGS.

$0.60

IRE 14.S1 Standards on Piezoelectric Crystals, 1949 vAdopted by ASA (ASA C83.3-

1951, R 1954.)

Reprinted from the December, 1949, PROCEEDINGS .

$0.80

IRE 14.S1 Standards on Piezoelectric Crystals—The i’;ezoelectnc Vlbrator Deﬁni-

tions and Methods of Measurement, 1957.
Reprinted from the March, 1957, PROCEEDINGS.

$0.60

IRE 14.S1 Standards on Piezoelectric Crystals: Determrnatnon of the Elastnc, Piezo-
electric and Dielectric Constants—The Electromechanical Coupling Factor, 1948.

Reprinted from the April, 1958, PROCEEDINGS. ... ...
IRE 14.S1 Standards on Piezoelectric Crystals:

Ceramics, 1961.

Reprinted from the July, 1961, PROCEEDINGS. . . . .

...... $0.75
Measurements of Plezoelectnc

,,,,, $0.70

IRE 15.S1 Standards on Pulses: Methods of Measurements of Pulse Quantmes,

1955. Adopted by ASA. (ASA C16.28-1956.)

Reprinted from the November, 1955, PROCEEDINGS .
IRE 15.S1 Standards on Radio Transmitters: Definitions of Terms, 1961
Reprinted from the February, 1961, PROCEEDINGS

$0.60

............. $0.25

IRE 15. TRI IRE Technical Committee Report: Methods for Testing Radiotelegraph

Transmitters (Below 50 MC),
Reprinted from the January, 1959, PROCEEDINGS

............ $0.60

IRE 16.S1 Standards on Railroad and Vehicular Communications: Methods of Test-

ing, 1949.

Reprinted from the December, 1949, PROCEEDINGS

$0.50

IRE 17.S1 Standards on Radio Receivers: Methods of Testmg Frequency-Modula-
tion Broadcast Receivers, 1947. Adopted by ASA. (ASA C16.12-1949.)..... . . ... .. $0.50
IRE 17.S1 Standards on Radio Receivers: Methods of Testing Amplitude-Modula-

tion Broadcast Receivers, 1948. .. .. .. ... .. ... .. .
IRE 17.8S1 Tests for Effects of Mistuning and for Downward Modulatxon

$1.00

1949 Supplement to 47 IRE 17.S1. Reprinted from the Decemnber, 1949, PrRocEEDINGS $0.25
IRE 17.S1 Standards on Radio Receivers: Open Field Method of Measurement of
Spurious Radiation from Frequency Modulation and Television Broadcast Receiv-

ers, 1951.
Reprinted from the July, 1951, PROCEEDINGS.

IRE 17.S1 Standards on Receivers: Deﬁnxtrons of Terms, 1952
Reprinted from the December, 1952, PROCEEDINGS

$0.50

.......... $0.60

tributed papers or 200-word abstracts is g
January 5, 1962. Further information may
be obtained from Professors A. E. Laemmel 58
and E. J. Smith, Co-Chairmen of the Sym-
posium Commiittee, Polytechnic Institute of
Brooklyn, 55 Johnson St., Brooklyn 1, N. Y 49
47
48
IRE EsTaBLISHES 49
NEW SEcTION o
At its meeting on October 17, 1961, the
IRE Executive Committee approved estab-
lishment of a new IRE Section, to be known
< . 52
as the France Section and to encompass the
entire country of France in Europe. _
18A WHEN WRITING TO
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COMPUTERS AND OTHER ELECTRONIC
]:hIS’].‘:R/.[le_[T ENTS demand resistors which give predictable performance

in a small space and high ambient temperatures. This is a good description of Corn-
ing tin oxide film resistors, which are now competitive in price with other makes.

Tin oxide and glass are among the most stable tions required for computers and similar devices.

materials. They are also low in cost. You have resistors with excellent reactive
Couple these materials with exacting methods properties. With a shelf life of 0.1 to 0.2% per

of manufacture, as we have done, and you have year. With noise levels lower than 0.1 microvolt

low-cost resistors mecting the pinching specifica- per volt. And with typical values like these:

RESISTANCE MOISTURE

OVERLOAD

CORNING WATTAGE

DESCRIPTION

MODEL (ohms) RESISTANCE

Glass ENCAP-

SULATED NF60 100 100K  150ppm|“C. 0.2%

MIL-R-10509C, NF65 100 348K —55 4150°C. 9-3% (Char. B)
Char. B

N60 £ 10 133K 0.5%

N65 10 499K e

MIL-R-10509C
' 0.5% (Char. B.)
N70 10 1Meg 55 +105°C;

Char. B

N12 133K

MIL-R-105098, N20 10 500K 150ppm/°C. 0 0 0.15%
Char. X N25 10 1.5Meg —55+105°c. 0-3%%  O-1% (Char. X)

N30 30 4.12Meg

Lowest cost

film resistor;
silicone insulation
MIL-R-11C

C20 51 150K
C32 51 470K
c42 2 10 1.4Meg

150ppm/°C.

0,
_554+125°C, %

Note: Noise level for all models is less than 0.1 uvjv of applied signal

For quantities of less than 1000, contact the nearest
Corning distributor. For data sheets on Corning
Type NF, N, N-EPOXY or C resistors, write
CORNING GLASS WORKS, 542 High St., Brad-
ford, Pa.

PERCENT RATED LOAD

CORNING GLASS WORKS, BRADFORD, PA.

F" CORNING ELECTRONIC COMPONENTS

1) LN (MY [ (| (o I | | | [y ) [
20 40 60 80 100 120 140
AMBIENT TEMPERATURE (:C)
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CALL FOR PAPERS
For SymMposIituM oN
MAGNETOIIYDRODYNAMICS

The Third Symposium on Engineering
Aspects of Magnetohydrodynamics is to be
held at the University of Rochester, Roches-
ter, N. Y. on March 28 and 29, 1962. This
meeting is being sponsored by AIEE, IAS,
IRE and the University of Rochester. It is
planned that the program shall be concerned
with plasmas in the presence of a magnetic
field and, in particular, with their engineer-
ing aspects.

The primary purpose of the meeting is to
exchange information among related disci-
plines on the assumption that the partici-
pants will have some degree of competence
in one or more broad areas. It is hoped that
the meeting will be small enough that exten-
sive discussion may be permitted. Each ses-
ston will have both invited and contributed
papers. Authors of papers will assume audi-
ence familiarity with the field and concen-
trate on what is original and novel in their
particular contribution.

Four non-concurrent sessions are planned
covering 1) Communications and Diagnos-
tics, 2) Flight Applications, 3) Fusion and
1) Power Conversion. It is intended that the
Communications and Diagnostics Session
deal with the transmission and receiving of
information or energy from plasmas under
various conditions; that the Flight Applica-
tions Session deal with the propulsion or con-
trol of aerodynamic or space vehicles by
MHD interaction between the vehicle and
its environment; that the Fusion Session
deal with the extraction of energy through
controlled thermonuclear fusion of light nu-
clei; that the Power Conversion Session deal
with the direct extraction of electrical en-
ergy from hot flowing plasmas or conducting
liquids. Papers are desired for each of these
sessions. Abstracts should be submitted to
the appropriate session chairman, as listed
below.

The committee strongly recommends
that authors submit reproducible copies of
their papers by February 1, 1962. These will
be reproduced for distribution at the meet-
ing. Abstracts are due December 1, 1961.

In addition, the committee is making ar-
rangements to publish the proceedings either
as a separate volume or as part of a technical
journal. This will provide a permanent rec-
ord of the symposium. The committee urges
all authors to submit their papers for the
proceedings.

The sessions, as planned, are tentative
and may, if it later seems desirable, be
changed to better describe the subject-
matter of the sessions. "he members of the
Program Committee, who are in charge of
the programs in the various sessions, and
who will be chairmen of the various sessions,
are given below. Abstracts and papers
should be submitted directly to them.

Communications and Diagnostics: Prof.
S. C. Brown, Physics Dept., Massachusetts
Institute of Technology, Cambridge 39.

Flight Applications: Dr. arry Harrison,
Space Propulsion, NASA| 1520 “H™ Street
N.\W., Washington 25, D.C.

Fusion: Dr. R. F. Post, LLawrence Radia-
tion Lab., Livermore, Calif.

Power Conversion: Dr. Stewart \Way,
Westinghouse Research Lab., East Pitts-
burgh, Pa.

CURRENT IRE STANDARDS

Please order by number from IRE Headquarters, 1 E. 79 St.,, N. Y. 21, N. Y. A 20 per cent
discount will be allowed on order for 100 or more copies mailed to one address.

Standard Cost

54 IRE 17.S1 Standards on Receivers: Methods of Measurement of Interference Output
of Television Receivers in the Range of 300 to 10,000 KC, 1954. Adopted by ASA.
(ASA C16.25-1955.)
Reprinted from the September, 1954, PROCEEDINGS. $0.60
55 IRE 17.S1 Standards on Radio Recelvers Method of Testlng Recelvers Employmg
Ferrite Core Loop Antennas, 1955.
Reprinted from the September, 1955, PROCEEDINGS. .. . . .. ........ $0.50
60 IRE 17.S1 Standards on Television: Methods of Testlng Monochrome Televlswn
Broadcast Receivers, 1960.
Reprinted from the June, 1960, PROCEEDINGS. . .. ... ... ................ $1.00
53 IRE 19.S1 Standards on Sound Recording and Reproduclng Methods of Measure-
ment of Noise, 1953.
Reprinted from the April, 1953, PROCEEDINGS. . $0.50
58 IRE 19.S1 Standards on Recording and Reproducing: Methods of Callbratron of Me-
chanically-Recorded Lateral Frequency Records, 1958. Adopted by ASA. (ASA
$4.1-1960.)
Reprinted from the December, 1958, PROCEEDINGS. . . .. .. ... .. ........ $0.60
53 IRE 19.S2 Standards on Sound Recording and Reproducing: Methods for Determlmng
Flutter Content, 1953. Adopted by ASA. (ASA Z57.1-1954.)

Reprinted from the March, 1954, PROCEEDINGS. . ... ... ... $0.75
S§1 IRE 20.S1 Standards on Pulses: Definitions of Terms-—Part 1, lOSl

Reprinted from the June, 1951, PROCEEDINGS . . . .. ... ................cuiiiiuinnnn $0.50
52 IRE 20.S1 Standards on Pulses: Definitions of Terms—Part II, 1952.

Reprinted from the May, 1952, PROCEEDINGS . . ... . .. .. ..... ... . 0. iiiiiiua.. $0.50
58 IRE 20.S1 Index to IRE Standards on Definitions of Terms, 1942-1957.

Reprinted from the February, 1958, PROCEEDINGS. . .. .. ....... .. $1.00
59 IRE 20.S1 Standards on Methods of Measuring Noise in Linear Twoports, 1959

Reprinted from the January, 1960, PROCEEDINGS. . . . ... %0.75
51 IRE 20.S2 Standards on Transducers: Definitions of Terms lOSl

Reprinted from the August, 1951, PROCEEDINGS. ... .. ... ... ... .. .....c.co...... $0.50
51 IRE 21.S1 Standards on Abbreviations of Radio-Electronic Terms, 1951.

Reprinted from the April, 1951, PROCEEDINGS. .. ... .......... ... .. iiieuniinins $0.50
54 IRE 21.S1 Standards on Graphical Symbols for Electrical Dlagrams, 1954

Reprinted from the June, 1954, PROCEEDINGS . . .. .......................... $1.25

54 IRE 21.S1 Supplement to IRE Standards on Graphical Symbols for Electrical Dla-
grams, 1954.

Reprinted from the February, 1961, PROCEEDINGS. . . . . $0.25
57 IRE 21.S1 Standards on Letter Symbols and Mathemstncal Sngns, 1948 (Repnnted
1957.)
Reprinted from the August, 1957, PROCEEDINGS. $0.60
57 IRE 21.S2 Standards on Reference Designations for Electncal and Electronic Equlp-
ment, 1957.
Reprinted fromn the November, 1957, PROCEEDINGS. ... ................ .... $0.70
§7 IRE 21.S3 Standards on Graphical Symbols for Semiconductor Devices, 1957
Reprinted from the December, 1957, PROCEEDINGS . $0.60
48 IRE 22.S1 Standards on Television: Methods of Testmg Televnslon Recelvers 1948
Adopted by ASA. (ASA C16.13-1949.). . . . $1.00
55 IRE 22.S1 Standards on Television: Deﬁmtrons of Color Terms 1955.
Reprinted from the June, 1955, PROCEEDINGS. . .. ..... .. ................. $0.60

50 IRE 23.S1 Standards on Television: Methods of Measurement of Television Slgnal
Levels, Resolution, and Timing of Video Switching Systems, 1950.
Reprinted from the May, 1950, PROCEEDINGS. . . ... . ... .................. $0.70
54 IRE 23.S1 Standards on Television: Methods of Measurement of Aspect Ratlo and
Geometric Distortion, 1954. Adopted by ASA. (ASA C16.23-1954.)

Reprinted from the July, 1954, PROCEEDINGS. . . ... ... ......... $0.60
55 IRE 23.S1 Standards on Television: Definitions of Televrslon Slgnal Measurement
Terms, 1955.
Reprinted from the May, 1955, PROCEEDINGS. . . ... .............ccou.u... $1.00

58 IRE 23.S1 Standards on Television: Measurement of Lumlnance Slgnal Levels, 1958
Adopted by ASA. (ASA C16.31-1959.)
Reprinted from the February, 1958, PROCEEDINGS. . . ... ... .........c0e... $0.60
60 IRE 23.S1 Standards on Television: Measurement of Differential Gain and Differ-
ential Phase, 1960.
Reprinted from the February, 1960, PROCEEDINGS . $0.60
61 IRE 23.S1 Standards on Video Techniques: Definitions of Terms Relatlng to Tele-
vision, 1961.
Reprinted from the July, 1961, PROCEEDINGS . . . $0.50
50 IRE 23.S2 Standards on Television: Methods of Measurement of Tnme of Rise, Pulse
Width, and Pulse Timing of Video Pulses in Television, 1950.
Reprinted from the November, 1950, PROCEEDINGS. . ... .................. $0.75
60 IRE 23.S2 Standards on Video Techniques: Measurement of Resolution of Camera
Systems, 1961.
Reprinted from the March, 1961, PROCEEDINGS. . . . ... .............cucuuo... . $0.50
50 IRE 23.S3 Stardards on Television: Methods of Measurement of Electronically Regu-
lated Power Supplies, 1950.
Reprinted from the January, 1951, PROCEEDINGS. ... ... .. $0.75
45 IRE 24.S1 Standards on Radio Wave Propagation: Deﬁmtnons of Terms Relatnng to
Guided Waves, 1945. . TR ... %0.20
50 IRE 24.S1 Standards on Wave Propagation : Definitions of Terms 1950.
Reprinted from the November, 1950, PROCEEDINGS. . . ... ... ... ... ....... ..... $0.60
55 IRE 26.S1 Standards on Graphical and Letter Symbols for Feedback Control Sys-
tems, 1955.
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High-energy density electron-beam welding techniques,
recently developed by the Zeiss Foundation of West
Germany and the Hamilton-Standard Divislon of United
Aircraft, markedly improved packaging density and pro-
duction methods in the field of microelectronics.

In microcircuitry, for example, packaged circuits no
bigger than a thumbnail can now be reliably produced.
Electron-beam equipment now welds microelectronic
components into circuits with pinpoint precision, mak-
ing intra- and inter-circuit connection, and hermetically
encapsulating the completed micromodule.

Only electron-beam welding, performed in a high vac-
uum, can offer these significant advantages for the
field of microelectronics: virtual elimination of con-
tamination; a close control of penetration; low thermal
distortion; and close dimensional control. The upper
illustration shows weldments of 0.002“ thick copper

leads to 0.002” thick nickel-plated ceramic substrate..

In the field of thin films difficult welds are possible
with this revolutionary new equipment such as 0.002”
gold tabs to chromium-gold films 3000-A° thick.

Another important use of electron-beam equipment is
the welding of ceramics used in vacuum tubes which

require extremely high temperature performance. For
these procedures, tight ceramic-to-ceramic bonds are
necessary — bonds available only through high-energy
density electron-beam welding. The lower illustration is
a 2 X magnification of two aluminum oxide ceramic
wafers ¥2” x % x .010” thick edge-welded by deflect-
ing the high energy density beam of a Hamilton-Zeiss
electron beam welder across the edge surface.

® B ® Hamilton-Standard, with over twenty years of metal-
lurgical experience and meeting rigid government spec-
ifications, has exhaustively tested the welds produced
with Hamilton-Zeiss equipment. The data, which are
available for your inspection, demonstrate conclusively

Electronic
Giants
no higger
than your
thumbnail
now
through

electron = beam that the Hamilton-Zeiss method produces welds in mini-
welding

ature workpieces that are as strong as the original
materials themselves. Such results are possible only
by the use of high energy density and precision focus-
ing by the Zeiss magnetic lens system which are ex-
clusive features of the Hamilton-Zeiss equipment. Find
out what this revolutionary equipment can mean in your
business. For full information call Hamilton-Electrona,
Inc., exclusive marketing agent for Hamilton-Zeiss
equipment in the United States and Canada.

HAMILTON-ELECTRONA,INC.

TIME-LIFE BUILDING, ROCKEFELLER CENTER, NEW YORK 20, N.Y.

io History




GRADUATE INSTITUTE ON
OPTIMUM AND ADAPTIVE
CONTROL SYSTEM THEORY

A Graduate Institute on Optimum and
Adaptive Control System Theory will be
held at the University of Florida, Gaines-
ville, on February 19-24, 1962, It is SPOI-
sored by the EEnginecring and Industrial Ex-
periment Station of the College of Engineer-
ing, University of Florida.

In realization of the fact that new con-
cepts of adaptive and optimum control have
profoundly changed the field of automatic
control and that the majority of professional
personnel in the control field have never
taken any formal courses in this area, the
University of Florida has considered it a
worthwhile contribution to offer this Insti-
tute, the main purpose of which is tutorial.
The invited lecturers for the lustitute are as
follows: Prof. J. E2. Gibson, Purdue Univer-
sity; Prof. M. 1), Mesarovi¢, Case Institute
of Technology; Prof. H. P. \WWhitaker, Mas-
sachusetts Institute of Technology; Dr.
T. J. Williams, Monsanto Chemical Com-
pany; Prof. J. Zaborszky, Washington Uni-
versity, and Prof. O. 1. Elgerd, University
of I'lorida.

The schedule of meetings is as follows:

Monday, February 19

Registration, Welcome, Introduction by
Dr. Elgerd.

“Mathematics of Optimum and Adap-
tive Control,” Dr. Elgerd.

“Performance Criteria,” Dr. Zaborssky.

Tuesday, February 20

Demonstration of Optimum Search by
Means of Computer, Joint effort by Univ. of
Florida Simulation Laboratory and Computer
System Inc., using a dynamic storage analog
computer, DYSTAC.

“Mathematics of Optimum and Adap-
tive Control (continued),” Dr. Algerd.

“Fundamental Aspects of Multivariable
Systems, and Their Optimum Control,” Dr.
Mesarovid.

Wednesday, February 21

“Multivariable Systems (continued),”
Dr. Mesarovié.

“Mathematics of Optimum and Adap-
tive Control (continued),” Dr. Elgerd.

“Philosophy and Theory of Adaptive
Control,” Dr. Gibson.

Thursday, February 22

“Adaptive Control Theory (continued),”
Dr. Gibson.

“Mathematics of Optimum and Adaptive
Control (continued),” Dr. Elgerd.

“Model  Reference  Adaptive Control
Systems,” Dr. Whitaker.

Friday, February 23

“Model Reference Adaptive Systems
(continued),” Dr. Whitaker.

“Mathematics of Optimum and Adaptive
Control (continued),™ Dr. Elgerd.

“Adaptive and Optimum Principles Ap-
plied to ’rocess Control,” Dr. 1Williams.

Saturday, February 24
“Process  Control Applications (con-
tinued),”™ Dr. 11'illiams.
“Mathematics of Optimum and Adaptive
Control (continued),” Dr. Elgerd.
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CURRENT IRE STANDARDS

Please order by number from IRE Headquarters, 1 E. 79 St., N. Y. 21, N. Y. A 20 per cent

55

56

58

61

56

58

61

discount will be allowed on order for 100 or more copies mailed to one address.

Standard

Reprinted from the November, 1955, I’ROCEEDINGS . . . L .

IRE 26.S2 Standards on Terminology for Feedback Control Systems, 1955.

Reprinted from the January, 1956, PROCEEDINGS. . ... ... .. ... .. ... .. P

IRE 27.S1 Standards on Methods of Measurement of the Conducted Interference
Output of Broadcasts and Television Receivers in the Range of 300 KC to 25 MC,
1956. Adopted by ASA. (ASA C16.25a-1957.)

Reprinted from the August, 1956, PROCEEDINGS. ... .. .. .. AR A st G st aAn 5

IRE 27.S1 Supplement to “IRE Standards on Receivers: Methods of Measurement
of Interference Output of Television Receivers in the Range of 300 to 10,000 KC
1954” (Standard 54 IRE 17.S1). Adopted by ASA. (ASA C16.25b-1959.)

Reprinted from the July, 1958, PROCEELINGS . . . ... ............ ... ... .. ... ..

Interference Output to the Power Line from RM and Television Broadcast Receivers
in the Range of 300 KC to 25 MC, 1961.

Reprinted from the September, 1961, PROCEEDINGS. . ... ... ....... .. ..

IRE 28.51 Standards on Letter Symbols for Semiconductor Devices, 1956.

Reprinted from the July, 1956, PROCEEDINGS. . .. ........ ... .. ... ... ... .. ...

Reprinted from the May, 1958, PROCEEDINGS. . ... ..... ... .. ... . ... R

IRE 28.S1 Standards on Solid-State Devices: Definitions of Semiconductor Terms,
1960.

Reprinted from the October, 1960, PROCEEDINGS . .. ... ... .. . . ... .. ... . . ..

IRE 28.S1 Standards on Solid-State Devices: Definitions of Terms for Nonlinear

Cost
$0.25

$0.50

$0.50

$0.60

$0.50

$0.70

Capacitors, 1961.

Reprinted from the August, 1961, PROCEEDINGS. . .. .. .. ... ... ... . ... .. . . R
56 IRE 28.S2 Standards on Solid-State Devices: Methods of Testing Transistors, 1956.
Reprinted from the November, 1956, PROCEEDINGS . . ... ... ... . ... ... .. .. o

$0.25

$0.80

60 IRE 28.S2 Standards on Electrostatographic Devices, 1961.
Reprinted from the March, 1961, PROCEEDINGS. . ..., ... . .. ... L ........ $0.50
61 IRE 28.S2 Standards on Solid-State Devices: Measurement of Minority-Carrier
Lifetime in Germanium and Silicon by Method of Photoconductive Decay.

Reprinted from the August, 1961, PROCEEDINGS. . . ... .. . .. .. F $0.60
61 IRE 30.RP1 IRE Recommended Practices on Audio and Electroacoustics: Loud
Speaker Measurements.
Reprinted from the October, 1961, PROCEEDINGS. . ... ... ... .. ... . ... ... ... .. $0.60

REGISTRATION FOR
COPENIIAGEN SYMPOSIUM

Registration procedure for the Sympos-
ium on Electromagnetic Theory and An-
tennas to be held at the Technical University
of Denmark, Copenhagen, June 25-30, 1962
has been announced. The Symposium is
sponsored by the International Scientific
Radio Union (URSI), the Technical Uni-
versity of Denmark, the Danish Academy of
Technical Sciences, and the Danish Na-
tional Committee of URSI. The Symposium
is open to any interestect person from any
country.

Registrations will be accepted until the
last day of the Symposium; however, due to
the limitations of hotel space, the Commit-
tee can undertake to make reservations only
for those who have registered and paid the
fee before March 1, 1962. Reservations will
be made as close as possible to indicated
wishes. Delegates who have registered before
this date will also receive, by mail, summar-
ies of the accepted papers. The registration
fee is 100 D. c¢r. A check for this amount
should be enclosed with the completed regis-
tration form and made payable to “Sympos-
ium on Electromagnetic Theory and An-
tennas,” The Technical University of Den-
mark, Oster Voldgade 10 G, Copenhagen K,
Denmark. Registration and hotel reserva-
tion forms may be obtained from the Secre-
tary of the Symposium, Prof. H. L, Knudsen
at the above address. Registrants will re-
ceive the Symposium proceedings free of
charge.

Social events and a ladies’ program have
also been planned including a tour of North
Zealand (price: 50 D. cr.), a banquet at the
Restaurant Nimb in Tivoli (price: 60 1. cr.)
and other activities.

AIR FORCE MARS
ANNOUNCES SCHEDULE

The schedule of broadcasts of the Air
Force MARS Eastern Technical Net, oper-
ating Sundays from 2 to 4 r.m. EST at
3295, 7540 and 15,715 ke, has been an-
nounced as follows:

December 3—To be announced. Dr. A.
Rubinoff, Professor of Electrical Engincer-
ing, Moore School, University of Pennsyl-
vania.

December 10—“Low  Level Ilumina-
tion,” Dr. M. Chwalow, Scientist, Frankford
Arsenal, U. S. Army,

December 17—“The  Voltage-Tunable
Magnetron for Microwave Applications,”
R. L. Reed and G. A. Krug, Power Tube
Dept., General Electric Co.

December 24—No broadcast.

December 31—No broadcast,

January 7—“New Electron Tubes for
the Modern Era,” Dr. J. 2. Beggs, Research
Associate, General Electric Research Lab.

January 14—*“Thermionic  Integrated
Micro-Maodule Circuits for High Tempera-
ture Environments,” A. IP. Haase, Manager,
Advanced Development Engineering, Gen-
eral Electric Co.

December, 1961
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3 2N1659

Looking fora compact 1 to 10 watt Germanium Power
Transistor with this kind of top level performance?

|

Top reliability is built into each Honey-
well transistor. Vacuum baked, given
rigorous life and dynamic tests, each is
enclosed in a new cold-welded minia-

ture case with threaded mounting stud.

ASEEY Designed for general use, the Honey-

well 2N1658 and 2N1659 are ideal for servo
amplifiers, relay drivers, high power unit driver
stages, and as medium power switches. Measur-
ing only 0.35 inches in diameter, they handle
one to ten watts!

You’ll want data sheets, including character-
istic curves and servo amplifier circuit diagram,
for your files. Fill out and mail the coupon
today!

Honeywell
Comicondudtiry Products-
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e Leakage—Icpo less than 0.5 ma at 80v,
2N1658 —60v, 2N1659

e Saturation voltage—V cE (saT) less than 0.25v

o Floating potential —VEgr less than 0.25v

e Thermal resistance—O;.mB 5° C/watt max.
(T max., 100° C)

e Gain—hrg 30 min @ 0.2 amp; hrge 20 min

@ 1.0 amp

e Frequency response—500 ke minimum gain
bandwidth product

e Power dissipation—15 watts at 25° C, 6 watts

at 70° C
L S 7 SR L P, A e 5 |
| MINNEAPOLIS-HONEYWELL REGULATOR CO. |
| SEMICONDUCTOR DIV. « MINNEAPOLIS 8, MINN. |
: :;:,;«;;16:; bulletins on the new Honeywell 2N1658 =
: ool & DT e el o :
b oprem = i == ]
: ADDRESS i S |
| ey e S e == dONR- I
| sTATE — — FHONE —
| e |
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OBITUARY

The IRE was notified on September 27,
1961 of the death of Robert R. Gamzon
(M’61), Chairman of the Israel Section. He
was born in France on June 30, 1905 and
was educated there, studying at the Sor-
bonne in Paris from which he received the
Certificate in general mathematics in 1924
and at the Ecole Superieure d’Electricité,
Paris, in 1924-1925. He worked for several
French firms including the Ste. SECIM of
Paris from 1930 to 1933; the Ets. Bernard
Roux, Paris, from 1933 to 1938 where he did
research on the recording and printing of
records; and from 1938 to 1941, the Ste.
Thomson-Houston, Paris, working in the
Laboratory of Audio-Research and Trans-
mitters. From 1940 until 1953 he worked
with Jewish youth in IFrance during the
Nazi persecution and after the war. He
joined Amron-Herzlia in Israel in 1953 as
Chief Engineer where he stayed until 1957.
Since 1958 he had been associated with the
Weizmann Institute of Science, Rehovoth,
Israel, where he was Senior Research Engi-
neer.

He contributed widely to the establish-
ment of the young radio industry of Israel,
particularly in setting up standards and pro-
duction techniques for radio components,
thus helping to make the industry self re-
liant to a considerable degree.

Mr. Gamzon was a member of the
Acoustical Society of America and the
Groupement des Acousticiens de la Langue
Francaise. He had been awarded several
patents in the field of electroacoustics.

ELEVENTH ANNUAL SYMPUS

PROFESSIONAL GROUP N BROADGASTING

The Institute of Radio Engineers

WASHINGTON,D.C.

A
4

0CT0

Presentation ot the Scott Helt Award of PGB b) Rayiond Guy. Chairnian, to ldm(‘S H. Greenwood at

the PGB

Annual Fall Meeting, October 6-7. 1961 in \Washington, D

. C.; Mrs. Green\\ vood is at lower right.

Eighth National Symposium on Reliability and

StaTLER HiLToN HoTEL,

Tuesday, January 9
Session 1—Keynote Address

“A Management Appraisal of the Relia-
bility Challenge,” C. F. Ilorne, President,
General Dynamics.

Session 2A—Statistical Techniques

Moderator: Dr. M. Sobel, University of
Alinnesota.

“Statistical Independence in Reliability
Equations,” A. M. Breipohl, Sandia Corp.

“Truncation of Sequential Life Tests,”
T. L. Burnett, IBAI Corp.

“Confidence Limits for System Reliabil-
ity from Component Tests,” Dr. 1I". S. Con-
nor, Research Triangle Inst.

Session 2B—Program Management

Moderator: R. 1. DeWitt, Qffice of Elec-
tronics, ODDRSE.
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Quality Control

“Reliability Program Requirements for
Aecrospace Systems and Subsystems,” Maj.
V. J. Bracha, U.S.A.F.

“PERT-Pep Controls for Reliability and
Costs,” Dr. II. A. Romig, Operations Re-
search, Inc.

“Management of IEquipment Reliability
Activities and USASRDL.,” T. J. Edwards,
U. S. Army Signal Research and Develop-
ment Lab.

Session 3A—Statistical Techniques

Moderator: 1. R. Allen, Consultant

“Life and Reliability Testing Based on
the Weibull Distribution,” Prof. H. P.
Goode, Cornell University.

“Screening for Critical Variables Affect-
ing Reliability,” Dr. C. II. Li, General Instru-
ment Corp.

“Factorial  Experiments in  Reliability
Analysis,” C. L. Barron, Honeyiwell.

WasninGgToN, D. C., JaNuary 9-11, 1962

“Statistical Methods as Design Tools,”
E. F. Grey, US..1.F.

Session 3B—Quality Control Techniques

Moderator: L. J. Jacobson, International
Resistance Co.

“Process Acceptance vs Lot Acceptance,”
C. R. Clark, Sandia Corp.

“Martin-Denver Auto QC,” R. .. Ben-
nett, The Martin Co.

“Precision through Variations Flow An-
alysis,” N. L. Enrick, University of Virginia.

“QC Management for Time-Compressed
R&D Programs,” F. A. Barta, Hughes Air-
craft Co.

Session 4—Panel Discussion

Moderator: Dr. R. C. Seamans, Jr., Asso-
ciate Administrator, NASA.

“Reliability—The Key to Space Opera-
tions,” A panel of four leaders from govern-

December, 1961
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____ Kodak reports on:

pourable polypropylene... interference filters from another viewpoint...

the relativity of rapidity

Chemical tuning

Chemical laboratories without infrared
spectrophotometers properly consider
themselves underprivileged.

This cute remark could well launch
a commercial for spectrophotometers,
except that we sell none. We sell optical
interference filters, and we are going
about it in an unusual and peculiarly
constructive fashion: we are trying to
bridge the conceptual gap for chem-
ists from spectrophotometers to muiti-
layer filters.

From a chemist’s viewpoint, a color
filter is just a little thing he slips into a
colorimeter for certain analytical de-
terminations. If he happens to be an
enthusiastic amateur photographer on
the side, he may know of the great
variety of dyed-gelatin Kodak Wratten
Light Filters,

In an ad in the December 4, 1961,
issue of Chemical & Engineering News
that looks something like the ad you
are now reading, we tell the chemists
that interference filters “offer means
to exploit in a chemical plant the physi-
cal phenomena that spectrophotome-
ters exploit in the laboratory.

“Suppose, for fantasy’s sake, that
you wanted to flood a reaction prefer-
entially with energy of exactly that
frequency to which a certain carbon-
nitrogen bond responds. An inter-
ference filter system could probably be
made for the job.

“An interference filter is tunable in
manufacture for wavelengths from
0.4y to 12u. Unlike gelatin or glass
filters, its curve doesn’t depend on
what colorants happen to be available.

Possible purpose: potting

Jor amorphous polypropylene.

If for electrical reasons you need a hydrocarbon
potting compound, we shall be glad to send you a
free seven-pound sample of this new low-molecular-
weight polypropylene. It is a possible alternative to
polyisobutylene. It is sticky, stretchy, easily melted,
compatible with several other resins and most waxes,
and soluble in most aromatic and aliphatic solvents.

Write Eastman Chemical Products, lnc., Kingsport,
Tenn. (Subsidiary of Eastman Kodak Company) and ask

It can provide a single spectral spike
of transmittance but is not limited to
that. It can also be designed to cut out
energy below a stated frequency or
above a stated frequency. It can cut
very sharp. It is thermally, chemically,
and mechanically rugged. It costs a
great deal less than a laser (which,
while it can emit Niagaras of mono-
chromatic energy, must work with the
quantum states that Nature has in
stock). It can be large. It can be de-
signed to monitor a process stream
continuously for the presence or ab-
sence of any substance possessing a
suitable energy-absorbance curve.”
If the impression has been given that only
chemists can buy the new Kodak Inter-
ference Filters, we have outsmarted our-
selves. Anvbody with a curve in hand is cor-
dially invited to get in touch with Eastman

Kodak Company, Special Products Di-
vision, Rochester 4, N. Y,

Latest advice on instrumentation film

Background: A photographic material is said to be
“fast” if it requires little energy to deliver an image.
The term comes from an olden time when portrait-
ists were reducing the duration that the subject had
to “hold it from 5 minutes to 1 minute to a few
seconds and on down. Only professors and their
brighter students had clear notions of what energy
meant. When the photographers did acquire an
intuitive grasp of the concept, the physicists kept a
step ahead of them by pointing out that the time
rate of energy delivery to the emulsion was also im-
portant. At this, they were probably accused of
pedantry, but unjustly.

The common man came to equate speed with
merit in photography. The wise men were sad.
“No,” they countered patiently, “the faster the
emulsion the larger the grains must always be.
There is no escape.” But there was.

Kodak Royal-X Pan Recording Film,
given the proper low-contrast develop-
ment, such as 8 minutes in Kodak De-
veloper DK-50, is the fastest material
we have. This holds true both for hand-
camera exposure times and for the very

short cxposure (imes of high-speed
instrumentation. It holds true even
when only green light is used, as in re-
cording from certain c-r tubes. Royal-X
Pan is very good to have when you
need every bit of sensitivity you can
get, but it is grainier than other Kodak
films. Furthermore, in a high-contrast
developer such as D-19 its speed ad-
vantage over other good Kodak re-
cording films shrinks and disappears
altogether for high contrast and very
short exposure times.

Very recent advances in emulsion
technology have produced the new
Kodak Double-X Panchromatic Nega-
tive Film. For very short exposure
times and 8 minutes in Kodak Devel-
oper D-19, it is about as fast as Royal-X
Pan Recording Film, but its graininess
is much less—on a par with the fine-
grain and sharpness formerly attain-
able only in comparatively slow films.

Another film worth considering for
instrumentation work is Kodak Lina-
graph Ortho Film. Its speed has recently
been nearly doubled. Special attention
has been given to constancy of proper-
ties during storage before use. It is a
high-contrast film, designed for de-
velopment to a gamma as high as 1.9.
If you want high contrast for very
short exposure to green light, Kodak
Linagraph Ortho Film is your ticket.

All of which tells you nothing of the
physical forms of these and other Kodak
films for instrumentation, including color
film. If you are aware of the omission, you
are a person who should send for the cap-
sule-summary sheet **F3-297" from East-
man Kodak Company, Photorecording
Methods Division, Rochester 4, N. Y.

This is another advertisement where Eastman Kodak Company probes ot randem for mutual
interests and occasionally a little revenue from those whose work has something to do with science
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ment and industry will discuss the challenge
the United States faces in space exploration
and the key role reliability plays in this ac-
tivity.
Wednesday, January 10
Session 5A—Reliability Testing

Moderator: F. E. Wenger, U.S.A.F.—
AFSC.

“Analysis Testing for Improved Circuit
Reliability,” B. J. Grinnell, IBM Corp.

“Optimum Reliability Testing for Space
Systems,” Mrs. C. D. Hock, NASA.

“Failure Analysis,” E. W. Kimball, The
Martin Co.

“Estimating Guided Missile System Re-
liability from R&D Systems Firing Tests,”
A. Steinberg, U. S. Army Ordnance Missile
Command.

Session 5B—Mathematics and
Reliability Models

Moderator: Dr. B. Epstein, Consultunt.
“Methodology for System Reliability
Analysis,” B. Tiger, Radio Corp. of America.
“Equipment  Self-Repair Techniques,”
J. Klion, Rome Air Development Center.
“Mathematical Analysis of Redundant
Matrices,” G. D. Weinstock, ITT Labs.
“Incrtial Guidance System Component
Reliability,” L. A. Weaver, Honeywell.

Session 5C—Training Session

Moderator: L. J. Paddison, Sandia Corp.

“Reliability Management by Objectives
and Results,” Dr. L. W. Ball, Boeing Air-
plane Co.

“Practical Statistical Tools for Reliabil-
ity Measurement and Acceptance,” C. M.
Ryerson, EI-TEK Corp.

“Full Design Definition is Essential to
Reliability,” W. L. Hurd, Jr., Lockheed Mis-
sile and Space Co.

“Contractual Reliability—An Education
Program,” R. H. Johnson, The Martin Co.

Session 6A—Reliability Testing

Moderator: P. D. Darnell, Bell Tele-
phone Lab.

“CAMESA Reliability Test Program,”
A. P. Harris, Canadian Agency.

“Practical Aspects of a High Reliability
Specification,” T. W. Gross, Lockheed Mis-
sile and Space Co.
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“Reliability Evaluation by Application
Derating,” K. W. Davidson, Texas Instru-
ments, Inc.

“Acceleration Factor Determination on
Glass Capacitors,” L. D. Hines, Corning
Glass Works.

Session 6B—Reliability and Quality
Control Education

Moderator: H. C. Jones, University of
Maryland.

“Effective Reliability—Through Educa-
tion,” Dr. P. H. Zorger, The Martin Co.

“AGREE in Action,” G. W. Lindsay,
US.AF.

“A Reliability Slide Rule,” B. Ellison,
International Electric Corp.

“A Comprehensive Education and Train-
ing Program for Design Reliability,” F. E.
Marsh, Boeing Co.

Session 6C—Training Session

Moderator: Dr. L. W. Ball, Boeing Co.

“The Problem of Human Initiated Fail-
ures,” D. Meister, General Dynamics—A stro-
nautics.

“Reliability Through Process Capability
Studies,” G. 0. Hawley, Sandia Corp.

“A Theory of Component Part Life Ex-
pectancies,” D. R. Earles, AVCO Corp.

“A Missile Reliability Reporting Sys-
tem,” I. R. Whiteman, C.E.I.R. Inc.

Banquet

“A Senator Looks at the Problem of Re-
liability in National Survival,” H. M. Jack-
son, U. S. Senator, State of Washington.
sented by M. P. Smith, General Chairman.

1961 National Reliability Award, pre-
sented by M. P. Smith, General Chairman.

1961 IRE Professional Group on Relia-
bility and Quality Control Award, presented
by L. J. Paddison, Chairman.

1961-1962 ASQC Electronics Division
Award, presented by H. D. Voegtlen, Division
Chairman.

Thursday, January 11

Session 8A—Reliability and Quality
Control Programs

Moderator: D. A. Hill, Hughes Aircraft.
“Reliability Program Based on Bomb

Nav. System Experience,” F. W. Blackburn,
Sperry Rand Corp.

“Reliability Research on Components
for Space,” E. E. Brueschke, Hughes Aircraft
Co.

“Quality Assurance in the Field of Nu-
clear Ordnance,” C. E. Smith, Jr., Sandia
Corp.

“Reliability Emphasis on Production
Contracts,” J. A. Marshik, Honeywell.

Session 8B—Maintainability

Moderator: E. Harwood, Office of Elec-
tronics, ODDR&E.

“Simulation of Aircraft  Electronics
Maintenance,” D. S. Ellis, Hughes Aircraft
Co.

“The Human Element in the Mainte-
nance Package,” Dr. H. W. Page, IBM Corp.

“Maintainability Prediction and Meas-
urement,” B. L. Retterer, RCA Service Co.

“Some Considerations of Scheduled
Maintenance,” R. Meyers. [International
Electric Corp.

Session 9A—Reliability Prediction
and Measurement

Moderator: Dr. N. E. Golevin, National
Aeronautics and Space Administration.

“Operational Reliability of the Athena
Computer,” G. P. Anderson, Sperry Rand
Corp.

“Reliability Predictions for Multi-Mode
Electronic Systems,” J. A. Connor, Astro
Reliability Corp.

“Correlation of AGREE Testing with
Operational Reliability,” G. W’ Lindsay,
USAF

“Development of New Prediction Tech-
niques,” I. Bosinoff, Sylvania Electric Sys-
tenis.

Session 9B—Reliability Design Techniques

Moderator: A. W. Rogers, U.S.1.5.C.-
R&D.

“General Usage Assemblies for Navy
Electronic Equipment,” T. E. McDuffe,
New York Naval Shipyard.

“Increasing Reliability through the
QUAD Technique,”™ R. M. Fasano, Svivania
Electric Products, I'nc.

“Reliability and Forced Air Cooling,”
J. L. Keller, Sperry Rand Corp.

“Determination and Use of Failure Pat-
terns,” R. L. Horn, Boeing Co.
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MODEL 6db BANDWIDTH
T TL-2D5A 2 ke

—  NESGa TL-4D9A 4 ke
| © ] TL-6D12A 6 kc

— -

— _SESGam-——— TL-8D16A 8 ke
S—T e TL-10D18A 10 ke

—_—

— RS TL-20D32A 20 kc

- TL-30D45A 30 ke

A R — TL-16D25A 16 ke

S CT T TL-40D55A 40 ke

TL-45D60A 45 ke
TL-32E48C 32 ke
TL-50D85C 50 ke

(suffix "A" denotes 455 ke center freguency;
suffix "C" denotes 500 kc center freguency)

Now in stock in 12 bandwidths...
80 db rejection in 0.1 cu. In.

Clevite ceramic ladder filters provide more selectivity for their size than any conventional i-f filter. They
are fixed tuned and need no alignment—are non-magnetic and non-microphonic. Leading manufac-
turers now have Clevite ladder filters in their communications equipment. Improve your newest design
with these unique filters. Write now for complete specifications—Bulletin 94012, or for selectivity curves
available on each stock model. B Dimensions: %" diameter x 114" long. W Selectivity: 60 db/6db
shape factor from 1.3:1 to 2.6:1. M Center Frequency Stability: within 0.2% for 5 years, and within
0.2% from —40° to +85°C. M Impedance: 1200-1500 ohms. H Designed for military environment,

CLEVITE ELECTRONIC COMPONENTS .. sues ottees

DIVISION OF 232 FORBES ROAD, BEDFORD, OHIO  Maplewood, N. J. / Chicago, Ill. / Denver, Colo. / Inglewood, Calif.




accurate
amplification
of low-level
signals from

DC to
beyond 200 kc?

Just use a KIN TEL
121A/A solid-state
DC Amplifier

The KIN TEL 121A/A is a non-inverting amplifier
with response from DC to beyond 200 kc. It
has fixed gains of 0, +1, +10, +20, 430,
+50, +100, +200, +300, 4500, and + 1000,
and a contro! that adjusts any fixed gain from
X1 to X2.2. Amplification is stable within
0.01%, accurate within 0.1% for all gains
other than +1 (0.2% accuracy at +1), linear
within 0.005% for outputs up to +15 volts
DC with loads of 200 ohms or more. Input
impedance is greater than 10 megohms (less
than 500 pf to 50 kc); output impedance is
less than 0.3 ohm and 50 u«h. Frequency re-
sponse is flat within 0.25% to 2 ke, within
4% to 10 ke, within 3 db to 200 kc. Drift is
less than 2.0 uv equivalent input for over
40 hours at +1000 gain. Equivalent input
noise at +1000 gain is 3 uv peak-to-peak in a
20-cps band, 3 uv RMS in a 50-ke band. Qutput
capability is +15 volts into 200 ohms, +100
ma into 10 to 100 ohms. Amplifier fits standard
KIN TEL cabinets and modules. Price $1000.

Representatives in all major cities

-F¢ 3 LR K
ELECTRONICS, INC

KIN TEL DIVISION

5725 Kearny Villa Road, San Diego 12, California
Phone: BRowning 7.6700

28A WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE

|

<L Ddhy IndustrialA
Engineering Notes*

GOVERNMENTAL AND LEGISLATIVE

One-tenth of Federally-supported elec-
tronic research and development may con-
sist of ‘‘unwitting, needless duplication of
effort,” a report by the Subcommittee on
Reorganization of the Senate Government
Operations Committee charged last week.
The waste may add up to $200 million out
of $2 billion currently expended for this
type of work, Sen. Hubert Humphrey (1),
Minn.), subcommittee chairman, declared.
Reason for the waste, he said, is poor Fed-
eral management of information on “tens
of thousands™ of current projects. Elec-
tronic rescarch and development, as sup-
ported by the Departiment of Defense and
the National Aeronautics and Space Ad-
ministration, Sen. Humphrey said, is so
vast and complex “that no oue really
knows who is now doing what, where, and
how in experiments.” The subcommittee
singled out information management in
clectronics in view of “the crucial impor-
tance” of this “dynamic” field of research
and development to national security and
to rising standards of living. Principal fo-
cus of the report is on shortcomings in the
Department of Defense’s system of stor-
ing, indexing, retrieving and disseminat-
ing pre-publication scientific information.
The report also criticizes information
handling by the National Aeronautics and
Space Administration. “Space science,” it
says, “has been slowed by absence to date
of a reliable comprehensive NASA sys-
tem for centrally indexed, broadly and
promptly disseminated data on current
and completed rescarch and development
contracts aud subcontracts.” As a remedy,
Humphrey urged “a national network of
electronic information centers, coordinated
with a larger network covering all scien-
tific and technical information,” He called,
too, for a “top policy mandate™ in the
Executive Office of the President and
within Federal agencies for “effective and
efficient information management.”™ Hum-
phrey also recommended fullest Federal
encouragement to professional scientific
organizations and to private companies to
help deal with the information challenge
... The Federal Communications Commis-
sion has denied requests to establish AM
stereophonic broadcasting. 1n an order re-
leased October 2, the Commission turned
down petitions by Philco Corp., Radio
Corporation of America, and Kahn Re-
search Laboratories, Inc., stating there is
“little evidence of public need or industry
desire” for stereo transmission by stand-
ard broadcasting stations. In addition,
IFCC said, “the pattern of operation of the
nearly 4,000 stations now licensed, the

* The data ou which these No1ES are based were
selected by permission from IVeekly Reports, issues
of October 2, 9, 16, and 23, 1961, published by the
Electronic Industries \ssociation, whose helpful-
ness is gratefully acknowledged.

needs and purposes served, and the very
nature of the service itself are such that
the beneficial effects of innovations of this
nature are clearly ‘de minimus.’” The
order said a technical study of the feasi-
bility of AM sterco, similar to the study
carried out by EIA’s National Sterco-
phonic Radio Committee prior to adoption
of rules establishing FM stereo, would be
needed before standard stereo broadcast-
ing could come into being. “Preliminary
consideration, however, indicates that
providing a dual channel transmission sys-
tem with the requisite separation and
without deleterious side effects in an AM
system such as standard broadcasting pre-
sents an appreciably greater problem than
in the case of I'M, " the order concluded . . .
An ad hoc committee of international com-~
munications common carriers has recom-
mended formation of a United States
Satellite Corporation to build and operate
a communications satellite system. In
sununary, these were its recommendations:

1. Research, development and experi-
mental trials should be expedited by gov-
ernment and industry and all resources
drawn upon to establish the best com-
munications satellite system at the earliest
practicable time.

2. A non-profit satellite corporation
should be created to develop, construct,
operate, manage, and promote the use of
communications satellites, in the interests
of the United States, in accordance with
the public interest objectives specified in
the President’s Statement on Communica-
tion Satellite Policy and the Federal Com.
munications Commission’s Supplemental
Notice. The satellite corporation would
have three directors appointed by the
President or his designate to make the ap-
pointments, two directors designated by
each authorized participant in ownership
of the satellites, and a director designated
by the carriers which do not own but
which may lease satellite facilities.

3. The U. S. carriers authorized by the
Commission to provide communications
services via satellites should be allowed to
participate in joint ownership of the satel-
lites and to include their investments in
their rate bases for rate-making purposes,
so that rates would continue to be estab-
lished as at present under regulation by the
Commission.

4. Each U. S. carrier should be per-
mitted to establish and operate its own
ground stations, participate in joint owner-
ship of ground stations with other carriers
or rent capacity in other carriers’ ground
stations, and to obtain equitable access to
and use of the ground stations and satel-
lites, in accordance with public interest ob-
jectives set forth in the Supplemental
Notice and as authorized by the Commis-
sion.

(Continued on page 30A)
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In less time than it takes light to cross this room,

a new product, DELCOIS N EW high speed Mc
silicon modules, could: (1) correct the course of a missile in flight;

(2) make it possible for sonar pickups to track and compute the
position of targets with microsecond accuracy; and (3) handle any
number of other airborne guidance and control functions that previous
modules—due to low speed or environmental or performance limitations
—could not handle. Delco Radio’s 10mc modules, with a maximum
gate-switch speed of 40 nanoseconds, convert data 100 times faster
_even under the most extreme environmental conditions.

These SI LICON modules come epoxy encapsulated, and
operate over a temperature range of —55°C to +100°C. And these
same reliable DIGITAL circuits are available packaged on

plug-in circuit cards. These Delco MO DU LES are environmen-

tally proved to: SHOCK, 1,000G’s in all planes. VIBRATION, 15G’s at 10 to
2,000 cps. HUMIDITY, 95% at max. temp. STORAGE AND STERILIZATION TEMP.
—65°C to +125°C. ACCELERATION, 20G’s. Designed for systems

using from one module to 100,000, and the module’s rated
performance considers the problems of interconnection. Data sheets

are available. Just write or call our Military Sales Department.

Physicists and electronics engineers: Join Delco Radio’s search for new and better products through Solid State Physics.

PIONEERING ELECTRONIC PRODUCTS THROUGH SOLID STATE PHYSICS DELCO
Division of General Matars e Kakoma, Indians
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CONTACT
MODULATOR

MICRO-MIDGET

CHOPPERS
FROM STOCK!

]
4

RATINGS

Drive: 6.3 volts at 60 CPS or 400 CPS

Signal Level: 10 VDC at 2 MA max.

Size: World’s Smallest

Contact Action: SPDT BBM

Temperature Range: — 65°C to 4 100°C

Life: 2,000 hours minimum

Shock: 100 G

« s+ Plus a
noise level down fto
0.6 microvolts/

<

CAMBRIDGE DIVISION . CAMBRIDGE, MARYLAND
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Engineering Notes
{Continued from page 28A4)

5. The Commission should, expedi-
tiously, take such further administrative
action as may be necessary and proper in
furtherance of the proposed plan.

The report stipulates that the corpora-
tion be set up so as to prevent control by a
single carrier. Each firm participating in
ownership of the satellites would have
equal representation on the board of direc-
tors, provided its contribution is $500,000
or more. RCA Communications, Inc., in a
separate statement included in the report
said it:

a. believes that the most important ac-
tivity for satellite communications in the
near future is to speed research and de-
velopment of techniques, systems, and ap-
paratus and proposes to emphasize its ef-
forts in this area with its own funds and
facilities and with contract support;

b. desires the freedom to construct and
operate its own ground stations for use in
satellite communications and is prepared
to make the necessary investiment;

¢. does not have sufficient facts at this
time to make a commitment as to invest-
ment in the space satellites pending fur-
ther research and development and a reso-
lution of the parameters of the space satel-
lite system eventually to be used for com-
mercial purposes;

d. pledges its continued best efforts
and full cooperation with government and
industry in this matter.

Meanwhile, Sen. Russell B. Long (D).,
La.) has scheduled hearings on the ad hoc
committee’s report before his Senate Small
Business Subcommittee November 8 and
9. Appearing at the hearings will be the en-
tire seven-member I'CC. Other witnesses
will include Attorney General Robert Ken-
nedy or Assistant Attorney General Lee
Loevinger; Edward C. \Welsh, Director of
the President’s Space Council; and Omar
Crook, Attorney for the llawaiian Tele-
phone Co. and chairman of the ad hoc
committee. Members of the ad hoc com-
mittee are the American Cable & Radio
Corp.; American Telephone & Telegraph
Co.; Hawaiian Telephone Co.; Press Wire-
less, Inc.; Radio Corporation of Puerto
Rico; RCA Communications, Inc,; South
Puerto Rico Sugar Corp.; Tropical Radio
Telegraph Co.; The Western Union Tele-
graph Co. ... An intensive program aimed
at strengthening the Defense Depart-
ment’s in-house research laboratories and
up-grading their technical standards is
underway, it was disclosed last week. The
program was established by Defense Secre-
tary McNamara, who said he had “pro-
found concern for the maintenance of a
vigorous program and the highest morale
within the laboratories throughout the
Department of Defense.” In a memoran-
duni, Mr. McNamara directed tarold
Brown, Director of Defense Research and
I ngineering, to work with the military de-
partments and officials of the Office of the
Secretary of Defense in formulating and

(Continwed i page 32:4)
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IN9G0 2N961 2N962 2N964 2NI6S 2NIG6

This new Motorola germanium epitaxial switching series —
the 2N960-62, 2N964-66 — will supplant nearly all other ger-
manium micro-alloy, drift, mesa, and other transistor types for
high-speed switching applications . . . in many cases at consider-
ably lower prices.

In comparison with the older devices, these six new universal
switching transistors offer major design advantages that con-
tribute to improved performance of both old and new designs.

o faster switching time (7x: = 0.6 nsec)

» guaranteed minimum Beta over wide current range . . .
specified at 10,50 and 100 mA

e low saturation voltage even at 100 mA

» rugged Mesa construction

o the most comprehensive published specifications
of any similar switching transistors

o proven reliability from the world’s largest manufacturer
of germanium epitaxial transistors

For applications where the advantages offered by this new
epitaxial series are not essential, Motorola also offers eight new
non-epitaxial germanium mesa transistors — the 2N968-75 series
— at even lower prices.

FOR MORE INFORMATION on either of these
important new mesa series, contact your
Motorola District Office, or call or write:
Motorola Semiconductor Products Inc., Tech-
nical Information Department, 5005 East
McDowell Road, Phoenix 8, Arizona.

MOTOROLA DISTRICT OFFICES: .

Belmont, Mass. , Burlingame, Calif. / Chicago / Cleveland / Clifton, N. J. / Dallas
Dayton / Detroit / Garden City, L. |. / Glenside, Pa. / Hollywood / Minneapelis
Orlando, Fla, / Phoeniv gilver Spring, MdJ. , Sytacuse / Toronto, Canada.
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MOTOROLA GERMANIUM EPITAXIAL SWITCHING TRANSISTORS
N T Y e
@ 50 mA 40 % 40 | 35| 35| 35 | Volts
@ 100 mA 70| 70| 70| 60 | .60 | 60 | Voits
150 300 me all types
| Vea=1.0 Vde W
Qt paax)
i : : 4
i=imdc | so| so| so| so| s 0
lesatmaae | 128 | 125 | 150 | 125 | 128 | 150 | ee
i 0.6 nsec typical all types
- Ti 0.5 nsec typical all types
All types have 150 mW dissipation in free air.
300 mW at 25°C case temperature s &

A SUBSIDIARY OF MOTOROLA. INC

MOTOROLA

Semiconductor Products Inc.

5005 EAST McDOWELL ROAD ¢« PHOENIX 8, ARIZONA
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TOWER FOOTING
INSULATORS FOR
SELF-SUPPORTING

RAOIATORS

LAPP
ANTENNA TOWER

INSULATORS

CAAESAATAN

LA

R
e
4] =
patd

[

MAST BASE
INSULATORS RAOIO GUY
INSULATOR

We at Lapp are mighty
proud of our record in the
field of tower insulators.
Over 30 years ago, the first
insulated broadcasting tower
was erected—on Lapp insu-
lators. Since then, most of the
large radio towers in the
world have been insulated
and supported by Lapp insulators. Single base
insulator units for structures of this type have
been design-tested to over 3,500,000 pounds.

A thorough knowledge of the properties of por-
celain, of insulator mechanics and electrical qual-
ities has been responsible for Lapp’s success in
becoming such an important source of radio in-
sulators. Write for description and specification
data on units for any antenna structure insulating
requirement. Lapp Insulator Co., Inc., Radio Spe-
cialties Division, 233 Sumner Street, LeRoy,N.Y.

|
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(Continued from page 304)

carrying out a program of strengthening
in-house laboratories. He set forth the fol-
lowing policies: In-house laboratories are
to be used as a “primary means” of carry-
ing out DOD programs. They are to pro-
vide scientific and technical advice on the
government’s responsibility for develop-
ment and acquisition of new weapons.
“Clear lines” of technical management and
responsibility are to be set up for each in-
house laboratory. To accomplish this, pro-
visions will be made for extended tours of
duty for “officer-scientists” in positions for
which they have demonstrated technical
proficiency. In addition, procedures will
be established by which the principal labo-
ratories of each military service will be
brought under “the more effective control”
of Assistant Secretaries for R&D of the
military departments. Depending on the
mission and nature of the work of a par-
ticular laboratory, a fraction of the annual
laboratory budget will be set aside for
work judged by the lab director to be
promising or important. Prior approval or
review at higher levels will not be needed.
Salaries of senior technical personnel will
be raised in accordance with existing regu-
lations. In addition, DOD will attempt to
sccure for its senior personnel “rates of
compensation . . . consistent with levels
set outside as well as inside the govern-
ment service.” It was understood that
a DOD study group is examining prob-
lems of organization of in-house labo-
ratories, personnel, and salary; fiscal and
budget problems; construction to support
RDT&E; morale; and research missions.
A report is expected by January ...
The Federal Communications Commis-
sion last week invited comments on its
proposal in Docket 13928 to amend Part 2
of its rules in the matter of doppler navi-
gational aids. \While continuing to advo-
cate the development of such civil aids in
the exclusive band 13250-13400 mc, the
proposal would amend footnote USS3 in
the frequency allocations table to permit
government and non-government airborne
doppler radars in the acronautical radio-
navigation service to operate in the band
8750-8850 mc only on condition that they
accept any interference which may be ex-
perienced from radio location stations in
the band 8500-10,000 mc.

MILITARY AND SPACE

The Defense Department last week
pledged its full support to industry's efforts
to develop an operational communications
satellite system and set forth technical
characteristics which would suit defense
needs. In a statement detailing its policies
for cooperation with industry, DOD urged
establishment of a commercial system “as
rapidly as economically and technically
feasible.” According to the statement, the
Department will assist principally by sup-
plying scientific information gained from
military developments. In addition, it will

(Continticd on page 34A4)
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UHF to 90 Gc!

NARDA

can supply you with more than 600

ﬂ @; m PRECISION microwave instruments,
L components and hardware!

klystron mounts -

Write for

car i your free
/ g e

- ridged Waveguides .

Y o AT

- waveguide adapters & accessorles stands - horns .

. ferrite circulators -

- hybrid junctions - 1nstruments and modulators .

SEND FOR FREE CATALOG TODAY!

Address: Department PIRE-1-13

@Sy .. narda meoe

PLAINVIEW, L. I, NEW YORK -+ AREA CODE 516 GE 3-5000
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DIALCO Tele-Strip No. TS 4220.
Accommodates 20 DIALCO Lens
Cap Assemblies (Series 402-),
Convex or dome lens; 6 colors.

No. 70428-XP10-1131

(Back mounting, n
9/16" clearance hole)

No. 135-428-1431

(Front mounting, in
11/16" clearance hole)

It's the Combination that Counts

(uality
and
liability

(E Re

Bliley-
packaged
crystal

crystal
osciliator

‘ sealed-in-glass | I - ‘

Packaged oscillator stability can only
be as reliable as the crystal source!

minimum aging. In combination
with custom built circuitry and
temperature control, each unit is
individually tested to meet rigid
quality standards. This is the
essence of product reliability.
Typical Bliley oscillator pack-

Component qualifications for a
Bliley crystal oscillator package
begin with high precision glass-
mounted crystals that will deliver

long-term performance with
ages are described in Bulletins

...if you buy quality
520A, 522 and 526.
BI.".EY ELECTRIC COMPANY * Union Station Building * Erie, Pennsylvania

T-2 BULB
with telephone
slide base;
6-60 volts

TELE-STRIPS

(MULTIPLE LAMP INDICATORS)

For switchboards and other applications
requiring multiple indication with T-2 lamps.

DIALCO Tele-Strips are available in several styles, and in
sizes to accommodate from 2 to 20 Lampholders per
strip. Choice of Lens Caps and Colors, or less lens caps
for use with désighation cards. Also: Tele-Strips made to
specifications, Submit problem for recommendations.

INDICATOR LIGHTS
FOR WARNING, SIGNAL AND READOUT APPLICATIONS

Two complete Series: For mounting in 9/16” and 11/16”
clearance holes. Wide choice of lens styles and colors.
All assemblies are available complete with lamp,

Samples on Request at Once — No Charge

For complete data, request 8-page Catalogue L-164.

Foremost Manufacturer of Pilot Lights

DIALIGHT

CORPORATION
60 STEWART AVENUE, BROOKLYN 37, N.Y. o  HYacinth 7-7600

PILOT LIGHTS
“The Eyes of
Your Equipment”
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c_aD_U_s Industrial

Engineering Notes
(Continued trom page 32:)

furnish private industry technical specifi-
cations and circuit requirements To nieet
long-line military needs, and aid in the
selection of locations for ground facilities.
In addition, DOD will provide assist-
ance, when requested, to the Federal Com-
munications Commission, the National
Aeronautics and Space Administration,
and other agencies in evaluating industry
proposals for commercial satellite-based
telecommunication systems. It will also
make available, when possible, gavern-
ment boosters and launching facilities.
‘The present DOD policy on long-line com-
munications will apply to satellite com-
munications,  Military services will use
U. S, commercial facilities and provide ex-
clusive military facilities only when com-
mercial facilities to meet military needs do
not exist , , . D. Brainerd Holmes, Gen-
eral Manager of the Major Systems Divi-
sion of the Radio Corporation of America,
has been named Director of Manned
Space Flight Programs for the National
Aeronautics and Space Administration. lle
will take ofhce November 1, Mr. tHolmes,
40, will be responsible for direct program
supervision of NASA’s maunned space
flight activities at NASA centers and in
industry. The activities will include the
projected manned lunar landings under
Project Apollo. In his position with the
Major Defense Systems Division, a unit of
RCA Defense Electronies Products  at
Moorestown, N, J,, Mr. Moore has been
project manager lor the Ballistic Missile
Early Warning System. NASA Directar
James E. Webb also disclosed personnel
shifts which will place new emphasis on
manned space flight, space sciences, and
practical applications of space technology.
‘The personnel changes, elfective Novem-
ber 1, include appointment of: lIra il
Abbott, Director of the Office of Advanced
Research Programs, as Director of the
Office of Advanced Research and Tech-
nology; Dr. Homer E. Newell, Deputy
Director, Office of Space Flight Programs,
as Director of the Office of Space Sciences;
Dr. Abe Silverstein, Director of the Office
of Space Flight Programs, as Director of
the Lewis Research Center, Cleveland,
Ohio, a position now vacant; and Robert
R. Gilruth, Director of Space Task Group,
Langley Field, Virginia, as Director of
NASA’s new Manned Spacecraft Center,
Houston, Texas. P’rogram othce directors
will report directly to Associate Adminis-
trator Robert C. Seamans, Jr....Re-
search in communications and command
control as a function of electronics systems
rates higher priority than research leading
to reliability of electronic components, ac-
cording to 49 industrial, academic, and
government electronics authorities polled
recently by the Defense Department. In
the survey, DOD asked for ideas on the
electronic or related rescarch areas of most
significance to military and economic or
social progress. ‘The responses are con-
tained in a report made public last week,

Continued on page 3641}
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ARNOLD 6T CORES:
PROTECTED AGAINST SHOCK,
VIBRATION, MOISTURE, HEAT...

AVAILABLE FROM STOCK

The hermetically-sealed aluminum
casing method developed exclu-
sively for Arnold GT tape cores is
packed full of advantages for you
. . . performance-improving and cost-
saving advantages.

It is compact: you can design
for minimum space/weight re-
quirements. It’s extra-rigid to pro-
tect against strains. And it gives
you maximum protection against
environmental hazards. Arnold 6T
tape cores are guaranteed against
1000-volt breakdown . . . guaran-
teed to meet military test specs for

PROCEEDINGS OF THE IRE

December, 1961

resistance to shock and vibration

. guaranteed also to meet mili-
tary specs for operating tempera-
tures. They require no additional
insulation before winding, and can
be vacuum-impregnated afterward.

And now a NEW Arnold service:
immediate delivery on your proto-
type or production requirements
for Deltamax 1, 2 and 4-mil Type
6T cores in the proposed EIA
standard sizes (see AIEE Publica-
tion 430). A revolving stock of
approximately 20,000 Deltamax
cores in these sizes is ready for you

on warehouse shelves. Subject to
prior sale, of course, they’re avail-
able for shipment the same day your
order is received.

Use Arnold GT cores in your de-
signs. Technical data is available;
ask for Bulletin TC-101A and Sup-

plement 2A (dated June’G0). #Write
The Arnold Engineering Company,
Main Office and Plant, Marengo, 1II.

ADDRESS DEPT. P-12

# ARNOLD

¥ SPECIALISTS In MAGNETIC MATERIALS

BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL
CITIES ¢ Find them FAST In the YELLOW PAGES
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THE ¢yt TOUCH

IN

Our rabat's “sys i
the sad view of 5 CL-6031

AUTOMATION

JANN D

Clairex Photoconductive Célls, like the human
eye, are “windows to the world” of control
system design. Our continually expanding
line now includes the 5-1 series of hermeti-
cally sealed Cadmium Sulphide cells, employ-
ing a sensitive material formulation that
matches the spectral sensitivity of the human
eye! These are the first real “electronic eyes”
and thus are particularly useful in opplica-
tions involving human vision . . . such as
Daylight Switches, Photography, and Auto-
matic Brightness Control in Television
Receivers.

LAIREX

ORPORATION

X ond New Faclities to meet Growing Needs

O WEST 30 STREET, NEW YORX 1. N Y & MU 40940

&3 Il lnduslrial

Engineering Notes

( itined from page 344

Emergence of emphasis on communica-
tions, accurding to  conclisions  gained
from the poll, could in one sense be con-
sidered sccondary to a  broader trend
elicited by the poll questionnaire. Results
show a rather sharp subdivision of current
electronics research into two major and
several minor areas. The major arcas
listed are (1) science and technology re-
lated to components, and (2) electronic sys-
tems research. The compotients area in-
cludes materials rescarch, solid state,
microminiaturization and reliability re-
search, and apparently does not take in
such components as superpower tubes and
antennas. It centers, instead, on solid state
rescarch, according to the DOD pollsters,
Another important components area in-
cludes lasers and components to fill the
frequency gap in the millimeter wave
region. Systems research, on the other
hand, encompasses conmn cations and
command control, computers and data
processing, bioclectronics, adaptive sys-
tems, pattern recoguition, artificial in-
telligence, and similar fields, the report of
the survey points out. The full report,
“Important Areas of Electronic Research,”
is available from the Office of Technical
Serviger, 1. S, Department of Commerce,
Washington 25, D. C. Order PB 171 881.
Price $2.25. . . . The nation’s first synchro-
nous satellite for international relay of
telephone and telegraph signals will be
launched in late 1962, the National Aero-
nautics and Space Administration an-
nounced last week. Design work on the
satellite, called the Syncom, 1s nearly
complete, NASA said. Hughes Aircraft Co.
was contracted in August to build three of
the experimental high-altitude satellites.
Details of the Syncom, released simiil-
taneously by Hughes and NASA, describe
it as a 28-inch-diameter, 55-pound cylinder
which will be placed in a 22,300-mile
orbit. Tt will be the first satellite to go into
synchronous orbit, or one in which the
satellite’s orbital veloctty is matched to
the earth’s rotation. Syncom will relay
telephone and telegraph communications
over “ncar-hemispheric” distances, NASA
said. The tlughes announcement said it
will be capable of relaying telephone con-
versations to [Curope. Syncom’s electronics
unit consists of two communications trans-
puiders, two command receivers, two
telemetering transmitters, and associated
power converters and command processing
equipment, according to [ughes. It will
carry a slotted array antenna for signal
transmitting and receiving and four whip
antennas in a turnstile arrangement for
telemetering and command. Frequencies
to be used will be 7500 mc from ground to
satellite and 1850 mc from satellite to
ground. The first Syncom is expected to
have a one-year lifetime.

INDUSTRY MARKETING IDATA

Factory sales of transistors in August
increased to 17,193,860 units, about 6

inued on page
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keep your signals clean with
engineered magnetic shielding

all classes. Reduction of field strengths to 100 db
and beyond is common.

Keep stray magnetie fields out of your high gain
input transformers and cathode ray tubes. Keep
vour signals free of noise, hum, cross-talk and
distortion. You can do it only with engineered
magnetic shielding.

With Magnetic Metals shielding. both the electrical
and mechanical engineering is already done for you.
Simply let us know your requirements ... We'll
engineer the exact type of shielding yvou need. In
selection of raw material, design, fabrication, an-
nealing, testing and gaging, Magnetic Metals has

These high-permeability shields are made from ex-
isting tools in a broad variety of single and multiple
structures— cylinders, spheres, truncated cones

for applications ranging from dc into the audio
range and higher. They can be used with almost
all conventional transformer core and coil assem-
blies to provide any degree of magnetic, electro-
static or RF shielding against undesired signals of

amassed a great backlog of shielding experience.
For a better understanding of shielding and help in
specifying it, write for our informative booklet,
“Magnetic Shielding of Transformers and Tubes.”

1 AGNETIC

@

PROCEEDINGS OF THE IRE

MNMAGNETIC METALS COMPANY
Hayes Avenue al 2ist Street, Camden 1, N.J.
853 Production Place, Newport Beach. California
transformer laminations » motor laminations « tape-wound cores
powdered molybdenum permalloy cores + electromagnetic shields

LTALS
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Check these

CLARE
MercuryWetted
Relays

against your
design needs

Choice of two basic switches

SPEED TO 200 CPS LOADS TO 250 VA

This CLARE TYPE HGS is the fastest
operating, most sensitive mercury-

This CLARE HG capsule will handle
contact loads as high as 5 amperes,

wetted contact relay obtainable. It
will operate at speeds to 200 cps
with sensitivity as low as 2.5 milli-
watts with a contact rating of 2
amperes, 500 volts (100va max.).
Two permanent magnets provide
single-side stable and bi-stable ad-
justments. Avaitable with Form D
(bridging) contacts.

The Clare

500 volts (250va max.). Operating
time may be as low as 3 milliseconds.
Itis also available equipped with two
permanent magnets (HGP TYPE) for
single-side stable, bi-stable or chop-
per operation.

Mercury-Wetted

Relay Principle




FOR BILLIONS OF OPERATIONS

ckages

11

See your nearest CLARE representative or
address: C. P. Clare & Co., 3101 Pratt Bivd.,

. Chicago 45, llinois. in Canada: C. P. Clare
NEW! Design Manual 201A Canada Ltd., 840 Caledonia Road, Toronto 19,

Complete data on characteristics, Ontario. Cable Address: CLARELAY.
circuitry, mountings, coil tables
and information for ordering
CLARE mercury-wetted contact
relays.

C. P. CLARE &4 CO.

Relays and related control components

'World Radio Histol




high voltage
connector
problems?

L DIE]

solves them hy return mail

Alden makes high voltage connectors that are
more reliable ... simpler ... and less expensive.
Connectors you can trust absolutely to tame arc-
over and corona problems at voltages as high as
30 KDVC.

A few of the many Alden IM! High Voltage Connectors and
tube caps available for solving your problems.

It's done through Alden’s exclusive IMI (Integral
Molded Insulation) technique. With this unique
method, we can mold Kel-F, Polyethylene, or
Nylon insulation in a single hot shot directly
around leads, contacts, and any special circuit
comlponents like chokes, resistors, or corona
shells.

Integral imsulation requires

Alden Integrally
Mol only one long

d wire

Alden In-
tegrally
melded s of highl
resistor . . wack Press Contacts.. Ly

This one shot technique saves production costs.
These savings are passed on to you. And it actu-
ally adds reliability.

Let us prove it. Let us send you complete in-
formation by return mail. Better still, send us a
sketch. Tell us what you want to connect. Lay
out lead lengths, give voltage and current, en-
vironmental conditions. We’'ll send you a sample
connector assembly or a proposal specifically
tailored to your needs. Just write:

ALDEN

PRODUCTS COMPANY
117 N. Main Street, Brockton, Mass. ‘

40A
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Dr. Yardley Beers (A'44 M'46) has
been appointed Chief of the Millimeter-
Wave Research Section, Radio Standards
Laborawry, Boulder Laboratories of the
National Bureau of Standards, U. S. De-
partment of Commeree. Since July, 1961,
Dr. Beers has been acting chief of his
present section. He joined the stall of
NBS in June, 1960, as a consultant in
atomic frequency and time interval stand-
ards. Since that time, he has completed a
linal vear in the Physics Department at
New York University.

Dr. Beers wax 2 member ol the stall of
the Radiation Laboratory at M.IT. from
1942 45; 4 consultant to the Brookhaven
National Laboratories with the Atomice
Energy Commission,  1947-59; and a
teacher of physics at New York Universiny
for 15 vears- -leaving with the rank of full
professor. In 1936, Dr. Beers worked as a
IFulbright  scholar  with  the Common-
wealth Seientific and Industrial Research
Organization in Syduney, Nustralia. During
his stay, he was also visiting professor at
the University of Syduoey.

Boricin Philadelphia, Po., in 1913, Dr.
Beers took his B.S. from Yale University
i 1934, After a year of graduate study
there, he transferred to Princeton, where
he received his M.\, and Ph.iD). in Physics
in 1937 and in 1941.

Mis special helds of research interest
are: nuclear physics, microwave spectros-
copy, and the electronics connected with
these fields. He is the author of numerous
papers in his fields, a hook, “Introduction
to the Theory of Error,” and chapters in
the M.L.T. Radiation Laboratory Series. A
IFellow of the Physical Society, Dr. Beers
is also a member of the Association of
Physics Teachers.

.

oo

The appointment of Paul B. Black
(M 46-SM’51) as manager of headquarters

all, inaustrian 4N

(Continued from page 364)

million more than the year’s low of
11,227,388 units sold in July, when most
plants shut down for vacation. Total
revenueaccrued in August was $25,155,627.
Transistors sold at the factory the month
before were valied at $17,506,011. Cumu-
lative totals for this year continued to stay
well ahead of those for the same period of
1960. Through August, 117,104,130
transistors were sold with a value of
$199,781,787. Last vear 77,289,560 units
worth $193,756.732 were sold.

WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE
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marketing for Sylvania [flectronic Sys-
tems, a division of
Sylvania  lilectric
Products Ince., was
recently annomiced.
In his new capacity,
he will be responsi-
ble for coordinating
the entire market-
ing information
cffortof the division
and monitoring the
day-to-day market-
ing activities ol the
various  operations
within the division.

Mr. Black previously served as market-
ing manager of the Systems [Zngineering
and Management Operation (SEMO) of
Sylvania Electronic Systems, and prior to
that, he was manager of the B-58 “Hustler”
program at the Buffalo, N. Y. Operations,
also of Sylvania Electronic Systems. The
company is responsible for development
and production of the defensive electronic
comttermeasures system for the supersonic
13-58 bomber.

Mr. Black joined Sylvania's Lighting
Products Division, Salem, Mass., in 1940
as a lightung engincer. Following \World
War 1 military service with the U. S,
Army Signal Corps, he rejoined the com-
puny at Kew Gardens, N. Y., and was
named head of the microwave circuits
group in the Physics Laboratory there in
1948, lle served successively as engineer-
ing manager of the Boston [ngineering
Laboratory and manager of the Avionics
Laboratory, a unit of the Waltham Labora-
tories of Sylvania  Electronic  Systems,
before appointment as manager of the
B-58 program in [February, 1956.

Mr. Black is a member of the American
Management Association and the Armed
IForces Communications and Electronics
Association.

=

P. B. BLack

W. Roderic Bliss (M'50) has been
named Assistant Director of Research,
Selas Corporation of America, Dresher,
’a., according to a recent announcement.
Mr. Bliss comes to Selas from the Martin
Company, Baltimore, Md. where he held
the position of Manager, Industrial De-
velopment, on the Corporate Planning
Statf. Previously, he was Manager of the
firm’s  Llectronics  Technical Staff in
Denver, Colorado. Prior to that, he was
Assistant Technical Director of the Cen-
tral Engineering laboratories, American
Machine and Foundry, Greenwich, Conn.
He was also Senior Project Lngineer of the
Denver Research Institute, Denver, Colo-
rado. In 1950, while President of Decime-
ter, Inc., Denver, Colo,, he was active in
the development of an ultrasonic diagnos-
tic instrument for the carly detection of
cancer.

(Continned on page 42A4)
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New from Spragve!

2N2170

ALL-NEW MADT’
TRANSISTORS

Wide Range of Parameters Plus Choice of Package
Tailored to Meet Your Actual Circuit Requirements

Sprague now offers a complete new line of ultra-high-
speed switching transistors. For greater design flexibility,
these Micro-Alloy Diffused-Base Transistors provide
interchangeability of packages (identical specifications
are available in either the TO-9 or TO-18 case).

HERE ARE SOME KEY PARAMETERS:

THIS NEW FAMILY OF SWITCHES OFFERS:

®High BVcEeo Ratings @Excellent Frequency
eLow Saturation Voltage  Response

eLow Storage Time @Close Parameter Control
@ Low Output Capacitance in Your Choice of Package

T JEDEC | Max.l Min.BV Min.BV Min.hre | Typ. f S . . . A
J:e CASE t(:#u)cso '(vo“sc)“ '(vo“sc)w F ():c) T For application engineering assistance, write
Product Marketing Section, Transistor Division,
2N982 | T0-18 3 20 15 50 450 Sprague Electric Co.,. Conf:ord, N.H. .
2N2168 | TO-9 For complete engineering data, write Tech-
| 2N983 | TO-18 | a 15 15 40 450 nical Literature Section, Sprague Electric Com-
(2N2169 | T0-9 ] pany, 235 Marshall Street, North Adams,
N984 | TO-18 5 15 10 20 350 Massachusetts.
2N2170 | TO-9 l
SPRAGUE COMPONENTS Spnns E
TRANSISTORS INTERFERENCE FILTERS HIGH TEMPERATURE MAGNET WIRE s
CAPACITORS FULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS .
MAGNETIC COMPONENTS PIEZOELECTRIC CERAMICS PACKAGED COMPONENT ASSEMBLIES THE MARK OF RELIABILITY
RESISTORS PULSE-FORMING NFTWORKS FUNCTIONAL DIGITAL CIRCUITS

PROCEEDINGS OF THE IRE December, 1961

*Sprague’ and ‘@' are registered trademarks of the Sprague Electric Co
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CALIBRATED

Thermistor
ounts

For Greater Accuracy
in Power Measuring Systems

Model 675-A

Coaxial Thermistor Mount

The Model 675-A is a 200 ohm therm-
istor mount for use in the 100 to
4000 mc range. Its extremely long
thermal time constant virtually elim-
inates effects of ambient tempera-
ture changes. Calibration factor is
supplied to an accuracy of 29 at
400, 1000 and 1500 mc.

Models 811,
813 and 815

s

X-Band Power Standard

This 200 ohm thermistor mount-
coupler-temperature chamber com-
bination operates over any specified
200 mc band between 8.2 and 11.2
kmec. The thermostatically controlled
constant temperature chamber elim-
inates effects of ambient tempera-
ture changes. An NBS test report is
supplied giving the calibration fac-
tor to an accuracy of 1%.

Precision Power Bridges
Weinschel Engineering also manu-
factures precision power bridges for
use with these thermistor mounts.
These bridges give accuracies to
0.1% of substituted power.

For complete specifications:

Write for Weinschel Bulletin #386

WEINSCHEL

ENGINEERING
KENSINGTON, MARYLAND
949-0141 (Code ZO1)
TWX:KENS 446
L]

Santa Monica,
€631 Wilshire Boulevard,
TWX: SMON 7185
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(Continued from page 40A4)

He attended Wesleyan University,
then transferred to the University of
Massachusetts, where he earned his
Bachelor of Science Degree in Physics. e
is a graduate, also, of American Manage-
ment Association courses in General Man-
agement and Business Finance. He is a
Yast Chairman of the Denver Chapter of
the IRE.

X3

Robert L. Borchardt (S'49-\'50 -M'56)
has been appointed National Service Man-
ager for Motorola Communications and
Electronics, Inc. In
this capacity, he co-
ordinates the firm’s
nation-wide com-
munications service
activities, which in-
clude over 800 in-
dependent  service
stations which pro- 3
vide contract main-
tenance to two-way r Y -
radio systems and
other communica-
tions products used
by public safety, industrial, transporta-
tion, wnd business organizations. e also
directs Motorola’s national connmunica-
tions service training program and the
Motorola T'raining Institute, which pro-
vides home study on two-way radio
servicing techniques.

Borchardt, with Motorola since 1950,
had been Sales Service Manager. He holds
a degree in Electrical Iingineering from the
University of Minnesota, and served as
an electronics technician in the United
States Navy.

R. L. BorcuarpT

0
X3

Arthur E. Cooper (S'47-A’50-M'55
SM’59) was recently promoted to manager
of research and engineering for I1BAl’s
Federal  Systems
Division.

Mr. Cooper will
direct the scientific
and engineering ac-
tivities of the Di-
vision in the devel-
opment  of ad-
vanced information
handling, command
and  control and
space systems for .
the Federal Gov- . E. Coorer
ernment. Engineer-
ing laboratories at the 1BM Space Guid-
ance Center, Owego, N. Y., and the 1BM
Command Control Center, Kingston,
N. Y., will report to him.

Mr. Cooper has held engineering,
laboratory and management positions
since he joined IBM in 1950. In 1958 he
was promoted to manager of advanced
systems research at the Space Guidance
Center and in 1959 became manager of the

Center’s engineering laboratory. He holds
Bachelor and Master of Science degrees
from Purdue University.

2,
<

Martin Cooper (M'56) has been pro-
moted to Assistant Chief Lingineer by
Motorola’s Communications Division. In
this capacity, he
supervises research
and development of
mobile two-way ra-
dio and other com-
munications prod-
ucts.

Mr. Cooper
holds both Bachelor
and Master’s de-
grees in electrical
engineering  from
thelllinois 1nstitute
of Technology. He
joined Motorola in 1954 and was a member
of the digital electronics research stall for
four years before moving into developmen-
tal engineering.

He has five patents pending on his work
at Motorola. He is a member of the Elec-
tronics Industries Association Committee
on Selective Signaling.

e

M. Coorir

2%
o

Pioneer Electronic Supply Co. an-
nounced recently that John R. Di Julius, Jr.
(A'58) was appointed Industrial Sales
Manager, effective
Oct. 1, 1961.
Formerly a field
sales representative
for Pioneer in the
Cleveland area, Mr.
DijJulius, as Indus-
trial Sales Manager,
assuies  respoisi-
bility for the mar-
keting in a three
state area of all in-
dustrial items to
original equipment
manufacturers, research facilities, public
utilities and city and state governments.

Mr. Dijulius joined Pioneer in 1955
after extensive experience in radio. After
serving in World War 1l as a radio and
electronics instructor, he held a Broadeast
Engineer’s License and was active in the
service industry.

J. R.DiJurus, Jr.

0
e

D. L. Deal (8'48-A'50-M"55) has been
rceently appointed Manager of the newly
established Product Planning organization
of the Air FForce Programs Section of the
General Electric Company’s Heavy Mili-
tary Electronics Department.

The Product Planning function, headed
by Mr. Deal, will analyze and evaluate the

(Continued on paye 404)
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ANOTHER ADVANCED MICROWAVE TUBE DEVELOPMENT

FROM RAYTHEON'S SPENCER LABORATORY

“K-BAND BWO, QKB 891,
of a completely new de-
sign is exlremely rugged
and compact.

New K-band O-type BWO’s extend

Raytheon compatible line to 26.5 kM

Advanced design provides 40 mW minimum power
output in extremely rugged and compact package.

Size and weight of these two new Raytheon backward wave
oscillators are barely half that of units now in use.

The QKB 890 and QKB 891 are designed for such applica-
tions as swept local oscillators in ECM receivers and test
equipment, driver tubes in frequency diversity radars, and
pump tubes for broadband parametric amplifiers. Both tubes
utilize PM focusing and have grids for low-voltage pulsed
aperation. For equipment designs requiring close mounting,
only two-inch spacing between tubes is necessary.

Write today for detailed technical data or application service
to Microwave and Power Tube Division. Raytheon Company,
Waltham 54. Massachusetts. In Canada: Waterloo, Ontario.

TYPICAL OPERATING CHARACTERISTICS
QKB 890 QKB 891

Frequency Range 12.4-18 kMc 18-26.5 kMc
Power Output 40-180mW  40-180 mW
Delay Line (tuning)  400-1270V 600-2100V
Anode Voltage (fixed) 125V 150V
Cathode Current 17-21 mA 21-32 mA
Filament Voltage 6.3 Volts 6.3 Volts
Waveguide Coupling RGI1/U RG53/U

RAYTHEON COMPANY

MICROWAVE AND POWER TUBE DIVISION



HIGH SPEED WITH LOWEST V(sat) RATINGS

The new G-E 2N2193-2195 and “A” series combines three of the most
advanced processes in semiconductor technology to bring you new
standards of silicon transistor performance, reliability and stability. This
series of PEP transistors features greatly improved Vc: (sat.) ratings,
and can replace standard units without basic circuit changes.

Planar Passivated 2N696-2N699, 2N1613, 2N1711, and 2N1893 silicon
transistors are also available. They feature superior h:: holdup at low
currents, lower Icoo and I.., and remarkable reliability of performance
and stability of parameters due to planar passivation.

TYPICAL PULSE GENERATOR CIRCUIT WITH PEP TRANSISTORS
SWITCHES '2 AMP IN 25 NANOSECONDS

K
) GE 2N994
2 Q2
00K 4700 470
ouTPUT
< 220 pt RLS50Q
+ | 470 pf
=l GE 2N2193 ]
PULSE GENERATOR = o5 ana 1008
Pulse Characteristics: 1008 ; —— AN
Amplitude 25 volts
Width 200 nanoseconds
Rise Time 25 nanoseconds A —
Fall Time 30 nanoseconds 470 220pt
tmpedance 50 ohms Suh
Repetition
rate 100 kilocycles

Unprecedented versatility is still another unique advantage of General Electric
PEP transistors in new and/or existing applications. The pulse generator circuit
shown illustrates the versatility of 2N2193 in an existing circuit, without the need
for redesigning. Also, by combining low saturation resistance, high voltage, dissipa-
tion and frequency response, controlled gain over four decades of current, and low
leakage, with the stability of passivation, the 2N2193 approaches “ideal” transistor
characteristics. These characteristics make the 2N2193 equally effective in linear
or switching applications. Examples: direct conversions of germanium transistor
circuits, low level linear amplifiers, power stages, and computer type switching
applications.
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| AN 14 T . A S =
PEP (PLANAR EPIT

AXIAL PASSIVATED) TRANS

SILICOY TRANSISTORS

Type No. Descriptian Notable Advantage
2N2193 Similar to 2N1613 Vee {(sat) =0.35 V max.
(see chart below) (@ 1c=150 ma, ls=15 ma)
Veeo =50 V min.
2N2193A Similar to 2N1613 Vee (sa1)=0.16 V Typ.; 0.25 V max.
(see chart below) (@ te=150 ma, ls=15 ma)

Vceo =50 V min.

2N2194 Similar to 2N696 Vee (sat)=0.35 V max.
(see chart below) {@ 1c=150 ma, ls=15 ma)
Vceo =40 V min.
2N2194A Similar to 2N696 Ve (sa1)=0.16 V Typ.; 0.25 V max.
(see chart below) (@ 1c =150 ma, =15 ma)

Vc;o= 40V min.

2N2195 Generat Purpose Ve (sat) =0.35 V max.
industria! Type (@ 1c =150 ma, ly=15 ma)
Vceeo=28 V min.
2N2195A General Purpose Vee (sa1)=0.16 V Typ.; 0.25 V max.
Industrial Type (@ 1c=150 ma, =15 ma)

Veeo =25 V min.

s 2

PLANAR PASSIVATED TRANSISTORS

hee Vet (sat) (max.) Veer (min.)
Type Na. @ 1c=150ma | @ lc=150ma | @ 1c=100ma leso (max.)
VC5=|°V ||=|5 ma R|E=|°
2N696 20-60 1.5V 40V 1pe @30V
2N697 40-120 1.5V 40V 1pe @ 30V
2N698 20-60 5V 80V Smia @ 75V
2N699 40-120 5V 8ov 2 po @ 60V
2N1613 40-120* 1.5V 50V 10 mpa (@ 60V
2N1711 100-300* 1.5V 40V 10 mpa @ 60V
2N1893 40-120* 5V 100V 10 mpa @ 90V

* plus guaranteed minimum hee's at several other currents

The silicon oxide is thermally grown during For complete technical data on the new PEP and Planar Passivated silicon transistors, call your

. . G-E Semiconductor Products District Sales Manager. Or Write Semiconductor Products Department,

the planar diffusion process. It forms a Section 23L113, General Electric Company, Electronics Park, Syracuse, New York. lananada:

ivat sur o t ) i Canadion General Electric, 189 Dufferin St., Toronto, Ont. Export: International General Electric,
passiva urface over e junction that

o . 0 0 159 Madison Avenue, New York 16, New York.
provides maximum protection against con-

tamination and degradation of characteristics
during the entire life of the transistor. The STOCKED BY YOUR G-E SEMICONDUCTOR DISTRIBUTOR
thin epitaxial layer on low resistivity sub-
stratc gives negligible body drop resulting in

extremely low saturation resistance and in- A L E
creased uniformity from unit to unit.
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Engincers and scientists join the
team that is making 5

THERMIONI(; POWER
BECOME OF AGE

Since 1956 THERMO ELECTRON has pioneered in the development
of thermionic energy converters. Today as thermionics becomes of
age, THERMO ELECTRON is a leader in the development of thermionic
power systems. Typical of the programs being carried out for military
and peactime applications are:

A 250-watt solar thermionic generator for Aeronautical Systems
Command for space applications. ASC chose the team of Thermo
Electron and Thompson Ramo Wooldridge inc. TRW provides the
system’s management and Thermo Electron is developing the
thermionic generator.
Isotopic-fueled thermionic generator — The Martin Company
selected Thermo Electron to develop this generator which holds
promise for applications in space, navigational aids, and
remote sites.
A 200-watt gas-heated thermionic generator — the American Gas
Association selected Thermo Electron to develop a gas-fired
thermionic generator for use in commercial appliances and
military and industrial field applications.
These exciting and advanced programs offer challenging opportunities to qualified
scientific and engineering personnel. We have immediate openings for scientists
and engineers with experience in high temperature material research, vacuum
technology and plasma physics. For further information regarding your interest
in thermionics, contact Mr. Lawrence T. Sullivan, TWinbrook 4-8700.

All qualified oppliconts will receive considerotion for employment without
regard to roce, creed, color or notional origin,

W THERMO ELECTRON
é > ENGINEERING CORPORATION
o5 FIRST AVENUE * WALTHAM $4 L] MASS,

LEADERS IN THERMIONIC ENERGY CONVERSION

&E@" IRE People

\ir Force market 1o determine current and
future operational requirements and 1o
lorecast anticipated  technological trends.
Such long-range planning efforts witl direet
the: Department in the development of
wew products, as well as in the modifica-
tion of existing equipments, to assure that
hanging defense needs are met with o
ontinuing program of product improy e-
ment.

he appomntment of Peter N. Dudeney
M'57) 1o the post of Dircctor, Research
and Fagineering for Hek Flectro-Prodiets
Company was an-
nounced  recently.
Mr Dudeney's new
position consoli-
dates under  one
director two engi
neering  depart
ments  from re-
cently o merged
Hermes Electronies
and esisting ek
engineering depart
ments. He isore
sponsible for super-
vision of the Crystal Fileer, Digital Eqguip-
ment, Communications Fguipment, 1Slec-
tronic Systems, and Product Deyelopment
Departments.,

MroDudeney joins ek Trom a position

Director of Engineering at Vitro Flee
tronics, Stlver Spring, Mary land. There he
supervised the enginecring of ~ophisticates)
telemetry and sunveillanee receiving
cquipment. Presion<dy he had been Vigo's
Chiel Engineer, o Project Manager for
Fricz Division o Bendin \iation, aid a
consultant on transistor power supplies
His experience in communication engi-
neering covers military and  conmercial
cquipment aeross the frequeney spectrum.
Vimong his personal designs are: Doppler
and four-octave suryeillanee receiers, and
two closed-cirenit I\ syatenis,

Mreo Dudeney attended Wandsworth
College. London, EEngland, where he was
warded o Fligher National Certileate i
Electrical Engincering with cudorsements
in Mechanies and Physies, Heis i member
of the Institute of Blectrical 15
and is o Registered Professional 1<ngineer.

. NL DuebeNey

1zineers,

Harold L. Flowers (\'43 S\I'30),
formerly dircetor of weapon sy stems for the
Goodycar Nireralt. Corporation in \kron,
Ohio, was recently
namedgencralnian-
ager of engineering
for the Electronies
Operation of A\veo's
Flectronies and
Ordnance Division,
Cincinnati, Ohio.

Mro Flowers s
anativeof Hickory,
N, C.. where he
attended Lenoir
Rhyne College and
then went on 1o

H. L. FLowERs

(t ni } 7
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STANDING
INDICATO

Pinpoint resolution for precise
attenuation measurements

Scale expansion with no “blind spots,”
no resetting

Built-in bolometer protection
AC or battery operation

All-solid-state design

Model 415C Standing Wave Indicatorisa new high-
gain, low-noise solid state amplifier and voltmeter
calibrated for square-law detectors to read directly
in SWR or db. The amplifier is tunable, 980 to 1,020
cps, for matching source modulator or for optimiz-
ing several instruments in one system. Variable
bandwidth (15 to 100 cps) permits both high sensi-
tivity testing and swept-frequency work.

For highest resolution on precise attenuation meas-
urements, you can expand to full scale each 2.5 db
portion of any 10 db range with no “plind spots,”
and the reference is maintained automatically! This
expansion gives you 24 calibrated ranges, 0-60 db,
in 2.5 db steps. The 415C also reads directly in
SWR; it is ideal for measuring reflection coefficient
and extremely useful as a null indicator for audio-
frequency bridges.

Two peak-limited bias currents, readable on the
front-panel meter and adjustable + 107, prevent
accidental bolometer burnout. Other inputs permit
operation with crystals and as a null detector.

The 415C has both an ac output for use as a high-
gain tuned amplifier and a dc recorder output. High
stability with line changes makes the instrument
ideal for long-term monitoring. An internal battery
pack (optional) makes the 415C completely port-
able. It is housed in the new @& modular cabinet,
which can mount in half of a rack 7” high, combin-
ing conveniently in a single rack width with such
companion instruments as @ 431 Power Meter.

December, 1961
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WAVE

@ 415C Standing Wave Indicator

SPECIFICATIONS

1,000 cps +2% by front-panel
control. Special-order frequen-
cies available between 400 and
1,500 cps.

0.1 zv rms at 200 ohms and 30
cps bandwidth.

5 db below full scale at 0.1 uv
rms sensitivity, minimum band-
width.

Variable, front-panel control, 15
to 100 cps.

70 db. Input attenuator for 60 db
in 2.5 db steps, accuracy *0.1
db/10 db step. Maximum cumu-
lative error, =0.2 db.

-+0.05 db from normal to 0.1 db
expand; =0.1 db from normal to
other expand ranges

SWR 1-4; SWR 3-10; expanded
SWR 13 db 0-10; expanded db
0-2.5. Bolo current.

“Bolo'"—200 ohms, bias 8.7 or
4.3 ma; “Crystal”’—200 ohms for
crystal rectifier; 200 Kilohm”—
for crystal rectifier as null de-
tector.

DC (1 ma full scale) for record-
ing. AC (0.25 v rms for full scale
deflection) for swept-frequency
scope presentation.

7Y>2" high, 6%2" wide, 12%2" deep.
Weight, 5 1bs.

A ries Available: Battery pack.

Price: $325.00.

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

Frequency:

Sensitivity:

Noise Level:
Bandwidth:
Range:

Expand Accuracy:

Meter Scales:

Input:

Outputs:

Size:

HEWLETT-PACKARD COMPANY

083D Page Mill Road Palo Alto, Calif,, U.S.A.
Cable “HEWPACK” DAvenport 6-7000
Field representatives in all principal areas

HEWLETT-PACKARD S.A.

Rue du Vieux Billard No. 1
Cable "HEWPACKSA"

Geneva, Switzerland
Tel. No. (022) 26. 43. 36

47A



FOR YOUR MAGNETIC SHIELDING PROBLEMS...

MUMETAL

IS THE ANSWER!!!

Instant relief to interference caused by ex-
traneous magnetic fields is the net result
of shields made of Allegheny Ludlum’s
Mumetal. These shields protect components
against stray external fields or prevent
neighboring parts from being affected by a
field-generating component inside the shield.
In electronics, Mumetal and shielding are
practically synonymous terms.

To develop its optimum shielding proper-
ties, Mumetal must be properly annealed in
a pure, dry, high temperature hydrogen at-
mosphere after fabrication. When properly
annealed, Mumetal has extremely high per-
meability and is capable of attenuating stray
fields to negligible proportions.

In general, high permeability, shielding
excellence and strain sensitivity go hand in
hand. In the optimum condition, Mumetal
is relatively soft. Shields in this condition

ALLEGHENY LuDLUM

should be handled with care in order to pre-
serve high permeability and optimum shield-
ing efficiency.

In many applications, fabricating or field
conditions are encountered which make it im-
possible to avoid straining the material after
the high temperature hydrogen anneal. Even
when strained, Mumetal shields remain effec-
tive, with just a small loss of permeability.

The inherent ductility of Mumetal offers
fabricating advantages in forming, drawing,
and spinning operations.

For all your shielding requirements, insist
on Allegheny Ludlum Mumetal. And for
more information, ask for a copy of EM12,
a 20 page technical Blue Sheet describing
Mumetal, its properties, annealing details,
etc. Write Allegheny Ludlum Steel Corpo-
ration, Oliver Bldg., Pittsburgh 22, Pa.,
Address Dept. IRE-12.

PIONEERING ON THE HORIZONS OF STEEL
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COAXIAL SWITCHES = WAVEBBIOE SWITCHES « ANTENNAS * MICROWAVE COMPONENTS * VALVES » ACTUATORS

50A

\

LOOKING
FOR BUBBLES

ANTENNA SEALTEST

In the seal test to qualify for the supersonic
B-58, Transco L-band antennas are placed in a
chamber evacuated to 28.88 inches of mercury
(75,000 ft.). Ice cubes keep the water between
33° and 40° so that it will not boil while the

test engineer checks for air bub-

bles. Transco engineers developed

special epoxy sealing technigues
to pass this severe test. If you have a design or
development requirement for antennas or
antenna sub-systems, call a Transco application
engineer or representative . . . located through-
out the United States and Canada...or write
Transco Products Inc,, 12210 Nebraska Ave.,
Los Angeles 25, California.

RANSCO

| % IRE People

(Continued from puge 46A)

l Duke University at Durham, N. C., where

he received the Bachelor of Science degreé

in Electrical Engincering, graduating

Magna Cum Laude.

| In 1939 he came to Cincinnati where he
earned a cooperative fellowship at the
University of Cincinnati that led to a
Master of Sciences degrec in Engineering
in 1941. He was elected to the honorary
protessional societies, Phi Beta Kappa,
Sigma Xiand Tau Beta Pi.

During World War II, he was associ-
ated first with the U. S. Army Signal
Corps as a radio enginecer and research
scientist, and then with the Naval Re-
search Laboratory in \Washington, D. C.,
where he worked on rescarch and develop-
ment of gun laying radars, missile guid-
ance, telemetry and missile-borne radar
beacons. In 1950, he juined the Guodyear
Aircraft Corporation in Akron where his
most recent position was director of
weapon systems.

Mr. Flowers is a member of the Ameri-
can Institute of Electrical Engineers and
an Associate Fellow of the Institute of
Aeronautical Sciences. IFor his work on fire
control radar research at the Naval Re-
search Laboratory, he received the Navy's
Meritorious Civil Science Award in 1946.

2,
IX]

Jack Germain (5'49-A'51-SM'56) has
l been promoted by Motorola’s Communi-

cations Division to Assistant Chief Engi-
neer. In his new
post, he supervises
engineering devel-
opment of mobile
two-way radios.

He has  Dbeen
with Motorola since
1950, and has four
patents  pending.
He holds an electri-
cal engineering de-
gree from the Uni- )
versity of Con- J. GERMAIN
necticut and served
as an electronics technician in the U. S,
Navy. He has served as Chairman of the
IRE Chicago Chapter of the Professional
Group on Vehicular Communication.

oo

The appointment of Robert Shaw

| Green (S'58-M'59) to the Technical Staff

of Auerbach Corporation, Philadelphia,
Pa., was recently announced. Mr. Green,
who is a member of the Systems Engineer-
ing Group, is involved in studies of the
control, communication and switching re-
quirements of very large-scale multi-
computer systems, and in the evaluation
of and recommendations for a communi-
cation and control system for the Navy.
Previously, Mr. Green had been em-
ployed by the Astro Electronics Division
of Radio Corporation of America. While
| with RCA, he developed a disc file control
unit which allows maximum efficiency of
information transfer between a computer

(Continved on page 5244)
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MOTOR RATE
TACHOMETER

- MOTOR RATE
(ke

MOTOR RATL -
TACHOMETER
“eppe i

" n.“- 1.

PREC
-

SIZE

: = 11

> P 4 -
N & (| 72 CLIFTON PRECISION

MOTOR RATE TACHOMETERS

Clifton Precision QUALITY is built into this versatile line of
full drag cup type Tachometers. They feature high linearity,
high output to null ratios, and low inertia.

Other attractive performance characteristics are a 20:1 signal
to noise ratio in standard units with ratios up to 100:1 avail-
able on special order. Power consumption is also lower than
average, being 1.2 watts in typical units.

Current leakage as a variation with temperature has been sig-
nificantly reduced in these units by use of a new magnet wire,
See performance curves below,

Write or call for further d

iro! /
information on these o a ] A
quality units to: area 2 / y. :‘EE;"
N 215 MA 21000 TWX ¢ P
A e LNSOWN. PA. 1122(0) £ | —===="""
= k‘ .v- . ) or our Representalives. ) TEMPERATURE 'C

2 ‘\
{ ) CLIFTON
| S PRECISION
- PRODUCTS
' co., INC.

Clifton Heights, Pa.
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LIGHTING

EMERGENCY
LIGHTING &
POWER UNIT

Illustrates ATR Emer-
gency Lighting and Power Unit,
Model ETS complete with lamps,

Completely Automatic
Standby-Power Units
Specially Designed to Per-
mit the Instantaneous
Continued Operation of
Critical Lighting Equip-
ment, PA Systems, Am-
plifiers, Intercom Systems,
Burglar Alarms, Fire
Alarms, Synchronous
Electric Clocks, Electric

N R
Li"“'(g?]r
ST

for P4 SYSTEMS, INTERCOMS, and
SWITCHBOARDS

EMERGENCY

7% IRE People

(Continued from page 504)

and a disc storage system. He had prime
responsibility for the system and logic de-
sign of a prototype analyst console to be
used by Army Intelligence analysts. le
formulated the requirements for an RCA
multi-console system using the MOBIDIC
computer and consoles. 1n addition, he had
acted as RCA intra-company consultant
for determining the machine factors affect-
ing information retrieval with reference to
MOBIDIC instruction and systems op-
tions. Earlier in his career, he had been
engineering consultant for the Mettler
Instrument Corporation, designing switch-
ing and logic circuits for the control of
materials handling machines.

Mr. Green received his Bachelor's de-
gree in Economics, Politics, and 15ngineer-
ing at the Massachusetts Institute of
Techuology, and his Master’s degree in
Electrical Engineering at the Columbia
University School of IEngineering, He also
did post-graduate work in computer design
theory, advanced engineering, and law,

Theappointment of Kenneth D. Green~
halgh (M’56) as Manager of the newly es-
tablished  Undersea  Acoustics  Systems
Engineering  Sub-
section of the Gen-
eral Electric Com-
pany’'s Heavy Mili-
tary Electronics
Department  has
been recently an-
nounced. The new
Subsection will be
responsible for
studying and eval-
uating all undersea
warfare techniques
and equipments for
combating enemy subimarines as well as all
types of underwater acoustic devices and
underwater mine detection and location
methods.

Mr. Greenhalgh has played a major
role in establishing General Electric’s
leadership in the sonar field. Graduated

K. D. GREENHALGH

Bachelor of Engincering degree in Me-
chanical Engincering, he joined General
Electric in 1946. Following two years on
the Creative Engincering Program, Green-
halgh worked in the Company’s General
Engineering Laboratory on remote han-
dling equipment, automatic machinery,
and acoustic transducers for use in Navy
homing torpedoes, and as project engineer
for the AN/UQS-1 Mine Detecting Set
and the AN/SQG-5 Attack Sonar. In
1952 he transferred to the Heavy Military
Electronics Department and was named
manager of Sonar Development Engineer-
ing in October 1953.

lHe is a member of the American So-
ciety of Mechanical Engincers.

e
o

T. A. O. Gross (M’45) was recently
elected DPresident of the newly formed
Speetran Electronics Corp. which  will
manufacture mag-
netostrictive  com-
pounents and multi-
ple lilter spectrum
analyzers. Prior to
joining  Spectran,
Mr. Gross was with
Raytheon Com-
pany as manager of
electromechanical
components opera-
tions, and as man-
ager of advanced
development in the
Missiles Systems Division. He has also
served as a consultant to the Department
of Defense on magnetics and electronics.

Mr. Gross received the B.S. degree
from Bowdoin College, Brunswick, Me., in
1940. He holds 25 U. S. and foreign patents
in the fields of magnetics and electronics.

The Spectran Vice President and
Treasurer is Frank R. Stevens (M’56),
who has been manager of sales devclop-
ment and manager of the new products
department of Raytheon electromechani-
cal components operations. He has also
been with the Raytheon Missile Systems
Division and with the Dewey and Almy
Chemical Company.

James C. Davis, Jr. (A’45-M’5S5) is
Chief Engineer of Spectran and will con-
tinue his creative work in the development
of new magnetostrictive components. He
has a number of inventions to his credit

T. A. O. Gross

‘D‘F‘ } Time and Recording from Purdue University in 1942 with a (Continued on page 544)
(r,A) Clocks, Incubators, Gas B a
s Valves, Telephone and s
Test Equi t d Prepare for new responsibilities by
Test Equipment, an . .
Similar Critical Devices in R ST e G
the Event of 115 Vot A [)roaden the SCOPE  gotiensich CREL advanced, special
EO.TmerE‘aIUPOW?r hme ' Programs will fit your busy schedule.
{3 4o arure. vor Use: In Hos- f h | ELECTRONIC ENGINEERING TECHNOLOGY
LA pitals, Banks, Hotels, 0 yﬂur tec mca including:
| Theatres, Factories, Office NUCLEAR ENGINEERING TECHNOLOGY

AERONAUTICAL AND NAVIGATIONAL
SERVOMECHANISMS AND COMPUTER
ENGINEERING MATHEMATICS
AUTOMATION AND INDUSTRIAL
ELECTRONICS

COMMUNICATIONS ® TELEVISION

HOME STUDY PROGRAMS » RESIDENCE SCHOOL

For full particulars write to:

THE CAPITOL RAOIO ENGINEERING INSTITUTE
ECPD Accredited Technical Institute Curricula » Founded 1927
3224 Sixteenth St., N.W., Dept. 2612H
Washington 10, D.C.

knowledge thvough

Convenient, Accredited
CREl Extension Programs

A

Buildings, Schools, Homes,
and Many Other Areas of
Operation.

SEE YOUR JOBBER OR WRITE FACTORY

o “A” Battery Eliminators « DC-AC Inverters « Auto Radio Vibrators

INC.

{

b HOSPITAL OPTRATING ROOMS

pa
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HAVE NARROW-BAND
FILTER PROBLEMS?

A Midland “off the shelf” miniature
crystal filter may be your answer to
conserving space and reducing material
and manufacturing costs

N | IE=
rvpicat S
FREQUENCY 1}ttt

»RESPONSE%I::W:'—»?
OF TYPE iiﬁ;q;-u

ea.s A

The Type FB Series is a group of hermetically
sealed, eight-crystal, narrow-band filters that pro-
vide bandwidths in the range of 2 KC to 30 KC @
6db, with a center frequency of 10.7 MC. Minialure
in size, they are designed to operate in the environ-
mental temperature range of —55°C to +90°C,
with an insertion loss of 4db max. and an inband
ripple of .8db max. Their specified ultimate rejec-
tion is 105db min. The type FB narrow-band
crystal filter is ideally suited for design in two-way
communication systems, telemetry systems, elec-
tronic instrumentation equipment and other appli-
cations where small fractional bandwidth filtering H -

plus a high degree of selectivity and temperature D l i ] 1 l 1T HH
stability is required. For further application infor- 3530 -257-20 15 -10 °S 107 <5 +9 8 Te RS He ke
mation, write for ENGINEERING BULLETIN FREQUENCY

NO. NBS-102.

- 1 ‘
o s S S 1

ATTENUATION IN DB

...............

........ et

| S R O s |
...........

Specifications

FB-2 FB-3 FB-S FB-§ FB-8 FB-10

Center Freg.* 10.74:200 10.7::225 10.7:£375 10.7::425 10.7£750 10.7::1 KC
cPs CPS cPS CPS CPS

BW @ 6 db Min. 2KC  5KC  13KC  1SKC  20KC 30 KC

BW @ 60 db Max. 36KC 9KC  23KC  27KC  36KC  53IKC

§0db/6 db BWR Max. 18 1.8 18 18 18 18

BW @ 80 db Max. 45KC 113KC 26KC  3IKC  41KC  60KC

Ultimate Rejection Min. 105 db 105 db 105db  105db  105db  105db
Regq. Source/Load

Resistance (R.) 130 ohms 330 ohms 1 Kohms 1 K ohms 1.3 Kohms 2 K ohms
" Inband Ripple Max. 8db 8db 8db 84db **8db ***.8db
Insertion Loss Max. 4db 4db 4 db 4db 4db 4db
BW @ 1 db Min. 1.5 KC 3.8 KC 10 KC 11L.5KC  15KC 21 KC
Y
L@ @ J 1 v * Center freq. is the arithmetic mean of the frequencies at 6 db.
& f—— B SEpTr— " T.r tl, — *g o ** } 5 db max. ripple at the operating temperature extiemes.
- 1 - I | o - . % - (T eee ] 8 db max. ripple at the operating temperature extremes.

Operating Temp. Range: —55°C to +80°C
Shock: 200 g

Vibration: 15 g to 2 KC

Max. Input Level: 4-10 dbm

MANUFACTURING COMPANY, 3155 Fiberglas Rd., Konsas City 15, Kansas
WORLD'S LARGEST PRODUCERS OF QUARTZ CRYSTALS

MID 3-61
0 3-6 DIVISION, PACIFIC INDUSTRIES, INCORPORATED
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ANTENNA SYSTEMS

Catalog 591 Catalog 598

Immediate Delivery -
From Coast to Coast

The most versatile line of standard, service-
proved antennas and transmission lines, com-
plete with system components and mounting
hardware, is now stocked coast to coast to as-
sure prompt delivery...... backed up by
tull time technical service personnel located
nearby, ready to assist you in your program.

Write Dept. F for fully illustrated catalogs
Main Office: 307 Bergen Ave., Kearny, N. J.
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* WY 1.8600
Stock: 427 W. 5th St., Los Angeles 13 + MA 8-3451 « 870

*_California Engineering Offices & Warehouse
Tennessee St., San Francisco 7 « AT 2-8472
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(Continucd from page 524)

and has specialized in transistor circuit
development at the Missile Systems Di-
vision of Raytheon Company.

°,
<

The appointment of James M. Harley
(SM’56) as manager of the systems engi-
neering department at the Reconnaissance
Systems  Labora-
tory of Sylvania
Electric Products
Inc. was recently
announced. In his
new capacity, he is
responsible for the
systems synthesis
and analysis and
the systems engi-
neering of the labo-
ratory's reconnais-
sance and intelli-
gence programs.

The Reconnaissance Systems Labora-
tory is part of the Mountain View Opera-
tions of Sylvania Electronic Systems, a
major division of the company, which has
over-all responsibility for systems manage-
ment of GT&E's major government
projects.

Prior to his present appointment, Mr.
Harley managed the missile and space
department of the advanced systems
laboratory at the Electronic Defense
Laboratories of the Mountain View Opera-
tions. Prior to joining Sylvania, he was
affiliated with the U. S. Navy Electronic
Laboratories in San Diego, Calif., Special-
ized Instruments Corp. in Belmont, Calif.,
and Filtron Co., Inc., in Flushing, N. Y.
He has served as a consultant to various
government agencies on problems of fre-
quency assignment and mutual interfer-
ence.

He holds a master’s degree in electrical
engineering from Stanford University and
is a member of Phi Beta Kappa and Tau
Beta Pi.

J. M. HarLEY

®
<

E-H Research Laboratories, Inc., re-
cently announced the appointment of
Stuart R. Hennies ($'44-A’49-M’52) as
Chief Engineer. Mr.
Hennies came to
E-H from Granger
Associates  where
he had also served
as Chief Engineer.
In his capacity as
Chief Engineer with
E-H, he will be re-
sponsible for co-
ordinating all proj-
ects,  supervising
project managers
and acting as design
consultant to the project managers in all
areas of the Company’s technical ac-
tivities.

As Chief Engineer with Granger As-
sociates, he was responsible for ECM sys-
tems, radio propagation research and high
frequency communication systems. Prior

S. R. HENNIES

(Continued on page 56A)
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WHEN THE HEAT'S ON DEPEND ON THESE CTS CERMET RESISTORS

with Space Age 500° C High Stability Metal-Ceramic Element

CTS cermet resistors have exceptionally high stability and reliability . . . tested extensively and proven under extreme environmental
conditions . . . achieved by a unique, rugged, hard-surfaced metal-ceramic element processed at over 600°C. Specially adaptable to
miniaturization because of high load and heat capabilities in small areas. Wide resistance range.

CERADOT

Solid Cermet Fixed Resistors
e 50 ohms thru 100K ohms.
e 050" dia. x .030" L. Other sizes
available with or without leads.
e Power rating: 1/10 watt at 125°C.
Kit of 8 different resistance values
available at nominal cost.

Request Data Sheet 185 for technical
specs.

—

CeraTrolS,
Series 400

3 Watt 1%" dia. Semi-Precision
Military Variable Resistor

Interchangeable with Style RV4

MIL-R-94 but far exceeds tempera-

ture and stability requirements.

Available with 1%, 2% or 3% lin-

earity.

® Power ratings: 3 watts at 85°C, 2
watts at 125°C, derated linearly to
zero load at 175°C.

Request Data Sheet 179 for technical

specs,

Wl i

CERAFER

Modular Fixed Resistors

s 5 to 300,000 ohms resistance per
square. Resistance of 10 ohms to 1
megohm available in short straight
paths without resorting to lattice or
grid patterns.

Unaffected by solvents, potting
compounds or corrosive atmosphere.
e Resistant to nuclear radiation and

high vacuum conditions.

Kit of 10 different resistance values—
10 wafers with 2 identical resistors per
wafer—available at nominal cost.
Request Data Sheet 181 for technical

specs.
—
.

|

CeralrolS
Series 500
1% Watt 3" dia. Semi-Precision
Military Variable Resistor
Interchangeable with Style RV5
MIL-R-34 but far exceeds tempera-
ture and stability requirements.
Available with 194, 295 or 3% lin-
earity.
Power ratings: 1) watts at 85°C, 1
watt at 125°C, derated linearly to
zero load at 175°C.

Request Dala Sheet 180 for technical
specs.

CERATRIM
Series 170

42-Turn 150°C Square
Trimmer Resistor
e Available with wire leads or p.c.
pins out bottom or side.
e Power Rating: 1 wattat 50°C derated
linearly to zero load at 150°C.
Request Data Sheet 178 for technical
Specs.

CeraTrolS
Series 600

3% Watt 4" dia. Military Variable
Resistor

Interchangeable with Style RV6

MIL-R-94B but far exceeds temper-

ature and stability requirements.

e Power ratings: % watt at 85°C,
1% watt at 125°C, derated linearly to
zero load at 175°C.

Request Data Sheet 175 for technical

specs.

World Radio Histo

CERATRIM
Series 180

25-Turn 200°C Rectangular Trimmer
Resistor
e Availablewithp.c. pinsorwireleads.
e Power Rating: 1 watt at 125°C de-
rated linearly to zero load at 200°C.
Request Data Sheet 177 for technical
specs.

Founded 1896

CTS %o«a/wuz/ion

Elkhart, Indiana

Factories in Elkhart & Berne, Indiana;
South Pasadena, California; Asheville,
North Carolina and Streetsville, On-
tario, Canada.

Sales Offices and Representatives
conveniently located throughout the
world. CTS specialists are willing to
help solve your cermet resistor
problems.



rxe's FIRED
PRECISION
ATTENUATORS

Series 175

OPERATION: Full waveguids
width

WAVEGUIDE RANGE: 2.6 KMc 1o
90.00 KMc N
Values factory set betweon 0.3 and ’j
30.00 db rl
Absolute mlmug lincluding  fre- 1

ncy sensitivity |
gﬁ.a db for valves to 20 db ‘
0.5 db for values 20 1o 30.db |
VSWR: 1,15 max !

No. 6 of a series of FXR’s new pre-
cision microwave components

de;ifned to meet the ever-growing
needs of the microwave industry.

FXR's Fixed Precision Attenuators
find use in standardizing the testing
of attenuators, directional couplers
and similar instruments in the labo-
ratory or on the production line,
Attenuation values are almost com-
pletely determined by the angular
position of an attenuation film in a
cylindrical waveguide and are jnsensi-
tive to frequency or the characteris-
tics of this absorbing film,

FREQUENCY | WAVEGUIDE
MODEL RANGE TYPE

NO. KMc Re-( )/u | PRiCE
S175A 2.60-3.95 a8 $365.00
HI75A 3.95-5.85 a9 240.00
CI75A 5.85-8.20 50 135.00
WIT5A 7.05-10.00 51 115,00
XI75A 8.20-12.40 52 %.00
YI75A 12.40-18.00 a1 115.00
KI75A, AF_| 18.00-26.50 53 240,00
UI75A, AF | 26.50-40.00 % 250,00
Q175A 33.00-50.00 97 475.00
[M175A 50.00-75.00 9% 425.00
E175A §0.00-90.00 9 §75.00

Write for Catalog Shees No. 175

2R

THE RF PRODUCTS AND MICROWAVE DIVISION
AMPHENOL-BORG ELECTRONICS CORPORATION

25-26 50th Street, Woodslde 77, N.Y.
RAvenswood 1-9000 ¢ TWX: NY 43748

S56A
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(Continued from page 54A4)

to his appointment as Granger's Chief
Engineer, he developed systems using high
power negative grid and traveling wave
tubes and for a period of time acted as
Manager of Application Engineering.

He was associated with Varian Associ-
ates from 1951 through 1956, first as a
Microwave Tube Design Engineer special-
izing in reflex klystrons and later as an
Applications Engineer concerned with the
utilization of klystrons in radar and micro-
wave relay systems. Prior to 1951, he was
with Northrop Aircraft Company where
he first served as Radio Control System
Project Engineer and later as Assistant
Leader of the Telecommunications Group.
During World War 11, he served with the
U. S. Navy as a Radar Maintenance
Officer.

A graduate of the University of Cali-

| fornia with an M. S. Degree in Electrical
Engineering, Mr. Hennies is an Associate
Member of Sigma Xi.

2,
<

| Philip S. Hessinger (SM’59) has been
named a Vice DPresident of National
Beryllia Corporation, Haskell, N. ].
National Beryllia
manufactures  be-
ryllium oxide and
other high-purity
oxide ceramics and
ceramic - to - metal
assemblies for elec-
tronics, nuclear,
chemicaland metal-
lurgical laboratory,
and pyrometry ap-
plications.

Mr. Hessinger,
Vice President and
Manager, Research and Development Di-
vision, joined National Beryllia in 1960
following ceramic and allied research work
and rescarch management at the Ohio
State University Research Foundation,
Wright  Air Development Center, and
Mycalex Corporation of America. A grad-

| uate of Alfred and Ohio State Universities,
be is a member of the American Ceramic
Society, the National Institute of Ceramic
Engineers and the American Society for
Testing Materials.

LN

. S, HESSINGER

.
D

Captain W. C. Hilgedick, U.S.N. (A'29-
SM'47) returned on July 1, 1961 to
Lincoln Laboratory, MIT, as Navy Repre-
sentative. lle had been a member of that
office from 1952 10 1956,

A graduate of the University of Minne-
sota with a B.E. degree, Captain Hilgedick
did a year of postgraduate work in physics
at Tulane. le was a practicing radio engi-
neer at the time he was called to active
duty in 1941, The Captain says that his
first active naval experience was getting
sunk at Pearl Harbor on December 7, 1941,

In 1942, he was ordered into the
Bureau of Aeronautics and assigned to the
Airborne Radar Program, Subsequently,

WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE

he headed the Airborne Radar Engineer-
ing Branch and then the Electronics De-
velopment Laboratory at the Naval Air
Development Center, Johnsville, Pa. For
two years, before coming to Lincoln, he
was attached to the American Embassy,
London, in the office of the Naval Attaché,
covering electronics research and develop-
ment in the European theater.

From Lincoln Laboratory, he returned
to the Bureau of Aeronautics as head of the
Ground Electronics Division. 1n 1958, he
was assigned to the Office of the Secretary
of Defense Research and Engineering
under Dr. York, in the Office of Foreign
Programs. 1n this capacity, he supervised
the Navy's part in the Mutual Weapons
Development Program for bilateral par-
ticipation in technical and financial sup-
port of research and development programs
which were being conducted in continental
NATO countries.

In 1961, Captain llilgedick was ordered
to the Office of Naval Research, Boston
Branch, to relieve retiring Captain G. K.
Williams, the Commanding Officer. On
July 1, 1961, he assumed command of that
activity and also the collateral duty as
Navy Representative at Lincoln Labora-
tory.

o

George H. Houseworth (A’48-M'55-
SM’57) has recently received a Navy
Sustained Superior Performance Award
which was presented at the U. S. Naval
Training Device Center, Port Washington,
N. Y. The award was based on his work as
a member of the Special Projects Office of
the Center. He has recently been promoted
to the position of Head, L.and Warfare and
Missile Systems Trainers Division.

Mr. Houseworth received the BB.S. and
M.S. degrees from the Polytechnic Insti-
tute of Brooklyn,

®,
<

James L. Kimball ($'48 A’50-M’58)
project engineer for Cohu Electronics,
Inc., Kin Tel Division, has been promoted
to assistant chief engineer, it was recently
announced. In his new position, he will be
responsible for coordinating all engineering
activities for Kin Tel.

Kimball has been a design specialist
and project engineer for the past six years
at Kin Tel, except for a short period when
he was supervisor of supporting systems at
United Aircraft Corporation’s Missiles and
Space Division, East Hartford, Conn.

Previously, he was engineer with Gen-
eral Dynamics in 8an Diego and Pomona
on missile test equipment and radar sys-
tems, and a field engineer with Northern
Natural Gas Company, Omaha, Neb. He
earned a B. S. degree in electrical engineer-
ing in 1949 from the University of Ne-
braska and served three years in the U, S,
Air Force during World War 11.

Kimball is a member of the American
Rocket Society.

o,
D

David G. Koch (5'43-A'45-M'55) has
recently been named director of marketing
for the Litton Industries Electron Tube
Division. He will direct the marketing of
klystrons, magnetrons, traveling wave

(Continued on page 59A4)
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Submarine
Cables for
Communications,
Control & Power

Since 1954 alone. more than
15,000 miles of submarine
cable have been delivered from
Simplex Wire & Cable
Company’s Submarine Cable
Division at Portsmouth, N. 11..
the onlv modern U. S. plant
specifically designed for
submarine cable production.
SCD offers complete capabilities
tor both commercial and
military underwater cable
technology...cable and fitting
design and manufacture
...laying techniques and
supervision for laying...
splicing instruction and equip-
ment...planning, manufacture,
and emplacement of complete
submarine cable systems.

SCD has wharfside facilities
for lvading two ocean cable
ships simultaneously from
tanks capable of storing more
than 3000 miles of finished cable.

2. N
/%’/’/;’E/‘“%\\\

77 1\

WIRE & CABLE CO.

SUBMARINE CABLE DIVISION
Portsmouth, New Hampshire
: EXECUTIVE OFFICES: CAMBRIDGE, MASS.

Write today for your free copy of
the new SCD Brochure, detailing
facilities and capabilities.
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Just like $103 million

In the past 41, years, Hughes has put
more than 7,000 cost improvements into
practice—saving $103 million in defense
and space dollars. Prudent management
avoided these expenditures.

Savings like these in money, materials,
time and human energy don’t just happen.
At Hughes, cost improvement is a corpo-
rate way of life. From top to bottom, in all
plants and departments, employees sub-
init ideas and suggestions without thought
to personal gain. A comprehensive, fully

organized program encourages these ideas,
evaluates them and makes them work.
Typical ways in which cost improvements
were applied: Machining time on a wave
guide was cut from 314 hours to 32 minutes
each —saving $41,201. Application of a Pre-
ferred Parts Program simplified specifica-
tions and rationalized tolerances and per-
formance standards—result, $40,000 saved
the first two months. One radar reflector
dish was redesigned to fit two different units
—saving $117,000.

Each improvement results in lower contract
costs. Some of the major defense programs
that benefit include the Polaris, Titan,
Falcon and Mauler missiles, new 3-D radar-
comnputer systems now in service on Navy
ships and automatic armament controls
for Air Force interceptors.

And new Hughes space projects—the Sur-
veyor moon landing vehicle, the Syncomn
communications satellite, the ion engine
for long space journeys—all will deliver full
value for every dollar.

Creating a new world with electronics

HUGHES AIRCRAFT COMPANY




Hughes is hiring, but for those who do not
wish to make application at the present
time and who would like to be notified of
future openings in their areas of interest.
we maintain an Engineering and Scientific
Register. To obtain information regarding
current openings or the Register, write to
S. L. Gillespie, Dept. N, Hughes Aircraft
Company, Culver City, California.

;;‘é" IRE People

{Continued from page 56.1)

tubes and other microwave and display
devices, which are key components in ra-
dar, communications, navigation and other
vital defense systems.

Mr. Koch comes to Litton Industries

from the Electron Tube Division of Radio
Corporation of Nmerica, lLancaster, Pa.
e was associated with RCA for more
than 18 years in engineering, sales and
marketing positions, most recently  as
manager of market planning for microwave
tubes.
An clectrical engineering graduate of
the University of Wisconsin, he received
his master’s degree in Industrial Manage-
ment at Stevens Institute of Technology,
lHoboken, N. |, He also completed a
graduate course in sales and marketing
management at the University of Syra-
cuse.

,
DY

Norman B. Krim (533 :\'38 M'33)
vice president of Raytheon Company, has
recently become president and chief execn-
tive officer of Radio
Shack Corporation.
Milton  Deutsch-
mann, who founded
the clectronic dis-
tribution lirm more
than 25 years ago,
will retain his posi-
tion of chairman of
the board.

Mr. Krim, whe
joined Raytheon in
1935, has been a
vice  president  of
that company since 1950, From 1948
throngh 1938 he was responsible for Ray-
theon’s sales, manufacturing and  engi-
neering of distributor products, receiving
tubes, semi-conductors, industrial tubes,
and cathode ray tubes. He founded Ray-
theon's industrial tube and semi-conductor
divisions. e holds five United States
patents on subminiature tubes. Since 1938,
he has played an important part in the
Machlett Laboratories acquisition, formed
Raytheon’s joint venture in addition  to
corporate studies v Argentina, Brazil,
India, and Italy.

Mr., Krim graduated in the lonors
Group in 1934 from the Massachusetts
Institute of Technology with an S.B. in
Electrical Engincering. He has also at-
tended the MLUT. Graduate School, spe-
ctalizing in electronics and is an aliwanus
of the Harvard Business School’s  Ad-
vanced Management Program.

M. ISrim is a member of Tau Beta Pi
and Sigma Ni.

Mr. ISrim was awarded the Certiicate
for Exceptional Service to the Naval
Ordnance Development in 1945 for his
work on the proximity fuse tbe.

N. B. KriMm

o
g

Dr. Earl R. Lind (5’54 M'50) has
joined Electro-Mechanical Research, Inc.,
as systems analyst on the stall of Dr.

Glenn . Tisdale,
manager  of  the
EKngincering  De-
partment  of  the
Systems Division,

Dr. Lind holds
BS and MS degrees
from the Michigan
College  of  Min-
g and Technology
and a Ph.D. degree
from the Univer-
sity of Wisconsin,

Prior to accepting his present position
he was a lead engineer at the Advanced
Electronics Center of the General Electric
Co., lthaca, New York. Ilis duties there
were in the arcas of systems analysis and
synthesis of missile guidance systems and
of radar data processors and correlators
for synthetic antenna high-resolution sys-
tems and advanced antijamming radar
techniques.

In his initial assignment at EMR, Dr.
Lind will be engaged in systems analysis of
the test-instrumentation subsystem being
designed and produced for The Boeing
Conpany’'s Dyna-Soar space glider.

Dr. Lind is a member of the American
Institnte of Electrical Engineers and the
Research Society of Americi.

15, R. Lixn
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The appointment of L. H. Lynn
(SM'47) as Manager of the newly estab-
lished Ordnance Radar Systems  Fngi-
neering Subseetion
of the General
Electric Company’s
Heavy Military
Electronics Depart-
ment has been re-
cently  announced.
The new  Subsec-
tion will be respon-
sible for designing
and developing ra-
dars 1o be nsed in
firing any ground-
based ordnanee such
as field artillery, mortars, air defense mis-
siles, short range tactical missiles, and
anti-missile missiles.

Mr. Lynn has contributed to many of
General  Electric’s advances  in military
communications and electronic systems en-
gineering during his 35 years with the
Company. Since 1947 he  has  super-
vised the design and development  of
large ground-based radars such as the
AN/FPS-6 1leight Finding Radar, the 1-
megawatt AN/FPS-8 Search Radar, the
AN /FDPS-24 Frequeney Diversity Radar,
and the advanced Nike-Hereules acquisi-
tion radar.

Mr. Lyon’s long experience in military
clectronies also has included test, develop-
ment and design of a variety of equiipments
such as the BC-191 and BC-375 aircraft
transmitters, the Navy SC radar, the Sig-
1l Corps armored vehicle radio SCR-500,
shipboard transmitters, receivers, radar
navigational aids and deptlt sounders.

He was graduated from \Washington
University in 1926 with a Bachelor of Sci-
ence degree in Electrical Engineering.

o,
Qe
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PACE
PANEL METERS

FOR INDUSTRY - LABORATORY - COMMUNICATION

PACE Meters are available in both standard
Hi-Torque, external magnet, D'Arsonval type
movement or in PACE Magne-Core®, seli-
shielding, internal magnet design.

An experienced applications-engineering staff
is ready to assist in selection of the PACE panel
meters best svited to your specific needs—
whether they be custom meters produced to
your specifications or stock meters available at
many industrial electronic parts distributors.

Prompt attention and quotation service is given
to all inquiries.

Write for new complete catalog P-61.

PACE

METERS BY

PACOTRONICS

PACE ELECTRICAL INSTRUMENTS CO., INC.
A subsidiary of Pacotronics, Inc.
70-31 84th St., Glendale 27, N.Y,

PRECISION

TEST EQUIPMENT

The finest in performance, quality and

value. Precision makes all the instru-
ments you need:
o for Industrial Electronics
® for Communications
for F M Radio
for A M Radio
e for Monochrome T.V.
for Color T.V.

Acailable and on display at leading
electronic parts distributors through-
out the world.

PRECISION)]

TEST INSTRUMENTS BY

PACOTRONICS

PRECISION APPARATUS COMPANY, INC.
A DIVISION OF PACOTRONICS, INC.
70-31 84th Street, Glendale 27, L.1., N.Y.
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Dr. Jack Munushian ($'52-A"54- M'60)
has been named head of the Solid State
Electronics Department at Aerospace Cor-
poration, El Se-
gundo, Calif., it
was recently an-
nounced. The de-
partment is respon-
sible for advanced
research in areas of
thin  films, super-
conductivity, semi-

conductor  devices
and infra-red com-
ponents.

J. Mu~usHIANX

For the past
seven years, Munu-
shian headed the Applied Physics Depart-
ment at llughes Aircraft Company. His
fields of work have included low tempera-
ture physics, traveling wave tubes, micro-
wave circuits and electronic antenna scan-
ning systems,

Munushian earned his ’h.1). degree in
clectrical engineering at the University of
California at Berkeley and his B.S. degree
in physics at the University of Rochester,
New York. He belongs to the American
Physical Society.

.

o

William A. Ogletree (A'49-M’55) has
been appointed General Manager of the
Sarasota Products Division  of  Elec-
tro-Mechanical Re-
search, lne., 1t was
announced recently.

Before  joining
IZMR, he was Vice-
President and Gen-
eral  Maunager of
Computer Systems,
Inc., Monmouth
Junction, N. .
Computer Systents
develops and mar-
kets a line of ana-
log computers and
associated equipment. ’rior to this, he was
assoctated with the Burroughs Corporation
for seven years. With Burroughs, Mr.
Ogletree held positions of increasing re-
sponsibility in the engineering, supervi-
sion, and management of digital computer
projects, and was Manager of 1ngineering
for the Military Electronic Computer Di-
vision at the time he left. He has also been
associated with the Philco Corp. Research
Division where his work was largely in the
area of airborne digital data processing de-
velopment. 1le has done private consulting
work in medical electronics.

Mr. Ogletree holds a BS degree in phys-
ics from William and Mary and is a mem-
ber of Phi Beta Kappa. 1le is the author of
several technical articles and holds a num-
ber of patents in digital computer cir-
cuitry, and television.

W. .\, OGLETREE

2,
o

Dr. Satio Okada (M’57) has been
named a Research Fellow in the General
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Dynamics/Electronics Research Division
by Dr. Nisson A. Finkelstein, vice presi-
dent for research and engineering.

This honor has been awarded to Dr.
Okada in recognition of his accomplish-
ments in the field of network topology. He
is the first recipient of this honor which
has been newly established within the Re-
search Division of General Dynamics/
Electronics. It is to be awarded to mem-
bers of the Research Division stafl who
have made significant technical contribu-
tions in a research field over an extended
period, and who have received national
and international professional recognition.

Dr. Okada was born in Japan and re-
ceived B.S. and Ph.D. degrees from
‘Tohoku University, Sendai, Japan, in 1932
and 1956 respectively. He has been associ-
ated with the Japanese Bureau of lilec-
tronic Communications, with Tohoku
University as a professor, and Yamagata
University as head of the Electrical Engi-
neering Department. 1n 1954 he joined
the staff of the Brooklyn Polytechnic 1nsti-
tute and also served as a visiting lecturer
at Columbia University. Dr. Okada be-
came a member of the Research Division
of General Dynamics/Electronics in 1960.

During the 29 years in which Dr.
Okada has been engaged in his field he has
published approximately 85 papers, many
of which have made outstanding contribu-
tions to the understanding of electrical
networks and to the development of a uni-
fying theory of electrical engineering in
terms of topological structures and rela-
tionships,

o

Richard W. Peterson (M’58) has been
advanced to Assistant Chief Engineer by
Motorola’s Communications Division. In
his new capacity,
Peterson supervises
development engi-
neering  of mili-
tary and commer-
cial portable two-
way radio prod-
ucts. He has been -

with Motorola since | 3

1954, Peterson isan
R. \W. PETERSON

electrical engineer-
ing graduate of the
Hlinots Institute of
Technology.

Robert Peth (A’53-M'58) has been pro-
moted to Manager of Engineering, Mobile
and Portable Communications ’roducts
by Motorola’s Com-
munications  Divi-
sion. In this posi-
tion, Peth is re-
sponsible for two-
way radio product
development  and
systems engineer-
ing. Prior to this
appointment, Peth
had been Chief En-
gineer.

Peth has been
with Motorola in
various engineering capacities since 1949.
He originated and developed Motorola’s

(Contined on paye 62A4)
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To Contractors and Subcontractors on U.S. Government Projects

NEW TRANSISTOR | 2N1645

B HIGH RELIABILITY B ONE WATT POWER OUTPUT AT 100 MC/S
B EFFICIENCY APPROXIMATELY 50%

The 2N1645 is a diffused base germanium mesa transistor for UHF power amplifiers, frequency
multipliers, and very high speed, high current switching applications. Typical turn-on and
turn-off times under constant voltage drive conditions are less than 5 and 15 nanoseconds
respectively. Power output of one-half watt as a doubler may be achieved up to 250 megacycles.

MAXIMUM RATINGS AT 25°C

Collector Current .. ...........oou 300 mAdc TYPICAL CURRENT GAIN VS FREQUENCY
Collector Voltage . .................... 35 Volts
Emitter Voltage .. .............. i 1Volt T 7T T T TTTTT ]
Junction Temperature ................... 100°C ”f_:JL j__l_i 1 T <l r “ﬂ 1
Power (TA=25°C) ..ooeennennns 1 Watt g (-S| ll
Power(Tg=25°C) ........ccvvvvnnnns 6 Watts ®[ ]f T _ul -

10 — 11
TYPICAL ELECTRICAL CHARACTERISTICS | jl} 1§
(e 005090 05060800055069908300900990000 600 mc 1 s o
REhje (250 mME) ..o 23 ohms
Cep (di) cvee e 10 pf FREQUENCY IN MEGACYCLES
hte (1000 CPS) ..o vvve i 50
hFE (=100 mA) ... .. 35

680 pf

I—l ———Q OUTPUT 1.5 W

1.8 uh < .9-8pt

INPUT 0375 W

POWER GAIN 6 db
TYPICAL CIRCUIT— 2200 pf — EFFICIENCY (COL) 50%s

- O =
160 MC AMPLIFIER W el I Ly—4 turns 318 wire, 1/4 inch i.d. 1/16 inch between turns C.T. to base

L2—2 turns #18 wire, 1/4 inch i.d. 1/16 inch between turns

The 2N1645 transistor may be purchased in quantity from Western Electric's Laureldale Plant.
For technical information, price, and delivery, please address your request to Sales Depart-
ment, Room 106, Western Electric Company, Incorporated, Laureldale Plant, Laureldale, Pa.
Telephone—Area Code 215—WAlker 9-9411.

fric
LAURELDALE PLANT | Wesfern Electtic

170y
—
MANUFACTURING AND SUPPLY @ UNIT OF THE BELL SYSTEM
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BALLANTINE True RMS VTVM
model 350

Measures
Wwide
range of
waveforms [~ o
with ™=

14% ACCURACY

For highly accurate voltage measurements, the uncertainty introduced by waveform
distortion limits the use of average and peak-responding instruments. The Model 350
is a 0.25% accurate, true rms-responding instrument designed to overcome this {imi-
tation. It provides the engineer with a rugged, reliable and easy-to-use laboratory or
production line instrument. It will measure a periodic waveform in which the ratio
of peak voltage to rms is not over 2.

The method of measurement with the Model 350 is similar to balancing a bridge: four
knobs are set for minimum indication and the unknown voltage is read directly from
a 4 to 5 digit NIXIE® in-line readout. The precision exceeds the stated accuracy by

5 to 10 times. Price: $720.
SPECIFICATIONS

Voltage Range...... 0.1 V to 11999 V Frequency Range.,.... 50 cps to 20 ke
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(Continned from page 60.4)

“Private-Line” system, which minimizes
interference for a two-way radio system
from other users on the same frequency,
and the “Selcal” selective signaling system
used by a number of major airlines. He is
a graduate of Northwestern University.

.

Jerome Rothstein (A’46-SM'54) has
been named Vice President and Chief Sci-
entist for Maser Optics, Inc., Cambridge,
Mass. The position is a new one in the re-
cently formed company, which performs
research and development in the field of
lasers and coherent vptics,

AMr. Rothstein was formerly Senior Sci-
entific Executive for Edgerton, Germes-
hausen and Grier, Ine. of Boston, Mass.
where he condueted studies on the com-
mercial and  military  applications  of
masers and lasers, radiation in outer space
and ionic propulsion. Prior to that, he was
a research physicist with the U, S, Army
Signal Rescarch and Development Labo-
ratories, Fort Monmouth, New Jersey.

In his new position, Mr, Rothstein will
be responsible for directing research in
laser materials and experimental studies
in novel laser sources, modulation meth-
ods, and pumping techniques.

Mr. Rothstein holds a B.S. in physics,
cum lande, from City College of New
York, 1938, and an A.M. in I’hysics from
Columbia University, 1940, He is the an-
thor of over 100 technical papers and
holder of numerous patents on electronic
devices and instruments. e is a member
of the Americun Physical Society and the
Society of Photographic Scientists and in-
gineers, a Life Member of the AAAS and
a Founding Member of the Biophysical
Society.

,
Qe

E. H. Schulz (\'38-SM'46-F'58)
has been elected to the Board of Diree-
tors of Littelfuse, Inc., Des Plaines, ilI..
fuse manufacturer.
As a member of
the  board, Dr,
Schulz will contri-
bute greatly to the
technical advance-
ment of Littelfuse,
one of the nation's
largest producers of
clectronic  circuit
protection  devices,
Dr. Schulz is the N
vice president  for L. H. Scuuz
rescarch operations
of Armour Research Foundation of Chi-
rago.

He received his Bachelor of Science and
his Master of Science degrees, both in elec-
trical engineering, from the University of
Texas; he was granted his doctorate in the
same field from the Hlinois Institute of
Technology in 1947

fContinued on page 64,:1)
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AN ACHIEVEMENT IN DEFENSE ELECTRONICS
New Transportable Radar Directs
Precision Air Support

Front-line ground forces can now obtain all-weather, close air support,
— when and where needed—with the new lightweight AN/TPQ-10. This
is the first helicopter-transportable, high-accuracy control radar for pre-
cision air support. Developed for the U. S. Marine Corps by General
Electric’s Heavy Military Electronics Department, the versatile new sys-
tem can also provide aircraft control for emergency supply airdrops,
paratroop placements and aerial mapping. 17607

’ Progress /s Our Most Important Product
HEAVY MILITARY ELECTRONICS DEPARTMENT

DEFENSE ELECTRONICS DIVISION ¢ SYRACUSE, NEW YORK G E N E R A |_ Q E lE CT R | c

| 1,,‘.; B0 S > T
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World RadloHlsfo ﬁ' L T
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Dr. Schulz has served as chairman of
the Electrical Enginecering Department at
ARF (1947-1951), responsible for such
fields as electronics, servomechanism com-
puters, electrical materials, electro-me-
chanical devices and industrial control. In
1951, he was asked to take over the posi-
tion of acting chairman of the Physics De-
partment, which consisted of some 65 per-
sons engaged in research in the fields of
theoretical physics, physics of solids, mag-
netism, light and optics, nucleomcs and
acoustics and vibration. He continued in
that position until June, 1951, when he
was named manager of a newly created
Division of Physics and Electrical Engi-
neering Research, a post he held until
March, 1953, whcn he was placed in charge
of all research activities of the foundation.

In his present position, Dr. Schulz is re-
sponsible for the research staff of 850 sci-
entists and engineers of nine rescarch di-
visions of various scientific disciplines.

He is a Fellow, American Institute of
Electrical Engineers; a past member, IRE
board of directors; former president and
vice president, Chicago Radio Engineers
Club; past president, National Electronic
Conference; Fellow, American Association
for the Advancement of Science; Member,
American Ordnance Association; Assocn-
ate, Air Force Association and a Member,

Tncreased Tnsalation

BETTER CONNECTIONS

JONES BARRIER
TERMINAL STRIPS

Leakage path is increased — direct shorts from frayed
terminal wires prevented by bakelite barriers placed

Western Society of Engineers. He is also a
member of the Tau Beta I’i, Sigma Xi,
Eta Kappa Nu and Rho Epsilon honor
societies.

International Business Machines Cor-
poration announced the appointment of
Lester H. Warren (SM’59) as director of
engineering stand-
ards. He will be re-
sponsible for the
corporation’s rela-
tions with industry
associations  con-
cerned with engi-
neering standards.

Mr. Warren
joined IBM in 1951
as an engineer in
the Vestal, N.Y.,
laboratory. In 1954,
he was assigned to
the company’s product engineering labo-
ratory in Poughkeepsie where he served in
associate and staff engineering posts. Sub-
sequently, he was promoted to project
manager for standards engineering in
Kingston, N. Y. In 1958, he was named
manager of standards engineering for
IBM's Federal Systems Division.

Mr. Warren is an electrical engineering
alumnus of Pratt Institute and Cooper
Union. He also attended New York Uni-
versity’s School of Engineering. He is a
member of the Standards Enginecring So-
ciety.

L. H. WARREN

No. 2-142

No. 2.142.3 W

between terminals. Binder s¢rews and terminals brass,
nickel-plated. Insulation, black molded bakelite. Finest
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Howarp B. JONES DiviSION

CINCH MANUFACTURING COMPANY

CHICAGO 24,
DIVISION OF UNITED-CARR FASTENER CORP.

ILLINOIS

64A WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE

Dr. Guy Suits (SM’'55-1'56), General
Electric vice president and director of re-
search, has been chosen to receive the 1962
Industrial Research
Institute  Medal.
The award was an-
nounced  October
17, at the fall meet-
ing of the Institute
by Dr. Howard S.
Turner, Institute
president, who is
vice president for
research and devel-
opment of the
Jones and Laughlin
Steel Corporation.

The Industrial Research Institute cites
Dr. Suits’ “skill and leadership in promot-
ing the growth of an industrial research
laboratory enjoying world-wide recogni-
tion; one which has provided its scientists
with the freedom, opportunity and facili-
ties to pursue fundamental studies in many
areas of science and yet is finely integrated
with the company's technological require-
ments for growth and prosperity.” In the
citation of the Institute Dr. Suits is also
honored “for successfully interpreting re-
search results to company management
and the general public and for varied tech-
nological advisory services to the govern-
ment of his country.”

As director of the General Electric Re-
search Laboratory in Schenectady, N. Y.,
Dr. Suits heads a total staff of 1200, in-
cluding a scientitic staff of 350. In addition
to his achievements in the management of
scientific research, Dr. Suits is widely
known for his own scientific record. As a
physicist, he specialized in gas dynamics
and made notable contributions both to
the basic science of the electric arc and to
the technology based on that science. lle
now has 76 patents in his name and has
published many scientific articles.

During World War 11, Dr. Suits served
with the Office of Scientitic Research and
Develupment, for which he received both
the (U. S.) Presidential Medal for Merit,
and His Majesty’s Medal for Service in
the Cause of Freedom (G.B.). In 1946 Dr.
¥uits organized, stalled, and operated the
Knolls  Atomic Power Laboratory at
Schenectady, which has since grown to a
separate operating component of the Gen-
eral Electric Company.

tHe was boru in Oshkosh, Wiscunsin,
and in 1927 he was graduated from the
University of Wisconsin, where he majored
in physics and mathematics, and was
elected to Phi Beta Kappa, Sigma Xi, Phi
Sigma Phi, and I’hi Mu Alpha honor so-
cieties.

Awarded an exchange fellowship at the
Swiss Federal Institute of Technology,
Zurich, Switzerland, Dr. Suits was granted
the degree of Doctor of Science in 1929,
The following year he joined the General
Electric Research Laboratory staff as an
assistant to Dr. Albert W, I1ull. In 1940
he was appointed assistant to the director
of the Laboratory, Dr. W. D. Coolidge,
and upon the retirement of Dr. Coolidge in
1945 he became director.

In 1937 he was chosen by Eta Kappa
Nu, honorary engineering fraternity, to re-
ceive its award as the outstanding young
clectrical engineer of that year. e re-

(Continned on page 66.1)

G. Surrs
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Poles and Zeros

Plasma. On those occasions
when a Special Issue of the
PROCEEDINGS is assembled,
the Editor uses this page tosay
a word ahout the issue. On this occasion, as usual, the Editor
was preparing his “gaseous discharge” when he received a
copy of the excellent introduction to this Special Issue.
Messrs. Herold and Dow had produced such an all inclusive
introduction that the Editor’s “discharge” was thoroughly
quenched. Your attention, therefore, is directed to the “Intro-
duction to the Plasma Physics Issue,” page 1747.

One cannot, however, fail to emphasize and acknowledge
the outstanding effort of Guest Editor E. W, Herold and his
Co-Guest Editor D. G. Dow. Their work, with the coopera-
tion of the contributing authors, has produced this unusually
well balanced treatment of an increasingly important subject.
Not only did these editors solicit, review, and accept the
eighteen papers that comprise the issue but also they sug-
gested the cover design. As an addenda to this issue, for
those with a special interest in the propagation aspects of the
subject, watch for the January, 1962, issue of the TrANSAC-
Tioxsof the Professional Group on Antennasand Propagation.

LTS

Tutorial. The Board of Editors is aware of its primary
responsibility to bring to IRE members the most up-to-date
material of broad general interest and the most recent ad-
vances in all phases of the art. It discharges this responsibility
through the pages of the PRocEEDINGS. The Board is equally
aware of its obligation to provide IRE members with the op-
portunity to inform themselves of the essence of areas cognate
to their own specialty. To satisfy this latter need and to meet
its clear responsibility the Board of Editors has evolved an
extensive plan for a series of review and tutorial papers.

To initiate this plan, suggestions were solicited from the
Editors of the Professional Group Transactions. This solici-
tation, supplemented by ideas from the members of the Board,
resulted in an initial list of over thirty topics and suggestions
for authors for each. The Managing Editor then began the
task of inviting selected authors to prepare contributions for
publication in the PROCEEDINGS for this series of review and
tutorial papers. Through the splendid cooperation of L. A
Zadeh, the series started in the October, 1961, issue. Professor
Zadeh, a leading authority on the subject. presented Part [
of a survey of time-varying network theory.

It is the hope of the Board of Editors that this new series
of papers will enhance the value of the PROCEEDINGS to IRE
members. It may not, however, meet the needs and desires of
all members. Tu assure that all subjects of interest are ulti-
mately covered, you areinvited tosend in vour suggestions for
topics and authors to the Managing Editor.
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Dreams May Come True. For many years there has been
an increasing tendency to ask why the profession of radio and
electrical engineering should be represented by two profes-
sional technical societies. At the grass roots there has been an
effurt to compensate for this situation by a growing number
of cooperative ventures, and this same tendency has been
spreading to regional activities as well. Nevertheless, there
has been a continuing trend toward the proliferation of meet-
ings. redundancy of subject matter, and conflict of interest
where there should be solidarity and a single minded ap-
proach to the same area of interest.

October, 1961, may well be a date never to be forgotten in
the electrical and radio engineering profession. During that
month, through arduous work on the part of members of
both IRE and AIEE, through fortuitous circumstances, and
through a sincere desire to move ina direction dictated by the
clear necessity of the profession as a whole, the Boards of
Directors of IRE and AIEE passed resolutions looking toward
the possible amalgamation of the two organizations and the
formation of a single organization for the entire profession.
President Berkner's letter to Section Chairmen giving the
background of this entire proposal will be found on page 1743.
It deserves your thoughtful consideration.

Student Affairs. Student membership in IRE continues to
grow. In recognition thereof and with full realization of the
significance of its program for students in the further growth
and development of IRE, a new and important post has been
added to the headquarters staff. The Executive Committee
authorized the organization of student affairs into a separate
division of the IRE administration, and the appointment of
an appropriate person to be designated as Student Affairs
Secretary. It is a pleasure to announce the appointment of
W, Reed Crone to this newly created position. The “IRE
News and Notes” section of this issue of the PROCEEDINGS
provides additional detail. We welcome Mr. Crone and wish
him success in this new venture.

Section News. At its meeting in October, the Executive
Committee approved the petition for the formation of an IRE
Section in France. The section, to be known as the French
Section, is Number 111; may it grow and prosper.

Texas claims another big first! The El Paso Section held
a regular section meeting at Radio Station XELO in Juarez,
Chihuahua, Mexico. They believe this to be the first regular
meeting of a United States Section to be held in another
country. IRE goes international again!—F. H., Jr.




B. R. Tupper

Director, 1961-1962

Bertram R. Tupper (A'36-SM’46-F'54) was born in Vancouver, British Columbia, on
April 15, 1906. He received his B.Sc. degree from the University of British Columbia, Van-
couver, in 1928,

After graduation he was employed by the British Columbia Telephone Company in the
Transmission Engineering Department. The company was interested in the possibility of
serving the Northern British Columbia coast by Radiotelephone, and the North-west Tele-
phone Company, an associate company, was formed for this purpose. As Radio IEngineer for
the North-west Telephone Company, he took a leading part in building up a large medium
frequency point-to-point and ship-to-shore network on the B.C. Coast.

In 1942 he was appointed Radio Consultant to the joint military services in the Pacific
Coast arca. The Telephone Company acted as prime contractors in providing defense com-
munication in British Columbia and as a result of these defense requirements to the off-shore
islands, FM VHF radio systems were built up which provided voice and teletype circuits
between the radar sites and operational bases. Since 1958, he has been Chief Engineer of the
British Columbia Telephone Company, which is an afhliate of General Telephone and
Electronics Corporation, and which recently absorbed the North-west Telephone Company.

Mr. Tupper has served as a member of Sir Robert Watson Watts' Canadian Air Defence
Communications Evaluation Committee in 1953-1954. For two years, he has been Chairman
of the Llectrical Board of Examiners for the Association of Professional Engineers of British
Columbia and is a past Chairman of the Vancouver Section of the IRE.

He received the IRE Fellow Award in 1954 in recognition of his application of radio tech-
niques to the extension of toll telephone services in Canada.
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Open Letter from the President

The following letter from Lloyd V.
actions of the two Boards concerning

Berkner, President of the IRE, is self-explanatory with reference to the
the possible consolidation of the IRE and AIEE. This lelter is pub-

lished to provide full information to the IRE members.—The Editor

1743

October 20, 1961

Dear Mr. Section Chairman:

At its meeting on October 18, 1961, the IRE Board
of Directors took action which makes possible future
joint measures by IRE and AIEL aimed towards con-
solidation of their resources, membership and activities
into a single new professional society dealing with the
whole range of radio and electrical engineering and re-
lated professional interests. At its meeting on October
20, 1961, the Board of Directors of the AlEE took simi-
lar action. The action taken by the two Boards at this
time is no more than a preliminary step toward the
formulation of specific proposals on which cach Board
and the membership of each society must act subse-
quently in accordance with their statutes. Nevertheless,
the proposal is now at a stage that the IRE Board
desires the broadest possible discussion on the part of
IRE membership. The Board has therefore instructed
me to communicate with the Sections asking for their
views after their careful consideration of the substantive
cfiects of the proposal. The resolution of the Board is
appended hereto.

Formation of a single prolessional radio and electrical
engineering society through combination of IRE and
AIEE is a matter of major international professional
importance. I shall endeavor to outline the reasons that
have led the IRE and AIEE Boards to join in discus-
sions that open the potentiality of merger of the two
societies into a single professional society in our field of
technology. All related factors deserve the most mature
consideration, But above all, the decision should be
reached primarily on the judgment of that course of
action that would lead the radio, electrical and elec-
tronic profession to develop in the most healthy and
fruitful fashion,

The AEE was founded as a New York corporation

in 1884 to meet the professional needs represented in a
growing power, telephone and telegraph industry.
AIEL now has about 65,000 members, headquarters in
the new Engineering Building in New York, and re-
sources of about $1.5 million.

As you well know, the IRE was founded as a New
York corporation in 1912 to meet the professional needs
represented in radio communications. IRE now has
about 92,000 members, its own headquarters in New
York and resources of about $4.5 million.

Because of the basic evolution of cach Institute to-
ward the broad methods of electronics, on which both
societies are founded, there has been an increasing over-
lap of interest in the two societies. This overlap has been
in evidence in a number of ways.

1) Between 5000 and 6000 engineers are members of
both AIEE and IRE.

2) Some technical standards committees of the two
societies deal with similar standards problems that
have produced conflicts. This has led to establish-
ment of joint AIEE-IRE standards committees.
Both socicties deal with overlapping standards in
the international field through ASA and IEC.

3) Standards for admission in the two societies are
generally equivalent and by agreement members
in a given grade of one society are admitted, upon
application, to the corresponding grade in the
other without further examination.

4) ATELand IRE have formed joint student branches
at many universities and technical institutes to
avoid the obvious conflicts of common interest
that arise from similar student interests in the
same university departments.

5) Both IRE and AIEE are members of the kng-
neers’ Council for Professional Development
(ECPD), where their interests are very similar.
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Moreover, the rapid evolution of training in radio,
electrical and electronic engineering and in ap-
plied physics, in the universities and in industry is
toward an identical curriculum for members of the
two societies.

6) There is a broad overlap of much of the material
published by the two societies.

7) A large number of local and U. S. national meet-
ings are jointly sponsored by IRE and AIEE. The
two socicties have a major problem in avoiding the
duplication and unnecessary proliferation of meet-
ings on similar subjects.

8) AILE is evolving toward formation of technical
groups, very similar in purpose to the Professional
Groups of IRE. This evolution promises a great
increase in the area of conflict and duplication be-
tween the two societies.

The administration of these joint activities is com-
plex and necessarily incomplete and consuming of major
time and effort of the profession. Equivalent time on
positive professional programs would greatly strengthen
the profession.

Moreover, the areas of conflict are steadily enlarging
as the advance of electronics brings both societies ever
more into the same areas of interest. Typical examples
of the problems that could be avoided by synthesis of
the two societies are mentioned below :

1) Under one society and one Editorial Board, the
publications of the two societies could be tailored
for much better coverage of our professional field,
Members would have a wider choice of the type
of publications individually desired.

2) Meetings in the whole ficld could be simplified and
duplication automatically avoided. Attendance
would be improved.

3) The danger of increasing overlap and conflict of
the 1RE’s professional groups and AIEE's tech-
nical groups could be avoided. The whole feld of
professional specialized technical societies could be
more rationally covered by 35 to 40 professional
groups of the new society.

4) The administration of student sections would be
simplified, and one publication, such as the IRE
STUDENT QUARTERLY, would serve the combined
student needs.

5) Sectional activities would be simplified, the
strengths of small sections enhanced, and activi-
ties in professional group chapters would become
more rattonal.

6) Standards activities would be simplified, and dan-
gers of conflict entirely removed, especially in view
of IRE’s vigorous participation in international
standardization.

7) The new society would enjoy the international
character of IRE with its attendant advantages.

PROCEEDINGS OF THE IRE
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Likewise, it would carry the mantle of a “founder”
society brought to it by AIEE.

8) The combined headquarters staffs could provide
a much broadened service to our membership, our
section organization, our professional group struc-
ture, our regional, national and international
meetings, our technical committees, and our pub-
lication structure through reduction in duplica-
tion.

The synthesis of the new society would create an in-
ternational professional institute with a membership of
more than 150,000, an annual budget of about $6,000,-
000, and publications of great breadth and depth with
wider opportunity for choice. The opportunities of its
membership would be substantially increased within the
new framework that is promised. The present office
space controlled by IR and AIEE appears sufficient
to service the new institute, but with the elimination of
obvious elements of duplication the service to the mem-
bership by the combined headquarters staffs would be
substantially broadened.

Over the years there have been a number of joint
committees charged with exploring possible arecas of
mutual interest, beginning with the attempt (1922) to
merge the two societies in which Dr. Alfred N. Gold-
smith (Founder IRE) and Professor A. L. Kennelly
(then Past President of the IRE and President of the
AlLEE) were active. In spite of their efforts, the attempt
failed because of the then preoccupation of AIEE in
nonradio activities. The most recent committee was
established in 1960, with Donald G. Fink as Chairman
for the IRE, which seriously discussed the possibility
of merger.

The emergence of electronies in the broad sense has,
since that time, brought the two societies into more in-
timate juxtaposition. Typical is the growing preoccupa-
tion of both societies in the ficlds of surface and satellite
communications, automatic control, computer tech-
niques, magnetohvdrodynamics and plasma physics
(with its promise of nonrotating and more efficient
power generation), solid-state physics, information the-
ory, instrumentation, and a host of other new technical
developments which are of common concern to both.
Only merger of the two societies can avoid an ever
larger scale duplication, overlap, and conflict since the
membership of the two societies draw their strength in
ever greater measure from the same basic scientific ele-
ments and the same educational backgrounds.

Therefore, the future of the radio, electrical and elec-
tronic professions would appear to be greatly benefited by
synthesis of the two societies into a single institute.

FFor these reasons, the two Boards have felt that
thorough exploration of a possible merger would be in
the best interests of our members and of the profession.

The steps in this exploration have been as follows:

1) In January, 1961, Junior Past President Ronald L.
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McFarlan, acting on my behall, was invited to meet
with the Board of AIEE in New York for discussion of
mutual IRE-AIEE problems.

2) On March 20, 1961, the Board of 1RE invited
President Clarence Linder, AIEE, to join it at a lunch-
con where the mutual problems of IRE and AIEL and
past history of attempts toward merger were discussed
fully and frankly. At that meeting it became evident
that while many mechanical problems of merger stood
in the way, the professional interests of our membership
should be the primary objective of closer cooperation.

3) At the Executive Committee meeting of April 27,
1961, I reported on a conversation which I had had with
President-clect of AIEE Warren Chase, to explore IRE-
AIEL cooperation. It was the consensus of the Execu-
tive Committce that | be authorized Lo appoint a suit-
able member of I RE to a committee, without limitations
of scope, to discuss IRE-AIEE relations in conjunction
with a suitably appointed delegate selected by AIEE.
‘he Board of Directors of IRE, at their meeting the
next day, April 28, concurred with the recommendation
of the Executive Committee, whereupon, | appointed
Dr. Patrick I5. Haggerty as the IRE representative to
that committee and the AIEE appointed Fellow
Richard Teare.

4) Haggerty and Teare met in Pittsburgh, Pa., on
May 21, 1961, During their discussion it became appar-
ent that continued cooperation was becoming so com-
plex to administer, and the danger of serious conflict was
so rapidly increasing, that the possibilities of merger
should be considered without delay. In the view of
Haggerty and Teare the profession would be greatly
strengthened by synthesis of AIEE and IRE into a
single radio, electronic, and electrical engineering insti-
tute. They specifically recommended that Warren Chase
and I appoint an ad hoc committee to explore this possi-
bility more critically.

5) Upon this recommendation | acted toappoint P. E.
Haggerty (now President-clect IRE) and Ron Mcelar-
lan (Junior Past President IRE) and Haraden Pratt
(Secretary and Past President IRE), while President
Warren Chase of AIEE appointed Clarence Linder
(Junior Past President AIEE) and Richard Teare
(Chairman AIEE Committee on Coordination). Chase
and | served as ex-officio members.

6) This quasi-official Committee met in New York
on September 13,1961, to explore the problems of merg-
cr. The general recommendations were:

a) That in spite of mechanical problems, the pro-
fessional advantages outweighed these problems,
and that the two Institutes should move actively
toward merger into a new professional society.

) That the Committee should be voted authority
by both Boards to draft statutes for a single soci-
ety into which IRE and AIEE could be merged.

Rerkner: Open Letter from the President
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These statutes could then be considered by the two
Boards and, if satisfactory, referred to the mem-
bership of the two societies [or adoption.

7) On October 18, 1961, and October 20, 1961, re-
spectively, the IRE and AIEE Boards accepted the
report. The Committee on formulation of plans for
merger of ATEE and IRE into a single society has heen
activated with the membership shown in the resolution
attached. Statutes and bylaws for eventual considera-
tion by the Boards, publication and final action of the
membership, will be drawn in the coming weeks.

As these plans have developed, 1 have consulted per-
sonally with many leaders and Section Chairmen of
IRE. In the balance I have encountered a most favor-
able and enthusiastic response to the preliminary pro-
posals. The feeling scems general that so much pro-
fessional strength could be acquired by suitable action,
that the mechanical problems should be appropriately
solved in the interest of professional advantage.

| came away from the discussions of September 13,
with the feeling that amalgamation could be accom-
plished without losing the vital aspects of IRE organiza-
tion that have made it great. Both AIEE and 1RE negoti-
ators have approached the problem with a sense of
statesmanship that would look to creation of a new
institute having the best characteristics of both the IRE
and the AIEE, at the same time dropping outmoded
procedures. Both sides recognized that evolution of the
profession requires changes from time to time that must
be clearly foreseen, and undertaken promptly if the
profession is to prosper.

I therefore ask you to discuss this whole matter in
your next Section meeting, and advise me of your
views before December 1, 1961, so that the drafting
committee may have the benefit of your thinking.

Sincerely yours,

L. \". BERKNER
President

RESOLUTION

WHEREAS, the Board of Directors of The Institute
of Radio Engineers and the Board of Directors of the
American Institute of Electrical Engineers have con-
cluded that the advancement of the theory and practice
of electrical and radio engineering, and the educational
and scientific objectives of both Institutes, may be bet-
ter served by a merger or consolidation of the two Insti-
tutes into one organization in which all present mem-
bers would be included, and in which they would enjoy
the same rights and privileges now conferred upon them
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by their separate organizations, and it appearing that
such consolidations would not affect the Institutes or
their members, now therefore, be it

RESOLVED, that the Board of Directors of IRE
deems it advisable, in accordance with the stated objec-
tives of IRE, to move actively toward the consolidation
ol the activities and organization of IRE with those of
the American Institute of Electrical Engineers (AIELE),
by consolidation or otherwise, provided that the legal
and operational problems incident to such consolidation
can be satisfactorily resolved, and

FURTHER RESOLVED, that Lloyd V. Berkner,
Patrick E. Haggerty, Ronald L. McFarlan, and Hara-
den Pratt, be and they hereby are appointed to join
with Warren H. Chase, Clarence H. Linder, B. Richard
Teare, Jr., and Elgin Robertson, when appointed by the
Board of Directors of AIEE, as members of a commit-
tee, which shall be authorized and directed to undertake
such studies as they shall deem necessary and appropri-
ate to determine the feasibility, practicability and form
of such consolidation, and to make a report thereon to
the Boards ol the two Institutes not later than Febru-
ary 15, 1962, with a view to submission to a vote of the
memberships of the two Institutes, and consummation,
if so approved, by January 1, 1963, and

FURTHER RESOLVED, that such committee shall
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be authorized to meet with the officers, directors and
representatives of the two Institutes to consider the
proposed amalgamation of the two groups and to make
available to such persons such documents and informa-
tion relating to IRE as such committee deems advisable
under the circumstances, and

FURTHER RESOLVED, that this committee be
directed to prepare, in consultation with representa-
tives of IRE and AIEE, a proposed constitution and
bylaws and such other documents as counsel may rec-
ommend, with a view to submission thereof to the
Boards of Directors of the two Institutes on or before
February 15, 1962, and

FURTHER RESOLVED, that the proper officers
and directors of the Institute of Radio Engineers be and
they hereby are authorized and directed to cause a copy
of these resolutions to be delivered to the Board of Di-
rectors of the American Institute of Electrical Engi-
neers, and

FURTHER RESOLVED, that these resolutions shall
become effective as soon as the President of the Institute
of Radio Engineers has been notified in form satisfactory
to him and to counsel for the Institute of Radio Engi-
neers that the Board of Directors of the American
Institute of Electrical Engineers has adopted resolutions
substantially to the effect of these presents.
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Introduction to the Plasma Issue®

D. G. DOWY, MEMBER, IRE AND E. W. HEROLD{, FELLOW, IRE

Guest Editors

along and complicated history.The word plasma”

was first coined by Langmuir and Tonks in 1929
to denote a gas in which an important fraction of the
molecules are dissociated into ions and electrons, the
gas as a whole remaining electrically neutral. The lab-
oratory study of plasmas, of course, had been pursued
long before that, many important discoveries in the

’ I JHE study of the physics of ionized gases has had

realm of gas discharge phenomena having been made in
the 1800’s. These studies, continuing into the Twentieth
Century as exemplified by the work of Langm uir, served
as the foundation for many practical electronic devices
used for the generation, rectification, and control of
clectrical energy. The plasmas used in these devices
usually have a low-charge density, and the fractional
ionization is ordinarily less than one per cent. This small
percentage of ionization is suffcient to provide good
clectrical conductivity which can be controlled ex-
ternally, but it is difficult to study theoretically because
of the numerous competing processes involving neutral
atoms, metastable atoms, ions, electrons, and collective
oscillations of ions and electrons.

With the progress made in astronomy and theoretical
physics in the early part of the Twentieth Century, it
was realized that most of the matter in the Universe,
that in the stars, exists in the fully ionized state. Thus,
a new form of plasma physics evolved in which the study
was largely theoretical, and was concerned with matter
at immensely high temperatures and pressures, the lat-
ter being balanced by the gravitational forces of the
stars. Much of the work currently of interest and many
of the men of greatest stature in the field of plasma
physics started in the field of astrophysics.

Recently the astrophysicists have tackled problems
which are nore carthbound, although hardly any less
exotic. The advent of an understanding of thermo-
nuclear fusion, and its possibilities for the generation of
power, have created a great deal of activity concerned
with high density, high temperature plasmas of terres-
trial design. Since these cannot be confined by gravita-
tional forces as they are in the stars, magnetic methods
of confinement must be used, and a large amount of
theoretical and experimental work has been conducted
with an eye toward the generation and containment of
hot dense plasmas by magnetic fields. In the US.A,
this area of study began under the AEC-sponsored
Sherwood project, which was originally highly classified,

* Received by the IRE, October 13, 1961.
t California Institute of Technology, Pasadena, Calif.
t Varian Associates, Palo Alto, Calif.

and thus developed a language and fraternity of its own
before most of it was declassified in 1958.

A third group of investigators in the realm of plasma
physics consists of those who were originally aero-
dynamicists. As airborne vehicles move faster and faster,
their effect on the environment increases. One of the
principle manifestations of this is the increasing temper-
ature, eventually reaching a range in which appreciable
ionization takes place, making the air conductive. The
equations of gas dynamics are modified by this conduc-
tivity, and thus plasma physics is an important area of
study for those in the missile and aircraft fields. In addi-
tion, the high temperatures which exist in rocket flames
lead to appreciable ionization, and the conductivity of
this material may be an important consideration. Re-
cently, the desirability of extremely high velocity rocket
exhaust has led to attempts to use electrically-acceler-
ated particles for rocket propulsion.

Finally, we should discuss the field of radio propaga-
tion which has made important contributions to the
understanding of plasmas and their interaction with
electromagnetic radiation. It has long been recognized
that portions of the earth’s upper atmosphere are ionized
enough to cause refraction and reflection of radio waves.
The basis for much of the world’s long range communi-
cation is the fact that the ionospheric layers will reflect
radio signals with greater or lesser amounts of attenua-
tion depending on the frequency, ion (and thus electron)
density, and altitude (and thus the neutral density). In
order to understand and make use of this phenomenon,
many contributions had to be made to the understand-
ing of the behavior of the ionosphere and the influence
of a plasma on radio signals. Closely related to this has
been a study of more recent origin which arises because
of the high-speed aircraft and missile phenomena which
concern the aerodynamicists. In spite of the plasma
sheath surrounding these vehicles, we must communi-
cate with them, and some interesting problems have
been attacked, and system proposals have been evolved.
The properties of this plasma sheath also result in some
interesting radar return properties, with obvious mili-
tary interest. (It should be noted that the word “sheath "
in this context means the layer of plasma surrounding a
a vehicle; much earlier, the word was used by Langmuir,
and still is used by gas discharge physicists and engineers
to denote the non-neutral laver which surrounds the
plasma in a discharge. The reader should beware of this
ambiguity.)

Plasma physics, then, might be divided up into four
major disciplines, separated not so much by the concepts
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used as by their historical aims and the interests of those
involved. These might be denoted by the following
names: gas discharges, fusion plasma physics (including
astrophysical applications), aerodynamical applications,
and radio propagation plasma studies. As might be ex-
pected, this special issue of the PROCEEDINGS is aimed
predominantly at the electronics engineer and empha-
sizes the fields most concerned with the communication
and electronics arts, namely gas discharges and radio
propagation. It has been our intention in laving out this
issuc to make it largely one in which the basic principles
and known fundamentals of plasma physics are ex-
pounded as they apply to problems in these areas, with-
out concentrating on specific devices and techniques.
Wherever possible, the fundamentals are emphasized
and detailed engineering concepts omitted. It is our hope
that in this way an issue of reasonable size will com-
municate many of the basic ideas, and stimulate the
reader’s interest in some of the areas of plasma physics
and its engineering applications.

With this background, let us scan this special issue on
plasma physics.

Plasma Physics —An Elementary Review, (Bachynski,
p. 1751). This paper summarizes most of the areas of
current interest in plasma physics, and serves as a back-
ground article for almost all of the rest of the issue. The
thermonuclear problem, astrophysics, propagation,
noise, propulsion, and electronic devices are all treated
in a form which allows the reader to grasp the basic con-
cepts preparatory to reading the specialized articles.

Oscillations and Noisc in Low-Pressure DC Discharges,
(Crawford and Kino, p. 1767). All laboratory discharges
scem to be plagued with an excess amount of low fre-
quency noise. and in special cases, oscillation. 1n this
paper the authors review the history of scientific investi-
gation into this phenomenon, and present in a coherent
package the bulk of present day knowledge about this
noise as well as some tantalizing suggestions for con-
trolling it. These phenomena take place in two different
frequency ranges, the first generally below one mega-
cycle and dominated in some manner by the ionic prop-
erties, and the second in the microwave range typically
governed by the clectron plasma frequency. The com-
plete explanation of the source of cither of these forms of
noise is still lacking. Ilowever, much experimental data
exists, and a qualitative picture has been presented
which is consistent with the observations.

lonic and Plasma Propulsion for Space Vehicles,
(Brewer, Currie, and Knechtli, p. 1789). In their search
for higher specific impulse (thrust per unit mass of
propellant), rocket experts have turned to electrical ac-
celeration of ions or plasmas as a potentially practical
method for obtaining this objective. The engineering
techniques required are an interesting mixture of elec-
tronics, power conversion, and astronautics. The authors
of this paper present an outline of the basic principles
underlying this line of approach, and follow with the
basic system concepts appropriate to two somewhat dif-
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ferent techniques, the ion engine in which ions are ac-
celerated and then mixed with electrons to form a
plasma, and the plasma rocket in which the neutral com-
bination of ions and electrons is accelerated. A number
of specific techniques are illustrated and the basic tech-
nological problems are presented. In this area, as with
many space instrumentation problems, high efficiency,
high-power electrical sources will be necessary for prac-
tical ntilization of these techniques.

Transmission of Electromagnetic Waves Through an
lonized Layer in the Presence of a Strong Magnetic Field,
({1arlev and Tyras, p. 1822). This paper attacks the
same problem, that is, the enhancement of propagation
through a plasma by the use of a magnetic field. The
plasma is approximated here by a succession of slabs so
that the variations in density may be reasonably repre-
sented. A numerical calculation is given showing the
transmission as a function of magnetic field for a specific
model of density variation.

The Use of Magnetic Fields in the Elimination of the
Re-Entry Radio Blackout, (ITodara, p. 1825). The effect
of a plasma sheath on a re-entering space vehicle is to
greatly reduce the high frequency propagation through
this sheath. This paper discusses the technique of im-
proving the conimunication with a space vehicle by
imposing a magnetic field near the antenna which
recluces the attenuation through the sheath.

RF Reflectance of Plasma Sheaths, (Taylor, p. 1831). As
noted earlier, the plasma sheath about a re-entering
space vehicle not only degrades the communication with
it, but also changes markedly the radar return. This
paper exhibits a calculation of the reflectance of a plane
sheath which can be used as an approximation of the
true sheath problem. The result is obtained in analytic
form, in general as the ratio of two complex infinite
series,

Mutual Coupling of Two Thin Infinitely-Long Slots
Located on a Perfectly Conducting Plane in the Presence of
a Uniform Plasma Layer, (Yee, p. 1837). The plasma
sheath about a re-entering body is again considered, this
time from a near-field point of view, in which the author
considers the mutual coupling between two antennas lo-
cated on the surface of the body. The result is expressed
as a coupling coefficient between the two antennas. It is
shown that the coupling is generally less than that which
would exist in the absence of the plasma, provided the
operating frequency is above the plasma frequency.

Antenna Noise Temperature in Plasma Environment,
(Bachynski, French, and Cloutier, p. 1846). Again the re-
entry sheath is considered. In this paper, the authors are
concerned with the degree to which the plasma itself
contributes noise energy to the antenna. Since the sheath
is at an extremely high temperature, even a small degree
of coupling to the plasma may result in badly degraded
noise performance. The analysis shows a peak in noise
temperature in the vicinity of the plasma frequency,
above which the noise is principally external, and below
which it arises mostly in the vehicle. Because auxiliary
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magnetic fields may also be used in these vehicles, the
calculations have heen extended to include the appropri-
ate anisotropy. The noise then exhibits peaks at both
plasma and cyclotron frequencics, but the structure is
much more complicated, and general conclusions are
harder to draw.

Generalized : ppleton-Ilartree Equation for any Degree
of Tonization and .1 pplication to the Ionosphere, (Shkarof-
sky, p. 1857). This paper is motivated by the problems of
ionospheric propagation, but may have much broader
application. The author formulates the generalized
equations for propagation of electromagnetic waves
through a plasma, when the collisions result from both
electron-neutral and electron-ion collisions in arbitrary
mixtures. The analysis is compared with experimental
results, and a proposal is made that ionospheric electron
temperatures may be measured by correlating sufficient
propagation data.

The Electrical Conductivity of a Partially Tonized Gas,
(Sengupta, p. 1872). The problem of conductivity of a
plasma is considered theoretically over the range where
both clectron-neutral, and electron ion collisions are im-
portant. Explicit expressions for both the real and
imaginary parts of the conductivity are given in integral
form. While these general forms are applicable to any
degree of ionization, theauthor also presents expressions
for the same quantities for the case that the plasma is
fully ionized, in which case the conductivity may be ex-
pressed in terms of known transcendental functions.

Interaction of Microwaves in Gaseous Plasmas Im-
mersed in Magnetic Fields, (Rao, Verdeyen and Goldstein,
p. 1887). The 1930’s saw the discovery of the LLuxem-
bourg effect, in which a strong radio transmitter passed
its own modulating intelligence onto other signals whose
propagation path passed over the region of the trans-
mitter. Correctly explained as a nonlinear plasma effect
(cross-modulation) in the ionosphere, the phenomenon
has its modern counterpart and extension scaled down
to laboratory size by use of microwaves. This paper
covers basic studics of plasma characteristics in a strong
5 Ge/sec microwave field, using a weak sensing signal at
6 Ge/sec for the measurements. A magnetic field swept
through cyclotron resonance is also used. The data are
all taken in the inherently equilibrium state of the after-
glow, using pulse techniques; thus, the rise in electron
temperature due to absorption of power, and the changes
in collision frequency, can be used for analytic compari-
son of the data with theory. Good qualitative agreement
is found.

Frequency Conversion in a Microwave Plasma, (Baird
and Coleman, p. 1890). Closcly related to the above paper,
is the present one in which plasma nonlinearity is used
in a practical way to get microwave frequency multi-
plication and frequency mixing. The work indicates that
the principal source of nonlinearity is modulation of the
electron density at twice the drive frequency. Little or
no magnetic field was used. In the experiments, a 9
Ge/sec high-level signal and 11 Ge/sec low-level signal
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produced a 20 Gc/sec output, about 25 to 30 db down;
the same large conversion loss occurred for second har-
monic generation. The values agree with those expected
from this theory. Thus, the results are still rather far
from useful, but it is expected that much higher power
densities might improve matters.

A Plasma Microwave Detector, (Taylor and Herskovitz,
p. 1901). In this paper, the authors describe a novel use
of an activated plasma as a microwave detector. This is
done in a most unusual way, by detecting the change in
recombination radiation, as observed by a photomulti-
plier. It appears that the presence of microwaves changes
the electron temperature slightly so as to reduce the re-
combination and to quench the light. Greatest sensitiv-
ity requires the low electron temperature of the after-
glow equilibrium state. As little as a microwatt of input
could be detected, which is rather remarkable even
though it is considerably poorer than a video crystal.
The authors point out that such a plasma detector is
burn-out proof and has an extremely wide bandwidth.
Several suggestions are proposed which might increase
the sensitivity (with a reduction in bandwidth) but they
have not yet been tried.

Interaction of a Modulated Electron Beam with a
Plasma, (Boyd, Gould, and Field, p. 1906). There has been
great interest in recent years in the use of electron-
beams interacting with a gaseous plasma to produce
microwave amplification. This paper describes the first
successful experiments of a few years ago, in which the
microwave modulation of an electron beam was in-
creased by interaction with a “resonant” plasma. Later,
traveling-wave amplification was achieved, by inter-
action with a slow propagating wave on the plasma
column. These two different modes are compared and
both theory and experiment are described. In the experi-
ments, both helix coupling at 3 Ge/sec, and cavity
coupling at 0.5 Gc/sec are employed. The observed
gains of 7 db/cm in the plasma resonance case, though
only half of the theoretical, are nevertheless significantly
high. In the slow-wave case, about 0.8 db/cm is observed
again well below theory. The discrepancies with theory
are not unexpected because the theory assumes a uni-
form, loss-free plasma. Unfortunately, the present inter-
actions are very noisy compared with conventional
traveling-wave high-vacuum tubes.

.1 Method of Measurement of Flame Attenuation at 200
Mec, (Biggs, p. 1917). The first plasma ever produced by
man on earth was the flame, i.e., a gas ionized by its
high temperature. Many vears ago, the electrical con-
ductivity of flame was studied, today it is once again of
major importance in magnetohydrodynamic power gen-
eration or propulsion, and in missile trails. In the paper
by Biggs, 200 \lc/sec measurements are described
which can be used to obtain conductivity and dielectric
constant of flames passing between a two-bar measuring
line. Distilled water is used to calibrate, and theoretical
curves are shown for electron densities ranging to 10°
per cm?®.
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Electrical Characteristics of a Penning Discharge,
(Ilelmer and Jepsen, p. 1920). The Helmer and Jepsen
paper concerns a most interesting type of magnetically-
confined plasma known as the Penning discharge. Orig-
inally proposed as an ionization gauge, this discharge
can take place at gas pressures as low as 1072 mm of
mercury, ordinarily considered an ultra-high vacuum.
This type of discharge is the basis of the getter-ion
vacuum pump. In this paper, it i1s shown that the
trapping of electrons along the axis of symmetry is so
effective that the axial potential is severely depressed.
By a split anode structure, oscillations were obtained
from the magnetron-like structure whose cathode is the
space-charge cloud. With the normal anode, star-shaped
sputtering patterns indicate that complex instabilities
are present. Probably the most important result is the
discovery that intense, nearly monochromatic, ion beams
can be produced by such discharges.

Generation and Application of Ilighly Ionized Qui-
escent Cestum [Plasma in Steady State, (Wada and
Knechtli, p. 1926). This next paper covers work on the
method of generating plasma which requires no electrical
discharge. It has been known that highly ionized plasma
can be generated by use of cesium vapor in the vicinity
of a hot electron-emitting tantalum cathode. With two
such plasma sources facing each other, and only a mod-
est confining magnetic field, the authors show that
plasma densities of 10'2 per cm?, and 90 per cent ioniza-
tion, are obtained. This work is of importance in that
such plasmas are basically quiescent, and need no ap-
plied electric field to maintain them. In practice, such
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plasmas are useful for physical measurements, in
thermionic energy converters and in plasma sources for
rocket propulsion.

A New Approach to Thermionic Energy Conversion,
(Bernstein and Knechtly, p. 1932). The original work
on high-efficiency thermionic energy converters used
a self-generated cesium plasma resembling that de-
scribed in the preceding paper. llowever, a low tem-
perature electron emitter does not ordinarily release
enough ionized cesium to make an efficient device.
FFor a long time, workers have been trying to obtain an
auxiliary source of ions which would not require too
much energy to produce. In the Bernstein and Knechtli
paper, such a source is described; while this work was
going on, a similar concept was also explored inde-
pendently in England. The structures devised appear to
work well and to make a very important contribution
to the low-temperature thermionic energy converter.
In this paper, data on an argon plasma source are given;
it is calculated that a 1500° K. cathode should be suffi-
cient to provide an over-all efficiency of conversion of
25 per cent, if a sufficiently low work-function anode
can be devised (Editor’s note: a good low work-function
anode is still a long way from realization). By modu-
lating the plasma source, it should be possible to gen-
erate ac directly.

In concluding this Introduction, the Editors wish to
thank the special group of reviewers who, although they
must remain unnamed, are responsible for the selection
of the papers, and much of the detailed editing of the
papers.
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Plasma Physics—An Elementary Review”

M. P. BACHYNSKI{, SENIOR MEMBER, IRE

Summary-—Although plasma phenomena have been observed in
nature since the beginning of time, it is only in recent years that man
has recognized the vast potential that plasmas hold for his future
activities. One needs only to consider the scale of present day plasma
physics experiments in order to realize the emphasis now being
placed on the subject. At one extreme, there is the formation of arti-
ficial plasmas in nature such as in the Argus experiment and at the
other is the study of microplasmas in tiny crystals of semiconducting
material.

This paper summarizes the role plasma physics is playing in
present day scientific activities. A brief description is given of plasmas
in nature, of the role of plasma physics in attempts at the ignition,
control and diagnosis of thermonuclear fusion reactions, of the
effect of plasmas on communication and telemetry from space and
re-entry vehicles, of propulsion techniques (ionic, magneto-hydro-
dynamic, plasma) which utilize plasmas, and of the possibilities of
incorporating plasmas in practical devices. In conclusion, the future
prospects of plasma physics are outlined.

INTRODUCTION

ITTLE did prehistoric man realize, as he watched the
L sun, lightning discharges, the Aurora Borealis, or
even his open fire, that he was observing plasma
phenomena. Only in recent time has it become evident
that the principal state of matter of the Universe is
neither solid nor liquid nor gaseous, but plasma—a
system including many free clectrons and ionized atoms
whose mutual interactions markedly affect its proper-
ties. This fourth state of matter probably comprises
more than 99.9 per cent of the matter in our Universe.
Although an ideal plasma could readily be created in
the laboratory many years ago in the form of a par-
tially ionized gas, such investigations were not pursued
very actively since the techniques for controlling a
plasma were in a primitive state, and it appeared that
they bore little relation to phenomena occurring on the
carth. Consequently, the astrophysicists who realized
the role played by ionized matter in Galactic processes
were left unmolested in their ivory towers to make some
of the carliest and most significant contributions to
plasma physics. It remained for two very recent de-
velopments to give the necessary impetus to make
plasma physics “fashionable.” These were the successful
creation of an uncontrolled thermonuclear fusion reac-
tion in the form of the hydrogen bomb and the realiza-
tion of large rocket thrusts which enabled vehicles to be
propelled at hypersonic velocities and hence to open the
door to the space age. The hydrogen bomb opened the
search for techniques of controlling the thermonuclear
fusion reaction for generation of electrical power on
carth, while attempts to thrust further and further into

* Received by the IRE, August 14, 1961.
t Research Labs.,, RCA Victor Co., Ltd,, Montreal, Can.

space were confronted by communications and guid-
ance problems involving plasma physics phenomena.
Even the problem of propulsion in space itself has be-
come a branch of the subject. As a result, plasma physics
has become one of the most intensely investigated fields
of science (see I'ig. 1) with controlled experiments rang-
ing in size from many earth diameters, such as the arti-
ficially formed plasmas in high-altitude nuclear explo-
sions of the Argus experiment, to the minute micro-
plasma of importance in tiny crystals of semiconduct-
ing material.

PLASMA PHYSICS RESEARCH, 1960 BC

&

PLASMA PHYSICS RESEARCHM 1960 AD

Fig. 1-—(a) Plasma physics rescarch, 1960 B.C.
(b) Plasma physics research, 1960 A.D.

This paper is intended as a short exposition of the role
plasma physics is playing in present day scientific ac-
tivities; of a number of the ideas presently being investi-
gated and of some hopes for the future. A brief descrip-
tion is given of plasmas in nature, of plasma physics
activities in attempts at control, ignition, and diag-
nosis of thermonuclear fusion reactions, of the interac-
tion of electromagnetic waves with plasma and their ef-
fect on communications and on telemetry from space
and re-entry vehicles, of plasma propulsion techniques,
of the possible practical devices incorporating plasma
properties, and of prospects for the future.
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ture (about 1 part in 6000 of the most abundant element
in our universe—hydrogen) and can be readily and inex-
pensively separated from hydrogen, it presents an al-
most inexhaustible supply of basic fuel for fusion.

The fundamental goal of thermonuclear research is
the production of economic power from the controlled
release of fusion energy.’’~% In addition to the low cost
and abundance of the fuel required, the fusion reac-
tion holds the promise of being inherently safe in that
there would be no possibility of “runaway” reactions.
The fusion products are nonradioactive and hence pre-
sent no disposal problems, and furthermore a controlled
fusion device offers the possibility of direct generation
of electric power by the climination of the inefficient
heat cycle.

IFor fusion to occur, the particles must approach suffi-
ciently close to each other for long enough time that the
short-range nuclear forces interact causing the nuclei to
fuse. This is the so-called Thermonuclear reaction. Due
to the positive charge on the nuclei, the particles tend
to repel each other strongly. In order to overcome these
Coulomb forces, the particles must be made to collide
at high velocities corresponding to temperatures of the
order of 108 °K (for a Maxwellian distribution of particle
energies). At such temperatures, attainable only in
gases, the gas is fully fonized consisting of ions and {ree
electrons, 7.e., a plasma. Thermonuclear research is thus
concerned with the confinement, heating, and diagnosis
of very-high-temperature plasmas.

Confinement

One of the major requirements for thermonuclear fu-
sion is a means to contain the hot plasma'®='% in a given
volume for a sufficient length of time such that an appre-
ciable portion of the nuclei will fuse together. Solid ma-
terial containers are of no value for this purpose due to
the cooling effect on the plasma when it comes into con-
tact with the walls and the consequent quenching of the
reaction. It is thus necessary to use a force which acts at
a distance, such as gravitational or electric or magnetic
fields. IFor masses of the size encountered in laboratory
experiments, gravitational forces are much too weak to

" R.F. Post, “Controlled fusion research—an application of the
physics of high temperature plasmas,” Proc. IRE, vol. 45, pp. 134
160; February, 1957.

' “Controlled release of thermonuclear energy,” Nature, vol. 20,
pp. 217-223; January 25, 1958.

B3 Second U. N. Internatl. Conf. on the PPeaceful Uses of Atomic
Energy, vol. 31: “Theoretical and Experimental Aspects of Con-
trolled Nuclear Fusion,” vol. 32: “Controlled Fusion Devices,”
United Nations, Geneva, Switzerland; 1958.

ML Simon, “An Introduction to Thermonuclear Research,”
Pergamon Press, New York, N. Y.; 1959,

% A. S. Bishop, “Project Sherwood—The U. S. Program in Con-
trolled Fusion,” Anchor Books, Doubleday & Co., Inc., New York,
N. Y.; 1960.

% J. G. Linhart, “Plasma Physics,”
Co., Amsterdam, The Netherlands; 1960.

AL AL Leontovich, Ed., “Plasma Physics and the Problems of
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be of practical use (although these are precisely the
forces which are effective in confining the plasma parti-
cles in the sun and other large stellar masses). Static
electric fields act in opposite directions on positive ions
and electrons causing charge separation which creates
opposing fields, making this method ineflective. The
only plausible schemes are those involving magnetic
fields (cither static or slowly varying in time) and pos-
sibly combinations of RF electric fields and magnetic
fields. Some of the suggested schemes of plasma confine-
ment will now be discussed:

1) Pinch: Thisis one of the earliest schemes suggested
for plasma confinement.!?:13.19:20 | is hased on the prin-
ciple that a current flowing in a conductor produces its
own magnetic field which encircles the current [see Fig.
4(a) ]. This magnetic field exerts an iwardly directed
force which tends to constrict or “pinch” the conductor.
A high-temperature plasma is a very good conductor
(its resistance can be many times lower than that of
copper), so that in the pinch confinement the current is
made to flow in the plasma itself. As the current builds
up, its associated magnetic field increases in strength
and in turn pinches the plasma into a dense, hot region
in the center of the container.

The pinch devices need not be linear in configuration.
In fact, in order to eliminate end losses, one of the favo-
rite configurations is the torus. ZETA, the British ma-
chine at Harwell, is an example of a toroidal pinch de-
vice.

Unfortunately, highly constricted columns of plasma
are unstable against forces which distort its shape, and
any initial disturbances tend to grow in amplitude so
that the column rapidly disintegrates. It has been dem-
onstrated that the presence of a longitudinal magnetic
field within the plasma-current discharge has a stabiliz-
ing influence which inhibits the formation of small
“kinks.” In addition, theory predicts that external con-
ducting shells may also assist in controlling the insta-
bilities. A great deal of investigation still remains to be
done on schemes of this type.

2) Magnetic Mirror: The use of a straight section of
tube to contain a thermonuclear plasma requires some
suitable technique for “stoppering” the ends of the con-
tainer. One approach is to wind magnetic field coils
about a straight section of tube so as to produce an
axial magnetic field which is weak in the central region,
but strong at the two ends [see IFig. 4(b)]. The strong
fields at the ends tend to repel the charged particles of
the plasma and hence tend to move them back towards
the central region. These strong fields at the ends, which
trap the particles!'='7 thus constitute the “magnetic
mirrors.”

The requirement for containment of plasma particles
by a magnetic mirror is that the particle energy in the

' R. Latham and J. A. Nation, “Report on linear pinch devices,”
Nuclear Instr. and Methods, vol. 4, pp. 261-272; June, 1959.

2 R, J. Bickerton, “Brief review of the toroidal stabilized pinch,”
Nuclear Imstr. and Methods, vol. 4, pp. 273-278; June, 1959.
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Fig. 4—(a) Pinch. A current in a column of plasma creates an en-
circling magnetic field which exerts an inward force on the
charged plasima particles and hence “pinches” them to the center
of the tube. The pinch effect unfortunately tends to be unstable.
(b) Magnetic mirror. Current carrying coils are wound on a
cylinder so as to produce strong magnetic fields at cach end. The
plasma can then be trapped between the two end “mirrors.”
(¢) Cusp geometry. By suitable arrangement of magnetic field
coils “cusp” configuration of confining magnetic ficlds is possible.

axial direction be small compared with its energy in the
perpendicular direction. If the axial velocity of the par-
ticle is too great, the mirror fields will not turn the
particle back, and hence it will escape. This creates the
problem of how the particles should be injected so that
trapping by the mirrors will occur. Suggested schemes
include the injection of beams of low-energy ions which
are given large perpendicular accelerations by RF elec-
tric ficlds as they pass slowly through the central mir-
ror region, thus giving them sufficient transverse energy
to be trapped. A second scheme is to inject a beam of
high-energy neutral atoms as molecules and break these
up as they pass through the confinement volume, thus
providing a means for continuous re-injection of ener-
getic particles.

A sccond problem is that the above-mentioned aniso-
tropies in the velocity-space required for containment of
the plasma in a mirror machine can give rise to instabil-
ities. These instabilities are of two types; one is due to
unstable electrostatic plasma oscillations which grow at
the expense of the electron encrgy and the second to
unstable hvdromagnetic disturbances which cause the
confining field to become “rippled” and to fluctuate
rapidly, which in turn gives rise to enhanced diffusion of
particles across the field.
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The use of mirror machines is thus not without its
problems, and considerable investigations are yet to be
made.

3) Other Schemes: Other schemes for the containment
of thermonuclear plasmas include the Stellarator*
which uses a magnetic field parallel to the axis of a to-
roidal tube and is produced by external currents flow-
ing in solenoidal windings encircling the plasma. The
confining fields are such that the magnetic lines of force
generate not a single circle but an entire complex heli-
cal or toroidal surface suitable for the trapping of plasma
particles. Some of the stability problems of the Stel-
larator are similar to those of the toroidal pinch, al-
though the much smaller currents in the plasma inter-
act less violently with the confining fields.

Another approach is based on the idea that, as a re-
sult of the gyroscopic action, a rotating plasma may be
stable. [n this “homopolar” device,'® the application of
radial electric and transverse magnetic fields causes the
plasma particles to precess about a central axis, creat-
ing a centrifugal force which tends to keep the particles
away from the axis and trap them in regions of magnetic
field which have been caused to “bulge” by the rotating
plasma.

Studies of magnetic confinement indicate that mag-
netic configurations with lines of force curving away
from the plasma should be stable while those curving
towards the plasma tend to be unstable. This suggests
that configurations in which the magnetic lines of force
curve everywhere away from the plasma might be
stable. Such a scheme is the picket fence or cusp geome-
try shown in Fig. 4(c). There exists, of course, the prob-
lem of “stoppering” the regions of weak confinement.
One idea is to use RF electric fields which are nonlinear
in space and thus create a net force on the particles
which inhibits their escape.?272* (Some consideration has
heen given to complete systems using RF gradient fields,
however, tne required power appears excessive com-
pared to other techniques.)

A further idea has been to start from the high-energy
side, that is, with a beam of particles having energies
greater than those needed for thermonuclear reactions
and by injecting and trapping them in a confined region
to build up to densities which would sustain the thermo-
nuclear reactions. To achieve this it is necessary to in-
ject a high-energy beam of particles into a strong mag-
netic field and to dissociate the particles before they
come out.

Many other schemes have been proposed and are
under investigation.

2, Spitzer, Jr., “The Stellarator Concept,” Phys. of Fluids, vol.
1, pp. 253-264; July-August, 1958.

2 1. A. H. Boot and R. B. R. S. Harvie, “Charged particles in a
non-uniform radio-frequency field,” Nature, vol. 180, p. 1187; No-
vember 3, 1957.

= [, A. H. Boot, et al., “Containment of a fully ionized plasma by
radio-frequency fields,” J. Electronics Control, vol. 4, pp. 434-453;
May, 1958,

3T \V, Johnston, “Time-averaged effects on charged particles in
ac fields,” RCA Rev., vol. 21, pp. 570-610; December, 1960.
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Heating

A crucial requirement for any thermonuclear machine
is the means to heat the plasma to the required high
temperatures''='* of one hundred million degrees or
more. Of the several methods for heating the plasma,
the simplest is the ohmic or Joule heating by the cur-
rents in the plasma which produce the confining fields.
At high temperatures, the power input per unit volume
becomes small due to the high conductivity of the
plasma, so that interparticle collisions must occur to
provide any Joule heating. The collisions, however, tend
to diffuse the azimuthal confining fields and the axial
stabilizing field into each other. Thus, the Joule heating
requirements and those for stability are contradictory.

Another method of heating the plasma (used in mir-
ror machines) is that of “adiabatic compression.” In this
technique the magnetic field strength of the entire mir-
ror configuration is made to increase with time. Thus,
particles (ions and clectrons) injected into the machine
at times of low field strength will increase their trans-
verse energy as the magnetic field is increased, while
their axial energy will remain the same. In fact, it turns
out that the increase in transverse energy of the particles
is directly proportional to the increase in magnetic field
strength.

A plasma can also be heated by pulsing the axial con-
fining field so as to produce an oscillating electric field
which encircles the axis of the tube. This induced elec-
tric field can increase the energy of the gyrating charged
particles. Such a method is aptly called “magnetic
pumping.” The magnetic pumping technique is particu-
larly effective if the confining field is pulsed at the cy-
clotron frequency of the positive ions. This is due to the
interaction between the oscillating electric field and the
gyrating positive particles which move in the same
direction and with the same velocity as the electric field
so that resonance coupling is possible.

Of importance in the thermonuclear reaction is any
process which might cause more energy to leave the
reaction than is created and hence cool the plasma.
Under the assumption of perfect containment, the basic
energy loss is due to bremsstrahtung—radiation from
the plasma itself due to deflection (through collision) of
the rapidly moving charged particles. If the system is to
be self-sustaining, the generated power within the
plasma must exceed the radiated power. This occurs
above a certain critical temperature, the so-called “igni-
tion temperature.” For the D-D reaction, this critical
temperature is of the order of 4 X10%°K. A second form
of radiation loss from the plasma which may be im-
portant is synchrotron radiation due to the radial accel-
eration of particles in a magnetic field.

In addition to the radiation losses from the plasma,
particle losses will occur. There will always be a number
of particles, particularly electrons, in the high-cnergy
tail of the velocity distribution of particles in the
plasma. These clectrons are too energetic to be con-
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tained by the normal confining field strength and con-
stitute “runawavs.”

Diagnostics

Since thermonuclear plasma research is in a highly ex-
ploratory state, a great number of techniques are neces-
sary to diagnose'®-'” what is actually happening. These
constitute such a variety of methods that most experi-
mentalists in physics would be able to recognize at least
some techniques with which they are familiar. No at-
tempt will be made to give an exhaustive account of the
possible approaches, but the number of different disci-
plines which can contribute to furthering the knowledge
of thermonuclear plasmas will be indicated.

Visual diagnostics such as fluorescent screens and
photographic methods are of value in obtaining qualita-
tive information. FFluorescent screens have been used to
determine the location of the plasma, ion orbit size and
approximate density measurements. The same informa-
tion can be obtained with fast-shutter photography,
while streak photography enables a display of the time
history of the position and light intensity of the plasma.

Spectrographic techniques have yielded much quan-
titative data, such as determination of the ion velocity
distribution from Doppler and Stark broadening of the
spectral lines, spectral line identification of the plasma
species and impurities and determination of electron
temperatures by measurement of the intensity ratio of
the spectral lines of ionized and neutral species of the
plasma. In addition, N-ray energy analysis has been
applied to measurement of the radiation emitted from
the hot plasma.

Direct current probe techniques have been used with
moderate success (the major difficulty being that probes
severely perturb the plasma) to obtain indications of
clectron temperature, ion and electron densities and dis-
tribution profiles. Current loops and probes are of value
for plotting contours of magnetic field and current dis-
tributions. Considerable interest has been shown in
solid-state probes based on the Hall effect for similar
purposes.

RI" techniques have proven extremely useful, since
transmission of microwaves through the plasma vields
information on the plasma electron density, while a
measure of the intensity of RF energy emitted from a
plasma yields the kinetic electron temperature. Further-
more, resonance absorption at certain RE frequencies
can be used for ion identification since the gyrofrequency
of a specific ion depends on its charge to mass ratio. The
use of HF radio techniques in plasma diagnostics has in
turn stimulated research on the generation of higher
and higher frequency coherent EM energy.

Infrared measurements as thermonuclear diagnostics
have been limited, due to the slow time response of
most long-wavelength 1-R detectors. As the time con-
stant of these detectors continues to be improved with
the advent of new semiconductor materials and tech-
niques, their utility in such studies will gain prominence.
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Many techniques first introduced in nuclear particle
physics are of great value. Among these are the deter-
mination of temperature and velocity of runaway elec-
trons by use of graded absorbers in front of scintilla-
tion counters and similar studies employing nuclear
emulsion plates and the use of neutron counters for de-
tecting neutrons, which should arise out of the thermo-
nuclear process, but more usually are formed far too
prematurely as a result of acceleration mechanisms,
such as instabilities.

Of course, the true criterion of a thermonuclear reac-
tion is to measure more energy being created by the
plasma than is being put into the plasma. In the course
of achieving this no doubt many byproducts will come
to pass which may be of nearly as great importance as
the final goal.

Of the numerous experimental approaches under in-
vestigation, none is in a position to achieve the “igni-
tion” temperatures where the input energy begins to
equal the energy generated, Before this is possible, a
tremendous amount of basic knowledge of plasma prop-
erties is still required. These investigations point only
1o further clarification of the severe stability require-
ments, of the important energy loss mechanisms, of the
necessary containment times, the techniques of heating
and diagnosing plasma and many other problems. All
the different approaches are studies of plasma physics
necessary to build up the fundamental behavior of
plasmas over the widest possible range of conditions.
This is being achieved by the use of many relatively
small-scale experiments devised to test crucial limita-
tions and novel ideas in addition to the large machines,
which create conditions approaching those in a genuine
thermonuclear reaction.

COMMUNICATIONS AND Prasma Puysics
Electromagnetic Wave Interaction with Plasmas

The interest in electromagnetic wave interaction with
plasmas is many fold. First, there is the direct applica-
tion to communication techniques. Secondly, there is
the information which can be derived from a knowledge
of such interaction. This is the basis for numerous funda-
mental studies in physics, diagnostic techniques, and in
this same category can be included the effects on radar
return. In addition, the effect of the plasma environ-
ment on the performance of a given system must be
considered.

The interaction of an electromagnetic wave with a
plasma can be described in terms of a number of “bulk”
parameters of the plasma. These parameters in turn de-
pend upon the basic particle interactions. The degree
of ionization of the gas or mixture of gases comprising
the plasma determines the “electron density” or number
of electrons (the most important constituent) con-
tained within the plasma. The interaction of these elec-
trons with neutral atoms, ions, and with each other de-
termines the “collision frequency” of the plasma con-
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stituents, i.e., a measure of the average number of colli-
sions an electron undergoes per unit time. Complicating
factors are that the collisions can be elastic or inelastic,
the electron can be interacting with several particles
simultaneously and the nature of the interacting forces is
different for electron-neutral particle interaction than
for electron-ion or electron-electron collisions. The elec-
tron density, collision frequency and external forces de-
termine the “conductivity” (and in turn the current
density) of a plasma. For slightly ionized plasmas, the
conductivity is almost exclusively due to the more mo-
bile electrons. However, at high degrees of ionization,
the ion conductivity becomes of importance. From a
knowledge of the time and spatial variation of these
quantities (clectron density, collision frequency, con-
ductivity), electromagnetic wave interaction with a
plasma can, at least in principle, be deduced.

A fundamental quantity which enters into a discus-
sion of the properties of a plasma, particularly when
electromagnetic wave interaction is concerned, is the
plasma frequency. The plasma frequency {(wp) for elec-
trons in a plasma, regarding the ions as stationary mo-
tionless points is defined as

w, = (ne*/eom)'’?,
where

n =the electron number density per unit volume
e =the charge on the electron

m = the mass of the electron

€= the permittivity of frec space.

Although the plasma frequency enters into most consid-
crations as a convenient “lumped parameter” having the
dimensions of frequency, it also is an inherent property
of a plasma. If, in an infinite plasma, a small number of
clectrons are displaced from their equilibrium position,
a restoring space charge field is created which, if the
displacing force is suddenly removed, causes the elec-
trons to oscillate about their equilibrium at a frequency
proportional to the plasma frequency.

The electromagnetic properties of a plasma
change markedly depending upon whether the angular
frequency of the electromagnetic wave is greater or less
than the plasma frequency. Ior RF frequencies above
the plasma frequency, a plasma behaves more or less
like a diclectric, the lossiness of which is determined by
the collision frequency. At frequencies well below the
plasma frequency, the plasma acts like a very good
conductor, while at frequencies around the plasma fre-

25238

% ], A. Ratclitfe, “The Magneto-lonic Theory and its .\pplication
to the lonosphere,” Cambridge University Press, Cambridge, Eng.;
1958.

% B. N. Gershmann, el al., “Propagation of electromagnetic
waves in a plasma (ionosphere),” Upsekhi Fiz. Nauk, vol. 61, pp. 561-
612; 1957. (‘Translation: AEC-tr-3493.) )

21 1. Smullen, “Interaction between plasinas and electromagnetic
fiekls,” J. Res. NBS, vol. 64D, pp. 766-767; November/December,
1969.

28 \], P. Bachynski, ef al.,, “Plasmas and the Electromagnetic
Field,” McGraw-Hill Book Co., New York, N. Y.; in press.
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depend upon the environment in which the body is mov-
ing and hence upon upper atmospheric physics as well
as depending on the atomic processes of particle interac-
tion in the plasma, dissociation, ionization rates and
products, etc. This is, indeed, a formidable problem.

Plasma sheath phenomena have been reported asso-
ciated with orbiting satellites.®*=% [t is speculated, with
some experimental evidence, that due to space charge
which may build up on the satellite, a cloud of ions
could be projected in front of the satellite. This plasma
cloud is thought to be sufficiently dense to reflect HF
(megacycle) radio waves at times of intense solar ac-
tivity. More quantitative measurements are neces ary
before the existence of this effect can be proven.

Atmospheric Breakdown

Gas “breakdown” or gas “discharge” in a given region
occurs when the number of electrons being created by
ionization is equal to or exceeds the number of electrons
which are lost through diffusion, recombination and at-
tachment. In the breakdown process,’™%? the residual
electrons in the gas gain sufficient energy from the RI®
clectric fields to cause primary ionization by collision
with the neutral constituents. Initially, since there are
few electrons, the ionizing collisions are infrequent, but
as the number of electrons created increases, an ava-
lanche process is initiated until breakdown occurs. At
high pressures, the mean free time between collisions of
the electrons is small compared to the RF period so that
the electron does not have time to gain much energy be-
fore collision. At low pressures, the time between colli-
sions is long so that in the interval the electron gains
sufficient energy from the RF fields to cause an ionizing

% A. Flambard and M. Revsat, “Electromagnetic waves and satel-
lites: echoes from ionized trails of satellies at high frequency,” Onde
Elect., vol. 38, pp. 830-837; December, 1958.

& C. R. Roberts and P. H. Kirchner, “Radio reflections from
satellite-produced ionization,” Proc. IRE, vol. 47, pp. 1156-1157:
June, 1959,

# D. B. Beard and F. S. Johnson, “Charge and magnetic field
interaction with satellites,” J. Geophys. Res., vol. 65, pp. 1-7; January,
1960.

8 .S, Rand, “Wake of a satellite traversing the ionosphere,” Phys.
of Fluids, vol. 3, pp. 265-273; March/April, 1960.

# J. D. Krauss, et al., “The satellite ionization phenomenon,”
Proc. IRE, vol. 48, pp. 672-678; April, 1960.

% J. D. Krauss, “Evidence of satellite-induced ionization effects
between hemispheres,” Proc. [RE, vol. 48, pp. 1913-1914; No-
vember, 1960.

% J. D. Krauss and R. C. Higgy, “The relation of the satellite
ionization phenomena to the radiation belts.” Proc. IRE, vol. 48,
pp. 2027-2028; December, 1960.

7 L. Gould and L. \V. Roberts, “Breakdown of air at microwave
frequencies,” J. Appl. Phys., vol. 27, pp. 1162-1170; October, 1956.

% A. D. MacDonald, “High-frequency breakdown in air at high
altitudes,” Proc. IRE, vol. 47, pp. 436—141; March, 1959,

8 J. B. Chown, et al., “Voltage breakdown characteristics of
microwave antennas,” Proc. IRE, vol. 47, pp. 1331-1337; August,
1959.

% P, M. Platzmann and E. H. Solt, “Microwave breakdown of air
in non-uniform electric fields,” Phys. Rev., vol. 119, pp. 1143-1149;
August 15, 1960.

@ D. Kelly and H. Margenau, “High frequency breakdown of
air,” J. Appl. Phys., vol. 31, pp. 1617-1620; September, 1960.

% W. E. Scharfman and T. Morita, “Voltage breakdown of an-
tennas at high altitude,” Proc. IRE, vol. 48, pp .1881-1887; Novem-
ber, 1960.
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collision. At extremely low pressures, there are few
particles for the electrons to collide with, so an optimum
pressure exists at which a minimum voltage is required
for breakdown.

Thus the electric field strength required to break
down a gas at low pressure is, in general, less than that
required at atmospheric pressure. As a consequence,
even low-power antennas on a high-altitude vehicle may
be susceptible to voltage breakdown.’®:#2 The effect on
the antenna performance when voltage breakdown oc-
curs is to alter the radiation pattern of the antenna,
lower the total power radiated, change the pulse shape
of the radiated power and modify the input impedance
of the device. \WWhen the number density of electrons in
the discharge is such that the plasma frequency exceeds
the RF frequency, little transmission and considerable
mismatch will occur.

Direct application of breakdown theories to antenna-
voltage breakdown characteristics are difficult due to
the complex fields which exist near the antenna and
which vary with the antenna configuration. The effect
of pulse shape, pulse repetition rate (since electrons may
be left in the gas in front of an antenna due to the previ-
ous pulse), and peak powers under varyving conditions
before breakdown occurs are yet not fully understood.
The environmental conditions of a space vehicle com-
plicate the problem due to the questionable validity of
concepts such as diffusion length at high altitudes, the
unknown effects on breakdown of air turbulence, plasma
sheaths, etc., around the vehicle and the effects of pre-
ionized regions such as the ionosphere in which large
initial electron densities exist through which the vehicle
must pass.

Plasma Noise

As a result of the interaction between electrons, ions
and neutral molecules in a plasma, electromagnetic en-
ergy is generated and emitted by the plasma.® This
emission of “passive” radiation from the plasma can be
due to a variety of physical processes such as: brems-
strahlung—the deceleration of particles due to an
atomic encounter; the release of energy during recom-
bination of an electron-ion pair; or Cerenkov radiation
from the “bow wave” formed when particle velocities
exceed the velocity of light in the medium or unstable
plasma oscillations arising from gradients of electron
density which exist in nonuniform plasmas. The radi-
ated energy is in general noncoherent, varying over a
wide continuous spectrum of frequencies and thus ap-
pears principally as a noise signal.

This noise can impose limitations on the sensitivity of
an antenna receiving system by raising the noise level of
the environment in which the transmitting and receiving
system operates and hence defeating the advantages

® G. Bekefi and J. L. Hershfield, “Incident microwave radiation
from plasmas,” Phys. Rev., vol. 116, pp. 1051-1056; December 1,
1959.
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gained in using masers, pirametric amplifiers and other
low noise receiving devices. The “noise” radiated from
a plasma is not, in all cases, necessarily a detrimental
effect such as it is in communications. Thus if the spec-
tral distribution of the emitted energy is characteristic
of the plasma properties, a measurement of the micro-
wave radiation provides specific information on the
plasmat. As an example, knowledge of the radiated power
gives a measure of the electron temperature in the
plasma, and this has been used as a powerful diagnostic
technique. Further investigations have been focused on
the microwave radiation from plasmas produced by
hypervelocity bodies in the hope of providing a means
for detection and discrimination of such vehicles as they
enter the atmosphere.

A major difficulty in the above-mentioned apphica-
tions is an understanding of the fundamental processes.
FFor a plasma in a steady state, macroscopic radiative
transfer concepts without detailed knowledge of the
atomic processes can be applied and the emission spec-
trum determined from the electromagnetic wave ab-
sorption, transmission and reflection properties of the
plasma. These determinations are complicated by the
nonuniformity and geometrical configuration of the
emitting plasma. However, most practical plasmas of
interest are not in equilibrium, and as vet a considerable
amount of theoretical work remains to be done on non-
equitibrium radiation. Furthermore, few reliable quan-
titative measurements are available to guide the the-
oretical work.

Pi.asMA PROPULSION
General Rocket Considerations

After a vehicle has been placed out of the reach of
strong gravitational forces into a low satellite orbit by
conventional means (e.g., & chemical rocket), there no
longer exists a need for a high-thrust device. One then
.an look towards more novel methods for reducing the
cost of propelling large payloads in space. The use of
clectrical propulsion techniques for this purpose greatly
increases the size of the payload that can be projected
mto larger orbits.

To show that this is the case, consider some funda-
mental system parameters of a rocket. The basic
parameters are the specific impulse (defined as thrust
in weight units/propellant mass flow rate) whose units
are seconds and the thrust (in weight units) per unit
weight which is a dimensionless parameter. For a rocket
to take off from a planet, the thrust per unit weight of
the rocket must be greater than one. However, in re-
gions where the forces of gravity are small, even small
values of thrust/weight may be useful. In a chemical
rocket, the thrust power is limited to the specific energy
content within the chemical propellant so that the high-

“ H. S, Seifert, Ed., “Space Technology,” John Wiley and Sons,
Inc., New York, N. Y.; 1959,
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est specific impulse possible is desired. In clectrical
propulsion however, the source of the power and the
working fluid are completely separate, hence the opti-
mum specific impulse is not necessarily the greatest one.
Thus the source of power increases with increasing spe-
cific impulse, and the propellant or working Huid de-
creases with increasing specific impulse with an opti-
mum specific impulse when the sum weight of the pro-
pellant and power plant (i.e., vehicle) is minimized. or
operations within the influence of the carth’s gravita-
tional field, such as a complete round trip of a lunar
mission or the establishment of a communications satel-
lite in a “stationary” 24-hour orbit at a height of 22,500
miles, the optimum specific impulse required ranges
from 1500 to 5000 seconds. For interplanetary flights, a
specific impulse of 7500 to 20,000 seconds is desirable.

These values of specific impulse are beyond the limit
of the energy of conventional rocket propellents so that
new methods are required. In Fig. 7 are illustrated the
limit of thrust per unit weight and specific impulse of
chemical rockets and the regions of operation of some of
the devices to be discussed in the sequel.
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Fig. 7—General rocket characteristics of some
plasma propulsion devices.

Llectrostatic or Ton Propulsion

One technique for attaining a large specific impulse is
to electrostatically accelerate a beam of charged parti-
cles and expel them at very high velocities.® In this
manner, it may be possible to design a low-thrust sys-
tem suitable for space flight. In its simplest form, an
ionic rocket would consist of an ion source to supply the
“fuel” and an electrostatic accelerator or gun to accel-
erate the ions, the ejection of the ions from the device
corresponding to the mass flow from an ordinary rocket.

& 1. Stuhlinger and R. Seitz, “Some problems in ionic propulsion
systems,” IRE TraNs. oN MiLitary ELecTRONICS, vol. M1L-3, pp.
27-33; April, 1959.

% F . {lecht, Ed., Proc. 10th Internall. Astronautical Congr., l.on-
don, Fng., 1959, Springer-Verlag, Vienna, Austria, vols. 1 and 2; 1960.

67\, Kash, “A comparison of ion and plasma propulsion,”
Proc. IRE, vol. 48, pp. 458-465; April, 1960.

68 F. [. Ordway, Ed., “Advances in Space Seience,”
Press, New York, N. Y., vol. 2; 1960.
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Considerable thought has gone into a choice of fuel
for an ionic rocket. The basic requirements are that the
ion source yield an ion of sufficient mass (to give an
appreciable thrust) and at the expense of a minimum
amount of power. Most present experimentation has
been with the contact-ionization type of ion source using
vapors of alkali metals as the “fuel.” In this technique,
cesium or rubidium, which have very low ionization po-
tentials, are passed through regions of incandescent
tungsten (which has a higher work function than either
cesium or rubidium). The alkali atoms readily lose their
valence electrons to the tungsten and nearly 100 per
cent ionization can be achieved.

A more serious problem in the development of ion
rockets is the space charge limitation upon the maxi-
mum current densities which can be obtained for a
particular accelerating voltage, electrode configuration
and propellant. Practical current densities which have
been achieved at accelerating voltages below 10 kv are
of the order of 12 ma/cm? for cesium.

Since ion bombardment can cause serious electrode
erosion, secondary-electron emission and impact heat-
ing, it is necessary to focus the ion beam to overcome the
beam spread resulting from the space charge repulsion
of the charged ions. To obtain collimated beams, cylind-
rical-beam and converging-beam Pierce Gun accelerat-
ing systems have been studied.

In order to preserve the electrical neutrality of the
ion rocket and to prevent space charge from building
up behind the ship and hence inhibiting the ejection of
ions, it is necessary to neutralize the “exhaust” of the
ion rocket. To achieve space charge neutrality, particles
of the opposite charge must be introduced into the ex-
haust. The entire ensemble, consisting of negative and
positive particles and hopefully neutrals due to recom-
bination, is electrically neutral, so in effect, it is a
plasma. One technique of neutralizing is to inject elec-
trons into the positive-ion beam from electron emitters
located around the perimeter of the beam. The elec-
trons are attracted into the ion beam by the space
charge fields in the unneutralized portion of the beam
and oscillate through the beam, thus giving some de-
gree of neutralization to the ion beam. Since the mass of
the electron is a small fraction of the ion mass, an ejec-
tion of electrons would make a negligible contribution
to the net thrust and is therefore useful solely in an at-
tempt to attain charge neutrality. A further suggestion
for an ion rocket which may overcome the charge neu-
tralization problem is to have the rocket composed of
ion diodes, cach alternately accelerating positive and
negative ions. The exhaust of such a system would be
electrically neutral, and furthermore, if a suitable nega-
tive ion of comparable mass to the positive ion were
known, then the over-all thrust of the system could be
doubled. The difficulty is, of course, in obtaining a suit-
able negative ion source. Such a dual ion device is il-
lustrated in IMig. 8.

Other charged masses such as colloidal suspensions,
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Fig. 8—Positive and negative ion accelerators to achieve space
charge nentrality in exhaust of an ion rocket system.

dust particles and heavy molecules have been suggested
as possible fuel for an ionic propulsion svstem and are
currently being investigated.

Neutral Plasma or Magnetohydrodynamic Propulsion

High specific impulse devices are possible using a
partially or fully ionized gas (i.e., a plasma) as the pro-
pellant®=71 in which the ion and electron densities are
essentially neutral. Such a device is not affected by the
space charge limitations of the ion rocket. Since the
plasma is an electrically conducting fluid, electromag-
netic fields can be used to interact with it in order to
heat the plasma to higher temperatures or to accelerate
it to high velocities. Electromagnetic fields can transfer
energy to a plasma by two basic methods, namely, Joule
heating which increases the thermal energy of the
plasma and by the interaction of the plasma current
with the magnetic field which creates a force accelerat-
ing the plasma and hence increases the energy of motion
of the plasma. The manner in which this force interacts
with the plasma is strongly dependent on the geometry
of the apparatus and on the plasma properties, and is
the basis for a number of schemes for plasma propulsion
devices.

The plasma arc jet is an example of a device in which
a plasma is used to Joule heat a gas. In the plasma jet,

® M. Alperin and G. P. Sutton, Eds., Proc. Symp. on Advanced
Propulsion Systems, Los Angeles, 1957, Pergamon Press, New York,
N.Y.; 1959.

" M. Camrac, et al., “Plasma propulsion devices for space flight,”
IRE Trans. oN MiLitary ELECTRONICS, vol. MIL-3, pp. 3+-41;
April, 1959.

" W. Ravle, “Plasma propulsion possibilities,” IRE TrANS. ON
MiLitary ELicTrONICS, vol. MIL-3, pp. 42-45; April, 1959.
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Fig. 9—(a) Plasma jet. \ plasma arc is used to heat a gas 1o high
temperatures. The gas is then passed through an expansion nozzle
and forms a high velocity exhaust. (b) MHD accelerator. In the
magnetohvdrodynamic accelerator an ionized gas is passed
through crossed electric and magnetic fiekls which accelerate this
plasma. (¢) T tube aceelerator. n the 7" tube, the energy stored in
a capacitor bank is discharged into a gas creating a plasma which
is accelerated up the stem of the 17 using magnetic ficlds.

a dc voltage is applied between the operating electrodes
[see Fig. 9(a)] causing a breakdown of the gas in the
chamber. The propelled gas is then forced through this
clectric arc and is heated upon passing through the arc.
After heating, the hot gas is expanded in a conventional
nozzle. The limitation of specific impulse in the plasma
jet is caused by the inability to recover the energy ex-
pended on dissociation and ionization of the gas as it
passes through the arc. Unless recombination occurs be-
fore the gas is expelled from the nozzle, this energy will
not appear as kinetic energy of the gas flow and hence is
lost.

A device which minimizes the above losses can be
made by accelerating a preheated gas using magnetic
ficlds. In this scheme [Fig. 9(b)], a hot gas (~3000°K)
is passed into the acceleration chamber where clectric

currents are caused to flow through the plasma in a
given direction. A magnetic field permeates the plasma
in a direction normal to the electric current. The action
of the current and the magnetic field creates a JXB
(where J is the current density, B the magnetic ficld)
force which accelerates the plasma in a direction per-
pendicular to both the magnetic field and the electric
current.

Considerable experimentation has been performed
with the T tube [Fig. 9(c)} in which the gas is highly
ionized by passing a large current through the head of
the 7' and then accelerating the plasma up the stem of
the tube using magnetic fields. IFurther sophistication
of this device is to use additional magnetic fields orien-
tated along the stem of the T which act as magnetic
nozzles increasing the velocity of the plasma and fur-
thermore keeping it away from the walls of the tube to
prevent cooling and erosion. In this manner, specific
impulses up to 5000 seconds are possible.

Techniques have been developed on a laboratory
scale whereby donut-shaped “blobs” of plasma or
plasmoids™ ™ can be projected by magnetic forces at
speeds exceeding 107 em/sec. Such a plasma gun con-
stitutes another possible means of propulsion.

As the interaction between magnetic fields and plas-
mas becomes better understood, a greater and greater
number of novel propulsion techniques™™ will be sug-
gested, and some of these will inevitably prove to be
practical.

PrasyMA DEVICES
Pre-Plasma-Era Devices

Many years before the full importance of plasmas in
the field of science was realized, devices employing
plasma were in operation. These devices, of course, did
not require a detailed understanding of plasma proper-
ties and included the fluorescent lamp, noise sources for
the calibration of radio receiving devices and as labo-
ratory standards and transmit-receive tubes for radar
applications. The fluorescent lamp, for example, is just
a gaseous discharge plasma whose light emission is used
to activate the fluorescent material coating of the light
tube. Most noise sources for laboratory calibrations are
also gaseous discharges operating well below the plasma
frequency in the “opaque region.” In radar systems, on
the other hand, it is necessary to have a switch to dis-
connect the receiver from the transmission line during
the transmitted pulse and to disconnect the transmitter
the rest of the time. Such a switch can be obtained

21\, H. Bostick, “Experimental study of ionized matter pro-
jected across a magnetic field,” Phys. Rev., vol. 104, pp. 292-299;
October, 15, 1956.

# . H. Bostick, “Experimental study of plasmoids,” Phys. Rez.,
vol. 106, pp. 404-412; May 1, 1957.

1 M. M. Klein and K. A. Brueckner, “Plasma propulsion by a
rapidly varying magnetic field,” J. 4ppl. Phys., vol. 31, pp. 1437
1448; Augnst, 1960,

% G. A. Askaryan, “Acceleration of charged particles in travelling
or standing electromagnetic waves,” Zh. Eksp. Teor. Fiz., vol. 30,
pp- 619--621; February, 1959.
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using appropriately connected spark gaps which “break
down” during transmission and act as a low-impedance
device, while normally they are high-impedance open
circuits. The T-R tube is merely a sophisticated spark
gap which operates at lower voltages (since the gas in
the tube is at low pressure) and whose properties are
not affected by external environment conditions such
as humidity and temperature.

In addition, many important vacuum tube devices of
long standing used for rectification and regulation pur-
poses have utilized plasma in their operation. Among
these can be listed the ignition, the mercury vapor rec-
tifier and even the common voltage regular tube.

Microwave Devices

Promising applications of the properties of plasmas
appear in the field of guidance and generation of high
RF energy. Since a column of plasma will support the
propagation of various field configurations of electro-
magnetic waves,” % a considerable effort is presently
being devoted to an understanding of “plasma wave-
guides.” The waveguide is the basic component of the
microwave system, and its characteristics will deter-
mine and limit the other microwave devices which are
possible. Since a plasma waveguide exhibits specific
mode and band-pass characteristics (which can be con-
trolled by external magnetic fields), waveguide filters
are obvious applications. An electromagnetic wave
traveling down a plasma column will have its phase and
amplitude altered, depending on the plasma propertics
and configuration and prototype attenuators,® and
phase shifters have been built in several laboratories.
Plasma properties can also be used for waveguide
switching.®2=% [n addition, since plasmas exhibit inter-
esting properties such as the Faraday effect, polariza-
tion characteristics, double refraction and nonlinearity,

® L. D. Smullin and P. Chorney, “Propagation in ion-loaded
waveguides,” Proc. Symp. on Electronic Wavegnides, pp. 229-218;
April, 1958.

AL WL Trivelpiece and R. W, Gould, “Space charge waves in
cylindrical plasma columns,” J. Appl. Phys., vol. 30, pp. 1781-1793;
November, 1959.

™ \". B. Fainberg and M. F. Gorbatenko, “Electromagnetic waves
in a plasma situated in a magnetic field,” J. Tech. Phys. (USSR), vol.
29, pp. 549-562; May, 1959,

#\LE. Golant and A, P. Zhilinski, “Propagation of electromag-
netic waves through waveguides filled with plasma,” Soviet Tech.
Phys., vol. 5, pp. 12-21; July, 1960.

8 [.. Goldstein, “Non-reciprocal E-M wave propagation in ionized
gascous media,” IRE TraNs, ox MICROWAVE THEORY & TECHNIQUES,
vol. MTT-6, pp. 19-29; January, 1958.

8. P.D. Lomer and R. M. O'Brien, “A microwave pulsed attenua-
tor using an RF excited discharge,” Proc. [EE, vol. 105, pt. B,
suppl. No. 10, pp. 500-504; 1958,

# 5. J. Tetenbaum and R. M. Hill, “Iligh power magnetic field
controlled microwave gas discharge switches,” IRE Traxs. oy
Mickowave Tueory axp TEcHNIQUES, vol. MTT-7, pp. 73-82; Janu-
ary, 1959.

8 R. S. Braden, “A new concept in microwave gas switching ele-
ments,” IRE Tra~s. ox ELicTrON DEvICES, vol. ED-7, pp. 54-59;
January, 1960

8 D. W. Downton and P. D. Lomer, “A\ pre-TR tube for high
mean power duplexing,” IRE Traxs. ox MickowaveE THEORY AND
TecnNiQuess, vol. MTT.8, pp. 654-659; November, 1960.

8 R. M. Hill and S. K. Ichiki, “Microwave switching with low-
pressure arc discharge,” IR TraNs. ON MICROWAVE THEORY AND
Tecux1QuEs, vol. MTT-8, pp. 628-632; November, 1960.
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they present a host of phenomena that can be utilized
for circuit and microwave applications.

It has been demonstrated that slow electromagnetic
waves can propagate in a plasma cylinder in the pres-
ence of a dc magnetic field. As a consequence, intense
investigations are being made in attempts to utilize a
plasma®—°2 as the slow-wave structure of traveling-
wave tubes. In this manner, the characteristics of the
slow-wave structure can be altered externally by chang-
ing the plasma properties. By using modulated electron
beams®:% passing through a plasma, a growth of the
modulation has been observed. This has stimulated in-
terest in the possibility of obtaining microwave ampli-
fication by such techniques. A diagram of such an elec-
tron beam-plasma interaction amplifier is shown in Fig.
10. Suggestions have been put forth in which the non-
linear effects of a plasma at high power levels is utilized
as the nonlinear propagating medium of a parametric
amplifier. The generation of millimeter waves by plasma
techniques, such as high-intensity arcs and harmonic
generation where the plasma provides the nonlinearity,
excitation of coherent plasma oscillations and their con-
versions to short wavelength radio waves, etc., is another
field of great interest®-1% and current importance.

In a gaseous discharge (plasma) system, it is possible
for metastable states of a given atom to be used as car-

% E. V. Bogdanov, et al., “Interaction between an electron stream
and plasma,” Proc. Symp. on Millimeter Waves, Brooklyn Polytechnic
Press, Brooklyn, N. Y., pp. 57-72; April, 1959.

8.G. 8. Kino, “A proposed millimetre-wave generator,” Proc.
Symp. on Millimeter Waves, Brooklyn Polytechnic Press, Brooklyn,
N. Y., pp. 233-248; April, 1959.

J. R. Baird and P. D. Coleman, “High power gas discharge fre-
quency multiplier,” Proc. Symp. on Millimeter Wazes, Brooklyn
Polytechnic Press, Brooklyn, N. Y., pp. 289-300; April, 1959,

88 7. 5. Tchernov, “Interaction of I2-M waves and electron beams
with centrifugal electrostatic focusing,” Proc. Svmp. on Electronic
Warveguides, Brooklyn Polytechnic Press, Brooklyn, N. Y., pp. 339-
344; April, 1959,

8 AL Javan, “Possibility of production of negative temperature in
a gas discharge,” Phys. Rev, Lelt., vol. 3, pp. 87-89; July 15, 1959,

WL O, Schumann, “The backward wave in a metal waveguide
filled with longitudinally magnetized plasma,” Z. Angew. Phys., vol.
11, pp. 333-335; September, 1959,

o J. M. Anderson, “Possible low-noise electron beam plasma am-
plitier,” J. A ppl. Phys., vol. 30, pp. 1624-1625; October, 1959,

# G. S. Kino, “Parametric amplifier theory for plasmas and elec-
tron beams,” J. Appl. Phys., vol. 31, pp. 1449-1458; August, 1960.

% G. D. Boyd and L. M. Field, “Excitation of plasma oscillations
and growing plasma waves,” Phys. Rer., vol. 109, pp. 1393-1394;
February 15, 1958.

. G. D. Boyd, ef al., “Interaction between an electron stream
and an arc discharge plasma,” Proc. Symp. on Electronic Waveguides,
Brooklyn Polytechnic Press, Brooklyn, N. Y., pp. 367-378; \pril,
1958.

% . D. Froome, “A new microwave harmonic generator,” Nature,
vol. 184, p. 808; September 12, 1959,

% R. M. Hill and S, J. Fetenbaum, “Harmonic generation in a
cyclotron resonant plasma,” J. dppl. Phys., vol. 30, pp. 1610-1611;
October, 1959,

9 N. R. Bierrum and D. Walsh, “lIfarmonics from a microwave
gas discharge,” J. Electronics Control, vol. 8, pp. 81-90; February,
1960.

# N. R. Bierrum, ¢f al., “Coherence and bandwidth of a gas dis-
charge harmonic generator,” Nature, vol. 186, p. 626; May 21, 1960.

% N. D. Froome, “Millimetre waves from mercury ar¢ harmonic
generator,” Nature, vol. 186, p. 959; June 18, 1960.

00 J. M. Anderson, “Microwave detection and harmonic genera-
tion by Langmuir-type probes in plasmas,” Proc. 1RE, vol. 48, pp.
1662-1663; September, 1960.
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riers of energy to excite specific quantum energy levels
of another atom.' If the excitation cross section for
this process is large, then a “population inversion” or
excess of atoms in this excited state will occur. This is
precisely the condition required for maser action, and
the snccessful operation of such a quantum plasma de-
vice producing maser oscillations at optical frequencies
has been achieved recently. !

Further schemes have been put forth whereby the ion
sheaths surrounding hyvpersonic re-entry vehicles would
be utilized as coherent radiative elements and hence as
a plasma antenna. However, considerably more work
is still required in this direction. Other novel applica-
tions of plasma are also in progress.'®%=197

Electric Power Generation

If a dc magnetic field is applied in a direction per-
pendicular to a moving conducting fluid, an electric
field is generated in a direction normal to both the mag-
netic field and the fluid flow. If now clectrodes con-
nected to an external load are appropriately placed, the
clectric field will cause a current to flow in the external
circuit (as well as in the plasma). Energy is transferred
to the load at the expense of the kinetic energy of di-
rected motion of the conducting fluid. This is the basis
of the dc magnetohvdrodynamic generator.'* 1 The

w A, Javan, in “Quantum Electronics,” C. H. Townes, Ed.,
Columbia University Press, New York, N. Y.; 1960.

wz A, Javan, et al., “Propulation inversion and continuous optical
maser oscillation in a gas discharge containing a He-Ne mixture,”
Piivs. Rev. Letl., vol. 6, pp. 106-109; February 1, 1961.

WA\ Schmidt, “The microwave plasma burner,” Electron.
Rundschau, vol. 13, pp. 404-106; November, 1959.

104 [ M. Anderson and L.. A. Harris, “Negative-glow plasma as a
cathode for electron tubes,” J. Appl. Phys., vol. 31, pp. 1463-1468;
August, 1960.

106 H W, Lewis and J. R. Reitz, “Efficiency of the plasma thermo-
couple,” J. Appl. Phys., vol. 31, pp. 723-727; April, 1960.

1os [ \V, Lewis and J. R. Reitz, “Open-circuit voltages in the
plasma thermocouple.” J. A ppl. Phys., vol. 30, pp. 1838-1839; No-
vember, 1959.

107 R, W. Pidd, et al., “Characteristics of a plasma thermocouple,”
J. Appl. Phys., vol. 30, pp. 1861-1865; December, 1959.

108 Steg and G. W. Sutton, “The prospects of MHD power
generation,” Astronautics, vol. 5, pp. 22-25; August, 1960.

19}, Hurwitz, et al., “Influence of tensor conductivity on current
distribution in a MHD generator,” J. Appl. Phys., vol. 32, pp. 205
216; February, 1901,
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advantages of such magnetohydrodynamic (MHD) de-
vices are that no moving parts, only a moving fluid, is
required. The difhculties include characteristics of the
working fluid (ionization and dissociation potentials,
heat transfer propertics), the methods of achieving ade-
quate flow velocities, geometry, contamination and cor-
rosion problems. M11D generators have been proposed
for ac power generation'” as well. These devices can be
either pulsed or stcady-state.

A plasma device for the conversion of heat into elec-
tricity is the thermionic diode!'='* in which some of
the clectrons liberated from the cathode have sufhcient
energy to overcome the internal work function of the
cathode and proceed to the anode where they lose their
kinetic and potential energy. If the resulting energy
level of the electrons in the anode is more negative than
the original energy level at the cathode, then the device
is capable of driving a current through a load and hence
do useful work by this conversion of heat into electric-
itv. The most serious limitation ol such a scheme is
the space charge of clectrons which builds up near the
anode and which inhibits electrons emitted from the
cathode from reaching the anode. One technique of
overcoming the space charge problem is to introduce
cesium vapor into the device, which, upon contact with
the hot anode, becomes a positive cesium ion and hence
tends to neutralize the negative electron space charge.
Other suggested schemes for controlling the charge ef-
fects include the use of a grid as a third control element
and the use of crossed electromagnetic fields. Consid-
erably more study is required on anode work functions

wo [ B, Bernstein, et al., “Magnetohydrodynamics ac power gen-
el(’):u()r," Proc. Natl. Aerospace Electronics Conf., pp. 205-214; May,
1961.

m ., Moss, “Thermionic diodes as energy converters,” J. Elec-
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13 K, G. Hernquist, et al., “Thermionic energy converter,” RCA
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emission,” J. Appl. Phys., vol. 30, pp. 475-481; April, 1959.

n7 | M. Houston, “Theoretical efficiency of the thermionic energy
converter,” J. Appl. Phys., vol. 30, pp. 481-487; April, 1959.

us [], F. Webster, “Calculation of the performance of a high
vacuum thermionic energy converter,” J. Appl. Phys., vol. 30, pp.
188-492; April, 1959.

ue 11, W, Lewis and ]. R, Reitz, “Thermoelectric properties of the
plasma diode,” J. Appl. Phys., vol. 30, pp. 1439-1445; September,
1959.

20 B, E, Jablonski, ef al., “Space-charge neutralization by fission
fragments in the direct conversion plasma diode,” J. Appl. Phys.,
vol. 30, pp. 2017-2018; December, 1959.

121 NS, Rasor, “Figure of merit for thermionic energy conver-
sion,” J. Appl. Phys., vol. 31, pp. 163-167; January, 1960.

2 P A Lindsay and F. W. Parker, “Potential distribution be-
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13 F, G. Block, et al., “Construction of a thermionic energy ron.
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under operating conditions and materials to withstand
the high temperatures required at the cathodes as well
as on the space charge problem.

Semiconductor Microplasmas

A good analogy exists between the process of electri-
cal breakdown in a low-density gas and the “avalanche
effect” which occurs in some reverse-biased semicon-
ducting diodes.!#=13¢ I these devices, a slight increase
in the reverse voltage above some critical value causes a
very rapid increase in current and the junction is said to
“break down.” The breakdown occurs due to the multi-
plication and resulting avalanche of the charge carriers
both positive (holes) and negative (electrons) in the de-
pletion layer of the device in a manner analogous to the
creation of ionization by electrons in a gaseous dis-
charge. Observations indicate that the breakdown oc-
curs in very minute highly ionized regions or micro-
plasmas of about 500 A in diameter. Such devices are of
great practical potential for applications which require
switching times of milli-microseconds. In addition, a
number of other effects' '3 found in gaseous plasmas
may also be observed in semiconductors.

The above are only a few of the devices and applica-
tions for which plasmas are suitable. The current in-
tense investigations on the properties of plasmas will

%D, J. Rose, “DMicroplasma in silicon,” Phvs. Rer., vol. 1035, pp-
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¥ M. Glicksman and M. C. Steele, “Plasma pinch effects in
indinm antimonide,” Phys. Rev. Lett., vol. 2, pp. 461-463; June 1,
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undoubtedly result in an “avalanche” of further practi-
cal uses.

THE FUTURE

Today plasma physics is a challenging field of re-
search in which exist many problems and few satisfac-
tory solutions. It encompasses many disciplines includ-
ing particle physics, physical electronics, aerodynamics,
radiation physics, electromagnetic wave theory, mag-
netohydrodynamics, thermodynamics, spectroscopy,
physical chemistry, quantum mechanics and many
others. The interplay between these various telds of
study cannot help but further the frontiers of science.

As slowly and surely solutions are found to the many
pressing problems of plasma physics, what can we hope
to achieve? The promise of the future includes a better
understanding of the creation of the Universe and the
forces at work in it, an almost inexhaustible supply of
electrical power using thermonuclear fusion reactions,
reliable  communications  with space and re-entry
vehicles, propulsion devices appropriate for interplane-
tary travel, devices for producing and amplifying HIF
radio energy, clectrical generators with no mechanical
parts, and numerous new semiconductor devices. These
are the goals of plasma physics research.

The immediate future must be devoted to a better
understanding of the behavior of plasmas and related
phenomena under various conditions. The most sig-
nificant progress is thus most likely to be made in funda-
mental studies under controlled conditions. Application
of the basic knowledge gleaned in this manner will fol-
low immediately.

It is difficult to predict what the long-term future will
holdl. Will the present hopes and dreams be realized, or
will some now incidental and little understood by-
product of the present effort prove to be an even greater
achievement than our present goals? Only the future
will tell. One can, however, safely predict that plasma
physics will grow both in importance and in scope. The
present problems are indeed formidable, but the rich-
ness of the rewards for their solution warrant the in-
terest and effort which is and will be devoted to plasma
physics.
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Oscillations and Noise in Low-Pressure

DC Dis

F. W, CRAWFORDTf a~xp G. S.

Summary—This is a review paper concerned mainly with oscilla-
tions and fluctuations which have been observed to occur either
spontaneously or as a result of deliberate excitation in low-pressure,
hot-cathede plasmas. Experimental observations on high- and low-
frequency effects occurring spontaneously are discussed, and specu-
lations are made about the possible generation mechanisms. In
many cases, theories of these mechanisms have been treated in ex-
periments involving deliberate excitation of oscillations, and com-
parisons are made where relevant.

For device applications, and to relieve the difficulties which occur
in quantitative experiments in plasma physics, it is important that the
sources of spontaneous oscillations be understood and suppressed,
if possible. The paper includes a discussion of work which has been
carried out to reduce these effects, and concludes with some sug-
gestions for further lines of attack on the problems.

I. INTRODUCTION

HE production of a plasma by means of a dis-

charge in a gas at low pressure is of considerable

interest today not only from the point of view of
fundamental physics, but also for the possible device
applications in fields as widely varied as nuclear fusion,
generation of electromagnetic waves, and microwave
amplification. The plasma medium is, however, com-
plex. Its motion involves the many degrees of freedom
associated not only with its internal space-charge prop-
erties and its several ionization processes, but also with
the additional hydrodynamic properties analogous to
those of a neutral conducting fluid, and the surface
motion of a finite medium, It is not surprising then that
an unfortunate feature of the plasma is its inclination
towards instability, and most properties of a “steady-
state” plasma, c.g., number density, current, and main-
1aining voltage, are found on close examination to be
fluctuating with amplitudes far above reasonable es-
timates for such phenomena as thermal noise. IFor
example, voltage fluctuations at the anode of a dis-
charge tube are typically in the range of hundreds of
millivolts to volts. The presence of strong collective
processes is indicated, and analysis of the frequency
spectrum of the disturbances usually indicates strong
components in two distinct ranges: zcero to a few Mec,
and the microwave band. In this paper we shall call
these unwanted fluctuations “noise,” regardless of
whether they are coherent or incoherent.
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IFor microwave applications such as amplification and
frequency generation, it is clearly desirable to minimize
the level of the high-frequency fluctuations, but it is
also necessary to reduce the low-frequency components
since they can cause substantial modulation of propa-
gated or generated signals. Kino and Allen [1] have
shown theoretically and experimentally that there is
strong phase modulation of propagated signals, and
that phase information is lost rapidly near cutoff,
while the results of Boyd, Field, and Gould [2]-[5] on
microwave amplification in plasmas have indicated
amplitude modulation of the output in the tens of
kilocycles range to a depth of as much as 30 per cent
[3].

Before approaching the problem of suppressing the
fluctuations, it is necessary to determine their genera-
tion mechanisms and to establish which of them, it any,
are present as essential processes in the maintenance of
the plasma. This last point is extremely important be-
cause it has been recognized for many years that some
features of the dc discharge cannot be explained by a
steady-state theory. The most notable is the phenom-
enon known as “Langmuir’s paradox.” This is the ex-
perimental observation that a Maxwellian distribution
is maintained in circumstances where the etfects of
collisions could not offset the depletion of the high-
energy tail by wall losses [6], [7]. Refined theoretical
calculations showed that strong microscopic interaction
processes would be required [8]-[10], but experiment
showed that they were not present [11]. There is the
possibility of macroscopic effects, and collective oscilla-
tions have been postulated as the means for making up
the deficiency [12], though the site of origin and nature
of their generation is still controversial [13], [14].

The purpose of this paper is to review the experi-
mental and theoretical work which has been carried
out on oscillations and noise in de¢ discharges at pres-
sures where the mean free path for electron-neutral
collisions is comparable to the dimensions of the dis-
charge tube. \We shall exclude much of the work carried
out at higher pressures, the work on oscillations and
noise occurring in magnetic fields, and the great volume
of work on instabilities peculiar to fusion devices
(mainly in the presence of a magnetic field), except
where they serve to throw light on an effect of interest.
References to noise and oscillation problems at higher
pressures are to be found summarized in the work of
Cobine and Gallagher [15], Fite [16], Scars [17],
and Van der Ziel [18]. An excellent summary of the
American work on the problem of instabilities and
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TABLE 1
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oscillations in fusion devices nmay be found in the book
by Glasstone and Lovberg [19].

Our range of interest includes one of the most com-
mon experimental discharges, mercury vapor at room
temperature, which has a pressure of the order of 1 u;
uniess stated, it may be assumed that the experimental
data described were taken in this gas. In general, the gas
used has little effect on the nature of the phenomena,
though there may be variations in degree. Similarly,
many mechanisms to be discussed are independent of
the type of cathode used. The majority of the work
has been carried out with hot cathodes, and except
where stated, their use also may be assumed.

After sketching briefly the characteristics of a low-
pressure discharge, we shall survey low-frequency and
high-frequency phenomena separately, and conclude
with some reference to relations between these two
ranges and possible techniques for reducing the ampli-
tude of plasma noise.

I, CHARACTERISTICS OF A TYPICAL
Low-PRrESSURE PLasMa

To give some idea of the ranges of values encountered
experimentally, typical figures are quoted in Table |
for a mercury-vapor discharge at a pressure of 1.1 u
(~20°C).

Further information on the experimental determina-
tion of electron temperatures and general properties of
plasmas is to be found in the papers of Killian [20],
Klarfeld [21], and Boyd [22], and in the pioneer work
of Langmuir and Mott-Smith on the use of probes

[23]-[27].

. Regions of the Discharge

Probe measurements and visual observations of dis-
charges have some measure of correlation, and Fig. 1
shows the appearance of a typical discharge.

m LLLLLL 7z
b N
ey ANODE
HOT CATHODE 3}

VoS Voo 04 7/

Fig, 1—Characteristic regions of a typical low-pressure discharge.
[. Cathode sheath. I. Unscattered primaries and ultimates. 111.
Meniscus. V. Slowed primaries, secondaries, and ultimates. V.
Ultimates. VI. Anode fall. VI1. Wall sheath.

Region I: The properties of this region, which are
analogous to those of a simple diode in which electrons
arce emitted at the cathode and ions at the anode, have
been treated analytically by Langmuir [28]. In this
low potential region, which has a thickness of a milli-
meter or less [29], electrons are emitted at the cathode,
yielding an excess of electron space charge, i.e., an
clectron sheath, near the cathode. lons stream toward
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the cathode from the main plasma region, forming an
ion sheath at the surface of the plasma facing the
cathode. The potential drop across region I is of the
order of the ionization potential of the gas; consequently
very few electrons and ions are produced by collisional
jonization in this region. As the number of elastic colli-
sions of clectrons with neutrals is also small in this
region, the majority of the electrons emerge from
region | with energy appropriate to the voltage drop
across the sheath, and the electron stream has only a
very small velocity spread.

Region I1: 1t had been shown in the early experi-
ments of Langmuir [6] and Dittmer [12], using flat
probes to intercept the primary beam from a tungsten
filament cathode, that at low anode currents two
classes of electrons could be observed: the electrons
emerging from region | (¥primary” electrons) and a
group of electrons with an isotropic Maxwellian velocity
distribution (“ultimate” electrons). The ultimate elec-
trons were approximately 1000 times more numerous
than the primary ones. However, as current was in-
creased a scattering phenomenon occurred introducing
a small additional electron velocity group (“secondary”
clectrons) with an isotropic Maxwellian velocity dis-
tribution, and energies intermediate between the pri-
mary and the ultimate groups. Concurrent with this
effect was a slowing down of the mean velocity of the
primary electrons and a superimposition of an approxi-
mately Maxwellian distribution upon it. As a typical
result, it was observed that a 50-v beam was slowed to a
mean velocity corresponding to 36 v, but some elec-
trons from it could reach potentials as high as 90 v. The
anisotropy of the primary beam and the isotropy of the
secondary and ultimate groups were established by
turning the probe parallel to the primary stream [6].
The results for sccondary and ultimate electrons were
identical, but no primary electrons were observed.

Druyvesteyn and Warmoltz [30]-[32] were able to
show that changes in velocity distribution, space po-
tential, and electron concentration occurred in distinct
narrow regions a few tenths of a millimeter thick. These
were studied in greater detail by Merrill and Webb [33]
using a probe movable with considerable precision.
Further work by Emeleus and his co-workers [34]-[42]
has shown that the first of these scattering regions lies
to the cathode side of, or in, region I11.

Region IT1: This is a bright meniscus-shaped region
of the same diameter as the primary beam and with its
convex side towards the cathode. 1t may be bounded
on its anode side by a dark layer. Increasing pressure
or current moves the meniscus toward the cathode.
Continued increase into current saturation may produce
a second meniscus near the anode [42].

Region IV: This is a region in which there is con-
siderable “turbulence” [43], [44]. The primary elec-
trons are deviated laterally into approximately conical
converging and diverging beams. The converging beams
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do not appear to cross over, but there may be a bright
spot at the focus. The diverging “wings” may have
semi-vertical angles up to 30° or more. No defunite
explanation has yet been given for them. Sturrock [45]-
[48] has suggested that they are the result of a wave-
damping mechanism, while IEmeleus has proposed a
wave-diffraction explanation [37].

If anode-cathode spacing is reduced [36], [37], the
wings bow in and attach themselves to the anode.
Further decrease in spacing causes the wings to dis-
appear and the meniscus to lose definition. Photo-
graphs showing these phenomena clearly are given in
[35] and [41].

Region V: Further out in the discharge, only ultimate
clectrons can be detected. Their temperature depends
on the factors indicated in Table I and also on the
operating point on the current/voltage characteristic:
for example, there is a sharp drop in temperature at the
point of cathode current saturation [49].

In this region, known as the positive column of the
discharge, the theoretical treatment of Tonks and
Langmuir [50] asswmes that the electrons have a
Maxwelian distribution of velocities and that there are
racial variations of electron charge density and po-
tential over the cross section of the discharge column.
The ions are assumed to move radially outward from
their point of generation towards the wall, with a veloc-
ity corresponding to free motion over the potential drop
through which they fall. The theoretical treatment,
which has been confirmed by probe measurements [21],
[50], [51], predicts that the density near the wall may
be as much as 50 per cent below its value at the center
of the column.

Region VI: At the anode of the discharge there is a
sheath, the polarity of which is dependent on anode
size and current [50]. Most commonly, the anode will
be negative with respect to the potential of the positive
column (the space potential) by a few volts.

Region VII: At the nonconducting walls of the tube,
a thin dark sheath forms. Both the thickness of this
sheath and the potential drop across it are dependent
on the electron temperature in the positive column.
Criteria for the formation of this sheath have been
given by Bohm [52] and by Tonks and Langmuir [28],
[50].

B. Scattering Effects

It is interesting to observe the effect of crossing two
beams of primary electrons. This was explored by
Langmuir [6] using identical probe-cathode assemblies
mounted at right angles, and by Garscadden and
Emeleus [41] using a movable low-voltage electron gun
emitting a beam which passed across the main dis-
charge column. Both sets of experiments indicated that
the second beam became scattered only if it passed
through a volume of plasma in which the primary beam
was being, or had been, scattered. In the moving-gun ex-
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periment the degree of energy spread of the secondary
beam was found to be quite substantial: A 40-v sec-
ondary beam traversing a region containing a 22-v pri-
mary beam from the cathode obtained an energy
spread along its direction of motion corresponding to an
excess energy of approximately 8 v, while the cathode
beam incurred a spread of 14 v. This implies that there
are strong transverse fields, an observation supported by
some experiments of Allen, Bailey, and Emeleus [35]
in which the cathode beam was split into a number of
flat strips by a grid close to the cathode. At the usual
position of a meniscus, parallel flow was observed to
break down. The beams spread and merged into each
other.

The early experiments on scattering failed to explain
several features, e.g., the variation of distance to the
scattering region with beam voltage and current, and
the problem of why only the primary electrons were
scattered in a region containing many times more
ultimate electrons. The ultimate and secondary elec-
trons could be explained as resulting from elastic and
inelastic collisions with neutrals, but the mechanism of
the scattering process proved elusive. Both Langmuir
and Dittmer realized that high-frequency oscillations
in the plasma could produce the effect, but neither suc-
ceeded immediately in observing their presence. The
issue. was, however, reopened by Penning [53], [54],
whose experiments verified that such oscillations did
exist. The nature of these oscillations, and the experi-
mental data on them, will be taken up again in Sec-
tion I11.

I Hicn-FREQUENCY OSCILLATIONS
L. Waves in a Uniform Plasma
1) Zero Temperature Theory

In order to understand what types of oscillations
may occur in a plasma, it is necessary to consider the
waves which can propagate through such a medium.
When only the high-frequency oscillations are con-
sidered, it is usual to adopt a model in which the plasma
is regarded as a neutral medium in which the relatively
heavy positive ions do not move in response to the RF
ficlds. The first derivation of this type was published as
long ago as 1906 by Lord Rayleigh, who found an ex-
pression for the natural oscillation frequency of elec-
trons embedded in positive charge [55]. Similar results
were obtained by Mott-Smith and by Tonks, their
work being quoted by Langmuir [8] in 1928 in a paper
which apparently introduced the term “plasma” for the
first time. Further extensions of the same principles
were given by Thompson [56] and discussed fully in the
classic paper by Tonks and Langmuir in 1929 [57],[58].

[t is instructive to present here some of these early
results, using the Eulerian derivation which is now
common, and to consider some of the later implications
of this work. We consider a zero-temperature plasma in
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which the ions are regarded as stationary. All ac quan-
tities will be denoted by the subscript 1. The motion of
the electrons within the plasma is given by the Eulerian
equation of motion,

(4
- —E, (1

me

6v1
—— qp (Vl'v)vl =
ot

where —e is the electron charge, m, is the electron mass,
vi is the velocity, and E; is the electric field strength.
For small perturbations we may neglect the second term
in this equation and assume that all quantities vary as
exp (jwt). Eq. (1) then takes the form

(4
— — E. (2)
me

jle =

For small perturbations, the current density J, is
Ji= — enw,, 3)

it follows that the current density is related to the field
by

e*n,
Ji = N E,. )
Jom,
We may now find the ac charge density pi(= —en.) by
using the equation of continuity:
V-Ji + jwpr = 0. (5

The divergence equation for the electric field is
V. E] S (())

where ¢ is the permittivity of free space. In order to
satisfy (4)-(6) simultaneously, we find that

Wpe" N
1 - V-E, =0, (7)
w?
where
) 1€
wpet = (8)
€M ,

fpe( =wpe/27) is usually called the electron plasma fre-
quency. It follows from (7) that either V. E, =0, and
there is no ac space charge within the volume of the
plasma, or w=w,,. let us consider the first alternative:
it will be seen from (4) that Maxwell’s equations imply
that

VX H, = JjoaE, + J, = j¢'~‘60(1 - wm"’/wi’)E., 9

where Hj is the magnetic field intensity. We can regard
the plasma as behaving like a medium with dielectric
constant e=¢€o(l —w,.2/w?). This dielectric constant is
negative below the plasma frequency, but positive and
smaller in magnitude than the dielectric constant of
free space at frequencies above the plasma frequency.
\When w#w,, there is no space charge within the volume
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of the plasma. Consequently, in an infinite plasma,
plane electromagnetic waves can propagate at fre-
quencies above the cutoff at the plasma frequency. In a
plasnia bounded by metal conductors, waves somewhat
similar to the usual waveguide modes can propagate
above the plasma frequency. With insulating bound-
aries, it has been shown by Gould and Trivelpiece
[59], [60], Smullin and Chorney [61], IFainberg and
Gorbatenko [62], and Schumann [63], [64] that waves
with a phase velocity slower than the velocity of light
in free space can propagate along the plasma column
at frequencies below the plasma frequency. These
waves have fields which have a maximum amplitude at
the plasma surface. The addition of magnetic fields
changes this picture radically, as it causes the plasma
to behave like a medium with a tensor dielectric con-
stant. Of particular importance is the possibility of a
slow backward wave propagating at frequencies above
the plasma frequency. This behavior has been demon-
strated theoretically and experimentally by Gould and
Trivelpiece [59], [60], and discussed theoretically by
the authors alrcady mentioned [61], [62], [64].

The alternative solution of (7), @ =w,,, implies that
there is a possibility of natural oscillations at the plasma
frequency. These oscillations, by virtue of (9), have no
ac magnetic fields associated with them, and hence are
usually referred to as electrostatic oscillations. Because
their frequency does not depend on the spatial varia-
tion of the fields, they have zero group velocity and are
entirely local in character. The behavior is such that
the electrons, when disturbed, oscillate about their
equilibrium position at the plasma frequency.

2) Finite Temperatitre Theory

In practice, the nonpropagating disturbance at the
plasma frequency is not localized because the electrons
are not at zero temperature. The Thomsons [65]-[67]
took account of the electron temperature and derived a
dispersion relation for one-dimensional waves of the
form

vkT,

me.

w? = wp’ + G2, (10)
where & is Boltzmann's constant and § is the propaga-
tion constant of the wave. This dispersion relation was
based incorrectly on isothermal expansion of the plasma
medium, with the result that the constant ¥ was found
to be unity. Subsequent treatments of the type given
by Spitzer [68] indicated different values of v lying be-
tween 1 and 3.

Thermal velocities of the electrons in a plasma may
also be taken into account by making the alternative
assumption of no collisions and working directly with
Boltzmann's equation, or by regarding the plasma as a
number of electron streams of number density #, with
mdividual dc velocity 9, as was done by Pierce and

Morrison [69] and Walker [70]. Then for a one-dimen-
sional system, assuming a wave with field components
that vary as exp [j(wt —8z)], it follows from (1) that
the ac velocity of the rth electron stream is
elfl

Uiy = — T - — (11)
jmelw — Bry)
By using the familiar relations between current and

charge, and the equation of continuity, it is found that

the ac charge density associated with this stream is

ie*n, Bl
il (12)

Prr = — — '
m(w — Br,)?
Finally by using the divergence equation for the field,
(6), and summing up the total contribution to the
charge of all the individual electron streams, we find
that

=0 e*n.Bl

Iy = — =~ 13
B ' ,;[ m,.(.,(w - ﬁ)Q ( )

or

r=s

) S LI (14

= m.e(w — Br,)?

This is the dispersion relation for a system of s streams
of electrons.

If we now regard a plasma as consisting of an infinity
of electron streams, so that the number density of elec-
trons contained within the velocity range v—(v+dv) is
n.f(v)dv, where

re=
ne =D n
r=1

and f(z) is the velocity distribution, we have in the
limit

n,
— — f(v)dr, (15)

",

and (14) takes the form

- s £ 7](1')(11' ‘
s f_ (@ — Br)? e

An often-quoted form of (16) may be deduced by
partial integration:

= =9 aj/erer (17)

w,,c'-’f“ (af/dv)dr
6 -0 (w - /31')

The integral relation of (17) was first deduced by
Viasov [71], [72] by using Boltzmann's equation.
Vlasov integrated this expression by expressing the
denominator in terms of an expansion in powers of
Bv/w and retaining only terms up to second order in
Bv/w. He obtained the dispersion relation of (10) with
v=3. It was pointed out by Landau [73] that such a
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procedure is not valid because there is a pole in the
integrand at v=w/B, and Vlasov had only considered
the principal integral. Using a Laplace transform
method, Landau integrated (17), his integral being
taken to the right-hand side of the pole at v =w/B. The
contribution of the pole in the integrand then yielded
the modified dispersion relation

om0 (YD)} s

For a Maxwellian distribution of electron velocities,

m, \!/?
f(v) = (27rkT,> exp (—mev?/2kT,), (19
we have
R N PR A
M. B/ \RT.

/7 )
/‘/ 5 exp (—mw? 23~kT,)]. (20)

The additional term in this dispersion relation implied
that any wave set up in the plasma would be damped,
the damping being most severe for a wave with a phase
velocity comparable to the mean velocity of the elec-
trons, a phenomenon now known as Landau damping.

Van Kampen [74], [75], Bohm and Gross [76]-[78],
and Berz [79] derived (17) directly from Boltzmann's
equation, carefully considering the region near v=w/f.
Berz showed that Landau damping becomes appreci-
able for wavelengths shorter than 20 Debye lengths.
Van Kampen, and Bohm and Gross found the follow-
ing form for the ac perturbation in charge density,

fi(v):
2 &7

Wpe

ar
+ g1(2)é(e — Bv), (21)

Blw — B)
where gi(v) is an arbitrary function of », and 8(w—89) is
Dirac’s delta function. This result gives rise to an extra
term, gi(w/B), on the right-hand side of (17) which rep-
resents a periodic motion transported by all electrons
at their own velocity. There is, therefore, no unique
dispersion relation between w and B. This feature was
considered in great detail in a series of papers by Bohm
and Gross [76]-[78], who gave a physical meaning to
the damping in terms of trapped clectrons. They dem-
onstrated theoretically that a wave of finite amplitude
propagating in a plasma medium would interact
strongly with electrons traveling at a velocity near to
its phase velocity. Electrons moving slightly slower
than the phase velocity of the wave would tend to be
accelerated and thus absorb energy from the wave; the
converse would be true for electrons traveling slightly
faster than the wave. For a velocity distribution func-
tion which decreases monotonically with velocity, there

fi(r) = —
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are more slow electrons than fast ones, so that there is a
damping of the wave.

It has been remarked by Allis [80] that in a steady
state, (9f/0v),-.;s=0, so that there is then no Landau
damping and Vlasov's dispersion equation is correct. A
class of solutions can be obtained for which (0f /0v) vt
=0, representing undamped disturbances. These can
be of large amplitude. They have been examined in de-
tail by Bernstein, Greene, and Kruskal [81], but it is
difficult to see under what physical conditions they
could be set up. In practice, all waves are damped by
collisions which tend to re-Maxwellianize the trapped
electrons taking part in such a steady-state wave mo-
tion.

Further discussions of plasma wave solutions have
been given by Allis [80], Gross and his co-workers
(82]-[84], Berz [79], Bohm and Pines [85]-[87],
Twiss [88]-[90], Bailey [91], and Piddington [92],
[93]. Clear summaries of the issues are given by Van
Kampen [74], [75] and Ecker [94]-[96]. The work has
been extended to take account of the effect of magnetic
field on the propagation of waves in a hot plasma by,
among others, Drummond [97], [98], Mower [99],
Gordeyev [100], and Bernstein [101]. An alternative
physical picture of Landau damping in terms of “phase
mixing” has been given by Case [102] and Van Kampen
[74], [75).

Recent reviews of the theory of plasma oscillations
have been made by Oster [103], Jackson [104], Bern-
stein and Trehan [105], and Drummond [106]. The
last two contain very comprehensive bibliographies.

Another type of damping due to nonlinear effects in
a plasma has been discussed by Dawson [107] and
Sturrock [45]-[48], who show that a single clectro-
static wave may remain undamped. Sturrock shows
also that two electrostatic waves of frequencies w; and
w2, propagating at an angle to each other, can interact
to transfer cnergy into a plane electromagnetic wave
of frequency (wi~+w:). This model also yields a possible
mechanism to explain the strong radiation at 2w,, ob-
served from the sun.

3) Experimental Observations

From the foregoing discussion we might expect to
find that there would be oscillations occurring naturally
in the discharge near the plasma frequency. Such oscilla-
tions would have low group and phase velocities, and
would be difficult to detect from outside the chamber.
This last point follows from (7), where it may be seen
that for a zero temperature plasma the total current is
zero at the plasma frequency. When the temperature is
finite, the total current is extremely small as compared
with either the displacement or conduction current
within the plasma, so that the fields outside the plasma
due to this type of oscillation should be small.

The first observation of high-frequency oscillations
appears to have been made by Penning [53], [54] in
1926. Using a Lecher wire system connected to the elec-
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trodes, he observed oscillations around 500 Mc in both
argon and mercury under conditions when the scatter-
ing phenomenon described in Section [T was taking
place. Langmuir [8] and Tonks confirmed these obser-
vations measuring frequencies up to 1200 Mc in regions
of the plasma not traversed by the primary beam, and
an additional component of about 100 Mc in the heam
region, which appears to have been due to oscillations
of the beam alone. Later measurements [57] by these
workers showed the relation for the oscillation fre-
quency f «n? to be true within the limits of experi-
mental error. Some additional frequencies observed
appear to be related to the effects of heater current and
its direction of flow. This effect has been examined in
more detail by Armstrong and Emeleus [108] using a
tungsten filament at the axis of a cylindrical anode in
mercury vapor, argon, and other gases. They discovered
that the oscillation intensity diminished considerably
during the off-periods when the filament current was
interrupted at 2 kc, and that such factors as length and
inclination of the filament were important. Further in-
fluences on the amplitude and frequency of oscillations
were exerted by the choice of operating point on the
V/I characteristics (filament current and pressure) of
the discharge. Increases in filament current and pres-
sure both caused increases in frequency. Oscillations
could be observed even in the Townsend discharge
region before a plasma was formed. No essential changes
in these results could be observed when the anode volt-
age was swept at 50 cps. The highest frequency ob-
served was 6 kMc, and up to 1 per cent conversion effi-
ciency could occasionally be obtained. Later experi-
ments by Emeleus and Bailey [109] were directed
towards increasing the plasma frequency by increasing
the pressure, and 10 kMc was achieved at 70 g, though
the power withdrawable was only 1 pw.

So far we have considered only experiments involv-
ing observation of oscillations near the plasma fre-
quency. lLarly experiments involving simultaneous
measurements of electron density and plasma frequency
indicated agreement with the theoretical value to
within 10 per cent [110]: that there were specific re-
gions of generation, and that there were relations be-
tween frequency and tube geometry. These results are
discussed in the following Subsections.

B. Beam-Plasma Interactions without Sheaths
1) Basic Mechanisms

The theories that we have discussed described propa-
gation through a plasma which was cither at zero tem-
perature or in which the velocity distribution of the
electrons was a monotonically decreasing function of
velocity. In the latter case, the waves were in some the-
ories undamped and in others damped. Bohm and Gross
[76]-[78] discussed the interpretation of the wave
solutions when the velocity distribution was not a
monotonic function of velocity and showed that under
certain conditions growing waves could exist. Physi-
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cally, the phenomenon is best understood by consider-
ing the interaction between two interpenetrating
charged beams of different velocity. This was first done
almost simultaneously by Haeff [111], [112], Nergaard
[113], Pierce [114], [115], and Hebenstreit [116].
They showed that when two beams of velocities v, and
o, and plasma frequencies wpe/2m and wy/27 interact,
the following dispersion equation, which may be de-
rived directly from (14), is valid:

2 2
Wpa Wpb

+
(w — Bra)? (0w — Bw)?

= 1. (22)

This dispersion equation predicts that when the two
beams travel in the same direction with approximately,
but not exactly, the same velocities, growing waves can
propagate along the system in the direction of motion
of the beams. These authors also demonstrated the
phenomenon experimentally, using two electron beams.

The same theory describes the interaction of an
electron beam with a stationary plasma through
which it passes, and was also used by Pierce [117] to
explain the ion oscillations which occur when an elec-
tron beam in a gassy system passes through the ion
cloud generated by its collisions with gas molecules.
The dispersion equation becomes

(23)

where w, is the electron plasma frequency of the plasma
through which the beam passes, or the ion plasma fre-
quency of the stationary ion cloud, and wy is the plasma-
frequency of the electron beam. This equation may be
written in the form

w Wpb

PR N — (24)
s (1l — wp/w?)!/?

It will be seen that the propagation constant for waves
traveling along the beam becomes complex for fre-
quencies below w, There will be the possibility of
strong amplification effects at frequencies in the
neighborhood of the plasma frequency, the gain becom-
ing infinite when w=w, Physically, this effect takes
place because, below w,, the plasma behaves like a
medium of negative dielectric constant in which the
space-charge forces due to bunching of the electron
beam are reversed in sign from their values in free space.

These results and their interpretations have been dis-
cussed at length by Piddington [93], Twiss [1 18], Stur-
rock [119], [120], Buneman [121], and Drummond
[106]. These authors pointed out that knowing the dis-
persion relation of a system is not sufficient. For in-
stance, (23) yields complex B, i.e., a growing wave with
real w. But it also implies that with real 8, w can be
complex, i.e., the waves will grow in time. However,
because this latter instability is “convective,” as Stur-
rock describes it, such a result can only be obtained in
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an infinite system, or in one where there is feedback.

Physically, this is because the waves that are present
propagate and grow in the direction of motion of the
electron beam. The solution with w complex, .e., oscilla-
tions, cannot apply unless energy can be returned from
the output end of the system to the input. This will
only occur if there is some additional feedback mech-
anism not included in the theory.

The results have been generalized by Budker |122],
Sturrock [123], Tchernov and his co-workers [124],
[125], Trivelpiece [126], Boyd, Field and Gould [2]-
[5], and Allen and Kino [127], [128], to take into ac-
count the effects of finite diameter of the beam, finite
diameter of the plasma, and the presence of a magnetic
field in the direction of motion of the beam. Fig. 2 indi-

GAIN

FREQUENCY

Fig. 2—Gain/frequency characteristics for beam-plasma
mteractions i an infinite plasma.

cates the basic conclusions reached by these authors,
L.e., that the gain does not become infinite, and that
there can be gain above the plasma frequency. In a
finite magnetic field, the gain reaches its maximum
above the plasma frequency and can remain finite up
to a frequency given by

w = (wp® + ww:!)ll'z,

where w..=(eB/m,) is the cyclotron frequency of an
clectron in the magnetic field 5.

The original Bohm and Gross |76]-[78] treatment
took account of the thermal velocity distribution of the
plasma electrons by a simple extension of (23), and re-
sulted in the dispersion relation

(25)

2 2
Wye Wph

= — >qp
w® — 3(kRT,/m,)B?

— = 2
( — B 1. (20)
The regions of amplification given by this formula
have been studied by Akhiezer and Fainberg [129],
Feinstein and Sen [130], Twiss [118], [131], Lampert
[132], Sumi [133], [134], Boyd, Field and Gould
[3]-[5], Sturrock [119], Filiminov [135], Buneman
[136], and Tchernov and Bernashevski [125], who
considered the effects of thermal motions in both the
beam and the plasma, collisions of electrons with
neutrals and ions, and in the case of Sumi, the effect of
an electron beam density comparable to that of the
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plasma. As might be expected, both collisions and finite
temperature reduce the gain to a finite value. However,
these effects on the gain are not likely to be as great as
that of finite beam diameter. In addition, the gain is
found to reach its maximum above the plasma fre-
quency, when the electron temperature of the plasma
is finite, although it decreases to zero rapidly with
further increase in frequency.

2) Experimental Verifications

Before considering whether beam-plasma interac-
tions might occur naturally in plasmas, we shall dis-
cuss the experimental verification of the contentions
made above concerning amplification. The first pub-
lished confirmation of the effect was presented by
Boyd, Field, and Gould [|2]-[5] in 1958, and extended
subsequently by Tchernov and his co-workers [124],
[125], Demirkhanov, Gevorkov and Popov [137], and
by Allen and Kino [127], [128].

The type of experimental tube used by Boyd, Field,
and Gould [2]-[5] is shown schematically in Fig. 3.

GUN- BEAM

INPUT-
R.F. COUPLER

~ouTPUT
R.F COUPLER

PLASMA

Fig. 3—Typical apparatus for beam-plasma interaction experiments
of the type performed by Boyd, Field, and Gould.

Using helices coupled to external waveguides to modu-
late and demodulate the electron beam, gain was ob-
served over the frequency range 500-4000 Me. Gain
of a few db/em was observed reaching a maximum
at the plasma frequency, as calculated from additional
measurements. Allen and Kino [127], [128], using
helix coupling to a beam traversing a magnetically-con-
fined synthetic cesium plasma, obtained good agree-
ment with their theoretical analysis of the gain param-
eter, taking magnetic field and the finite dimensions of
the plasma and the beam into account. Typical gain
figures were approximately 5-10 db/cm at 1 kMce and
approximately 10-15 db/cm at 3 kMec. Tchernov, ef al.
[124], [125], used an experimental arrangement sim-
ilar to that of Boyd, but with the plasma density in-
creased by immersing the tube in an axial magnetic
ficld. They were able to obtain amplification between
20 and 40 db over the range of plasma frequencies 1-10
kMec. It also appeared that the gain parameter reached
a saturation value with increasing current. A possible
explanation for this phenomenon, due to the finite di-
ameter of the beam, has been given by Sturrock [123].
The influence of increasing the mercury vapor pressure
was studied and it was shown that a smaller discharge
current is required to obtain maximum gain with in-
creasing pressure. It is worth noting that, with a Philips-
type (P1G) discharge, sufficiently high plasma densities
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were obtained for amplification of 8-mm waves with a
gain of 10 db/em [125].

Some attempts were made by Tchernov and Ber-
naskevski [125] to determine the noise levels in opera-
tion. It was found that noise figures as low as 40 db
were obtained at pressures of a few microns. However,
it appears that in the noise measurements no account
was taken of any narrow-band low-frequency modula-
tion present on the output signal, such as might be
caused by low-frequency plasma oscillations. They also
tested between 2 and 28 kMc a similarity taw showing
that the gain was fixed, at 10 db/cm in their case, if the
beam diameter, measured in wavelengths of the slow
wave propagating along it, was kept constant.

Although these experiments showed gain on a modu-
lated beam, we would expect that noise modulation on
an otherwise unmodulated beam could also grow, per-
haps even to the extent of ultimately breaking up the
beam itself. An explanation along these lines was pro-
posed by Haeff [138] for the generation mechanism of
solar radio noise, and showed good agreement with ob-
served noise spectra. After unsuccessiul attempts by
looney and Brown [139], Kojima, e al. [140], and
Gordon [141], the first successful laboratory experi-
ments of this nature were performed by Demirkhanov,
Gevorkov, and Popov |137], and Kharchenko, et al.
[142]. Demirkhanov, et al., used an unmodulated beam
passing along the axis of a discharge tube. With one
tube, oscillations were picked up on a probe within the
discharge; with another, on a probe outside. The ampli-
tude of the oscillations was always strongest in the
beam region. A cavity perturbation technique was
used to measure the electron density in the discharge,
and the comparison of the frequency of the highest out-
put amplitude and calculated plasma frequency was
always very close. Moving the probe along the direction
of motion of the beam electrons showed increasing sig-
nal amplitude at first, then a slow decrease. This was
probably a result of slowing and scattering of the beam
by collisions or by the RI signal itself. Similar results
were obtained over a pressure range 1-10 g in argon,
nitrogen, and hydrogen.

Kharchenko and his co-workers [142] investigated
this phenomenon at higher pressures (30-100 ) with an
80-kv electron beam. They observed strong high-
frequency signals with a maximum amplitude at the
plasma frequency, provided a long enough interaction
distance was allowed (10-20 cm).

3) Natural Oscillations

We may now speculate as to whether interaction of
the type established above can occur naturally in a dis-
charge. The necessary ingredients are there since we
have a homogeneous stream of primaries leaving the
cathode sheath and entering the plasma. It is, there-
fore, worth examining some of the experiments in
which high-frequency oscillations were investigated
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spatially in the plasma. The first of these was the scat-
tering experiment of Merrill and Webb [33] mentioned
in Section 11. They found a remarkable correlation be-
tween the scattering regions and the points of maximum
oscillation amplitude. There was in each case an equal
number of these (usually 2 or 3) with the high-fre-
quency amplitude reaching its maximum approxi-

mately midway between the scattering regions (see
Fig. 4). The oscillation frequency was close to the
3
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Fig. +—Typical results of scattering experiments of the type per-
formed by Merrill and \Webb. (a) Regions of scattering and posi-
tions of RF maxima. (b) Velocity distributions at points 1-5
in (a). (¢) The frequency-pulling effect of a probe.

plasma frequency as calculated from probe measure-
nents. pressure or current moved the
scattering regions towards the cathode. The authors
explained their results in terms of the phenomenon of
velocity modulation, a process novel then, but familiar
today in tubes such as the klystron. Assuming that
plasma oscillations occurred strongly in the scattering
regions, bunching of the primary beam would occur
somewhat further towards the anode, impressing an
RI° current on the probe. Very little variation in maxi-
mum RE amplitude could be observed as the probe po-
tential was varied. Twiss [131] analyzed this experi-
ment in terms of growth of noise from the cathode
caused by the interaction of primary electrons with
the plasma ultimate electrous. He showed that gains as
high as 170 db/cm could be expected at the plasma fre-
quency. This gain would vield perturbations in elec-

Increases in
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tron velocity of sufficient amplitude to explain the re-
sults observed.

Neill and Emeleus [143], using a filamentary cathode,
observed a variation in oscillation amplitude increasing
slowly with distance from the cathode to a maximum,
then falling away, both increase and fall being compli-
cated by a number ol minor peaks. This experiment
and that of Merrill and Webb were repeated and ex-
tended by Bailey and LEmeleus [42], [144]. By ascer-
taining that similar results were obtained with a back-
bombarded flat tantalum cathode, they showed that the
more sudden build-up of oscillation amplitude in the
case of flat cathodes was associated with geometry
rather than cathode material. They also noted the pow-
erful disturbing influence of a probe, which could pro-
duce frequency pulling. This, they attributed to reflec-
tion of primaries providing a feedback action analogous
to that in a reflex klystron. Evidence for this was sup-
phied by the fact that the minor peaks corresponded to
the center frequencies of the modes (see Fig. 4). The el-
fect was similar if the wire probe was replaced by a
quartz fiber of the same size and was most pronounced
when a small flat probe at right angles to the cathode
was used.

1t is clear that the results obtained for scattering and
oscillation amplitude profiles must be considered with
caution, particularly in view of the pronounced insta-
bility of the meniscus as it is approached by a probe.
Bailey and Emeleus [42] found that a magnetic field of
the order of 100 gauss exerted a stabilizing influence on
the discharge; it vielded purer RI° oscillations, and
tended to eliminate the pulling effect of the probe. At
the same time the magnetic field tended to eliminate the
low-frequency oscillations present, a phenomenon dis-
cussed in Section V1 below. \We might associate this re-
sult with the elimination of the modulation of the HF
signals by LIF oscillations. Mahaffey [37] continued the
work, using plane oxide-coated cathodes, and made
simultancous measurements of charge density, electron
temperature, oscillation intensity, and frequency. A
strong tendency was found for oscillations to grow in
intensity in the direction of decreasing charge density,
and to die out when the beam moved up a density
gradient. This result is in agreement with the sugges-
tions of Allis |145], who pointed out that as the primary
beam became lost by scattering, an oscillation at the
plasma frequency would be cut off as it traveled into a
region of higher plasma density, but would be enhanced
as it traveled into a region of lower plasma density. In
Mahaffey's work, close correlation between the Ire-
quency of oscillation and the measured plasma fre-
quency was always observed.

As would be expected from the theoretical work of
Sturrock [119]-[120], and Bunemann [121] discussed
carlier, there is no clear experimental evidence that
natural oscillations can occur without some feedback
mechanism present. Either there seems to be growth
from noise, or in the experiments in which standing
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waves along a beam passing through a plasma have
been observed, feedback mechanisms have been present
which could cause the standing waves. For example, an
experiment by Kofoid [146], carried out in argon at
11-u pressure, involved identical oppositely-directed
beams entering through parallel plane electrodes held
at space potential. Strong standing waves near the
plasma frequency were indicated only when both beams
were present. If, however, the electrode potentials
were changed to provide sheaths, thereby introducing a
feedback mechanism, standing waves were observed
with a single beam. This type of oscillation is discussed
more fully below.

C. Beam-Plasma Interactions Dependent on Sheaths

The deliberately excited oscillations discussed so far
could occur independently of the presence of sheaths.
In the case ol spontancous oscillations, the cathode
sheath is necessary to form the beam of primaries, but
the growth mechanism is, of course, independent of the
origin of the beam. In a bounded plasma of dimensions
sufficiently small for a primary beam not to break up
completely in transit, it is possible that sheaths can pro-
vide a feedback mechanism analogous to that in a reflex
klystron, the plasma representing a drift space between
the sheaths. Standing waves can be set up with wave-
lengths dependent on factors such as beam velocity and
tube geometry.

An observation of standing waves was made by
Looney and Brown [139] in an unsuccessful experiment
to observe spatially-growing waves on a high-density
beam. The reason for their lack of success has been
dealt with by Sturrock [123], who develops the appro-
priate dispersion relation for a thin beam and shows
that the interaction distance was too small for a noise
signal to grow to a measurable amplitude, the maximum
gain being only about 20 db. A schematic of their ex-
periment is shown in Fig. 5. By varying the potentials
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Fig. 5—Experimemal arrangement used by Looney and Brown.

of the gun and its anode relative to the plasma, ion
sheaths could be produced on these electrodes. A mov-
able probe coupled to a receiver could be moved axially
along the beam to measure oscillation intensity and fre-
quency. It was found by varying gun current and sheath
thickness that standing wave patterns were set up with
nodes at the two sheath edges. The number of loops ad-
justed itsell to keep the frequency as close as possible to
the beam plasma frequency.

Although Looney and Brown showed that a transit
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time mechanism fitted their experimental results, a
clearer picture of the mechanism was offered by
Demirkhanov, Gevorkov, and Popov [137], who re-
peated the experiment and showed that the feedback
mechanism required to maintain the oscillations is pro-
vided by secondary electrons ejected from the anode
by the impinging beam. These are trapped in the inter-
electrode space, where they oscillate. Several frequen-
cies are possible, but we might expect the maximum
oscillation amplitude near the plasma frequency.

A similar explanation of these experiments has been
given in the unpublished work of Gordon [141]. Using
an improved version of the Looney-Brown experimental
tube, he was able to show that oscillations only occurred
when there was a returning beam of secondary elec-
tron. Gordon suggested a theory for the oscillation
modes based on a klystron-type mechanism in which
the primary beam took no part. It assumed that second-
aries were emitted from the reflector, traveled to the
gun end of the tube, and were reflected at the sheath
there. In his experiment, the oscillation frequency f
and transit time 7 of the secondarics were related to
within a few per cent by the usual expression for reflex
klystrons fr=n+3. Gordon also obtained oscillations
in another tube when the primary beam was itself re-
flected by the sheath at the reflector. However, these
oscillations were weak. Gordon added further evidence
of the disturbing influence of probes in experiments of
this nature. He found that the oscillations, and the
standing wave pattern associated with them, became
erratic when the probe was in the beam. They could be
detected from outside, though the field strength de-
creased rapidly with distance of the probe from the
beam edge. Detection became difficult more than a
centimeter from the beam.

An even clearer illustration of the klystron-type
mechanism had been given earlier by Wehner [147],
[148], using a discharge tube of the type shown in FFig.
6 and described by Fetz [149], [150], Schumann [151],
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Fig. 6—The Wehner oscillator.

and Wehner [152]. This inaterial is reviewed by Gabor
[153]. The \Wehner oscillator is worthy of interest as
one of the few practical devices to emerge as a result of
plasma rescarch. It is capable of producing several watts
of microwave power up to a few klc. The primary elec-
tron beam emerges from the low-temperature, non-
luminous plasma in the gridded cathode container and

Crawford and Kino: Oscillations and Noise in Low-Pressure DC Discharges

1777

is relected by the repeller electrode. Sheaths with po-
tentials up to 1 kv across them can easily be formed on
the grid and the repeller. Wehner detected oscillations
using a Lecher wire system connected between the re-
peller and the anode of the device. He was able to ob-
serve meniscus-shaped oscillation layers close to the
sheaths, and the existence of 5 separate modes over a
range of beam voltage and frequency. Good agreement
was obtained between these experimental results and a
theoretical analysis based on a klystron-type transit-
time mechanism.

Although we have shown that this type of oscillation
can be induced deliberately, there seem to be no defini-
tive experiments in which such oscillations have been
obscrved 1o occur naturally.

D. Beam-Surface Wave Interactions

The observation that propagation with phase veloc-
ity very much less than that of light occurs below the
plasma frequency in finite plasmas has been put on a
firm theoretical basis and checked experimentally by
Gould and Trivelpiece [59], [60], [126]. As already dis-
cussed, they have shown that two basic modes of prop-
agation can occur: surface waves involving only a per-
turbation of charge at the surface of the plasma, and
body waves involving charge density variation within
the plasma, which occur only in the presence of a mag-
netic field. The former effect is unrelated to sheaths
since it can occur in a zero temperature plasma which
has no sheath. In his experiments, Boyd [2] was able
to observe interaction of an clectron beam with the sur-
face wave at frequencies below the plasma frequency,
producing growth rates of about 1 db/cm. It is possible
that such an interaction may be observed with the
beam emerging from the cathode region of a discharge,
but so far there has been no definite experimental cvi-
dence of this effect occurring.

E. Sheath Oscillations

From vacuum tube theory, we are familiar with the
concept of negative beam-loading due to the transit
time of electrons passing through a gap. It was pointed
out by Emeleus [109], [143] that there is the possibility
that, if the sheath is regarded as a gap, nonreturning
beams traversing sheaths in plasma may maintain
oscillations in these regions through such a mechanism.

It may be shown theoretically [141] that the char-
acteristics of such oscillations are

M2 = a constant (27

and

AVV2 = a constant (28)

for temperature-limited and space-charge-limited emis-
sion conditions, respectively, where N is the free-space
wavelength, V is the cathode sheath voltage, and [ is
the saturated emission current. Gordon [141] suggests
that (27) is a direct result of the assumption that the
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width of the oscillating region is very small compared
with the mean free path for collisions. The presence of
such oscillations in cyvlindrical plasma diodes has been
observed by Armstrong and Emeleus [108], and Sluz-
kin and Maydanov in the USSR, who are quoted by
Gordon as having obtained results in good agreement
with the theoretical relations given above.

Allis [145] has shown that, through the mechanism of
oscillations, a beam of electrons entering a plasma can
deliver energy to a region about ten times the cathode
sheath thickness, a result corroborated by the experi-
mental observations of Emeleus [154] and Merrill and
\Webb [33]. It is possible that the oscillations observed
in the cathode sheath do not grow from noise alone, but
that nonuniformity, or transit time effects in the sheath,
may provide a direct feedback mechanism to produce
them.

It was pointed out by Langmuir that there is an ap-
parent contradiction associated with the Maxwellian
distribution of electron velocities normally observed in
low-pressure discharges at points far from the cathode.
High-velocity electrons should escape through the
sheath to recombine with ions at the wall of the dis-
charge. As the electron mean free paths for collisions
are very large, there is no obvious dc mechanism for
Maxwellianization, and there should be a lack of high-
velocity clectrons near the sheath. Gabor [10] called
this phenomenon “Langmuir’s paradox.” It was sug-
gested by both Langmuir [8] and Gabor [10] that
strong collective oscillations must be taking place.
Gabor, Ash, and Dracott [13] pointed out in a later
paper that this type of collective interaction could occur
in the sheath, and proposed a mechanism analogous to
that of the reflex klystron in which electrons entered
the sheath and returned to the plasma, the sheath be-
having as a klystron gap. In an elegant set of experi-
ments using a finely collimated high-energy low-current
electron beam traveling parallel to a plane plasma-
sheath interface, they determined not only the dc field
strength in the sheath, but also that of the superposed
ac field which was found to be present. Both fields were
found to have an approximately linear increase with
distance from the plasma. The frequency of the oscilla-
tions was about % of the plasma frequency.

It is interesting to note that a linear field distribution
i1s isochronous for incoming electrons, if.e., that the
transit time is independent of velocity, and that the
reciprocal of the transit time for the field distribution,
determined experimentally, corresponded to about half
the frequency of the sheath oscillations. Physically this
means that, depending on its time of arrival, a slow
clectron may be able to reach the wall, while & fast one
arriving a half-cycle later will not. The authors put
this forward as a Maxwellianizing mechanism which
would offset the loss of high-velocity electrons to the
wall that would have to be assumed on a steady-state
theory.

Gordon [141] has shown, using an approximate the-
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ory, that the wall sheath can absorh energy from an al-
most Maxwellian distribution of electrons entering and
being reflected from it. He has also obtained reasonable
numerical agreement with the frequency of oscillations
observed in the sheath by Gabor, Ash, and Dracott [13].

The problem of the Langmuir paradox and the oscilla-
tion mechanisms that have been demonstrated experi-
mentally lead to serious doubt as to whether a plasma
could exist in a low-pressure gas without the presence
of oscillations. Certainly it is difficult to understand
how a plasma would maintain its essential nature near
the wall of a discharge without oscillations, for these
high-velocity electrons provide the necessary lonizing
collisions. One alternative to the sheath oscillation
hypothesis has been advanced by Martin and Emeleus
[14], who suggested that high velocity electrons to
maintain the tail of the velocity distribution are also
generated in the scattering region near the cathode. It
is not certain, however, that this mechanism could sup-
ply sufficient high-velocity electrons in a long discharge
tube.

IV. LOW-FREQUENCY OSCILLATIONS
. Ton Waves

Studies of low-pressure discharges in the late 1920's
revealed not only the high-frequency oscillations dis-
cussed already, but also low-frequency fluctuations in a
frequency band from zero to a few megacycles per see-
ond. Among the earliest papers dealing with this topic
were two contributions by Pardue and Webb published
in 1928 [155], [156]. Using a straight uniform tube
with an oxide-coated filament at one end and an anode
at the other, they explored a pressure range of 15-90 p
in air. They found that the most prominent frequency
peaked at about 20 u, and that several frequencies re-
lated to this component were usually present. By anal-
ogy to the electron plasma oscillations, they suggested
that these might be ion plasma oscillations. The prop-
erties of such oscillations were quoted by Langmuir in
1928 [8], and the derivations were published by Tonks
and Langmuir in 1929 [57], [58].

1) Theoretical - pproaches
Following Tonks and Langmuir, we assume that the
unperturbed ions are at rest, so that we can use (2) to
represent the ion motion and write for the one-dimen-
sional case
eB

Jwra = j— ¢,
m;

(29)

where the subscript i denotes ion parameters. All quan-
tities are taken to vary as exp j(wt —Bz), and the electrie
field has been derived from a potential ¢ by writing

L= — V¢ = jB. (30)

By using the relation between current density and
velocity, (3), and the equation of continuity, (5), it is
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found that the ac charge density of the ions, pa(=ena),
is

(31)

Tonks and Langmuir assumed that the ion oscilla-
tions are so slow that the electrons remain in a Maxwell-
Boltzmann distribution. With this assumption, we can

write
ed
= —opjexplt—1}—1]. (32)
pe! p[ ]<kT,> ]

If we assume that ep/k1.<1, it follows that

(S
kT,

Pet = — (33)

Finally, the application of Poisson’s equation yields the
relation

pa + pi epe Bep:
sf¢=—'—‘=¢<— et ) (34)

[ kT .€p wimen

Assuming pe=p; the phase velocity v,(=w/8) of the
wave is given by

ET\ 2 W\ 12
(D) e
m; Wpi*

where the ion plasma frequency fp( =w,,/2m) is defined
by

) nie?
wl"-' =5 . (36)
€om;

It follows from the dispersion relation of (35) that an
clectrostatic wave can exist between zero frequency and
the ion plasma frequency. For w&w,;, vp—>(kTc/m;)!"
The wave then has the characteristics of a sound wave
in which the atoms of the gas have the mass of the ions,
but the temperature of the electrons and the velocity is
independent of the density. Consequently, this type of
wave is called an “electrostatic sound wave” [57].

The Tonks and Langmuir theory assumes, essen-
tially, an isothermal expansion of the plasma. A better
description has been used by Spitzer [68], introducing a
pressure term into the equation of motion of the average
clectron, or ion. He assumed that the pressure p is a
scalar, defined in terms of the mean square velocity
fluctuation p=m(@—=o)2 I the plasma expands adia-
batically, it may be assumed that pxnr. By using
these assumptions, the following dispersion equation
may be derived [157], [158]:

wr¢2 w iz
1 = ! + ? : (37)

w? — Bw,? w? — Bw?

where w, = (y.k1./m.)"* is the electron acoustic velocity
and w, is defined similarly for the ions. When 7°;=0,
the expression reduces to that of (35), if it is assumed
that m;>m., and if 7, in (35) is replaced by .7

This theory may be easily generalized to take account
of the finite dimensions of a plasma and of collisions be-
tween electrons and nentrals, ions and neutrals, and
electrons and ions [157]-[160]. As for ordinary sound
waves, a low-frequency cutoff for the propagation is pre-
dicted, dependent on the dimensions of the plasma col-
umn. If it is assumed that the potential is zero at the
edge of a uniform cylindrical column of radius a, the
low-frequency cutoff w. of a wave with components
that vary as exp j(wt —B2) cos #0 will be determined by
the relation J,(wa/w.) =0, where J, is the ath-order
Bessel function of the first kind, 7;=0, and w.Lwp;-
The collision frequency » between electrons and ions or
neutrals is taken into account by replacing the w? in the
denominator of the first term of (37) by w(w—j»). In
practice, such collisions exert a negligible effect. IFor
instance, when 77, =0 the damping term in the propaga-
tion constant is of the order — (jv/2w)(m./m)P.

\We might expect, then, to observe ion oscillations in
a plasma in the two frequency ranges corresponding to
cutoff ol the ion modes: (1) at the ion plasma frequency,

the high-frequency cutoff, and (2) at the low-frequency

resonances of a finite plasma.

The type of theory described so far postulates a high
electron-electron collision frequency and zero tempera-
ture for the ions. The properties of ion waves have been
attacked using the collision-free Boltzmann equation
by Newcomb {161], I'ried and Gould [157], [158], and
Bernstein, et al. [162], [163]. They showed that if the
jons were at zero temperature, waves very similar to
those obtained in the early theories were derived. How-
ever, if the ions have a fAnite temperature, there is
strong Landan damping, the damping being strongest
in the region .= 1. This effect is explained physically
by Fried and Gould as being due to the majority of the
ions traveling at about the same phase velocity as the
wave. On the other hand, if there is a relative drift
velocity between the ions and electrons, the authors
cited above and Bunemann [136], [164], [165] all
show that « two-stream instability develops and the ion
waves become unstable: for 7;=0, only negligible
drift velocity is needed for instability. For T.=15, the
minimum drift velocity for very long wavelength insta-
bilities is

m\ V2 f2RT\?
p = 0.925 [1 + (—) :l( ) . (38)
m; m.

Fried and Gould [157] suggested that this type of insta-
bility should take place in a mercury vapor discharge,
due to the relative longitudinal drift motion of ions and
clectrons along the positive column. However, as the
radial motion of the ions and electrons, the ionizing
collisions, and the rate of collisions of ions with the wall
in such a discharge were not taken into account in their
theory, it is not clear whether the effects predicted
should occur in practice.

Bunemann [165], who had previously obtained some
of the same results as Fried and Gould, also carried out
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computations of the large amplitude oscillations. On the
basis of this work, he suggested that such collective in-
teractions could provide a rapid mechanism for restoring
grossly non-Maxwellian distributions to near Maxwel-
lian, and thus give rise to an extremely high effective
collision frequency between electrons and ions,

2) Oscillations in Beams

The problem of ion oscillations was approached from
a different point of view by Pierce [166], who gave a
theoretical treatment of the oscillations which occur
when an electron beam passes through the ion cloud
formed by its collisions with gas molecules. This theory
predicted that wave amplification should occur at fre-
quencies below the ion plasma frequency, with maxi-
mum gain at the ijon plasma frequency. It has been
proposed that the feedback mechanism necessary to
cause oscillations is supplied by slow secondaries mov-
ing in the backward direction. In this case the oscilla-
tions would be expected to occur near the jon plasma
frequency. Such oscillations were observed unequivo-
cally by Hernqvist [167], [168].

Low-frequency oscillations of other kinds are also
observed in electron beams. Some of these oscillations
are due to low-velocity secondaries alone, but most are
due 1o ions. Hernqvist [167], [168], Cutler [169],
Moreno [170], and Ettenberg and Targ [171] have
described these effects. Relaxation oscillations often
occur, usually of a modified sawtooth shape, and are
probably connected with the ionization and deionization
processes occurring in the beam. There is also a class
of oscillations connected with interaction of the elec-
tron beam with a backward wave propagating along the
ion cloud in the presence of a magnetic field. The theory
of this effect has been dealt with by Pierce [166] and by
Smullin and Chorney [61], [172]. Another class seems
to occur in short beams where, as has been pointed out
by Jepsen [173], it is extremely unlikely that the beam
length is long enough to allow sufficient phase delay
around the oscillation loop to yield the two-stream
oscillations described by Pierce [166]. A theory of ion
oscillations in a gridded drift tube in which the electric
field in the drift tube is postulated to undergo one or
more space reversals has been given by Jepsen [173],
and Smullin and Chorney [61], [172]. They show that
when a beam of fast electrons traverses such a region,
the beam loading can be negative, and oscillations can
occur.

3) Experimental Observations of lon Oscillations
Tonks and Langmuir [57] searched for evidence of
ionic oscillations in a gas discharge plasma with little
success, except for an isolated observation of a natu-
rally-occurring frequency component near to the pre-
dicted value of plasma frequency. Later, Revans [174],
Druyvesteyn and Warmoltz [30], Funk and Seeliger
[175], and others have reported naturally-occurring
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low-frequency oscillations without establishing their
exact origin. Direct attempts to set them up and study
their characteristics failed for reasons described by
Armstrong, Emeleus, and Neill [159], whose experi-
ments involved pulsing between the anode and an elec-
trode immersed in a plasma, and observing the tran-
sient at other points along the tube. In view of the low
velocity of propagation of ion waves (~10° cm),
phase shift should have been easily measured. Instead,
an apparently instantaneous response was observed at
all observation points. This result has been confirmed
by Kino and Woods [176] using a wide variety of tech-
niques to attempt ion wave excitation.

The presence of a high level of low-frequency noise
would mask low-level ion wave amplitudes, and it
should be remembered that the dispersion relation was
derived using a small-signal approximation. It is possi-
ble, of course, that the noise itself propagates as an
ion wave, and experiments have been carried out by
Thong Saw Pak [177], and Crawford and awson [178]
to measure propagation velocities of noise in tubes. The
former concluded that propagation velocities must ex-
ceed 107 em and that the entire positive column was
fluctuating coherently. The latter used hot-cathode dis-
charge tubes of the ty<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>